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第21回原産年次大会総括プログラム

　　基調テーマ：原子カーその評価と選択

第　　　1　　日 第　　2　　日 第　　　3　　日

4月13日（水） 4月14日（木） 4月15日（金）

開会セッション セッション2 セッション4

（9：30～12：20） （9：30～12：00） （9：30～12：20）

午 大会準備委員長挨拶 「アジアにおける原子力 「原子燃料利用体系の展

原産会長所信表明 協力の展開」 望と課題」

前 原子力委員長所感

〈特別講演〉

［パネル討論］ ［講　演］

セッション1 午餐会　　（12：20～14：30） セッション5

（13：40～18：00） 通商産業大臣所感 （13：40～17：20）

「エネルギー複合時代と ［特別講演］ 「軽水炉信頼性向上への

原子力政策」 於東京プリンスホテル 努力」

午 0　9　■　　0　9　0　　●　o　●　　，　●　●　　●　●　●　　●　O　o　　●　■　●　　，　o　●　　o　o　，　　●　，　●　　●　g　o　　●　●　●

原子力映画上映

（13：00～14：10）

［パネル討論］［講　演］

後 セッション3

（14：45～17：45）

「今日の原子力技術」

［映像と解説］

レセプション

（18：30～20：00）

於東京プリンスホテル
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4月13日（水）

開会セッション（9：30～12：20）

議長：　武　田　　　豊

　大会準備委員長挨拶

　　　　那　須　　　翔

　原産会長所信表明
　　　　圓城寺　次　郎

　原子力委員長所感

　　　　伊　藤　宗一郎

新日本製鐵㈱会長

東京電力㈱社長

日本原子力産業会議会長代行

原子力委員会委員長，科学技術庁長官

〈特別講演〉
　議長：松　永　亀三郎　　中部電力㈱社長

　「中長期的にみた国際エネルギー戦略」

　　　　H．スティーブ　　OECD国際エネルギー機関（IEA）事務局長
　「21世紀のエネルギーシステムー原子力の役割」
　　　　W．ヘーフェレ　　西ドイツ・ユーリッヒ原子力研究所長
　「世界のエネルギー問題と日本の進路」

　　　　生田豊朗　日本エネルギ～経済研究所理事長

セッション1　エネルギー複A時代と原　力政策　（13：40～18：00）

議長：　伊．原　義　徳　　　　　日本原子力研究所理事長

　　「西ドイツにおける原子力開発ならびに安全政策」

　　　　K．テプファー　　　　　西ドイツ連邦環境自然保護原子炉安全大臣
　　「原子力発電一21世紀のエネルギー挑戦への解決方策」

　　　　J凹P．カプロン　　　　フランス原子力庁（CEA）長官
　　「中国の原子力開発の展望」

　　　　陳　　　肇　博　　　　　中国原子力工業省次官
　　「日本のエネルギー政策と原子力開発のあり方」

　　　　大島恵一　　東京大学名誉教授

議長：　玉　川　敏　雄　　　　　東北電力㈱会長

　　「ブルガリアにおける原子力開発の現状と将来計画」

　　　　N．トドリエフ　　　　　ブルガリア国務大臣・エネルギー産業公社理事長

　　「米国における原子力発電一輸入石油代替としての役割」

　　　　H．B．フィンガー　　　米国エネルギー啓発協議会（USCEA）理事長
　　「原発問題一その政治的・社会的意味」

　　　　大谷　健　　ジャーナリスト

レセプション　（18：30～20：00）

於・東京プリンスホテル2階「鳳風の間」
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4月14日（木）

セッション2：アジアにおける原子力協力の展開（9：30～12：00）

議長：　村　田　　浩 日本原子力産業会議副会長
「アジアにおける原子力地域協力の展開」
　ノラムリイ㊦ビン。ムスリム

「アジアにおける原子力協力の展望」

　　　　中　江　要　介
くパネル討論〉
　　パネリスト
　　　　ノラムリイ。どン④ムスリム

劉　　　雪　紅
D．アヒムサ
韓　　　弼　淳

Q．0．ナバロ
井　田　勝　久
武　田　　康

国際原子力機関（IAEA）事務局次長

原子力委員会委員

国際原子力機関（IAEA）事務局次長
中国原子力工業省外事局副局長
インドネシア原子力庁長官
韓国エネルギー研究所長
フィリピン原子力研究所長
科学技術庁長官官房審議官
海外電力調査会専務理事

午餐会　（12：20～14：30）於：東京プリンスホテル2階「鳳風の間」

通商産業大臣所感

　田村元　　通商産業大臣
特別講演　　「東西文明の接点」

　会田雄次　　京都大学名誉教授

原子力映画上映　（13：00～14：10）　於：東京郵便貯金ホール

・21世紀のエネルギーめざして
・大いなる北の大地で一原燃サイクル建設へのあゆみ
・新しい原子力発電一軽水炉改良技術確証試験

セッション3：今日の原　力技術　（14：45～17：45）

議長：　青　井　静 ㈱東芝社長

「西ドイツの乾式キャスク貯蔵開発の経緯と現状」

　W．ストラスブルク
「カナダにおける使用済燃料処分の概念」

　W．T．ハンコックス

西ドイツ核燃料再処理会社（DWK）専務取締役

カナダ原子力公社（AECL）副社長
「フランスのウラン濃縮技術開発の現状」

　P．レニー

「日本のウラン濃縮技術」

　高　島　洋　一

フランス原子力庁（CEA）ウラン濃縮研究・物
理化学部長

東京工業大学名誉教授

議長：　岸　本　泰　延
　　「高速増殖炉の革新技術」
　　　　澤　井　　定
　　「核融合実験炉への道」
　　　　苫米地　　顕
　　「先端技術と放射線利用」
　　　　田　畑　米　穂

昭和電工㈱会長

動力炉・核燃料開発事業団理事

日本原子力研究所特別研究員

東京大学教授
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　　　　　　　　　4月15日（金）

セッション4「，、子燃料り用｛系の展望と妻題 （9：30～12：20）

議長：　永　野　　　健　　　　　三菱金属㈱社長

　　「原子燃料利用体系の展望一21世紀へ向けて」
　　　　林　　　政　義　　　　　動力炉・核燃料開発事業団理事長

　　「燃料サイクルの総合的経済評価と将来展望」

　　　　J．C．ゲ　　　　　　コジェマ社（フランス核燃料公社）
　　　　　　　　　　　　　　　　市場・事業開発部長
　　「原子燃料サイクル戦略と課題」

　　　　飯　田　孝　三　　　　　関西電力㈱副社長

　　「燃料サイクル技術の評価と見通し」

　　　　W．L．ウィルキンソン　英国原子燃料公社（BNFL）副総裁

　　「原子燃料新時代へ向けて」

　　　　岸　田　純之助　　　　　（財）日本総合研究所会長

総括コメント：

　　　　H．K．シェーバー　　OECD原子力機関（NEA）事務局長

　　　　セッション5：軽水炉言頁’・上への努力　（13：40～17．20）

共同議長：　岡
　　〃　　：　R．

〈パネル討論〉

　　パネリスト

部　　實

　カール

　　　L．M．ワローニン

　　　B．V．ジョージ

　　　H．J．シェンク

　　　S．バーベル

　　　K．C．ロジャース

　　　金　　　束　柱

　　　池　亀　　　亮

コメン　ト：

　　　柴　田　俊　一

日本原子力発電㈱社長

フランス電力庁（EDF）副総裁

ソ連原子力発電省第一次官

英国中央電力庁（CEGB）理事

西ドイツ・フィリッブスブルク原子力発電会社取締役

チェコスロバキア原子力委員会委員長

米国原子力規制委員会（NRC）委員

韓国電力公社専務取締役

東京電力㈱常務取締役

京都大学名誉教授
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21ST JAIge ANNUAL CONpsanewce

 PmoGRAM

WswNssDAY, APRIL 13

9:30 am - 12;20 pm

OPENING SESSION

    Chairman:

       Yutaka Takeda Representative Director and Chairman
                                Nippon Steel Corporation

    Remarks by Chairman of Program Committee

       Shoh Nasu President
                                Tokyo Electric Power Co., Inc.

    JAIF Chairman's Address

       Jiro Enj oji Acting Chairman
                                Japan Atomic Industrial Forum

    Remarks by Chairman of Atomic Energy Commission

       Soichiro lto Chairman, Atomic Energy Commission
                                Minister of State for Science and Technology

SPECIAL LECTURES

    Chairman:

       KamesaburoMatsunaga PresidentandDirector
                                Chubu Electric Power Co., Inc.

    Mid and Long Term World Energy Strategy

       Helga Steeg Exeeutive Director
                                OECD International Energy Agency

    Energy Systems in the 21st Century and the Significant Role of Nuclear Energy

       Wolf Hafele Director General
                                JUlich Nuelear Research Center

                                Federal Republic of Germany

    World Energy Problems and Japan's Future Course

       Toyoaki lkuta President
                                Institute of Energy Economics, Japan

-9-



1:40 pm

SESSION
-- 6:OO pm

Z: THE ENERGY COMPLEX AGE AND NVCLEAR POVVER POLICY

Chaimian:

   Yoshinori lhara President
                             Japan Atomie Energy Researeh Institute

The Development of Nuclear Energy and Safety Policies in the Federal Republie of Germany

   Klaus TOpfer Federal Minister for the Environment,
                              Naure Conservation and Reactor Safety

                             Federal Republic of Germany

Nuclear Electricity,the Answer to the Energy Challenges ofthe Century to Come

   Jean-Pierre Capron Administrateur General
                             Commissariat a 1'Energie Atomique

                             PErance

Prospects for Nuclear Power Development in China

   Zhao-Bo Chen Vice Minister
                             Ministry of Nuclear Industry

                             China

Nuclear Energy Development in japanese Energy Policy

   Keichi Oshima Professor Emeritus
                             University of Tokyo

Chairman:

   Toshio Tamakawa Representative Director and Chairman
                             Tohoku Electric Power Co., Inc.

Nuclear Energy Industry in Bulgaria - Present State and Its Development

   Nikola Todoriev Minister
                             Chairman, Energy Industry Association

                             Bulgaria

Nuclear Power in the United States: Providing Electricity to Replace Imported Oil

   Harold B. Finger President and Chief Executive O£ficer
                             U. S. Council for Energy Awareness

Nuclear Power Issues - Political and Social implications

   Ken Ohtani Journalist

6:30pm --- 8:OOpm
JAIF Chairrnan's Reception

     Room "HO-O"
TOKYO PRINCE HOTEL
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TMURSDAY, APRIL 14

9:30 am

SESSION
 12:OO noon

2: FOR COOPERATION AMONG ASIAN COUNTRIES IN UTILIZAtlilON OF
NUCLEAR ENERGY (Panel Discussion)

Chairman:

   Hiroshi Murata Vice Chairman
                            Japan Atomic Industrial Forum

Keynote Address:

"Development of Regional Nuclear Co-operation in Asia"

   NoramlybinMuslim DeputyDirectorGeneral
                            Head, Department of Technical Co-operation

                            international Atomic Energy Agency

"Overview of Nuclear Cooperation in Asia"

   Yosuke Nakae Commissioner
                            Atomic Energy Commission

Panelists:

   NoramlybinMuslim DeputyDirector-General
                            International Atomic Energy Agency

   Xue-Hong Liu Deputy Director General
                            Bureau of Foreign Affairs

                            Ministry of Nuclear Industry

                            China

   Djali Ahimusa Director General
                            Badan Tenaga Atom Nasional

                            Indonesia

   Pil-Soon Han President
                            Korea Advanced Energy Research Institute

   QuirinoO.Navarro Director
                            Philippine Nuclear Research Institute

   Katsuhisa lda Deputy Director-General
                            Science and Technology Agency

   Ko Takeda Executive Managing Director
                            japan Electric Power Information Center, Inc.
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Z2:20 pm - 2:30 pm
LllJNCHEON
                                Room "HO-O"
                           rliOKYO PRINCE NOTEL

       Remarks: HajimeTamura
                Minister for International 'Iirade and Industry

       Special Z.ecture: "Interface of Eastern and Western Civilization"

                     Yuji Aida
                     Professor Emeritus

                     Kyoto University

1:OO pm

FILMS
- 2:10 pm

               CONFERENCE HALL
Most recent films on nuciear power development wi11 be shown

2:45 pm

SESSION 3
5;45 pm

: CURRENT ADVANCED NUCLEAR TECHNOLOGIES

Chairman:
   Joichi Aoi President and Chief Executive Officer
                            Toshiba Corporation

History and Actual Status of Dry Cask Storage Development in West Germany

   WolfgangStratsburg MemberoftheExecutiveBoard
                            Deutsehe Gesellsehaft finr Wiederaufarbeitung von

                             Kernbrennstoffen mbH (DWK)

The Canadian Concept for Used Nuclear Fuel Disposal

   William T. Hancox Vice-President, Waste Management
                            Atomic Energy of Canada Limited Research Company

Present Status of the Development of Uranium Enrichment Technology in France

   Paul Rigny Directeur
                            Division d'Etudes de Separation Isotopique et de

                             Chemie Physique
                            Commissariat a l'Energie Atomique

                            France

Technologies for Uranium Enrichment in Japan

   Yoiehi Takashima Professor Emeritus
                            Tokyo institute of Technology
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Chairman:

   Yasunobu Kishimoto Chairman

Showa Denko K. K.

Technological Development of Fast Breeder Reaetors

   Sadamu Sawai Executive Director
                             Power Reactor and Nuclear Fuel Development

                              Corporation

Waty to Fusion Experimental Reactor

   Ken Tomabechi Specia} Researcher
                             Japan Atomic Energy Research Institute

High Technologies and Radiation Application

   Yoneho Tabata Professor
                             University of Tokyo
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FR moAY, APREL 15

9:30 am

SESSION
im- 12:20 pm

 4: NUCLEAR FUEL SUPPLY SYSTEM: PROSPECTS AND ISSUES

Chairman:

   Takeshi Nagano President
                            Mitsubishi Metal Corporation

Perspeetive toward 21st Century on Nuclear Fuel Utilization

   Masayoshi Hayashi President
                            Power Reactor and Nuclear Fuel Development

                             Corporation

A Comprehensive Economic Assessment of the Fuel Cycle, with a Prospective View

   Jean-Claude Guais General Manager
                            Marketing & Business Development

                            COGEMA
                            France

Nuclear Fuel Cycle Strategy andTasks

   Kozo lida Executive Vice-President and Director
                            Kansai Electric Power Co., Inc.

An Assessment of the Prospects for Fuel Cycle Technologies

   WilliamL.Wilkinson DeputyChiefExecutive
                            British Nuclear Fuels plc

Moving toward New Era of Nuclear Fuels

   Junnosuke Kishida Honorary Chairman
                            Japan Research Institute

General Comments:

   Howard K. Shapar Director General
                            OECD Nuclear Energy Agency
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1;40 pm

SESSION
- 5:20 pm

5: EFFORTS FOR FURTHER ENHANCEMENT OF RELIABILITY OF LWR
(Panel Discussion)

Co-Chairman:

   Minoru Okabe

Co-Chairman:

   Remy Carle

Panelists:

   Leonid M. Voronin

Brian V. George

Herbert J. Schenk

Stanislav Havel

Kenneth C. Rogers

Dong-Joo Kim

Ryo Ikegame

Comments:
   Toshikazu Shibata

President

Japan Atomic Power Company

Directeur G6n6ral Adjoint

Electricit6 de France

 '
Deputy Minister

Ministry of Nuclear Power

U.S.S.R.

Direetor of PVgTR

Central E}ectricity Generating Board

United Kingdorn

Member of the Board

Philippsburg Nuclear Power Company

Federal Republic of Germany

Chairman

Czechoslovak Atomic Energy
Commissioner

U.S. Nuclear Regulatory Commission

Director and Vice President

Korea Electric Power Corporation

Managing Director and General Manager

Nuclear Power Administration

'Iiokyo Electric Power Co., Inc.

Professor Emeritus

Kyoto University

Commission
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開会セッション 開
会
セ
ッ
シ
ョ
ン

大会準備委員長挨拶
　　　東京電力㈱社長

　　　　那　須　　　翔

　　原産会長所信表明
㈹日本原子力産業会議会長代行

　　　　　　圓城寺　次　郎

　　　　　原子力委員長所感
原子力委員会委員長，科学技術庁長官

　　　　　　　　　伊　藤　宗一郎

　　　　　　　　　　　　　　〈特別講演〉

中長期的にみた国際エネルギー戦略
OECD国際エネルギー機関（IEA）事務局長

　　　　　　　　　　　　　H．スティーブ

21世紀のエネルギーシステム　　　原子力の役割
　　　　　　　　　　　西ドイツ・ユーリッヒ原子力研究所長

　　　　　　　　　　　　　　　　　　　　　W，ヘーフェレ

世界のエネルギー問題と日本の進路
　　　　　　浸本エネルギー経済研究所理事長

　　　　　　　　　　　　　生　田　豊　朗
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大会準備委員長挨拶

東京電力株式会社

　社長　那　須　　翔

　ご臨席の皆様、第21回原産年次大会の開催にあたり、大会準備

委員会を代表してご挨拶を申し上げる機会を得ましたことは、私の

深く慶びとするところであります。

　本日は、国内から伊藤宗一郎国務大臣・原了力委員会委員長、ま

た海外からはスティーブOECD国際エネルギー機関事務局長、シ

ェーバーOECD原子力機関：事務局長、ノラムリイ国際原子力機関

事務局次長、テプファー西ドイツ連邦環境自然保護原子炉安全大

臣、カプロン・フランス原子力庁長官、ワローニン・ソ連原子力発

電省第一次官、陳肇博中国原子力工業省次官、トドリエフ・ブルガ

リア国務大臣をはじめとする国際機関・各国政府代表、ならびに国

内外の多くの権威者の皆様のご参加を得まして、本年次大会をここ

に開催する運びとなりましたことをこの上なく光栄に存じます。

　ここにあらためて、本年次大会における議長、スピーカーをご快

諾戴きました大会関係者各位に厚くお礼を申し上げますとともに、

本年次大会に参加された国内ならびに、はるばる海外から参加され

た皆様に、深甚なる感謝の意を表する次第であります。また、原産

前会長の有澤先生が本年次大会の開催を前にして急逝なされました

ことは残念の極みでございますが、私ども関係者といたしましては
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この大会を成功させ、その成果を原子力の発展に反映させていくこ

とが有澤先生の長年にわたって注がれた原子力平和利用への情熱に

報いることになるものと信じます。

　ご高承のとおり、わが国の原子力発電による電：力供給量は198

7年には全発電量の30％を超えました。また、世界の原子力発電

は1987年末にはその規模も400基・3億KWにまで拡大し、

国際経済社会に大いに貢献しておりますが、その果たすべき役割は

今後さらに増大していくものと予想されております。このようにわ

が国を含めた先進諸国が原子力発電開発を推進し、化石エネルギー

資源の節約をはかり、国際エネルギー情勢の安定化を目指していく

ことは今や国際的な要請であり、責務ともなっております。そのよ

うな状況の中で、原了力につきましては、安全の確保を大前提に、

将来のニーズに見合った技術の開発、平和利用の拡大、国際的な協

力を積極的に推進することなどへの努力が一層必要となってきてお

ります。

　翻って、一昨年のソ連のチェルノブイリ事故や近年の石油需給の

緩和傾向等の影響により、一部の国々ではこのところ原子力開発計

画に低迷もしくは減速の傾向が見られるなど、原子力をとりまく動

静にはきわめて厳しいものがあります。わが国におきましても、と

くに昨年後半以来これまでにみられなかった新しい形の原子力批判

運動が展開されっつあり、この流れは今や一般巾民の原子力に対す

る信頼をも揺るがそうとしております。この意味において、私たち

は原子力への国民的合意の確立という重要な分野においても、新た
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な局面に立たされているといえましょう。

　私ども準備委員会といたしましては、このような現時点における

諸情勢を踏まえつつ、エネルギー問題をグローバルかっ長期的な視

点からあらためて捉え、経済社会、産業技術、環境および資源など

の各側面から、原子力開発の意義と役割を総合的に評価することが

重要であるとの認識に立って、第21回原産年次大会の基調テーマ

を「原子カーその評価と選択」と定めた次第であります。

　本年次大会は、この開会セッションに引き続き、3日間にわたる

5つのセッションのもとに、原子力開発を今後推進していく上で直

面する諸問題とその対応について、議論を行うことにしておりま

す。

　開会セッション後半の特別講演およびセッションlrエネルギー

複合時代と原子力政策」では、国際機関をはじめ、西ドイツ、フラ

ンス、中国、ブルガリア、アメリカそして日本の代表から、エネル

ギー供給における原子力の役割とそれぞれの国の原了力政策につい

て、見解を伺います。

　石油危機以降、先進諸国はより低廉で供給安定性のあるエネル

ギー確保のために努力を払ってまいりましたが、その結果、21世

紀にはエネルギー供給源の多様化が進むと同時に、各エネルギー間

の競合が一層激しくなると予想されております。そのような中で、

原子力は主力電源としての役割を果たすことが期待されております

が、その期待に応えうるか否かは、わが国はもとより本大会に参加

されている皆様のこれからの努力にかかっているといえましょう。
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　本セッションの各代表からは、世界のエネルギー問題の分析と見

通しに立って、エネルギー・セキュリティのための国際戦略、各国

の原子力政策等が表明され、エネルギー供給における原子力の役割

が明らかにされると同時に、パブリックアクセプタンス問題を含め

て、原子力開発を今後進めていく上での貴重な示唆が与えられるで

ありましょう。

　次に、2日目のセッション2「アジアにおける原子力協力の展

開」では、国際原子力機関、中国、インドネシア、韓国、フィリピ

ンそして日本の各代表が参加して討論を行います。

　最近、原子力分野の国際協力の必要性がとみに高まってきており

ますが、これにっきましては先進国闘の国際協力のみならず、開発

途上国協力の重要性がわが国の新原子力開発利用長期計画において

も再確認されております。とくに、わが国にとりましては、アジア

地域の原子力平和利用とその技術的向上を通して同地域の発展に寄

与していくとともに、安全確保についても積極的に協力していくこ

とが重要であると考えます。

　現在、アジア地域諸国は原子力開発利用のための研究技術基盤の

整備等、さまざまな共通課題を抱えておりますだけに、本セッショ

ンでは、同地域における協力をより効果的に行うため、この地域の

原子力開発のニーズと課題とを明らかにし、具体的な地域協力の進

め方について十分な意見交換が行われるものと期待されます。

同日午後のセッション3「今日の原子力技術」では、原子力と関
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連先端技術との組み合わせによる新しい展開が、映像と解説とに

よって紹介されます。

　原子力は技術エネルギーであり、それ自体が一大先端技術であり

ます。そして、原子力の研究開発を推進することによって、エネル

ギー供給により大きな役割を果たすと同時に、それによって大きな

技術革新や他の科学技術への波及効果も期待されております。

　本セッションでは、研究開発段階、実用化段階にある原子力技術

の中で、ウラン濃縮、乾式キャスク貯蔵、使用済燃料処分、高速増

殖炉、核融合および放射線利用の分野の技術を中心に、内外の発表

者からそれぞれの最新の技術とその広範な活用が紹介されるであり

ましょう。

　続いて、3日目午前のセッション4「原子燃料利用体系の展望と

課題」では、内外の権威者、専門家が発表とコメントを行います。

　原子力発電の燃料には主としてウランが使われておりますが、今

後、原子力エネルギーを長期にわたって有効に活用していくために

は、プルトニウムの利用が不可欠であります。そのためには、原子

燃料利用体系の全体の展望にもとづいた燃料サイクルを早い時期に

確立する必要があり、それに関連する研究開発や、内外環境の整備

を今のうちから進めておくことが重要であります。また、それらを

効率的に進めていく上での国際的な役割分担についても積極的に考

慮する必要があります。

　本セッションでは、燃料サイクル確立の意義、その総合経済性な

らびに技術評価、高レベル放射性廃棄物処分、プルトニウム利用へ

向けての環境整備等の問題を中心に、原子燃料利用体系を構築する
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ためのさまざまな見解の表明や提言が行われるでありましょう。

　最後のセッション5「軽水炉信頼性向上への努力」では、日仏の

共同議長のもとに8か国のパネリストによって議論が展開されま

す。

　軽水炉時代は当初予想したよりも長期化すると考えられておりま

すが、21世紀には各エネルギー間の競合が非常に激しくなること

が予想されております。このため、軽水炉が他の電力源に対して今

後とも優位性を維持し、主力電源としてふさわしい役割を果たして

いくためには、安全性、運転性、経済性等を含めた総合的な信頼性

の一一層の向上への努力が必要でありますし、また、そのような努力

が原子力に対する国民の理解と合意を高めることにもつながると言

えましょう。

　本ゼッションでは、軽水炉開発を積極的に展開している国々から

責任ある立場の方々にお集まりいただき、軽水炉の長期利用にとっ

て最も重要な信頼性向上のための技術開発や国際協力の進め方と枠

組などについて、相互に幅広い意見交換が行われるものと思いま

す。なお、本セッションでは、その議論と原子力に対する最近の世

論動向を踏まえ、今後の原子力開発のあり方についてコメントが述

べられます。

　以上、本大会の概要とねらいにっきまして概略をご説明いたしま

したが、3日間にわたる本年次大会を通して、示唆に富む意見の表

明と活発な議論が展開され、それらの発表や論議がこれからの世界

の原子力開発と国際協調に役に立ち、来るべき21世紀における人
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類の明るい将来の保証につながることを念願し、私の挨拶にかえさ

せていただきます。

以上
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柳e駒極悪ノ十）へU一計思1回⊃灸鰻継球分“6・K黙爆選継影や。卜」亮為

賢蕎やゆ灸ム」ρ灸慧’脳畑坦’芳醇坦’迷想翠e躍艇負⑩～即亮や6負暇

々くロ租〆くロ賦塩£2章○レ3v灸’三灸夏2レ’蜂一富一y魍罧濫愛ムP＃く穫呂思

掴恥曝砲抽ゆ・oe戦蘇抽よ峠bP3Vるる～二幌距：｛）亮㎏3ゆ」J丑羽幌⊃％

み○・。

　Q為圃←慧〆勢Je徽1≧2→ぐ累ム」・碧運：1寝や潔筍櫃圖⊥ハ’癌ミ！」；♀％為帰・蒙潟

町圖如葉蜀斡団罧鯉（麗凪斗く鯉）∈）日Oe・KトD犠Hへよる駅賢⊃粥2

墓～。卦J亮憩惣m椅颪：朗や○“▽十く騨燦；・燃蝦繍｝き←忌物’Q亮｛∋亮興トトR

駆迷牌築掻。巽ぐ影6ゆ弓台わやヘミ選掃溢ぜ目十1翻屡！2ねむレeQ婆

圃e餅圃遡珂碑・ミ評一追駆e「負む鯉」装2縫ゆ瘤e劃榊ペレ嶋Ω幌恒。

　誉嗣！Q翼⊃慧’聴許e蟹トトRや蔭Ω細v繍厘灸⑩ぬト〆腫トトR課耀e

無腰翠’降唾罵旺（攣弓馬蓬）紹％為｝く募へ月詣比e選同等細革駒腐。’

葦ミペレ！即亮⑩慰四極ゆ迎綬鯉羅極“Q鶏圃昭筆工2炉圃謎濫赴2短胆四馬

亮ゆ凄9」高月餅9）騨ぐ←3v卜」勾平鞘倒影櫓⑩」刃瓦20ニト・蝦ぐ輔⊃
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42。

　畷懸至2瀞。幌のイ2築’月e峠く顛Q羅翠慰蝿翼。’圏起球灸心総長i旨粕3

編⊃翼課照牌e較々慧島）嬉’薫照餅選照耗㎜（蝋’樋④b≧2痴やらハmハe綴

蝋e槙々思鞍。）脅負0霧罵曇⊃明ib暢勧。終→く姻e期鷹1ト・一卜駒穐◎軸極

「殴卵・R一申e馳題ムJ製属」装203ド樽噸騨1旨郵婆嘩⑩高幌恒輸○海硬

：3爬⊃幌勧ム」幻炉思〆顯圃e理樋e枳々負⑩日十1制禦e腫トトRぐe畷馴

jJ轟舵や誕1負卸P二喫架～むゆトJム」や艇瑚⊃ド藩e擾遡≡顛黎⑩やレ3翼禦

掬輔極。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　額　明
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                ffA:F CHAXRMANrS ADDREss

                      Jitto menjoSi

                    Aating Chairrnan

             Japan Atomie Xndustutal Foxum

              2ast JAXF Annzaal Cen£erence

               ' ApxilS3,1988

     : atu hQnexed eo have the oppontuniey be address you ent

igh@ opening ofi ighe 21se JAZrv AtmuaX ¢onference.

     NucZeax pQwer, accounttug fox 31.7g Qfi Japan's totaZ

electrieity generated in 1987e hMs becortte the natiQn's Zarge$t

souxce of e}ectxSq powex. With 36 nueleev powex pkantse

tcotaling 28 miU±on KWt Jagean now ha$ the fouxixh kexggsix

nuelear eepaaity ±n the wo=±di. But'e when nuclear powex i$

$een as ft pencexxtage ef eotak gertencatedi eXe¢txti¢itcy, Sapan

is in irezath place nftex Y'ncanees Be±giurn, Ko=elt and so foxth.

crepan's nuelear generated eleetr±ciky per head of population

is one-fifth of ehat of Swedeen and ene-thirel of that of

Franee --- or, in this ptespecti, we are icenich on kehe worldi Xistz.

Xn ether words, Japan in no way $eands oute in nhe maeeer ofi

mu¢Xeax pove: development.

     We have Xixale energy resources to fall back on in Japaris

and esny industriaiizea maeien comsuntng }a:ge amount$ of
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energiy henss b@en im duicy bounds since the oil erisi$, tic}

xediucee ie$ dependency on irnporked oi:. Xmpereedi oiZ a$ a

percenicage of pxtmaxy enegegy in Japan has certainly dropped

ffxorn 78g in £iscml 1973g ehe yeax of the xxx$e exx cxisk$,

to Sdw zzow, but khe fact rema±ns tihat we depend on importedi

osu ffov mosce ixhath half of oux primaxy enexgy $upplies. C)unc

diependence on thee MiddZe East, in particulax, has notc aetually

ctkruini$hedi.

     Recentiye howevere 3apdin is consvaeredi to have joined

the eirc2e e£ endivaRcod nac±on$ Sn the deveXopmene of nuckax

enevgy, beeau$e iche crapazzese nucZear power plants have been

in =eruenxkabiy safe ennd xeXiable eperation ffer the pase $everak

yeairs. X might sa:f ie is ak$o because oE ehe higsh quaXieey

ofi ehag manufia¢eunt"g teehnique$ ichatr have bscoughe Que tzhe

nuckeax pXanic$e a$ weli a$ that of the teehniques for the use

of nu¢leax fiueX -- in alX aspeet$ of enxichmentt fabrication,

mapscoeessing and waste -as- whi¢h, thaugh ea¢h in xrarying

diegxees off pmogncee$$v a¢hSevement.:and suece$$, are $oraehow

on course tiowarcd tche bel$i¢ qbje¢tive$ estcablishedi ffor ichigra.

Amechew rea$on i$e perhapss that the Japanese peoplets unctex-

sganding of the necessity for rtucleaec power ha$ xemalned

elmo$t unperturined even undier the influence ofi ehe Che:nobyl

mccridiene, ehe ggeeatest on reaoxdi.

     Howeverr slow econemic gttowth, a duMl deraand fonc energy
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aptct thth irnvaecix ofi ixhe ehercnoinyX eneeSctent ¢ombine to Tnake iee

citififieuXic ffese ssome :Qunicxies ixe recovew sixom theSsc sicagnetncy

in tihe dexreXopvaexxt ofi nucXeMr ertextery.

     Xn Jempanr ta new wha$@ ha$ been koxoughti in iche inovevaemb

again$ig nucleeasc pcawer $izzce laine Xe$ix yea=. :t hens bxtoughe

ws -- all ininerest$ invokved Sm eine dieveZopraent ef nuelaaxt

energy which we bexxdvv@ ts om er world ievel mf progscess --

the kgen nceaZizazaQn thet ouxt fieurtdithtiions ance xtotz yet $Qlidi

ezaough tco win $ociaX contidience. Res$ietes, anti-nucteex rnoves

henve now been mcadig in a deepartuzre £rorn eehe usuaX pxaceice

ost agitatien koy estabiished oscganizmtionsse because they are

appemxexxtfuy die$ignect eeo ex=ouse twma dintci-rtucXeaue fieeXing among

         '                                   '                     'the werteneal ptablkrkc..

     ±ncevaenuaXZy : may esdd inhenix Pxeime Ministex's Ofifiee

wavapting$ o£ public epinSon on nuekeax enevgys reieased irt

esewnuary eehi$ yeaxev $hQw thentc whiie nearXy 60ag ececognize ithe

necessSty ffonc nuckeanc powexe 86g way 'gyes" eo the question:

"Do you eevesc have sQme Tnisgixrines$ <appvehen$ions) eboutc

rtueXiganc p#wesc?" [vhis iss the hakghe$e fiigusce on xecoMdie enrtdi

ik pxovides e favorahle ckimate for anti-rtueleanc rneves.

Sinee the ChennmbyX accident atou$ed ehe feax that imported

food$tcufffi$ raighe be eontarrtirtentcsdi by ncactiQactivitye uneasiness

ennd warines$ have eome upon inhe housewive$ who are san$itive

ee kehei: everyday eating habit$. Zn Md(l±tiori, report$ of

3orfie tcecent encoubXe$ Rnd insufflctefitr explanations off a
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wkcartnedi power vaodiuXtatioft cepemeation tee$t havee beert taken

ctdxrantage of to kead the pGopXe into inelieving wrertgly ehae

de ehemeptokoyl-class meccietderte ccouXd happeen ennytiivae.

     S"hain is irhe orueseion we face undier these cixreumseanee$?

Wteschcamp$ the po±nt ts theat dioubes asce b' ek' ng cres$t on vaan's

abSZity to ]ceep thi$ big eechnoXogy undier rceasonatble manthge-

rneene.

     Pexhap$ tche onky majou pxoblem mbeut nualear powex ts

igha management of xptdio&ctivmey. But nmcXea= pQwer is es

tcechnoiogy-inten$ive £orrn of encaxgy who$e $a£ety can bee

$ecusced by teehnique artdi kehgeough the effoxt$ cof the peowXe

who handlee ie. Fecora nhe beginntng of nualear dieveXopment in

#capazae we hthve taken eveexey pe$sibXe cagee abouir sc$ envivQn-

radertsecak efffecixs eenct itcs setfeey. All the Cyouble$ thelir atose

in thee eascly $tages pf nuclear power generatSon have now been

evexecerne ichscough iche joirte effo:ees ofi meenufptcturerse electinic

utiZitiese goveTmrnenix butathoueieie$ an<il all other$ involvecl ifi

rmeXagar powew. The high geexSovmanee of nmelear power has

tuftdle Sic come to sicay thss an rkndiustyy and as a technoiogy.

re i$ a scesult of ehe$e effoxts whieh has eaxned Japafi a

high scepueabien, di$ Z $aid eaxZiere £etr ie$ pegefioecman¢e in

zau¢Xeax geneptentione

     One of tche mo$t $igniticant aehievernenes Sn this re$pect

is ehe eechntque oE'waicer ehemb$exy which eontrols what may
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he likenedi ico vaan'$ "bXeodi.`' ue cozzicwibukes largeXy kowblxdi

rnSntmizing expo$"ye dio$ese reetucing khe` puaductiett o£ wa$te

enrtd ruakinw £esc inhe rkrnpxeQvemenin off treliabntkity (a bettex

cavcaXXebiliicy ffaeceex>. WQxZdi inicextessi fuzz thi$ itnd oixhex

mactvaneed ewapane$e ine¢hniques wiXk be gSven serne satistaction

neexig weeke ApxtX 'a9e wfton the 1988 JA:F Zntencnaeionak Con-

suexence on Wentteec Chemtsicxy ilt NuecXear Powagec Pkaxxic$ --

epe=ational scxpexieR:e and New Weehnotogie$ tonc Managernent

S$ hesidie

     Wox aXk our eefSesttse howevex, X su$pect that we have

1)eem exexci$ing $a£ety centscoX rkn e wmy hardi for many off ehe

peopie at large tzo urtdex$icand enndi ,ouic o£ tzheix #each. At rz

tirnme when nuckeasc powey is S'ooraing bo sstay" in society and

ts cabQue te play a gxoasc xoleg it iss irtdii$penssabke to e$$"xee

sscoeiaX uRderstandiing ennd =oRf±dienee £oxt itz,

     X #hink nco less afkoxtas than we henve paid to the dieveZop-

vaentc off nucleax powest whouva be devoted to the pttomotion og

public undeecseandings with a view eo obtaSning m"ch more

sociaX aecepuance. That is inow we can ensure tihat ehe nuc}earc

age pncevails in nhe exuee sense of nhe word. E£foxt$ should

be made to let the peopXe have the cerrecig and $cientific

ixt£owrnatien needieed fox theern to exigsc¢tse juctgment in mattcescs

ofi nueXeage pQwe: and everttuaily to place confidence in tihose

who agee invo!&recl in sc$ handikizzg.
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     Moes -nyene objece to my sugesestion ehaee ouge e£forts

eeowencdi sm£etcy haKrde been iiruitede as offigen a$ noice to tihe

XeveZ of $ekfi-covaplaeemcy wfthin ehe nuqXee= communitcy? Doe$

anyonee dioubic the diesiresbiitcy off oux ineing anxious eo know

ineww inhe poopXe Zook at us. Whe que$tion inefoxe us is how

te wegain inhe'peaple"$ coufidenee in these who a:e SnvoZved

Sn nucle&st dieveZcopruente

     Xn thi$ connection, we axe in need of $oul searching on

iche Tecent events ichat ked tco treubie in a nurnber of nueleax

poweer pinnts. AXicheugh none of them invoived a $mfetiy ntgk,

we axe ca"tioned esgminst anything iike ichac.

     NucZeax power is en ge¢hnoiogicaZ fextu off enexgy whieh

ha$ k)eeen preduced theceugh the exercise ofi ruan's brmin$ nnd

whiche ens can intekXectual and eechnQZogieaZ property ¢ommon
                    '
ino aZk vaankind, ought eo benefit as rnany eounkextes a$ possikoie.

     Nucleew ertescgy ¢annot be put to peacafuX use witheutc

carrying with it iche extginal ssin cof "'being nucleax weapons." Xn

facte nhe pre$enee of nuedeasc weapons threaicerts ehe wo:Xd

with theix vextical and herizombal pTeliferation, artd $o 1he

nece$siigy exists to ensuxe tchat the promotiort off pea¢efu!

m$e$ off n"cleax energy is fiaciUtated in a way ¢ompatible

wieh nhe nuclear non-proXiEescation xegirne. A new agxeemenic

Qn nucleax eeopemaCion wa$ stgned between Japan and the Wnieed

$icmtes in Noverak)er Xast yoax as a xe$"lt of five yeaxs ofi
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cctn$uXseaiciortss cascsciect ofi by igine gQvgxxxmezzirs ofi iche two

ccouninpt±es on tcheinc exoraraort undesestzenrtdiing, eS such ¢eope:aiciofi.

: enrn convinceedi thi$ wiXk cornee inico fcoxce ssoen.

     cra'ptun, ixhe oniy eountcry sko haxree beeert eeixoru--inemineedi in inhe

wott1di, hass bdeert gmidedi by iins Atcomic wnrtergy Ressic suaw to

pxtornote the dieeveZoprnent: ewndi utilizmt;ion off nueleasc enexgy

only ffoue purposes ost geeacafuX usee. Acceding to khe Nuelea=

NQn-PxaXrkffexaCiozz Wgeea¢y {NPW)e Japan has acntveXy ceoperated
whn mainixainixxg candi $txengtchegeing a ffound $nkeexnatiortaX sigearne-

work for thff sseciaxity efi rtudieeax nmnmpxoltferation. Xt i$

SmpQxtant tcheet ichese effioscix$ ssinouicil gexin inteencnextic)mmi

xxndQuesljandiSng endi confidien:e. Wce pmsce prepexedi to :ontSnue

to itake iche intkeiaetve $m effoxts ixo give mogee ncea$ozzabXe

dimen$iens to the fvameworke

     Xn conneetion wieh the Crhiwd Special Se$sion ofi the

United Nation$ dieneral Assernbly Vexfeted to Drksarrnamemb opentng

eesc the end "ff it･aay tchts ye&ste ike $houXdi bes weeaXXect kehasc a

crAXF vaessage to ighe $ecoxxel $pectaX Se$$ion $ix yeers rkge

agepealed, psoceeding £nova the po$ition Qff the crapanese nucZear

Xnamstexy, sierc eaxXy eXivainention q£ nixcXeenr weapons esnde irt

a symabo:Sc move tiQ tchis en(fts gerogeo$e<a aisrnankeXing pascte off ehe

nuctXear weapons under inicemematiomaX supexvisien and xeevaoving

nucZeRsc matexiaZ frem nhern for pse$eneation a$ a sto¢kpxxe

gox peaeeEuX use.
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     Wowaged sche end ofi Za$t yeaer, thee unitedi Sicaice$ artdi tehe

ssoviec Wnten sigmed a tzeaixy fosc the tutaX e±iminktion o£

ineencmeediiate--rewxige nuelethrc ffostces (XNF>. :ix whs Qusc srkn:exe

hmppee ichatc tchette wiXX be siuxixhex sixep$ foxwascct Sn thts hisinont¢

p=ocess of n,ueXcar weapene Sxeom xeduetion to tQtal elindneetien,

A$ has been suggesitedi 1)y ,Dr. H. BXixpt elixeceott genenccaX o,ff ixhe

Xntexnakienak Aigowtc Ezaexgy Ageneyg tihe time is for en cconerete

cand $exiouss $tucty of peaeeeful u$es £otr,tche surpluas oM nuewXeasc

wtaeexta: ff:ova nucleemnc dii$axrnament, Omly wheen there oecBncss

ixhe ehaamge "fiscom swencdi to spa(fle, Erorn $peame ico stckle" cart

wag pme Xiste Snto the "Atcorns for Peencee" spirritc ef Vncesidiesttc

Eiserthowex 35 yenrs ago.

     Finallye Xet me xeraindi you ehaix ljhe deairh oE gAXF Chai=-

man HSgeowt Autsawa en Meecch 7 earue a$ a greak ioss to the

Xarge numhoer cof peopke who have beext undQx hi$ gwidance tionc

tha wAneefu1, 13sdes caff n"=Xea,sc eeneevgy in "apan fQnc mQxde than

aO years. tt wa$ whe Xece Chaixman Axtsawats eherished

desixe eo hi$ Xast mornent that the deve:opment o£ nuclear

eme=gy in crapan sheuZd be cempXeee wsch the e$ealoIishment of

ft ffueX cycle, netably nhe back endi which includies vttovision

fox repsocessing amd thee management and di$posal oS hSgh

ievel wetstes.

     Wxanium xe$ouxee$ axe limited innd the day wUk eorne

when mankind has eo geeky on a Vu fuel cycle. And it will talce
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tcirtte koe£oxtee $kiik is acqxxired whn behe peaceffu: "tSlfuzeetion Qf

pZukeniura. Whi$ ts ech&kkenge fioge Japan &nct we stapaifX we asce

histoscieaZly nceponsibXee for en$urtng tchatc ehis eoustency,

koeing noe bke$sed wthh naeumaX xeso"xce$v i$ motivaeed eo

seakag iig up. $o we wi$h stonc can rkmicexnationat unde:ssimanding

tfthnc ixhis echa'Xlengee.

     twhe key to X fuss the =epxoecee$sing ptanit whieh we asce

gcowhmg eo houikel Rewe andi which is a kastgs-sscale irtsictaIZatiefi

ino, ,koe inuitt onZy once isu 10 tco 20 yenax$. Suecee$s in this

pncojeec depends on how compecehensively artdi xea$ozzdibly we can

ko"ildi iic wrkeh a$$uecancigs off $afioiny, sceeXiabiZitzy andl meninedinthm-

bixxey enndi how weeMl wee ecan vathnage ike ens thn indu$tcxtiaZiy ennd

scaeiatuly xeliabthut i)msines$.

     :n tihee $pxing ef imhts year, kwo big project$ have hoeen

covapXeixed, -- ozze i$ an "ndeueasea tzunneX {Seikan TunneZ)

connecting nc}nshu witzh sc<)kkaidieff mndi the dwheex ts a bxtdige

<sseto Ohash" acmo$s khee sea bekween nonshu andi $hikoku,

,:rusut as tchese mrre the arteries of businas$ andi tcraffS¢ that

fuirtk iche crapartesde isZesndg tcogetzhesc, so tche fxxel cycle

fucilities we emre wonking ort ffor ehe cleKxekepvaent of nuclear

enexgy axe to koecome a 'eboxidge" leaasng u$ to the 21st ¢engxxxy

when a semai-crawcartesse-gexoelucigdi ffoncrn ofi gnexgy wiiZ bas madie

&vcailcabXee

     Whe abovg is ray commefitc ort ichrea considiextentiions off
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xnenrmgernenin twndi ogeexatiem which : teok up in nhe lightc off

xteecentz decvigXowraQrttc$ irt ighe nucXeaxe thxtdm$igscy -- nameXye xxuckeeanc

$affeetye peaeefuX u$e$ {.nuclemr noxx-pre3.tfereepten) and ixhe

inack endi. Whe itupopticartcte coff tuanagetuene zartdi opeercewixiom im

scegtascdi tce ithresta ecequisteraemics, noicably ehe imposctcthncre cost tche

needi tio kouiZdi uap pxxbXiec conffidiertce ffopt tchem oxt opeseaixe thema

in weny$ thent wim natienaX enndi XfttextnainionftX ctenfidilenctev is

whae X wanixed keco aprnpha$$ze.

     :zz iche :ewst pXacee X wish to expgeossu tny heenrtfeXsc

wxaitiiructe ixo eho$e who hasre axtxtved fiscorn wiehizz anct eueestcte

crewpemn inw stpeeek up in thist eertSeecertce, tco tche chenisttuan of inhe

Pifegremm Cemrniictcee eendi eo iche ¢haigemgn Qst eeXk $@$$ntons. :

ceXew$e my endidixtdess with hepSrtg inhae usseimX suggestions wiXl

l)e wivmen on the koMs±c therae o£ ehis eonfeueence, "NzacXeaxr

Powex: As$e$$ment fiox WorXd Enexgy Option"' andi that uapaneese

ewnd fexetgn enuthorities wiXl tell us how they view artdl whae

ljhey expecit fircorn n"c:easc eneuegy in ixhe 21$t century.
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伊藤原子力委員長所感

第21回日本原子力産業会議年次大会

昭和63年4月13日

　本日、ここに内外から多i数の原子力関係

者をお迎えして、第21回日本原子力産業会

議年次大会がかくも盛大に開催される運び

となりましたことは誠に慶賀にたえません。

　圓城寺会長代行、那須大会準備委員長を

始め、大会の開催に御尽力された皆様方に

心からお祝いを申し上げますとともに、原

子力分野で指導的な役割を果たされている

参加者の皆様方とこの場に会する事ができ、

喜ばしく思う次第であります。先日惜しま

れっっも他界されました有澤会長がこの場
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に出席されておられましたら、ここまで大

きく成長した日本原子力産業会議に、また、

日本の原子力業界そのものに、さぞかし深

い感慨を持たれたことと推察致します。こ

こで、改めて心から哀悼の意を表する次第

であります。

　さて、我が国の原子力開発利用は原子力

委員会の策定する「原子力開発利用長期計

画」に基づいて着実に推進されてきており、

今や原子力発電は国民生活及び産業活動に

必要不可欠なエネルギー源として定着して

おります。御高承のとおり、原子力委員会

は、我が国の原子力開発利用が30年とい

う節目を迎えていることから、これまでの

開発路線を総点検し、新しい時代環境に適

応した原子力開発利用のあり方と目指すべ
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き方向を明らかにするため、昨年6月に新

しい「原子力開発利用長期計画」を策定しま

した。本長期計画においては、今後2000年

までの原子力開発利用推進の基本的な目標

として以下の3っの基本方針を掲げており

ます。

　第1に、原子力を我が国のエネルギー供

給構造の脆弱性の克服に貢献する基軸エネ

ルギーとして位置付け、その開発を推進す

ることであります。具体的には、現在、総

発電電力量の約30％を賄うに至っている

原子力発電を2000年において、約40

％の割合まで高め、発電設備容量として約

5，350万キロワヅトの目標まで着実に

増加させることとしております。このため、

　①軽水炉主流時代の長期化に対応すべく、
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　　原子力発電の信頼性、経済性等をさら

　　に向上させるたあの軽水炉技術の高度

　　化

　②チェルノブイル原子力発電所事故の教

　　訓を踏まえた安全性のより一層の向上

　③高速増殖炉原型炉「もんじゅ」の建設等

　　新型動力炉の開発

　④青森県における核燃料サイクルミ施設

　　の建設計画の推進をはじめとする核燃

　　料サイクルの確立

等を推進して参ります。これにより、我が

国におけるエネルギーの安定確保が図られ

るのみならず、石油需要の減退、大気汚染

物質の軽減等につながることから、グロー

バルなエネルギー問題の解決に大きく貢献

することが期待されます。
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　第2の柱は、創造的・革新的領域の研究

開発を推進することであります。具体的に

は．

　①核融合、高温工学試験研究等の技術革

　　新の牽引車としての役割を果たす先導

　　的プロジェクトを推進する

　②原子力技術の高度化・多様化に対応す

　　ることを可能にするため、各種の原子

　　力分野のプロジェクトの共通基盤とな

　　る基盤技術として、

　　i）原子力用材料

　　ii）原子力用人工知能

　　iii）原子力用レーザー

　　iv）放射線リスク評価・低減化

　　の4課題について、技術開発を推進す

　　る
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等、積極的に取り組んで参る所存でありま

す。このため、例えば、昨年9月置臨界プ

ラズマ条件の目標領域に到達した日本原子

力研究所の臨界プラズマ試験装置（JT－

60）の高性能化を図るとともに、高い固

有の安全性等の優れた特性を有する高温ガ

ス炉の技術を確立するため、高温工学試験

研究炉の実施設計等を推進することとして

おります。

　第3に、原子力先進国として我が国の国

際的責務を果たすとともに．原子力分野に

おける我が国の国際貢献への要請に応える

べく、核不拡散との両立を図りつつ、主体

的・能動的国際対応を展開して参ります。

特に、開発途上国との研究交流を拡充する

とともに、外国人研究者の受入れのたあの
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適切な国内環境の整備等を積極的に推進し

て参る所存であります。

　ところで、この三本目の柱に関連して、我

が国の原子力開発利用史上、永年の懸案事

項であった2っの国際的な案件にっき、今

国会において御審議いただいております。

　1っは新しい日米原子力協力協定であり

ます。

　昭和52年当時、日米間で東海子処理工場

の運転をめぐり、現行日米原子力協定に基

づく米国の事前同意を得るための交渉が行

われておりましたが．カーター政権が打ち

出した核不拡散政策を背景に交渉が難航し

たことがありました。

　このような経緯を受け、昭和56年5月の

鈴木総理とレーガン大統領との日米首脳会
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談において「日米間の再処理に関する問題

について早急かっ恒久的な解決を図る」と

の合意を得、さらに昭和肝年6月には中川

科学技術庁長官が訪米し．早急に日米間で

協議を開始することで両国間の合意を得る

に至ったのであります。

　爾来、5年余りにわたる精力的な協議の

結果、昨年！1月4日に新日米原子力協定の

署名がなされ、1！月9日には米国議会に曳

本年3月11日には日本の国会にそれぞれ提

出されました。

　新協定は現行協定に代わり．日米間の原

子力協力のための新しい枠組を構築するも

のであり、種々の特色を備えております。

　まず、使用済燃料の再処理、核燃料物質

の第三国移転等につい一てですが、従来は、
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個別のケースごとに米国の事前同意が必要

であり、それ故に交渉が難航したことがあ

ったのですが、新協定においてはあらかじ

め一定の条件を定め、その枠内であれば一

括承認するいわゆる包括事前同意方式を導

入しております。これにより・民間再処理

工場の建設・運転及び高速増殖炉等におけ

るプルトニウムの利用を、十分な予見性を

もって円滑に推進することが可能になると

考えられます。

　また、本協定は、米国核不拡散法の規制

要件を完全に満たすものとなっており、こ

のような新協定が日米両国間で締結される

ことは、世界の核不拡散体制の確立に大き

く貢献するものと期待されます。

　本協定に関する米国議会における審議状
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況ですが、活発な議論がこれまで展開され．

去る3月21日に上院本会議において協定不

承認決議案が否決されたところであり、4月

末には承認される見込みと聞いております。

　さて、本国会でだだ今ご審議いただいて

おりますもう一つの重要案件は、「核物質

の防護に関する条約」への加入及びこれに

関連した原子炉等規制法の一部改正であり

ます。

　我が国は、これまで、官民をあげて原子

力の開発利用を推進してきた結果、今や核

燃料サイクル事業の本格化の時代を迎えよ

うとしております。

　これに伴い．原子力施設における核物質

取扱量等の増加が予想されており、我が国

の基軸エネルギーである原子力の研究、開
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発及び利用を今後とも円滑に推進していく

ためには、適切な核物質の防護措置を講じ

ていくことが極めて重要となっております。

　一方、国際的にみても、核物質の防護は、

原子力活動を行う上での基本的要件として

認識されており、昨年2月に発効した「核物

質の防護に関する条約」に早急に加入し、そ

のために必要な体制整備を行うことは、原

子力先進国としての我が国が果たさなけれ

ばならない国際的責務でもあります。

　我が国においては、関係者の尽力により、

昭和56年に原子力委員会が決定した核物質

の防護に関する報告書の内容を踏まえ、既

に国際水準を満たす核物質防護措置が講じ

られておりますが．「核物質の防護に関す

る条約」への加入に際し、核物質防護に取
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り組む我が国の決意を内外に明らかにし．

さらに．万全の核物質の防護のたあの体制

整備を行うことが重要であります。このた

　　　　　　　　　　　　　　　　　め、次に挙げる3点を骨子とする原子炉等

規制法の一部改正案を本国会に提出、御審

議いただいております。

　まず第1に、原子力施設において核物質

の防護のたあの区域の設定をはじめとする

核物質の防護のために必要な措置を原子力

事業者が講ずる際の基準の明確化等であり

ます。

　第2に、核物質の輸送を行う者に対し、

核物質の防護措置の義務付けを明確化する

とともに、原子力事業者に対して輸送に先

立って全行程にわたり、輸送に関する責任

の明確化を図り、内閣総理大臣の確：認を受
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けなければならないものとする等、所要の

規定の整備を行うこととしています。

　第3に、「核物質の防護に関する条約」が

処罰を求めている核物質を用いた犯罪に関

し、所要の罰則規定の整備を図ることとし

ております。

　以上申し上げましたとおり、私といたし

ましても両案件の今国会での審議が円滑に

行われ、早急に承認が得られますよう最大

限の努力を払って参る所存でございます。

　最後に原子力開発を取り巻く国民世論に

ついて一言申し上げたいと思います。

　最近の我が国経＝済は国民一人当たりの所

得が世界最：高水準に達するなど好調そのも

のに推移しております。特にこの経済活動

基盤となるエネルギー需給については、こ
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こ当面は緩和基調で推移することが予想さ

れています。

　これも、原子力を始めとする石油代替エ

ネルギー開発を推進し．石油の消費を抑制

してきたからであります。

　このように大きな成果を収めてきた我が

国のエネルギー政策は、例えば、ソ連チェ

ルノブイル原子力発電所事故後の昨年夏に

実施された総理府の世論調査でも、引き続

き原子力発電の開発を進めていくべきとす

る人が着実に増加し、57％に達するなど、

国民の支持を受けて進められているところ

であります。

　しかし、一方で、このような現状に対し

て反対の立場をとる人も一部にはあり、本

年2月に四国電力伊方発電所で行われた出
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力調整運転試験が、あたかもソ連の事故の

引き金となった実験と同じものであるとい

う風評が流されたことにより、さらに反原

子力運動が広まりました。

　もとより．原子力開発を進めるに当たっ

ては慎重の上にも慎重を期し、国民の理解

と協力の下に行うことが大前提であります。

したがって、我々原子力開発に取り組んで

いる者は常に原子力に対する様々な考え方

に謙虚に耳を傾けていかなければならない

ことは申すまでもありません。

　しかしながら、我が国の経済活動を無視

して原子力を全部止めさせるというような

意見や、科学的論拠に基づかずに原子力を

危険なものとする意見に対しては、正しい

理解を得るよう十分な説明を行うことが不
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可欠であります。

　21世紀に向け我が国が現在の豊かな生

活を維持していくためには、エネルギーの

安定確保が不可欠です。そしてそのために

は、我が国の置かれた状況からして、原子

力をエネルギー安定供給の基軸となるエネ

ルギーとしてその開発を進めていかなけれ

ばならないことは明らかであります。

　したがって．我々原子力開発に携わる者

は、原子力に反対する意見に対し．信念を

持って、粘り強く説明し続けていくという

気持ちを持たなければなりません。ここに

御出席の関係者にも一層の努力を強く期待

するとともに、国際的な場においてもパブ

リック・アクセプタンスのあり方について

の検討を行うよう提唱したいと思います。
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　以上、最近の私の所感を御披露致しまし

たが、本日から3日闇、「原子カーその評

価と選択」という基調テーマのもとで、内

外の多数の有識者・専門家の方々の間で忌

たんのない活発な意見交換が行なわれ、貴

重な提言がなされ、本大会が盛況のうちに

成功を収められんことを心から祈念いたし

まして、私の挨拶を終わらせていただきま

す。
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Gewncrnegmxe @zzen gecawengm. ue woxxZen xucaixee enZssop ighigix @v@zz excewaxtbegeiag$

w@XX-eepmenewweedi wSagh eezaexesw xee$ousgeeweess sswaeko eess waxXkeenigm enxtes exagwaeeexca exo

gmeeig wissh eeew xtagesZeeceig einee ogegeewxk"xtiigieess bekoeeix gmuecXeecasc gecaweex ostsieers.

metaee mesciigissh Goveexenmagzaig ineess xeecamestiscReeex kekoeeix rkig w$XX gco takeact

w$igko ee zzew wkoeessee Sxt ehee agxgemzzssScozz afi zzwaexXeeeeue waovorescs koy ccozasssc-

scwacigntxxes ca s#ncieess off waWRg"-igygee･ ueeeencixcogess" ssigenxeeeixuer wiixh $rkzeweeZZ.

maptsceeo"Krewxe asteeesc eeXecinecScrkscw ha$ koagagxt wscSvenigizeecte inhee Bscrkigrk$h

ixtigeenct icco eessixdekoX$ssko' ca XeegeeX xeeexwaixeeewaeenig ichaig ee ceescixeeixt wgeo-

gecoscigthcoxt ofi igineeisc deZageicueiciixy ssinakX koee gigxxexaigagct koy xuuzcXeeignc

geOWeexee Xst igkaee wascSigissko eecakee ixkoiss enixigiixwadieee SkgXigh igkoeeixe OiXo

igheeix wtsssg caxtet ixkoce$xe eoenXpt inow mwaceko xtioseig exo ewixheexess zaageedi igo

ewzz$wascag mza ixxgeonceuazaig geXaexee stox xtwaueZeeaxe geoweenc in ixheerksc @zaeescewy

wacaXiCntensse xext xLy OWn eOwazaljncYe GermeegeYg Yag$e kheescee iS dirkssCUss$icoxu

cakoowaig iginee stwakeuxscg uegeX@ ewff xxwacxxeease geovgeue. ewine Govexzaruezats ffonc

ieess geaueig nceemeentnss meuXZy ecommiixCeet agco iess stuxueeeheesc eteevewtsogevaeenix.

imdig wee aXX kxxow sluecotn eexgeewscieezzceee ogegeco$rkixrkcon wareigiee$ meny tsake

enxt eegegeeesceezaigZy cXeeuaxe sstseetmdi wkoiZee iza opwcessiigioza,e kowaig winign kheey

ecouaee ico woweexo igheey sscowneeixsixeess stixtet igheey xnwassig eectsiussag eeheeisc $eexnct

axt Xizaee wntigh igheeixe xteew scesgeewftssikorkXikieess ennct ixu Zinee wSich xeeenXiicy.
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ingeesin-eexuex #st aghee stwaeeX ecwceXe i$ caXsso wieegX. X cawa ewozavigmexeedi igkoaig Xig

iss ig@ewkowakexagkzay wco$$ikoXee ixo ssoZvee gexewbukeeme$ ewst vcrtvssbeee enissgeewsscaX. vekoee

ewxxewgeeeex rcxxcegeeww Aeseexteww eeg eekoee oxeexge ko@# saxssig ecoxsctgexagkeeeee es sswascveey epst
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sskoaws icinigig igkoee #veegev"koeeXgxlixtg wnajdyeeiixy ecff ewoveegextxrleextixss wieeko

ssiewxtsiiceezztc enuewzaeeenge igmau$igscSeess #inen:ee bekoiss eesssee$sswaaggnig. waee i$

stanwoxigeexuig igo eezzeweaxwaesee ixticagxrmigkeiepncaZ ecoegeee:eeiriezz ixt kheesse

igcixiviigXee$ ige gnaxxi:tti$@ iginee eeexvgextljesgee$ igew boee eweeixueees stxcoru igeeechzaicats

ge ge ew ew gy ee s ss .
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      gegm khev Xmae wee eesc@ geageigiewuZcaxeXy econceegextigdi igAgiigh eezaeexesy

sseecuxiigy. X koeZiagvee ighair bekaeegeee sskooxxXen hoee ighxeeee geeeewixge ixo eem

igmkeeegextaigioxtaX ssixsceeigeeew:y' ffox eexteeueewy ssecugeieey.

      ewhee stSxsske casmpeeewig waussig koee # ecozasslj@gmig geagenesinee$ss beo ewegeee wiixin

een eexneescgeewaewy kn ewxtee:ewy sszzwgeXy. Wee ixteneigen inggece eeingeig wag wiZX eneeveex

xteweedi ixo evewixivcairee igkoe XssA"$ eerneesceweexucy oiZ sshagykgees ssw$igeema,' xtosc ige

wmaee Sxt xTlceeioxt eexxxt ecouxtiggeiag$e ecooxesixteebeeen dvcaseZy geeesgecozasee

xtteeassxxgeee$. xeineessee xTlceassxxgeeeS eegeeee hovnoreveexe izz geZeecdv caxten xeecadxe teo

ogeeegeeeicee $houXdi eeheegeew koee eext SptireexgeugeicSon izz ixhee gmcagexnaX gXo;-7 ofi cik

ixu ca way whicko ixkogeeeenigeezass eeewezaornic esenrT!agee eeo XxxA ecowaftigxiee$. Wee

igenkee veegey $iggeicwa$Xy oxxge okoXigakicxt iga ssicartcl geagaexy sioxe iciniss. evzzgy

merttkoenc counixntes aZ$o take eheinc obZigations sexiousZy. crapan"$

commitmene ico a high and rcising XeveX off ernencgency stocks is

a very imporeanir contribut±on noir onZy eo Japan's own energy
$ecunciey butc aZso to irhe secuz rkicy ofi her pa=icnexes and a:Xies.

Whis yearc nhe :EA is conducutng twvo ineses ofi ixhe ernergency

pscepattedness off our mevaber countntes and ofi the oiX companSes

who would cooperate shouXd cireumstances reguXxe ie. Whese
cixcumsimances wouZd invoZve the physicaZ dSsxupeion ofi oiX

$uppZies. Stocks of oii wouZct be an essentSal paxt of meeting

such a dis=upCion. Xe is not good enough to attgue thae inexeased
pkices wouXd guancaneee adequate suppZy--in iche shouic-texm cixcum-

seance$ ofi a ewt caX inlterxuption, ounc membex counic:ies would

certainXy ncequixe pZentifuZ and =eadiZy avaiXabZe sCocks of

oiX. The meA, therefosce encouscages those off tts xnernbenc count:ies

who aire Sn a position to do so to inowease theSr ZeveZ o£ stocks
and eo ensure that they woukd koe avaxxabZe guick:y when needed.

Z wouZd certa±nZy applaude the'Japanese pscoposaZ to rkncrease
the Xevel ofi Govezrnmenteowned oiX to fifity rnSZZion kSloXitencs

by iche mid. 1990's. : think Che raosix impoxtanic thing wiZZ be

to translaine ehis pscoposaZ ineo acCion, geo as to nceduce tche

vuZnerabiZity off Japan's energy situation a$ weXZ as to enhance

inee=national soZidariey.

     ewkeee $ewecogmen en$geeecix ewff ixtigee:xtenigiageaZ aggmee:esy sseeexwaxiigy wausig ine

igkaee ewozaixixxueect gexecaxttoigicn cst xtiggewaewixugeeZ echaxtg@ ixkogemwaewh
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exiv@xssiff2eceebeioza #st geeessowagece$ eezzen irrtgexoveemeexxixss alza eerteegeewy

eeststiecieextcew. ewkai$ dioeess xtoke eneeaxu igkoeeig ewoveexnmaeexube$ xtag'eees igo ssbeeep in

igco igmigeegesteexee ymyiixin gmagexienX waagekeig xzaeeeshaxuissrr}$ koy ixucteegixtkixdvkw

sswako$iexieeixtew eeimi$ ggy khaig siogeme ewg eegeee:ewy #sc axxteeueowaamZee

ewewa$eexvenigiewgm encixivieeieess. Wkoeeke iix exoee$ ttw}eeeege iss ixincake ewcveexmmeegmbege

&zzex ixtesu$ixgexe geinoaxZdi geXgy igkoewiw geeewte gm kkaee ge:cwaoigican ewff

igeeeckozaoXewewieweeX cteevdvXogextleegmeee iginag ctiss$@waizagbeibuxt ewst Sxufiewgexrlcaigienxt eeca

ineeXwa ecoxtssaxxrieexts axxtdiig:skeeexuen winenix iginee waengekeeic ssiewxuakss cageee (ee$peexeSeeZXy

ixt ixhe ewgeeea ast eexteexeww agststieckeeneww>e caxtde waa$ir iwawosckeennige ixhee

scnenXxtixezaewxtcee evst evXZ opigionss sioge exivee:ssiff2een dieeveeZogemeexxig cff eeneescesy

ssowascceess. ewimiss Zcaigteeexe gecaiwaix iss eesspeeeineZZy ixriwogeiganix Sxt ickoee

eeXeecigxiec gecowee: geeeeebeoge. Aig ixhee xx}ossig geeeceenbe eneeicing osi XwrL

twixtisskeeeec$ izz axeey k9g7e kix wa$ aes:eeeeet ixheeitg

      eeA Siewzaistiextwxtig XiwaikakeiOza Off twxtY eee OgeigiOxt$e ixt WaXigiewaZmaue

      osi ecoeeX ox xuueXeeaxe stasc ighee Xma enss ee whewXee wQuZen Xwacexeeassee

      exeerftanen stoec oiginee: eeuaeexasy sscou:cew$ enxtes ickru$ ighce eco$ic$ ofi

      encinieevixtg eewaeexessr sseecugeitey... scach Xan esowaxtlrxy wiZX ineevee eeo

      cteeewkenee exx ighee waixe ewfi studvXss 'axsseect ige eweezaeegeeekixtes ssigeeteioxt$ lpde$tc

      ssuibeeen eeo iics geenxeeicuXstsc'ecixecuru$igenxuceess. AXZ wiXXe heweeveence

      sseweek ige eeewinieevee e waix which betske$ Szaico enewcewanig

      coxxssiexeegeakkoxuss cost eexxewgegy sseecugeieeye eezavixaszarnexuige $caffeeixw anes

      kekodv waossssikoXee eestffeeceir$ ofi icheeiw dieecisioxis ewxt oixheex ewouxtixxiee$.ee

      Xix i$ eckeedvee ixinemix iginossee ewcaunixgeiee$ wkoco ineevee iwageogeigeettbe xtuceZceage

geoweege gextoggecammdvss waZk ixheexeestegeee xteweeex eeo eccxuicigmuee ixe $ugegeogeix

eneeveeXogewaagxtke #fi stwaezaeensc geowewgy teew ecoxtixgxtuee igo irtiwgeoxree ixheeix

$iggewaewkexxgyesX sseecwageieexe eestct ixkoee sseceuxiigy ofi ighee ew:owage a$ ee whcoXee koy

ighiss wneeexxx$e

      waueix sstcgewacicaxxenZ eekoaxtgee axu iig$ eefigAgza wiXk gmgeix koee eegmcowagh. X

inenwag inSxuigdees aXxagevexw igm whbeee X inenvag $tsidi tskoeuig stZeexikoiXiigy ien

 agneextesy $xxwwZy, ex$ee enzadi bescigesee iginate X behizak ixinige S$ eexu ivapcaxigeeftix

 agkeewaewxuig ixu ixoenayege eerteescewy wcascZct. Xzacteeeees xe eehizak iix kss gX$o a

                                                           L viixtsza avssgeeeceig cfi agxeeeecewy $eece"xSicw. Xza aseegeaza"ss paxezaeescesy Vi$ioza stox

 eehee 2Xssix Cezzkexxscweee kktsdv ecommeezzic weets xmaexeeg
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                    Energy SysteEns iR the 21St Century and

                    the SignMcant Role of Nuclear Energy X

                                    by

                                Wolf Hafele

               Kernforschungsanlage JUiich, Fed. Rep. of Germany

1. The evolution and fate of nuclear power

For 1985, the IAEAIOECD has listed the total capacity of nuclear power amounting

to 253 GWel world-･wide corresponding to a power generation of 1.4 x 103 TVUh

during the year [1]. Table 1 gives a breakdown into 9 countries as well as the

customary categories oi OECD Europe and Pacific (E + P), OECD America (A),

Developing World Outside Communist Countries (V(fOCA), the Centrally Planned

Econornies (CPE) and the World total.

1.4 x 103 TWhel is equivaient to O.49 TWyears thermal (assuming a thermal

efficiency of O.33) and thus 4.7 % of the world's total primary energy consumption of

10e52 TWyears [2]. The totai electricity generation amounted to 9.4 x 103 TWh in

1985 and the nuclear share was therefore 15 %. In both measures the role of

nuclear energy has thus become a significant one.

At the same time the accident at Chernobyl and other less drastic social and

economic developments are questioning this role of nuclear energy. In the

following a briet listing of the state of nuciear energy in various countries is given:

tBi}gSg,L!,u[p.l

The nuclear share from 8 stations in operatlon approximates 70 96 of electricity

generation. A further power station of 1.400 MW with participation of France

(50 %) is expected for the nineties.
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Canada

A nuclear power share oi 14,7 % came in 1986 from 18 power stations, 5 units

were under construction. In 1990 the nuclear power share is expected to reach 19 %.

Denmark

In 1985 the Parliament voted against the use of nuclear power.

France

70 % electricity share comes from 50 nuclear power stations. 14 further stations

are under construction and one more is ordered.

ptGermany FederalR blc

The building up of nuclear power reaches a saturation with 40 % electricity share

coming irom 22 power stations. The placing of new nuclear orders is presently not

in sight and the political situation is ambivalent.

                                                                 ,UK
20 % electricity share comes from 38 reactors, many of them of the MAGNOX

type. In March 1987 the first pressurized light water reactor was licensed.

                              '
Italy

There is a de iacto moratorium against nuclear power.

Netherlands

In 1985, two nuclear power stations contributed 6 96 to electricity supply, the

building up is now seriousiy delayed.

ptt al

Nearly 30 % of the total electricity production is generated by 8 nuclear power

stations. Out of eight power stations under construction in 1985, only four are being

completed.

Finland

Up to the Chernobyl event 40 % electricity share came from 4 nuclear power

stations. Since the Chernobyl event, the building up of nuclear power has stagnated,

a termination of the use of nuclear power appears to be possible.
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Austria

Austria abandoned the use of nuclear power in 1978.

40 % electricity share cornes from five nuclear power stations. The construction of

one more nuclear power station is envisaged but the political pressure for the

termination oi the use of nuclear power is strong.

Sweden

50 % electricity share comes from 12 nuclear power stations. In 1980 the Swedish

Parliament decided to terminate the use of nuclear power by 2010.

Brazil

Mostly ior econornic reasons the building up of nuclear power is slowed down

significantly.

iJ{Ewna an

25 % oi total electricity generation was supplied by 35 nuclear power stations

during 1986, and the buiiding up of nuclear power continues as planned.

South Korea

7 Nuciear power stations were in operation at the end of 1986, the nuclear share

in electricity generation was about 44 %. After Chernobyl two new orders were

placed.

USA
99 nuclear power stations were in operation at the end of 1986, the nuclear

electricity share during 1986 was 16.6 %. The commissioning ot new power stations

wiil reach an end and no new plants have been ordered since 1977.

CPE
In the Centrally Planned Economies the building up of nuclear power continues

vigorously as planned. Nuclear power share in the East European Countries varies

widely. Altogether there are now about 70 nuclear power plants in operation.
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It is interesting to plot the development of nuclear power through the year 2000

for countries like 3apan, France and Germany (Fig. 1 - 3). There is in all cases a

steady development. In the case of Japan, the number of planned stations has

lately increased again, whiie in the case of France there are no new plans in sight.

In the case of Germany, a considerable share has remained in the planning stage.

And in the case of the USSR (Fig. 4), there is even an explicit reduction for

stations in the planning stage, while in the case of the USA (Fig. 5), not only

those planned but even some in the stage of construction are being reduced.

For some countrles the buildlng up oi nuclear power seerns to be a !ogistic one.

In that case the relative building up of the capacity F, 11F dFldt, is meant to

follow a linear relation:

           1 dF           'F -dt = ct(S - F)

S is the saturation vaiue and (x. is a pararneter. Table 2 gives the values oi S and

the correlation coeiiicients ol the actual data fitting the linear behaviour shown

above. One should note the low correlation coefficient for the Soviet Union, that

of France was even lower (O.358) and therefore, the estimate was not given. It is

then striking to see that saturation values are above the actual figure for 1985 and

below the IAEA estimate for 1992 (made in 1985).

One should not overvalue such a kind oi analysis but it may be appropriate to

observe that nuclear power may expand more slowly than expected as late as 1985.

This suggests that the figure for the installed capacity of 508 GWel for 2000 given

in Table 1 may be too high. Alternatively we assurne here that 360 GVVei could be

a reasonabie estimate for 2000, a figure that is close to the IAEA estimate for

1990. This figure is based on the 1985 figure of 253 GVVel multiplied by the ratio

between S and the 1985 figure as indicated in Table 2, plus 24 GVVel to meet

conveniently the IAEA value of 1990. But it should be ciear that the assurnption of

360 GVVel for the year 2000 is a straightiorward estimate which is only meant to

express the even further reduced expectations for the growth of nuclear power as

seen in this analysis.
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At 360 GVVel the annual consumption of natural uranium is close to 60.000 tonnes.

Assurning again that the use of nuclear power is saturated but continues at that

level this would be ongoingly the annual consumption. Estimating natural uranium

resources is a complex thing. OECDIIAEA have repeatedly assessed such estimates

[3]. Table 3 compiles the estimates oi l986. If one only takes the 3647 x 103 t of

the Reasonably Assured Resources and the Estimated Assured Resources oi WOCA

into account, such an amount wouid last 72 years, allocating here a capacity share

of 300 GWel for the WOCA countries accordingly. And with the Speculative

Resources of WOCA, the additional factor to be considered would be between 2.7

and 3e4e

If, by contrast, the building up oi nuclear power continues as expected in the

recent OECDIIAEA evaluation [1], such a development within WOCA would

cumulatively require 3078 x 103 tonnes of naturai uranium for the ''Low" LWR

strategy, with 675 GV(Xel (VVOCA) in the year 2025. The ''High'' LVVR strategy would

cumulatively require 5386 x 103 tonnes, within VVOCA with 1555 GVVel (VVOCA) in

the year 2025. 0ther reactor strategies would require lesser amounts of uranium.

The ''Low" case with a Fast Breeder Strategy would cumulatively require the least

amount, nameiy only 1980 x 103 tonnes, whereas the "High" case world require

3656x103tonnes,bothwithinVVOCA. '

Thus an interesting staging oi such future aspects arises:

     - If the use of nuclear power is saturated at a ievel that is somewhere at

       360 GWel the supply of natural uranium is not a real resource problem for

       something like the next hundred years.

     - If nuciear power is build up according to the "Low'' Scenario of

       OECD/IAEA yieiding 675 GWel (WOCA) and 875 GVVei (World) in 2025, the

       Reasonably Assured Resources and the Additional Resources would have

       been consumed by around that time. It woutd then be necessary to use

       Speculative Resources whose irnplications we do not understand today. For

       the "High" Scenario (1555 GWel (VVOCA) and 2160 GWel (World) by 2025),

       this would occur accordingly eariier.

     - If a Fast Breeder Strategy is involved this essentially permits staying

       within the use of Reasonably Assured and Additional Resources. Thus, it

       would not be necessary to touch Speculative Resources ior at least one

       more century in any event.
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In the past such reactor strategies have been evaluated extensively, and therefore,

this aspect should not be pursued here any further. The point here was to reilect

on the possible range of the Reasonably Assured Resources and Estimated Assured

Resources.

If the use of nuclear power is saturated at a level of 360 GVCXel or so, this wouid

be the effect oi

      - reduces economic growth

      -dit low oll prices

      - lack of social acceptance.

The latter refers in particular to the tail end oi the nuclear fuel cycle. Transpor-

tation, intermediate storage, reprocessing and final waste disposal all become issues

Of a more and more political nature. As a new element, direct disposal ol

irradiated fuel elements has been suggested. Let us thereiore assurne that the

construction and operation of civilian nuclear reprocessing plants will stagnate (one

would not iike to speak of saturation in this context). Tabie 4 compiles these

reprocessing plants. Only plants of commercial significance are listed; pilot or

experimental plants are not mentioned.

For purposes of orientation it is sufficient to relate 30 t of irradiated fuel ready

for discharge wlth 1 GWei year. After discharge, about O.2 t of fissionable Pu go

along with it. From the eariy nineties onward, at 360 GWel world-wide and 300

GVVei within WOCA, this would mean 10.800 or 9.000 t per year of irradiated fuel

associated with 72 or 60 t of fissionable Pu per year. If only the existing

reprocessing plants of VVOCA continue to operate, only 22 % of the WOCA amounts

could be reprocessed; in case ali the reprocessing plants of VVOCA now under

construction or planned should also come into operation it would be 55 %, instead.

Reprocessed plutonium cou!d go primarily to a recycling process in LVVR. If fresh

plutonium coming from a reprocessing plant is constantly added such recycling can

continue [4]. Without recycling, 30 t per GWel year and 3 % enrichmen't
                              235(equilibrium cycle) mean 900 kg U                                  per GVVel year. Assuming that one quarter

could be recycled the recycled plutonium thus would roughly meet the 200 kg of

fissionable Pu coming from the reprocessing of the 30 t per GWel year of fuel

dlscharge. Therefore, if 22 % (or 55 %, respectively) of all discharged fuel can be

reprocessed also, 22 % (or 55 %, respectively) of the fissionable plutonium
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contained in the discharged fuel

the unprocessed irradiated iuel.

respectively) tonnes per year of

can be made use of. The remainder is

Within VVOCA this would mean 47 (or

such fissionable Plutonium.

 contained in

27,

Over two or three decades this accumulates to an amount in the order of 1.000 t

within WOCA, thus significantiy exceeding the amounts oi plutonium in the military

domain. It is often argued that such irradiated fuel elements should go to a direct

final disposal. But after 100 - 150 years the self-defense of such disposed fuel by

radiation from fission products has faded away, and a shielding of only a few

centimeters of lead is sufficient should one want to handie these then o!d fuel

eiements. This is comparable to a problem arising just now in the second half of

our century: It is the recognition of the fact that our generation has inherited

from its ancestors the problem of toxic chemical waste. In the Federal Republic of

Germany, toxic waste is produced in the order of 5 Mio tonnes per year and it

becomes a growing problem within Germany to cope with old and new disposal sites

of such toxic waste. One is only gradually realizing the dimension of that problem.

It is deemed here that a repetition of this toxic waste situation is not acceptable.

Our generation is beginning to understand the aspects and constraints coming from

the environment oi man. Our generation cannot transfer 1000 t of Pu and more to

the next generations. Direct waste disposal of irradiated fuel elements of that

magnitude essentially means the creation of man-made Pu mines, it requires an

IAEA type of safeguarcis for ever and meaRs a burden of unknown quality. What

then follows from this observation?

This

1
)

question will be answered here in four stages:

 Further building up of reprocessing capacities is a necessity, whether nuclear

 power stagnates, increases or fades away. Reprocessing capacity is necessary

 in much the same way as one is now building up combustion furnaces for

 toxic chemical waste treatment. It permits the conditioning oi irradiated

 material and in particular a minimization of required storage volumes. So far

 as the disposal of fission products is concerned, only about 70 liters per

 tonne of originai iuel are required. For the Pu, a typical figure would be

 about 100 1 per tonne of original fuel. The latter observation requires further

 specifications in view of criticality, physical shielding and other factors that

 cannot be given here.
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2) InviewofthissituationtheapproachofhavinganInternationalPlutonium

      Storage handled by IAEA [5] appears in a new light. So far all these

      negotiations started from the viewpoints of Pu shortage, disposability and

      sovereignty. Environmental compatibility of thousands of tonnes of Pu couJd

      be a new element. The idea oi Regional Fuei Cycle Centers that was

      considered by the IAEA in the seventies [6] should be reevaluated in such a

      context.

3) lnthosecountrieswheretheterminationofnuciearpowerappearstobe

      deiinitive, the deveiopment of special reactors should be envisaged that burn

      Pu without using fertile material. In such a case, the fuel elements could for

      instance be based on PuO,ZrO,, a ceramic material of benign properties [7].

4) Giventheaboveconsiderations,itappearstobenotonlyaneasierpathway

      but aiso a rnore natural pathway to build up a population of Liquid Metal

      Fast Breeder Reactors (LMFBRs>. These LMFBRs allow for several modes oi

      operation [8]. The earliest mode used metallic fuel and minimized the

      doubling time oi the Pu inventory. The early EBRII reactor of the US is a

      good example. The second mode does not concentrate so much on doubling

      times but emphasizes instead high fuel ratings, low fuel cycle costs and

      large cores. The preseRt prototype reactors like the Phenix and Superphenix

      in France, the PFR in the UK, the BN 350 and BN 600 in the Soviet Union,

      the SNR 300 in Germany and the MONJU reactor in Japan iollow that

      scheme. Not so well--known is a third mode of operation. It emphasizes large

      Pu inventories and thereby such fast reactors become active Pu storages. In

      that mode of operation one may delete the radial or even the axial blanket

      [8]. In our context, this mode of operating a LMFBR may become important.

      It may become important because it is relatively easy to adjust the

      operation to the varius rnodes. And this leads to a fourth mode of using

      advanced fuel and blankets that are specificatiy designed ior the fuel supply

      of other reactors not necessarily of the LMFBR type. For instance, it rnay
      be desirable to breed thorium and to produce thereby u233 for the operation

      of High Temperature Reactors.

                           '
Briefly surnmarized, the extended use of LMFBRs with their various modes of

operation permits increase, sustainment or decrease oi the Pu contained in a whole
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commercial

is probably

iuel cycie. It means a situation of flexibility and adaptability and this

most mandatory in the decades to come.

2. Energy systems in the 21St century

Given the fact that the investment decisions of today cover more or less the next
ten years, the present century is over in such a context and the 21St century is

beginning. At the International Institute for Applied Systems Analysis (IIASA) a

comprehensive and globai systems analysis of the energy problem was conducted and

the results were published in 1981 [9]. There were, among others, two important

conclusions that are of relevance here:

1. Thereisanenergyproblemwithintheenergyproblem.Itistheadequate
      supply oi liquid fuels and particularly so for the developing countries.

2. VVhileitiscertainthattherehastobeatransitionofenergysystemsaway
      from the carbon atom to nuclear andlor solar power as primary energy it is

      less well obvious that there is a second, earlier transition superimposed on

      the first one. This second transition is the transition from relativeiy clean,

     cheap and readily available fossil reserves to low grade, expensive and hardly

      accessibie fossil resources.

Even if nuclear power was built up to the largest possibie extent these two

problems would prevail. What is important then is to understand the magnitude and

more so the timing of these probiems. It will turn out that not only the problems

of appropriate fossil supplies but aiso the problem of fossil waste disposal could

well become overwhelming issues.

The IIASA energy study identified two scenarios that were elaborated in detail, the

IIASA "High" and the IIASA "Low" Scenario. During the seventies when the study

was conducted, the world energy consumption was about 8 TWyears/year (1 TWyear

is roughly a billion t of coal equivalent (tce)). The "High'' Scenario identified an

energy consumption of 35 TWyearslyear by 2030 while the "Low" Scenario identified

22 TWyearslyear by that year. In the meantime ten years have gone by, and it is

interesting to compare the real development with the scenarios. It turns out･ that

the real development fits rather weli the "Low" Scenario as indicated in Fige 6 for
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the world as a whole. But the IIASA "Low" Scenario distinguishes also seven VLiorld

Regions and even within this breal<-down, the "Low" Scenario corresponds rather

well with the rea!ity of the BP data as given in Table 5. Besides there were other

scenarios developed in the meantime; they are given for the world as a whole in

Fige 7. Against these comparisons it is concluded here that the IIASA "Low"

Scenario turns out to be reasonable. Even so it cannot be a prediction: this is

impossible.

H.C. Runge at the KFA JUIich [10] then studied the problem of oil supply and

demand in greater detail, and his resuits are given in Fig. 8. It turns out that the

time around 2010 is a time when the conventional oil supply will start fading out.

Around that time the production rate will be about 3.8 billion toelyear or 5e5

TVVyearslyear. According to by H.C. Runge, it is the maximum rate simply from a

technical point of view, and this is consistent with the iindings of the IIASA ''Low''

Scenario [11]. Thus confirmed, we make use of the IIASA ''Low" Scenario for

further analysis.

Consumption according to the IIASA "Low" Scenario then leads to an accumulated

value of 264 TWyears by the year 2030, and that is about 80 % of the conventional

oil resources in question [12]. In the case of natural gas, the disparity betweeR

suppty and demand occurs somewhat later, around 2020. At that time, the

production rate is 3.5 TVCIyearslyear or 2.7 billion m31year. The cumulative

consumption by the year 2030 reaches about 50 % of the conventional gas

resources, namely 130 TWyears [12],

The total of conventional oil and gas resources together amounts to 531 TWyears.

Such values are not sharpiy defined and are to a certain extent a matter of

definition. For instance C.D. Masters has recently presented an evaiuation which

identifies a total of 508 TVCtyear as the conventional supply of oil and gas [13], and

other figures in that domain are equally possible. Therefore, only the broader

statement can be made that the transition to non-conventional resources wili

gradually take place between 2010 and 2040. 0ne should understand the implications

of the transition: Oil continues to be 'the leading energy form, and this is

consistent with the earlier observation that the adequate supply of iiquid fuels is

the energy problem within the energy problem. The oil price leads the energy

market, and to a large extent the oil market influences the worid market. A

transition to non-conventionai resources draws our attention to new areas like
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Athabaska in Canada, Orinoco in Venezueia, or Olenek in Sibiria and, through the

new technologies, new oil prices and a new political frarnework. It is therefore

appropriate to expect major influences on other developments including nuclear

power. It is fair to expect that this transition to non conventional oil resources is

setting the path.

Furthermore, there is coal. As such, its situation is different. The conventional and

more so the unconventionai resources are very large. But the use oi coal will

follow the developments of the oil market in its own way, and be it on!y through

prices. The IIASA "Low" Scenario identifies a total oi 224 TVVyears of coal

consumed by 2030 [14].

Altogether the IIASA "Low" Scenario identifies a total of 633 TVVyears of fossil

fuel consumption by the year 2030. This is the sum of 264 TVVyears for oii, 145

TWyears for gas and 224 TWyears ior coal. It should be noted, however, that the

IIASA "Low" Scenario does assume a substantial contribution from nuciear power. It

assumes an installed capacity of nuclear electricity generation of 620 GWei for

2000 and 910 GV(Xel for 2030 [15]. If nuclear power is saturated at 360 GWel the

expected consumption of fossil fuel would be close to 660 TWyears even.

Such uses of fossil fuels do not only change the world energy market from the supply

side, they also pose a large--scale fossil waste disposal probiem. The iossil luel

cycle has a tail end, too!

What is a!ready impinging upon us are the side streams of such fossil fuel uses,

that is SO, and NO . For industrialized countries such as 3apan, typical emissions
                 X
are in the order of millions of tonnes. These are manageable amounts through the

installation of appropriate abatement measures. But SO, and NOx are only side

streams. The main stream consists of CO, and the amounts released by man--ma,de

combustion processes are reaching giobal significance. According to the world's

climatologicai community, a doubling of the CO, content would lead to a warming

of the average world temperature between 1.5 and 4.0 Kelvin. What is more

striking is the expectation that at the poles the warming could be as high as 10

Kelvin with all the consequences o± ice rnelting and changes of climatic patterns.

The important thing is that this expectation has become more and more confirmed

[16], [17]; one can no longer discard it as mere speculation. It is equally true that

by the very nature of this non-linear problem, it cannot be a firm prediction, either.
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The so-cailed natural CO,-content is the one measured at the end of the last

century, i.e. 290 ppmv. Such an amount oi CO, corresponds with C02--emissions

originating from the combustion of 600 TVVyears of carbon. For a more precise

analysis, one has then to rnake a number of corrections: Hydrocarbons have a

higher energy yieid than carbon, about one hati oi the released CO, is absorbed by

the upper layers of the ocean within a few years, and besides CO,, there are other

trace gases like CH4, the FCHCs and others not coming from the energy domain.

The rather fundamental observation to be made here is to realize the coincidence

of the fossil energy consumption of 600 -- 800 TVVyears by 2030 and the 600

TWyears of carbon combustion for the doubling of the natural C02-content. It is a

rough coincidence and details wHl change this observation somewhat as indicated

above, so it should not be overinterpreted. But for some generai conclusions, it is

significant enough:

1) Duringtheearlypartofthe21Stcentury,i.e.between2020und2050,a

      transition from conventional to non conventional fossil resources is imminent

      while at the same time roughly a doubling of the C02-content of the

      atmosphere is to be expected.

2) Contrarytothepast,itisthereforenotonlyamatterofadequatesupply

      of iossil fueis but more so and earlier, it is the probiem ot fossil waste

                                                         st      disposal that has to govern the energy systems of the 21                                                           century.
                                  '

3) Itshou!dthereforebequestionedwhetheranallouttransitionfrom

      conventional to non-conventional fossil resources is acceptable at a}1.

      Instead, primary and secondary fuels should be favored that are limited in

      the use of carbon, if not even carbon-free.

                   '

4) Thus,energysystemsotthe21Stcenturyhavetoexpectmajorevolutions

      including surprises and shocks. It is theretore of paramount importance to

      improve our understanding of the dynamics of these evolutions and to

      prepare ior flexibility and adaptability.

5) Aboveall,itisnecessarytobuytime.
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In principle, it is not too difficult to envisage a carbon iree energy system. On the

side of secondary energies, it must provide electricity and a storable and

transportable energy carrier to supplement electricity. Hydrogen is the best

candidate for it. Both eiectricity and hydrogen are environmentally benign to the

fullest extent. On the primary energy side, the two candidates are solar and

nuclear power. The so called alternative soft sources like wind, waves and others

could and should be employed wherever possible. However, their power is limited. It

is hard to expect more than a 5 - 10 % contribution from these sources. Therefore,

the above-mentioned solar source reiers to the hard version of solar power, the

giant fields of photo voltaic arrays in desert regions, fields covering areas of

100.000 - 1 Mio km2 and more. While this is technically feasible, it is a matter of

cost and time to build these solar systems up. Marchetti has studied the long range

dynamics of such transitions [18]. Fig. 9 gives the development of the HIC-ratio of

the world's energy system. It is striking to see the regularity in the past

development of that ratio. If one assumes that this path continues beyond the HIC-

ratio of methane which is 4, then one has to conclude that it will take 100 - 150

years before hydrogen has taken over. This is a much longer time period than that

considered for the oncoming CO,-problem. And it is shorter than the time horizon

oi the possible uses of non-conventional fossil resources. It is therefore helpful to

consider the time horizons as compiled in Tab. 6. It gives a first impression of the

dynamics of the evolution of energy systems in the 21St century.

3e Cff'he sigRificant roge of ftucaear energy

Ii the long-term situation of energy systems is rather clear and even reassuring,

what then is the situation for prudent measures in the iorthcoming decades during

                     Stthe first part of the 21                       century?

Prudent measures must care for the tail end of the fossH fuel cycle and should

aim at the largest possible HIC-ratio for the liquid secondary energy carriers while

at the same time, the share of electricity should be made as Iarge as reasonably

possible. To care ior the tail end of the fossil fuel cycle means first of all to

reduce the emissions involved. At the Kernforschungsanlage (KFA) 3Ulich, the

SCheme of Novel ULorizontally !ntegrated ELnergy Systems (NHIES) has been studied

iR depth and over a number oi years. A principal way for doing so was the
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extension of the well known MARKAL

being large Linear Programs.

The NHIES scheme incorporates three

1
)

2)

3
)

code [19] into the MARNES code [20], both

                            principal ideas [21].

The first idea is to decompose and thereby clean all primary inputs to the

energy system prior to their combustion. Obviously, this appiies to coal and

also to heavy crude oil or tar sands in view of their sulphur and heavy

metal contents. Therefore, a number of processes can be envisaged: the

TEXACO process, the SHELL-KOPPERS entrained flow process and even the

use of a molten iron bath. In the latter cases the sulphur and heavy metal

contents accumulate as slag on the surface of that molten iron bath. The

product of these coal gasiiica'tion processes is consistently synthesis gas with

an HIC-ratio close to unity. But the idea of decomposing all primary inputs

goes even further: Also the decomposition of natural gas shouid be examined

by means of a shift reaction. The 3Ulich EVA scheme has demonstrated such

a shift reaction with the help of external high-temperature process heat

meant to come from the'High Temperature Reactor [22]. The HIC-ratio of

the resulting synthesis gas is essentially 6. In addition to the primary iuels,

also air should be decomposed. The nitrogen can either be used or put back

to the open air. The resulting oxygen is already required for the above-

mentioned molten iron bath, and it will be required later in the fossil iuel

cycle as a combustion partner instead of air. If necessary, also water should

be decornposed, primariiy by means of electrolysis, if an effective HIC-ratio

of a particular synthesis gas is to be adjusted.

The gasification or splitting of all the fossil inputs results consistently in

synthesis gas, that is a mixture of CO and H,, and the separation of the

components of air adds 02 as a third component. So the second idea is to

collect these already clean components and to adjust the HIC ratio, that is

the H21CO ratio, to a desired value. Therefore, it is sort of a grid,

somewhat in analogy to an electric grid that collects inputs frorn all sorts

of power stations. Sometimes that was called the second grid. In any event,

that is what is meant by horizontal integration.

The third idea is to allocate the synthesis gas and the oxygen only

stoichiometrically to energy conversion stations. In the case of electricity
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generation, this could be i O, and CO given to a gas turbine of appropriate

design. In any event, it wouid be a new combustion process without nitrogen

thus avoiding the related NOx emissions right from the beginning. But

obviously an inert gas must be used in order to avoid too high temperatures.

It could be the appropriately recycled CO, ot that very combustion. In the

case of a liquid energy carrier, this could be 2H, and CO resulting in

methanol. Indeed, methanol has an HIC-ratio of 4 like methane, thus

approximating hydrogen to the largest possible extent. But different from

methane methanol is a liquid. As a matter of fact, it is appropriate to

consider the carbon atom of methanol as a hydrogen carrier that allows for

the tiquid state.

These three principal ideas then serve the end uses, and so iar, gaseous emissions

were not necessary, at least in principle. Only the remaining end uses of methanol

would lead to emissions of NOx and C02. In practice, there will always be

emissions but they can be made smaller and smaller. In Fig. 6 these ideas are

schematically represented. By the step of horizontal integration, it is possible to

provide a high degree of interfuel substitutability so that it can again serve the

purpose of flexibility and adaptibility. The NHIES approach also means the

reduction of the use of the carbon atom to prudent uses, mainly as a hydrogen

carrier oi secondary fuel for motor purposes, most notably in the traffic sector.

This irnplies the use of electricity wherever possible, and thereiore nuclear power

becomes essential. It does reduce the use of the carbon atom and the release oi

C02 if electricity cornes from nuclear power. B,ut in addition, that nuclear power

would also be used in significant amounts for the purpose of providing highe-

temperature process heat. The endothermic methane--steam shift reaction for the

splitting of methane is only one such application. Allothermal instead of

autothermal coal gasification is another application, and the generation of hydrogen

iS perhaps the most important. This requires the High Temperature Reactor, which

in turn could get its nuclear fuel supply from the radial blankets of Fast Breeders,

an aspect that was already mentioned above. Therefore also the emissions of C02

Could be reduced significantly. Recent computer runs at JUIich indicate the

feasibility of C02-reductions down to l13 oi today's value. This wouid mean that

We would have gained time for turther action -- the principal goal of energy

               stsystems of the 21                  century.
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             'The significant role of nuclear energy in these energy systems of the 21St century

                                      'can therefore be assessed as follows:

1) Thereisthequantitativeaspectofthesupplyofelectricity.Asfaras

      possible, it should come from nuciear power stations, thus leaving the supply

      of the carbon atom from conventional sources which is large but

      nevertheiess limited to more prudent uses like methanol synthesis.

2) Besidestheaspectofsupply,thereistheaspectofwastedisposal,forboth

      nuclear and fossil fuels. Large-scale uses of nuclear power would alleviate

      the situation of fossil waste disposal, but would instead lead to the problem

      of nuclear waste disposal. Nuclear waste disposal requires a high degree of

      meticulousness but is manageable, while at least the C02-waste is

      unmanageable. ' '

3) Nuclearpoweraspartofintegratedenergysystemscontributestothe

      flexibility and adaptability of such systems. In view of the expected fast

      developments and even shocks, this would be of increasing importance '

      surpassing even the aspect of economic optimization. The role of nuclear

      energy would then also include non--electrical applications.

4) Integratedenergysystemsandtheuseofnuclearpowerthereinaremeant

      to prepare and smooth the development of eventual energy systems that are

      limited in the use of carboh, if not even carbon-free. Prudent uses oi the

      carbon atom therefore imply the understanding and management of the

      various tim.e horizons invoived. '
                          '
The development of the practicabiiity and the details of the NHIES scheme is a

comprehensive task, and a tedious one. The whole approach and the detailed NHIES

results will soon be pubiished as a book [23]. Some results have been reported

already [24]. Here are a few features of these results of the computer runs at

The NHIES concept is meant to compete with the existing energy systems that

have essentially a vertical integration. In the case of oil one speaks of upstream

and downstream operations and their managerial integration, a vertical integration.

And the natural gas companies are similarly integrated; they compete with oil, and
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so does coal. Evaluations that use the LP approach are by their very nature

macroeconomic ones, or top--down approaches neglecting thus managerial aspects.

with that clarification put forward it may be reported here that already now, the

NHIES concept can claim a certain share of the end user market. That share is

naturally a function of the oil price, of constraints for coal, market shares and

cO,-limits. The overall result of these more detailed calcuiations is the observation

that particutar local conditions favor particular parts of the NHIES scheme earlier

thanothers. .
                      '

Thus, one has to envisage the NHIES approach more broadly and generally, and this

leads to the notion of Integrated Energy Systems (IES). Such Integrated Energy

Systerns are analysed by a number of groups in various countries and in IIASA. In

Sweden, for instance, the plan of developing an energy complex at Nyneshamn is an

example [25]. This plan anticipates the largeh-scale use of coal, its gasification, the

production of ammonia and!or methanoi together with electricity and district heat

for Stockholm. The Cool V(fater Project in the USA follows similar lines often

referred to as cogeneration. Its starting point is a gas-turbinelsteam--turbine

combined cycle plant, with electricity, ammonia and district heat as principal

products [26]. In Okiahoma, USA, the use of large amounts of natural gas is to the

force. They are meant to go to an oxygenlnaturai gas turbine whose exhaust would

be clean C02 (and H20) that could be used there ior tertiary oil recovery [28].

AIso the Siberian Energy Institute at Irkutsk of the Siberian Branch of the Soviet

Academy of Sciences studies Integrated Energy Systems, primarily with regard to

the development of the Kansk-Achinsk area around Krasnoyarsk, East Siberia. This

is a very large field of low-grade lignite and permits an annual production of a

billion tonnes oi lignite per year if the environmental problems oi related

emissions involved can be solved [27]. Analysis groups of Tokai Mura in Japan, in

Taiwan, of MIT in Boston and of IIASA in Austria are foliowing similar lines [28].

                '

       '
4･ Final Remarks

                                                            '
If the present development and the presentiy recognizable fate of nuclear power is

Confronted with the signiticant role that nuclear power has to play in the evolution

Of energy systems in the 21St century, one realizes a significant discrepancy. To

Over come this discrepancy it is necessary to reach a much better understanding of

the dynamics, both short-range and long-range, of the evolution of energy systems
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and to communicate that understanding to the public.

time horizons and choices to be made is of paramount

context for passing judgement on nuclear power in the

In particular, the

 importance. And
   st
 21 century.

interplay of

this is the
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Regional Distribution of Expected Wored Oil Production
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Hydrogen to Carbon Ratio (H/C) of Fossii Fueis in the
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Table 1: Nuclear lnstalled Capacity and Nuciear Electricity Generation

Country 1985 2000*

Canada

France

Germany (FRG)

Japan

South Korea

Sweden

UK

USA

USSR

GWel

 9.776

37.533

1 6.41 3

23.665

 2.720

 9.455

1 O.1 20

77.804

27.756

rwh
 57.1 ･

21 3.1

 119.8

 152.0

 13.9

 55.9

 53.8

383.7

･152,O

GWel

1 5.9

77.0

24.3

62.6

 9,1

 18eO

115.7

 79 (?)

rwh
109.1

392.0

154,2

370.0

 63,4

121.0

659.0

544 (?)

OECD, Europe + Pacific

OECD, America

Developing WOCA'"

WOCA total

CPE***

117

 90

 12

21 9

 35

 71O

 440

  60

1.240

 200

-233

132

 32

397

1"

1.400

 800

 200

2.300

 700

World 253 4.400 508 2.900

" Values estimated in 1986 prior to the Chernobyl accident
k' WOCA: World Outside Communist Areas
"' CPE: Centrally Planned Economies

Source: Nuclear Energy and its Fuel Cycle, OECD und IAEA, Paris1987 and Summary of Nuclear Power and Fuel Cycle Data in

     OECD Member Countries, OECD 1986 and Nuclear Power Reactors in the World, Ref. Series No 2, IAEA, April 1986

     Energy, Electricity and Nuclear Power Estimates forthe Period up to 2000, refr, Series No 1, Aug.1987, IAEA
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Table 2: Logistic Saturation values S, IAEA estimates for 1992 and actual figures of 1985

      of nuclear capacity for a few selected countries, all in GWel

Canada

Germany (FRG)

Japan

UKt.

USA

USSR

s

 12.346

 20.146

 28.256

 9.944

1Ol.821

 46.884

Correl.

coefficient

O.895

O.863

O.981

O.6t8

O.685

O.433

1992t

 14.565

 22.998

 30.934

 11.420

104.592

 58.672

IAEA

1985
(actual)

 9.776

16.413

23.665

1O.120

77.804

27.756

219.397 243.181 165.534

Note:the ratio S over the actual value for1985 is i.325

" estimate made in 1985

"ln case of the UK the value S and that for 1985 are very close and statistics leads thus to a formal contradiction

 in the sequence ot the data

S-2-35



Table 3: Uranium Resources (1 06 Tonnes U)

RARO) EAR i(2) SR(3) ETPR(4)

WOCA(5) 2315 1.332 6.600-12.1OO

outside

WOCA
-.......--nt,..,.ptsptapt"""' N"'-""Yt,ge,,-.,..........--

                    3.300 -- 8.400

'-`-..-.--.....pte.g"'-XX-""'"N,neNa..,,..-p-.----'

3L647 9.900 -- 20.500

(i)Reasonably Assured Resources, up to 130 $/kg

(2) Estimated Additional Resources, Caregory1(see OECDIIAEA Source)

(3) specu)ative Resources

(4) Estimated total potential resources

{5) WOCA: Worid Outside Communist countries

Source: URANIUIVI, Resources, Production and Demand, OECD/IAEA, 1986
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Table 4:Civilian Nuclear Reprocessing Plants (WocA)

A ln OPeration

Name

Sellafield, B205

La Hague, UP 2

WAK
Tokai Mura

Tarapur

Country

UK
France

Germany, F. R.

Japan

lndia

Start of

Operation

19M
1966/89

1971

1977

1978

tonnes
per day

5

4 t.

0.2

O.7

O.5

Capacity

 tonnes per year'

 1OOO
  800
   40
  140
  1OO
 2080'

B. Manned or under Construction

Kalpakkam

La Hague, UP-3A

Sellafield, Thorp

Rokkosho Mura

Wackersdorf, WAVV

lndia

Frankreich

UK .

Japan

Germany, F. R.

planned start

of operation

1986 O.5
1989 4
1992 4
1959 4
1997 2

 100 under construction

800 under construction

800 under construction

800 planned

400 under construction

2900

' assuming 200 dlyear of operation

"capacity doubling completed by 89
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Table 5: Comparison of the llASA Low Scenario for seven world regions with the actual
       development1970-1985

Consumption of primary energy in GWala

1970 1975 1980 1985
Region

llASA BP llASA BP llASA BP 11ASA BP

1(NA) 2363 2586 2654 2706 2742 2933 2830 2875

II(SUIEE) 1462 1611 1835 2048 2067 2453 2300 2777

lll(WEIJANZ) 1825 1995 2256 2179 2473 2387 2690 2402

IV(M) 247 269 338 360 449 482 560 540

V(Af/SEA) 266 360 328 442 449 639 570 819

Vl(ME/NAO 59 98 126 134 198 166 270 204

Vll(C/CPA) 285 411 461 620 545
7
3
5
1

630 9oo

World 6507 7332 8210 8453 9030 9799 9850 10521

Region1: NorthAmerica(NA)
Region II: Soviet Union and Eastern Europe (SUIEE)

Region til: Western Europe, Japan, Au$tralia, New Zea{and, South Africa, and lsrael

Region IV: Latin America

Region V: Africa (Except Northern Africa and South Atrica>

       South and Southeast Asia (AflSEA)
Region Vl: Middle East and Northern Africa (ME/NAfi

Region Vll: China and Centrally Planned Asian Economies (C/CPA)

Source: ForllASA--V.G.Chant,Twoglobalscenarios:Theevotutionofenergyu$eandtheeconomy,
       IIASA - Research Report RR-81-35, 1981

ForBP: BPStatisticalReviewofWorldEnergy,1986(Ret[2])

'
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Time Horizons*

Regional impacts of NO,-und S02-emissions

Emergence of the C02-problem (doubling of the C02-content)

Supply from conventional resources (oil + gas)

Development of environmentally benign energy systems

Supply of non-conventional resources (oil, gas, coal)

Decay of additionaj C02-emissions in the atmosphere

Decay of nuclear waste down to levels of deposits of natural

resources

Supply from nuclear resources

Supply from solar radiation

now

50 years

50 years

1OO - 140 years

250 years

500 - 1OOO years

1OOO years

t5000 years

billions of years

"rough indications only Tab. 6
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日本原子力産業会議　1988年年次大会

「世界のエネルギー問題と日本の進路」

　　　　生田…哩：事長
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　日本原子力産業会議め1988年年次大会にお

きまして，　「世界のエネルギー問題と日本の

進路」というテーマでプレゼンテーションを

行なう機会を与えられましたのは，私の光栄

とするところであります。

　今年（1988年）は，1973年の第1次オイル

ショックから15年，そして1979年の第2次オ

イルショックからは9年の歳月が経過してお

ります。他方，今年から今世紀末，または21

世紀初頭までの時間の長さを考えますと，実

は12年しか残されていないのであります。言

い換えれば，これから12年後に我々は新しい

世紀に入ることになります。ということは，

第1次オイルショックから21世紀の入りロま

での道程において，現在の時点はすでにその

半ばを過ぎている。オイルショックから現在

までの時間よりも，現在から21世紀への時間

のほうがもう短くなっているということにな

ります。そして，この間に世界のエネルギー

情勢は大きく変化し，また現在も変動を続け
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ております。

　エネルギー情勢の変動の中心になっている

石油情勢を見ますと，1973年から1980年まで

の7年闇と，その後，1981年という年を分水

嶺にして，1982年から最近までの7年間とい

う，二つの部分に分けられると考えられます。

すなわち1973年から1980年までは石油の需給

がほとんど一貫してタイトであり，つまり売

り手市場が形成され，そして石油価格が上昇

を続けた時期であります。また，1982年から

最近までの7年間については，石油情勢は一

転してグラットになり，石油価格も変動を繰

りかえしながら，トレンドとしては下落，あ

るいは低い水準での安定という形に変わって

きております。そして，「分水嶺」の1981年

は，世界的に石油需要が減少し，売手市場が

買手市場に変わって行ったのに，石油価格は

逆に上昇するという，需給関係と価格との不

思議な交錯が起きた年でした。その後の情勢

は，OPECの団結力と市場支配力とが次第
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に弱くなり，減産の歯止めが効かなくなって，

価格は弱含みを続け，ついに1986年の石油価

格崩壊（collapse）につながりました。その

後，OPECは再団結に成功し，石油価格も

回復のあと安定に向いましたが，昨年の夏以

降再びOPECの減産態勢は破綻し，一昨年

（1986年）の年末に設定された，いわゆる18

ドル固定価格制もほとんど崩壊をしてしまい

ました。

　これから先の短期の石油価格の見通しを的

確に行うのはかなり難しいことでありまずけ

れども，私は少なくとも現時点の価格水準か，

あるいはもう少し低い価格水準でしばらく推

移すると思いますし，場合によっては一昨年，

1986年に見られたような価格の崩壊の現象，

つまり原油価格が10ドルを割る底値にまで転

落する，そういう状況が再びあらわれること

も可能性としては依然として残されていると

思われます。

　しかし，そのような低い石油価格水準が今
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後ともかなり長い間続き，石油の需給も供給

過剰の状態が続いて行くということが予測さ

れるわけでは決してありません。恐らく短期

的にしばらく石油価格が低迷を続けた後で，

中期的な展望としては石油の需給は再びタイ

トになってくると考えられますし，それに対

応して石油価格もまた上昇の方向に変わって

くることはほぼ確実と考えられるのでありま

す。

　いわば現在の時点は，1973年から1988年に

至る15年間の変化，つまり第1ステージは需

給のタイト化，石油価格の上昇であり，第2

ステージは需給の緩和，石油価格の下落傾向

であったわけですが，それがその次のステー

ジ，つまり第3のステージに移行する，いわ

ば“階段の踊り場”のようなポジションに現

在はあると考えていいと思います。

　このようなわけで，いまこの時点に立って

これまで我々が努力をしてきたエネルギー政

策とは一体何であったのか，エネルギー政策

S－3－5



のベースとしてのエネルギー問題とは一体何

であったのか，そしてこれから先の時点，つ

まり現在から21世紀の初頭にかけての中期的

な展望において，エネルギー問題，エネルギ

ー政策はどのように展開していくのか，とい

うことを考えることは非常に重要であり，換

言すればこの“階段の踊り場”ともいえる現

在の時点は，そのようなエネルギー政策のレ

ビューと新らしい将来展望を行なうのにもつ

とも適した時点ではないかと考えられるので

す。

　歴史をさかのぼってみますと，19世紀から

20世紀にかけての時代は，エネルギーを大量

に消費することによって経済の発展を目指し

てきた，そしてそれが実現されてきた時代だ

と思います。そして，その経済発展の原動力

になったエネルギーは，当初はまず石炭であ

り，そしてそれに続いて石油が登場し，エネ

ルギーの主役になったわけであります。

　そのようなエネルギー多消費型の経済発展
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に対して急激なブレーキ：をかけたのは，言う

までもなく1973年の第1次オイルショックで

あります。もちろんこの第1次オイルショッ

クは突如としてあらわれたものではなく，そ

のしばらく前からいずれはそのような変化が

あらわれることは予想されていたわけですけ

れども，現実には1973年に第4次中東戦争を

契機にしてアラブの産油国が石油戦略を発動

し，そこでオイルショックが発生したわけで

あります。そして，それから6年後には，イ

ラン革命が引き金になって，第2次オイルシ

ョックが発生しました。これは石油の入手，

いわゆる石油のアクセスの問題が，地政学的

な問題に深くかかわっていることを実証した

ものといえましょう。

　そして，この第1次オイルショックに対応

するために，世界の先進工業国，すなわち石

油消費国はいろいろの対策を考え，立案し，

そして実行してきました。例えば国際エネル

ギー機関（IEA）が設立され，　IEAを中
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核と．して石油消費国の間での国際協力体制が

整備されたことなどがそれであります。具体

的な政策としては，短期の石油供給の減少あ

るいは途絶に対応するために，石油の備蓄を

増加すること，あるいは石油代替エネルギー

の利用をさらに拡大すること，また将来にわ

たって新しいエネルギーの供給源として新エ

ネルギーの開発についての国際協力をより強

化することなどがそれです。

　エネルギー供給面の政策のほかに，エネル

ギーの需要面でも，省エネルギー，いわゆる

エネルギーのコンサーベーションが推進され

ました。その効果はきわめて大きく，過去10

年間にGNP一単位当たりのエネルギー消費

量は，OECD諸国において約30％減少した

ものと考えられます。特に日本ではそのパフ

ォーマンスが一段と高かったわけであります。

　そして，このようなエネルギー政策の積み

重ねの効果によって，世界のエネルギー市場，

特に石油市場は大きく変化をいたしました。
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つまり石油市場はかつての売り手市場から徐

々に買い手市場に転換をしてきたのです。

　このような石油市場の構造変化は，二つの

手段によって達成されたものと考えられます。

第1は，これまで述べたような政策の成果で

あります。そして第2は，マーケット・メカ

ニズム，いわゆるマーケット・フォースが大

きな力を発揮した。特にそれがエネルギー政

策と結びついた形で大きな効果を発揮したこ

とが挙げられます。いわば第1次オイルショ

ック後8年間，いわゆる第1のステージにお

いて実現したエネルギー市場の構造変化，言

い換えれば売り手市場から買い手市場への変

化は決して自然に起きた変化ではなく，いわ

ば人工的につくり上げられた買い手市場．であ

ると考えられるのであります。

　例えば非OPEC産油国の石油生産が急激

に，かつ大幅に増大したことは，石油需給の

バランスを変えるのに大きく寄与しました。

そしてこれは，OPECが石油価格を引き上
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げたことによって，従来は採算ベースに乗ら

なかったコストの高い油田が採算に乗るよう

になり，開発から商業生産に移行することを

可能にしたためであります。また，石油代替

エネルギーについても，従来安い価格の石油

には競争し得なかった代替エネルギー，例え

ば石炭などが石油価格の上昇によって十分な

価格競争力を持つようになったということも

挙げられるわけであります。原子力発電も同

様で，第1次オイルショック前には価格競争

力がなかったものが，第1次ショックによる

石油価格の上昇によって，一挙に競争力を獲

得したのです。

　しかし，もしもそれらがただ石油価格の急

上昇によるマーケット・フォーースだけに依存

していたとするならば，その変動の幅はより

大きく，また変動のタイミングもアンバラン

スで，その結果，世界経済も世界のエネルギ

ー需給もより大きな不安にさらされていたと

思います。それがエネルギー政策と結合する
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ことによってパフォーマンスはより高く，し

かも全体としてより安定した需給を維持する

ことができたと考えられるのであります。

　私たちは，このように現在も続いている世

界のエネルギー市場，特に石油市場の需給の

安定，価格の低水準での安定など，石油消費

国にとって恵まれ窄ような条件が前述のよう

に決’して自然につくり上げられたわけではな

く，人工的につくり上げられた買い手市場で

あって，その染工的な買い手市場をいま我々

はエンジョイしているということを忘れては

ならないと考えるのであります。

　このように考えていきますと，私はエネル

ギー問題，あるいはエネルギー政策というも

のは，まず何をおいてもセキュリティ，ある

いは安定供給の問題ではないかと考えるので

す。もしもエネルギー問題，エネルギー政策

からセキュリティの問題を取り去ってしまう

としますと，それはほかの商品，あるいはほ

かの産業についての問題や政策とあまり大き
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な差がなくなってくるのではないかと思いま

す。

　エネルギーが重要であるということは改め

て言うまでもないことでありますし，先程も

言いましたように産業革命以後の世界経済の

発展は，エネルギーの大量消費によって形成

されてきたわけであって，その延長線上に，

1973年の第1次オイルショック，1979年の第

2次オイルショックという二つのオイルショ

ックがあらわれ，そこで従来の路線の継続が

危ぶまれた。つまり世界経済の継続的安定的

な発展・成長に不安の影が差してきたという

点が，エネルギー問題，あるいはそれに対す

るエネルギー政策のスターティング・ポイン

トではないかと思うのであります。

　それに対して，エネルギー資源の枯渇の問

題があります。第1次，第2次オイルショッ

ク及びその直後の時期，つまり第1ステージ

の時期においては，このエネルギーの入手

（アクセス）の問題と，エネルギー資源の枯
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渇の問題とが，時には混同されて取り上げら

れ，考えられたこともありました。特に第1

次オイルショックの前，世界経済が石油の六

量消費をベースとして経済成長を続けていた

時期に，もしもそのような成長がかなり長い

期間続く場合には，エネルギー資源の枯渇の

問題に将来は直面するかもしれないという警

告が出されたのでありますが，これはその予

測の真実性を別にしても，その直後に起きた

オイルショックと混同されて，時には問題点

の発見が混乱するということにもなったと思

います。

　私は，エネルギー問題を中長期のタイムス

パンで考える限りは，エネルギー資源の枯渇

の問題は当面，考慮する必要はないと思いま

す。しかし，後で申し上げるように，超長期

の問題として考える場合には，やはり資源の

枯渇の問題を忘れるわけにはいかないのであ

ります。

　そして，重要な点は，この二つの側面，つ
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まりエネルギーのアクセスの問題とエネルギ

ー資源の枯渇の問題の双方について，エネル

ギーの価格と需要の関係また価格と供給の関

係，この二つの問題が大きな意味を持ちなが

ら関与しているということであります。

　まず第1に，中期及び長期の問題について

考えてみたいと思います。これは現在から紀

元2000年まで，あるいは21世紀に入っての最

初の30年ないし40年の間のエネルギー問題で

あります。これについては，石油の需給がど

うなるかということをまず考える必要があり

ます。先程も言ったように，現在の状況及び

短期の見通しとしては，石油の需給はグラッ

トぎみであり，価格は低い水準で停滞するか，

場合によってはさらに一段と下がる恐れがあ

ると考えられます。しかし，世界経済が順調

な成長を続けていく限りにおいては，エネル

ギー全体の消費及び石油の消費は徐々に増加

をしていくことは避けられません。

　特に1973年以降，各国が積極的に進めてき
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た省エネルギー政策によって，経済構造，産

業構造がエネルギー多消費型の構造から省エ

ネルギー型の構造に変化してきたこと，また

技術の開発と進歩によってエネルギーの原単

位が低下してきたこと，つまりGNP一単位

当たりに使われるエネルギーの消費量が少な

くなってきたことなど，かなりドラスティッ

クな変化が続いてきたのであります。そして，

このドラスティックな変化の結果が，計量的

にはGNPとエネルギー消費との閻の弾性値：

がかなり低い水準にとどまるという結果をも

たらしました。

　しかし，今後はこれまでのような低い弾性

値がそのまま続く，あるいはさらに弾性値が

低下すると予測するのはかなり困難だろうと

思います。つまり，これまでのような大きな

構造変化や技術の進歩が今後とも継続すると

いうことでなければ，現在のような低い弾性

値は続かないことになるのであります。現実

には今後もそのような構造変化，技術進歩は
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継続するとは考えられますが，そのスピード

が徐々に鈍化してくることは避けられないと

思われます。その結果として，弾性値は少し

ずつ上昇してくると思います。ということは，

世界経済が順調に発展すれば，エネルギー消

費量も経済成長率に近い率で増加の傾向に向

かうと考えなければいけません。

　このようなエネルギー全体の動向は，石油

についても同様であります。そして石油から

石油代替エネルギーへの転換がかなり進んで

しまった，まだ飽和状態とは言い切れないに

しても，転換が相当進んでしまったことを考

えると，これから先の石油から代替エネルギ

ーへの転換は従来よりもスピードダウンする

と考えざるを得ないのであります。とくに，

LDCやNICSの経済成長がOECD諸国

よりも高い率で持続すると，それらの国はエ

ネルギー消費の対GNP原単位が高く，また

代替エネルギーの供給に制約があるので，石

油消費の増加は顕著になるものと思われます。

S－3－16



　そうだとすると，そのようなエネルギー需

要，その中でも石油の需要の増加に対応する

供給は果たしてどうなるのか，というのが大

きな問題になってくるわけであります。私は

それについては二つのシナリオがあると思い

ます。

　第1は，石油価格が低い水準で停滞して，

その後，乱高下に移るケースであります。そ

してもう一つのケースは，石油価格が比較的

早い時期にバランスのとれた水準（例えば20

ドル／バーレル）に回復して，それが続く，．

あるいは石油価格がさらに上昇を続けても，

その上昇が比較的モデレートな水準にとどま

るというケースであります。この二つのケー

スのどちらがいいかということになれば，言

うまでもなく第2のケースのほうが世界全体

にとって望ましいといえましょう。

　しかし，現実にどちらのケースが実現する

可能性が高いかということになりますと，残

念ながら私は第1のケースのほうが実現の可
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能性が高いのではないかと思います。現在の

程度の石油の価格水準，つまり1バーレル当

たり13ドルから15ドルぐらいの石油価格水準

が今後とも継続するとすれば，まず非OPE

Cの石油生産についての影響は，現在操業中

の油田の生産を維持することは可能であって，

新規の開発投資はかなりスローダウンするこ

とになってきます。これはOPECの中でも

ペルシャ湾岸以外の比較的コストの高い産油

国については同じような状況になることが考

えられます。

　また，石油と石油代替エネルギ憎の関係に

ついては，個々のエネルギーについての条件

をどう考えるかによっていろいろ違ってきま

すが，例えば発電所の燃料としての経済性を

取り上げた場合，石油と非石油燃料，例えば

石炭，天然ガス，原子力などとを比較してみ

た場合，これまでに比べて非石油燃料のコス

ト優位性がさらに小さくなるという結果をも

たらすことになります。
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　ということは，例えば石油火力発電と原子

力発電を比較した場合1石油価格が13～15ド

ル程度にとどまっていれば，原子力発電のほ

うが経済的にやや有利であるという状況はそ

のまま続くと思いますが，原子力発電所の建

設コストがさらに上昇するとか，あるいは何

らかの原因によって原子力発電所の稼働率が．

低下するというような場合には，原子力発電

と石油火力発電との経済性の相対的なポジシ

ョンが逆転する可能性さえもあるわけであり

ます。これは石炭火力についても同じであり

ます。

　天然ガスの場合は，ヨーロッパ，アメリカ

と日本とはかなり状況が違います。B本の場

合は天然ガスはすべてLNGという形で輸入

され，消費され，そしてLNGの輸入契約は，

石油価格を基準にして価格が設定されていま

すので，石油価格が下がるとLNGの競争力

も同じように増加してくることになってくる

と思います。
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　つ．まり，石油そのものについても，また石

油代替エネルギーについても，石油の中では

OPECの石油と非OPECの石油の関係，

それからエネルギー全体としては，石油と石

油代替エネルギーの関係を考えてみた場合に，

石油価格が低水準で停滞を続けるということ

は，これまでのエネルギー政策の推進の大き

な協力者であったマーケット・フォースをか

なり弱めることになります。したがって，こ

れまでと同じようなエネルギー政策をそのま

ま今後も継続し，進めることは，少なくとも

従来よりはかなり難しくなってくるというこ

とが考えられます。

　このように考えますと，石油価格の低水準

ということは，石油消費国にとっては当面望

ましいことではありまずけれども，将来につ

いて不安の種をつくり上げることにもなって

くると考えられます。

　ということは，今後の世界的なエネルギー

需要の増加に対応して，石油から石油代替工
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ネル．ギーの転換もこれまでほどはアクティブ

には進められないと考えられますし，また非

0・PECの石油生産は，次第に飽和点に達し，

その後，徐々に減少に転じていくと考えられ

ますので，つまり世界の増加するエネルギー

需要に対応するための供給は，終局的にはO

PEC，その中でもペルシャ湾岸の産油国の

石油生産への依存度が大きくなってくる，あ

るいはほとんどそれに依存しなければいけな

いことになるかもしれない，ということを意

味するわけであります。

　そして，そのような状態が続き，OPEC

石油への需要が現在よりも相当増加してくる。

例えば2，300～2，500万バーレル／日のライン

に接近し，それを超えるようなことになりま

すと，たぶんOPECは再び価格の引き上げ，

しかも継続的な引き上げに着手し，成功する

だろうと考えられるのであります。

　一方，石油価格が現在のような低い水準で

の低迷から脱して，徐々に，しかも早い機会
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に上昇に向かう。それも極端な上昇ではなく

て，1バーレル20ドル程度まで比較的早い時

期に回復をしますと，この場合には非OPE

C産油国での新規の油田開発のための投資を

継続することは可能であります。したがって，

非OPEC産油国の石油生産は，より長い期

間，現在のような高い水準を維持することが

可能になってくると思います。

　また，石油と石油代替エネルギーとの関係

についても，石油価格の上昇によって原子力，

石炭などの石油代替エネルギーの価格競争力

は再び強くなってきますので，石油から石油

代替エネルギーへの転換は再び復活してくる

可能性があります。それがもしも全体として

モデレートな，そしてリーズナブルな形で進

められるのであれば，世界のエネルギーの需

給バランス，あるいは価格の動向は比較的穏

やかな形で推移する。そして石油のアクセス

に対応するための政策，つまり石油依存度の

低下も穏やかな形で進行するということにな
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ります。しかし，このようなソフト・ランデ

ィングは理想的な形であっても，現実的には

かなり難しいのではないかと私は考えます。

　一方，エネルギー資源の枯渇の問題も重要

であります。先程も言ったように，当面，エ

ネルギー資源の枯渇の問題を政策の対象とし

て強く意識する必要はないと考えられます。

しかし超長期の展望をしてみた場合，石油，

石炭，天然ガスのような化石燃料は，いずれ

にしてもいつの日かは枯渇するいわゆる枯渇

性のエネルギーであるという点がまず一つ挙

げられます。また，需要面としては，LDC

（発展途上国〉，特に巨大な入ロを持つ発展

途上国の経済成長がエネルギー資源の枯渇の

問題に大きな影響を与えると考えられます。

例えば中国，あるいはインドのような国の動

向がそれであります。

　それらの国だけではなく，発展途上国全体

として，現在でも，いわゆるノンコマーシャ

ル・エナジー（非商業エネルギー）が相当大
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量に使用されております。そして，この問題

が，例えば熱帯林の枯渇のような自然環境の

破壊をつくり出していることも事実でありま

す。したがって，そういう自然環境問題への

対応だけでなく，それらの巨大な発展途上国

が早く経済的にテイクオフし，経済発展の路

線に乗った場合の世界のエネルギー問題を慎

重に考える必要があります。それらの国々の

経済成長はその国の国民だけではなく，世界

全体としても望ましいことでありますが，巨

大な人ロを抱えたそれらの国で消費されるエ

ネルギーが，非商業エネルギーから化石燃料

などの商業エネルギーに転換され，しかも血

豆1入当たりのエネルギー消費量が次第に増

加をしていって，現在の先進工業国の水準に

近づいていくということになれば，世界全体

としてのエネルギー消費の増加は格段に大き

くなるわけであります。

　そして，このような傾向が続き，しかも世

界的に化石燃料の資源の枯渇の問題に対する
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適切な対応がとられない場合は，私は，人類

はあまり遠くない未来においてエネルギー資

源の枯渇の問題に当面せざるを得ないと考え

ます。繰りかえしになりますが，エネルギー

問題は，現在においても，それから1973年以

後，現在までの近い過去においても，それか

ら中長期の展望においても，まずセキュリテ

ィの問題であります。言い換えればエネルギ

ーのアクセスの闇題であります。

　しかし，このエネルギーのアクセスの問題

は，先程も述べたように，決して問題が解決

したわけではない。現在は“階段の踊り場”

にいるので，あたかもエネルギー問題が解決

し，すでにそれを考える必要性がなくなった，

と錯覚を起こしがちでありますが，これから

再び新しいエネルギー問題が発生してくる，

いわゆる第3のステージに移行してくるとい

うことが言えると思います。

　しかし，第3のステージに移行して，石油

を中心にしてエネルギー価格が再び上昇する
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こどになっても，私は石油価格の上限は，現

在のドル価値を基準に←た実質価格で，1バ

ーレル30ドルの水準は上回らないのではない

かと思います。つまり30ドルを上回った場合

には，再びそれに対するリアクションがいろ

いろの面であらわれてくる。つまり，第1次

オイルショック後の第1ステージでの石油価

格の上昇に対してあらわれた政策的なリアク

ションとマーケット・フォースのリクアショ

ンがまたあらわれてくる。それによって一時

的には30ドルを突破しても，ある一定の期間

をとった場合には30ドルが上限になって，ま

た石油価格は下がってくると思うのでありま

す。

　しかし，一方においてエネルギー資源の枯

渇の問題を考える。それに対応するために新

しいエネルギー資源，例えばソーラーその他

のような再生可能なエネルギー資源の開発を

進めようと思えば，恐らく石油価格が1バー

レル30ドルを上限として変化するということ
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では，新エネルギーの開発，あるいは商業的

な利用は経済的に難しくなってくると思われ

るのであります。

　したがって，このギャップをいかにして埋

めるか。つまり中長期と超長期の展望と間の

ギャップを埋めるために，効果的な対策が現

時点から考えられ，準備されていかなければ

いけないと思います。これが世界のエネルギ

ー問題の最大の問題点ではなかろうかと考え

るのであります。

　日本は経済大国と言われております。しか

し，国内にほとんどエネルギー資源を持たな

い経済大国であります。ということは，エネ

ルギーのセキュリティについても非常に弱い，

いわゆるバルネラブルな体質を持っているわ

けでありますし，将来のエネルギー資源の枯

渇の問題につきましても，その影響を一番強

く受ける。言い換えれば自力でその影響を緩

和することが難しいと思います。

　ということは，これまで言いましたような
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世界全体としてのエネルギー問題の変化，そ

してその変化に対応するエネルギー政策のあ

り方を，日本の場合はより強くエネルギーの

確保一これは中長期におけるアクセスの問

題，超長期の資源の枯渇問題の両方について，

日本の場合は日本以外の先進工業国，ECあ

るいはアメリカなどよりもさらに強い努力を

エネルギー政策につぎ込んでいかなければ，

世界の発展に対して日本があるいは脱落する

という危険も多分にあると考えられます。

　その意味において，私はエネルギー政策は

決してその重要性を失ったのではない。これ

からは従来にも増してエネルギー政策は重要

であり，そのバックグラウンドとしてエネル

ギー問題に対する認識はさらに強められてい

かなければいけないと考える次第であります。

　　　　　　　　　　　　　　　（おわり）
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Y駈三A警≧しS　JAIF　卜身1三L1’1NG　PROVIDED　US　WI刷rli　A　GOOD　OCCASIO軸

τO　DO．SO，

Aτ　1’H［l　SA凹E　τ1脾E，　WE　WA紺’「ED　1’0　1’Alく［：　THIS　OPPO典了U鵬11Y

’10　CO国Cl」」1）E　A　BILA1’ERAし　A6Rl三E凹EN1’　一・一　FUしFILI＿1国6　A閥

1NTEN了10N　WE　勃AD　HAD　rOR　SEVERA奪＿　Yl三ARS　OF

li＝S訂ABし1SHING　A　rORMAL　蛇×CHA髄G蔓三　〇『：幽　1閃FOR納A1’10N　I鱒　τH［

FlヒしD　OF　「41jcしEAR　SAFE］Y，
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1，　血一工慌

1、1蹴L皿㎜L』㎜

「1∫τY　YEARS　AGO　一一　SHORTLY　BEFORE　1㌧Hl三　SECO閥D　WORI」）

WAR　BROKE　OUτ　一fL→　腿UCしEAR　F　IS＄10N　WAS　1）ISCOV鼠RしD　AND

τli【l　PRLD1〔＝110湘　凹A1）E　τHAτ　U麗DER　CE5～τAIN　CONDIτ10NS　A

CONτROLしED　CHAIN　RεACτIO腿　腕IGHT　BI三　POSSIH匡」三　AS　lh8ELL

AS　τHAτ　THI＝RE　凹16Hτ　BE　TECHNICAし　uSl三s　FOR　1」HE　EmE．険GY

RELEASED，

11　レJASN璽τ　U軸τ1し　1，9り5　1”HALI　PUBしIC　1ヨ1三COMI三　Aレ申A殴1三　〇F

閥UCしE：AR　凪NERGY　一一　IN　CONNEC↑IO翰　WIτH　TH巳　D凪VAS1’A1三網G

［Fl∵LCTS　O「　A腫　1」紺CO紬1’ROLし〔二D　C｝・董AIN　REAC191LO髄　一一　1騰　01’HLR

WORDS　THε　Aτ0門IC　BO凹B。　AS　四UCLEAR　τESτS　』1εRE

CONDUC’【1≡1）　1四　τ11E　Aτ凹OSPHERE，　τHε　PUBI■IC　AしSO　おECAM［

AWARE　τ’HA1’　τHl三　WORしD　WA＄　13E1層目　（；0軸1A納1NA1’EID　BY

NuCL．EAR　l＝Aし、LOU」「鴨　THL　FAC11　τ“AT　鰻亀，Cl＿EAR　l三舗旺RGY　IS

STRONGLY　ASSOCIAτED　W11H　τHE　nUSHROO凹一Sl唯APEl）　Cl＿OUD　O「

111巴　AτO凹IC　BO凹B　HAS，　「RO凹　1HE　OU1’SE’r8　BI三EN　AN

OHSLiAC竃」三　τO　PUBし1．C　ACC匹P7A吋CE　O聾ヒ　了11E　PEACEFUし　亀js豊il　OF

閥け。し巴AR　ENE二RGY．
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1．2　脇EGINNI憾6S　IN　THE　FεDERAしR日⊃UB1．．IC　OF　GE訣岡A臆Y

AF1’1三R　’IHE　WAR，　1HE　ALI＿11：S　SτRICTしY　PROHIBI’「ED　ANY

AC11V五τY　l≧ε1『Aτ1三D　τ0　爬UCしEAR　E国ERGY　I麗　6ER凹A嚇Y。　τ141S

BAN　PしACED　6［：臓凹ANY　UNDヒ『ヒ　OBL1εA110N　卜101’　τO　PRODUCE，

PURCIIASEρ　POSS旺SS　OR　USE　NUCしEAi～　凹AIER1AL．S　IN　A爬Y

しのAY，　SHAPE　OR　FO飛凹，　IT　CO吋τ1紺UED　τO　B［：　EFFECI　IVE

AF、1こR　THに　FOりND1鵬G　OF　τ1鯛：　FEIl》ERAし．　R績Pl♪Bし1C　一一　AND

RI三納A1閥ED　SO　UP　UNτll日　‘「HE　SIG軸ING　OF　‘『Hヒ　SOVER巴IG偲TY

lRLAτY　Oド　1955し　Rl三Sl三AlモCll　AND　D載VEしOPM戚Nτ　WORK　All鴇ED

A．『　Tl鯛三　PEAC旺ruし　uSE　OF　NUCしEAR　E帖ERGY　BE6AN　τHA1’　SA図紅

YEAR　”・暫一　1閥　CON閥ヒCL『！O髄　W1τ睡　Tli聾三　」’AτOl鴨S　FOR　Pl三ACl三1’

POし1CY　PROCしAI納ED　BY『RRESIDl≡鱒τ　EIS［四HO栂E険，

A　COひ簡BI糊［D　EFFORτ　ON　τHE　PART　OF　τH［：GOVI…験N岡1三”1，　T9｛E

SCIEI糊τIFIC　COhMUN11’Y　A軸D　1紬DUS’『RY　W巴Rl三　RLQUIR正D　τ0

門AKE　UP　FOR　τHE　FACτ　’lHA」1　6ER馴IA”Y　HAD　FAししI三四　’「E軸

Yl三ARS　Bl三け1四D　THE　RESτ　OF　τ｝1［：WORI」）　1閥　THE　NUCLεAR

FIEしD，　IN　1955　A　FεDERAI＿　凹1NIS1『RY　WAS　CREAτED　FOR　THE

PI卿ANNI勢6G，　COORDINAτ10騰　AND　FINANCING　OF　ATO髄IC　E麗ERGY

Pl～OGRA凹S　APPROV圧D　BY　PA訣紅－1A凹し閃T，　V瞠RY　SOON　AFτにR　τHAτ

THE　DECIS10N　1吋AS　凹ADE　下O　P亀jRS艦」1三　A　POしIICY　OF　ljSING

CしOSE1）　聴UCしEAR　FUEし．．CYCI」三S，　1閥VOLVI”G　FUI三L
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REPROC【SS1開｛｝f　PLU’10閥IUM　融ECYCI＿1閥G　A”D　FI四AL　S1’ORAGE

or　髄UCI」二AR　』1AS’H三　1閥　R瞠POS1110RIES　BUII＿τ　1閥　D眠EP

U軸D［：RGROIj囚D　ROCK　SAしτ　幽FOR凹AIlO閥S5　AS　lhlELI＿　AS　OF

gEVEI＿OP1【紬G　ADVANCεD　RlヨAC’！OR　＄YS、’εns．　1L髄L　凹1閥1S1’RY　WAS

ADVIS旺D　BY　A　（：0興凹1SS10N　OF　APPOI閥T直D　EXPERTS，　A

SPI三CIAし　CO凹M11’τEε　［：S1’ABしISH巴D　BY　THIS　COMM〕LSS10髄

DEAし1　W11冒li　MATll一飛S　REGAI～DING　RADIAτ10軸　PRO’τ［：C1τ10四、　1粒

：L97勾　τHE　PRESENI　RA1）1A1’10軸　PROτ1三C’110閥　COMMISSIO四　WAS

CREA1駐三D　FROH　下卜11S　SPI三C1Aし．　COHHITτEE．　1髄　1958　A

R［1AC1▼OR　SAFETY　COMMI＄SlON　WAS　SEτ　ljP　一一　1聾D5…PE四DE閥1LY

O「　τliE　6ER潤A四　AτOMIC　E軸巴臓GY　CO凹MISS10N　一一　A閥D　！S

STILし　1紬　龍XISτEl”CE　τODAY。

THIS　DEV［LOPML凶TAL　PHASE　1髄VOしVED：

0　τH竃三　旺SτAI3しISH凹E●qτ　0「　LARGI三一SCALl三　親UCLEAR　RεSEARCH

　　CE困τERS　（1閥　KARLSRUUE　A閥D　IN　Jijし1CH）g　鷺ACH　Wllli

　　SPE：C1「IC　RESEARCI4　AND　DEVEしOP凹E”τ　FOCUSES．

O　PARTICIPAτ10閥　OF　THE　「EDERAI＿　REPUBLIC　OF　6ERMA粒Y　AS

　　A　FOIj四Dl髄G　ME凹暮ER　IN　τH［：　FOI＿しOWIN〔ヨ　1門門El～NA’110NAし

　　ORGANIZAIIONS：
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一　　’IHE　l三1」ROPE：AN　Aτ0凹IC　ENERGY

　　　lN　1956

COM凹UN15『Y　（EURATO門）

一　　1HE　l」NI1’ED　NAτ10吋S　I四τER偲A1曾10回転し　A8ξ01閲IC　l三鱒ER¢Y

　　　ORGA四1ZAτ109自　（IA［10）　1［～　1957

一　　τ卜耀E　N亀」Cし1二AR　ENl三R6Y　AGE：NCY　《吋EA）　1”　1，957

　　　（1製1【T1ALL．Y　A　EUROPEA四　AND　THE閥　しA1邑ER　A

　　　WORしD・一WID［；　ORGANIZA1’10吋　1閥　THE　OECI）　（；〇四τ1三XL「》、

O　THE　CO閥CしUS10N　OF　BI；しAτERAL　COOPεRA1’10閥　AG殴EEME”TS

　　（［：・G．　W1111　1脚HI三　UNIlrl三D　STAτES，　FRANCに，　GREAT

　　BR1τAIN，　CANADA，　．，、》

O　LlC［：NSING　AGREI三日E閥τS　BETWE：EN　GE衆HAN　A閥D　A凹ERICA髄

　　CO簡PANIES　O髄　7HE　DEV［：星＿OP卜亀E開T　OF　COMMl三農CIAし　NりCl＿EAR

　　POWI三R　PしA四τS　US1髄G　』！Ggiτ　WA！lEl～　R旺ACTORS　（U吋RS），

SIε凹E閥S　A軸D　』IES8rl閥6HOけs【　〇四　DEVELOP凶ENτ　OF

PI聖ESSURIZ巳D　レ8AτにR　lミ£AC了OR　｛P回R》　τ聴C鱈NOI＿OGY．

＿　　AEG　A閥D　Gl三閥ElモA厘＿　1三LECτRlc　o四　D聾こVELOPMENτ　OF

　　　BO1し1㈹G　WATER　聡1三ACτOR　（Bレ直R》　丁覧〔：執紬聾しOGY．
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1．3　1一＿］」E．鋤！凶Ω1LΩ鮮

A「1しR　A　PERIOD　O「’ABOUT　FIFτ1二EN　Y巳ARS　τlil三　網UCし1三AI～

SECTOR　I閥　6El～HANY　HAD　l｝RlζT’「Y　凹UCH　CAUGI11’　UP　WI’lH

DZV遇しOP凹1三N’IS　にしSEWHl三Rに　1N　THE　WORLD．　BY　1970　THE

FEDERAL　R巴P亀」置3LIC　OF　GER凹A閥Y　HAD　LIGHτ　レ曽AτER　l～EACτORS

lNτ1粍300　NWE¢しASS　IN　OドしR《110N・州τUL　650　nw1三

CLASS　ABOI」下　TO　GO　IN1’Q　OPERATIO髄　A閥D　IN　THE二　850　MW
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　E

CしASS　UNDE：R　CONSτRUCτ10N．　τHに　1．200　『】晦J　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　BIB警＿IS一・A
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ε

POWI三R　PLA閥τ　BE1嚇G　PしAN爬ED　WAS　τHE：　しARGEST　PROJECT　OF

11’S　KIND　A踵YWI4［：嗜ミE　1備　τHL　WOR！」）　A1’　1’H旺　」『1凹1三唖　IN　1963

A麗D　1969　τH［　Gl三R門AN　閥ljCしEAR　1閥DUSTRY　R巳G1＄1’巴RE：P　I1’S

FI使S11　1三×PO臓1’S　一・一　Tli巴　AτUCIiA　旧1三AVY　WAτER　REACTOR　AND

POWER　PしANτ　IN　ARGENτINA　A閥D　τliE　BORSSEI1＿E　PR［：SSI』RIZED

WAτεR　REACτOR　PO』IER　PしA髄τ　1N　τHE　囲E丁HERLA四DS．　SI吋CE：

1H旺N　T随E　F【DE：RAI＿　REPUBI＿IC　OF　GI三R凹ANY　卜IAS　BI三E髄　AN

LXPORτ1三R　OF　ADVA騰CしD　網UCしEAR　’IECHNOLOGY，

lN　τHE：EARしY　1970S　SIEMε鵬S　A嚇D　AEG　CONC［：閥TRAτにD　1’H【三IR

しIGHT　WAτER　REACτOR　ACτIVITIES　I閥　τHE1：R　JO1匡N1’

SUBSll）1ARY、　ωKRA「1’WERK－U軸10N”　（KWU），　THIS　D［IVEしOP卜亀ENτ

R《軸　PARAL1＿Eし　τO　A　GRADUAI曜　W1τHDRA回AL　FROH　しICE軸SING

AGREEM巳NτS　レJIτH　lj、S，　CO凹PANIES　A髄D　τHE　竃）［SIGN

REQIjlRE鴨E髄τS　ASSOCIAτED　WIτH　τ｝11S．　1”　了Hl三　COURSE　OF
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マ1凹E．　A　SPl三ClFICAL↓Y　GI三RMA軸　しWR　↑ECHNOLOGY　A糧D

P亀｛1し．OSOP駒Y　O閥　SA6ごにτY　SτANDARDS　E瞬にRGED，　13ASE：D　O閥

［XPE：飛1巳嚇CE　《しCCI甥鴫UしAτ日）　1髄　1LHI三　BUI覧＿DING　ANI）　OPI三訣AIIO閥

OF　Nucし．EAIミ　POしJER　PしANTS．　τHE　6ER凹A閥　A昌『1！，τUDE　TOWARDS

SAFEτY　REQUIRLnE醐τS　WAS　CHARACTERIZED　BY　CO軸C総P1●S

SUCH　AS　鱒DOI」8LE　CONτAI1糺HE髄T’，，　縛1遭　X　sO％　OR　3　×　ユ．OO％

DI三SIGN83　A勝占D　’2BA＄IC　SA「EτY’，．　T｝US　し1軸E　OF　DEVELOP凹εN1零

WAS　PREτL「Y』瞬ucH　OO輪PしEτED　W1τ卜l　A　1300　岡W　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　SτA髄DARD
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　E

POW［：R，PLA髄τ　τYPに，

1T　IS　1四τERESτIN6　τ0　0BSE臓VE　1’HA1’　、’HE　S11’UAτ10N　1囚

JAPA吋　巴VOI＿VED　P快E1’1’Y　凹UCH　ALO閥6　THE　SAMε　し！軸ES　TI納E－

AND　1’眩CliNOしOGY－WISε．　1髄　A1）Dr1ION　’IO　τHl三　τRADITIONAL⊥Y

GOOD　R［しAτ10囚S　B［τWEE吋　GにRnANY・A騨己D　JAPA髄，　1’HIS　IS

DOUBτしLSS　A　HAJOR　FACτOR　IN　TnE　1閥τにRESτ”『HAT　HAS

BEに湘　SHO」「N　O閥　BOTH　S11）ES　FOR　CしOSE　COOPERA下10閥　IN　THし

NUCしEA股　了ECH閥OLOGY　SECTOR．　し1髄　1’HIS　CON閥E：Cτ10N　l

WELCO納巳　τHl三　FAC’『　τHAτ　YE：SτEIRDAY　A閥　AGREE：ME髄τ　〇四

CO凹PREHE髄SIVl二　1NFOR凹ATION　EXCHANGE　』IAS　CO”CLUDEg

BE1嚇E塁三N　THE　RESl｝ONSIB竃41三　AUマ薯弔ORITIES　1軸　JAPAU　A髄D　τ“巴

FEDERAし　REPUBI＿1C　OF　6四RMANY　I閥　τHl三　FIELD　OF　NUC亀＿EAR

SArETY　E髄61髄EERING　AM）　RADIATION　PROτ1三（：1’10糖．コ
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1．η　SEPARA1’10N　OF　FU軸D1閥G　A閥D　CONτROし　FACL「ORS

』111／1　τH［　CO凹nE殺CIALIZハ：TlO閥　OF　紬UCLEAR　TECHNOlmOGY　A

NEED　E凹εR6［D　FOR　GOV［R軸髄E軸丁　ρ0軸τROしS　INDEP匠：吋DENτ　OF

FU騰D1軸G　FACTORS．　10HIS　MEANτ　■IHA1し　TIIERE　囲AS　A　NEI三D　臨丁O

R巴Sτ1モUcTURl：　’「HE　Rl≡SPONSIBI塵鴫r畢’1にs　rOR　FUND1鵬G。　0軸　THE

ONE　HAND，　A蹴D　FOR　閥UCLEAR　SAFETV　A軸D　RADIATIO閥

PROτヒCIIO腿8　0N　THE　O1け巳R“　WHICHσ　UP　τ0　1’HAll　POIN1’　1閥

TI凹E，　HAD〆F
aOτH　BE巴髄1旧HE　HA閥DS　OF。”E　HIMSTRY．

SINCE　τHE　EARLY　1970s　τH正　RESPO閥SIB1し1τIES　l撞　τH】［S

AREA　HAVE　BEE蝕　1）1VID巴D　UP　AS　FOLしOWS；

・・ @FUNDl軸G　OF　DεVEしOP凹El囲T　I閥　’IHE　FIEI＿1）　OF　睡UCLEAR

　　τECH紬0しOGY　BY　THE　FEDERAI＿　MIN1【SτRY　FOR　RESE二ARCH　ANP

　　1’ECHNOLOGY

－　ASSESSME閥τ　OF　ENERGY－SEC了OR　IHPORτANCE　AND　USE：　OF

　　NUcし1三AR　E紬吼RGY　BV　τHε　Fl≡DElミAし　hlNISτRY　OF　峰CO瞳0納ICS

　　　　　　　　　　　l’
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・一 @DE『1閥1τ10四　〇F　AND　OO軸τROしS　O吋　SτANDARDS　OF　MjCし．旺AR

　　SAF1三1’Y　AND　RADIAτ10N　PROτECTION　1鮭　CONNE｛＝T！0髄　W1τH

　　THE　CO嚇SτRUCτ10N　AND　OPERA’110N　OF　騰UCLEAR

　　「ACIし1τ11三S　I3Y　IHE　「1三D巴RAし　門1軸1＄τRY　OF　1’けE　l鱒1ERIOR，

　　AFTER　CIIE」ミNoBY1＿　THIS　RESPoNslB1しITY　WAs　TRA閥sF［RRLD

　　τ0　τH［　軸EWしY　ESτABし1；S11［D　F巳D賎RAし　M1閥1Sで験Y　rOR　1’li［：

　　ENVIRO”凹しNTφ　紬A1’URE：CON＄ERVA1」10軸　AM）MjCl＿EAn　SArEτY

　　WITH　RE：PR［SE四τAτ10閥　IN　凹A18τE典S　HAVING　τO　DO　』11114

　　τ11E　l三STABしISI｛凹E：N11　0F，1三凹E：RGにNCY　l≧1三GUしA1’10輔S　措EING

　　PしACにD　1嚇　TH旺　HA鞘DS　OF　1’11し　FORE裏GN　OFr1CE．

　　kE．SPONSIBIし1τY　FOR　CONτROLS　O純　τliE　凹OVE凹E髄τ　OF

　　FISSIO髄ABL［：凹AτERIAL．S　REMA1四ED　WrIH　τ“E　FEDERAし

　　闘｝1NIS嘗RY　rOR　RE：SI三ARCII　A憾D　T旺C椚NOtOGY。

”ljCLEAR　SAFETY　A”D　RADIAT10N　PROLじECτコ0㈹　ARε　圏10DAY　A融

INτεGRAし　PARτ　0「　E閥VI騒0”凹ENτAL　PROτE：Cτ10四．　AS　SUCHρ

’「HE　POししUTEa－PAYS　PRI髄C1［PLES　APPし1H三S　TO　軸ucしEAR

τ［：C：HNOしOGY　AS　HUCH　AS　τ0　1）O短S　τ0　0τliER　AR［IAS．　、魑HIS　IS

τHE　CASE　I閥　PARτ1CULAR　1吋11’H　RI三6ARD　’1卜0　1’OiE　PROBLE凹　0｛＝

1》ISPOS1軸G　OF　紬UCI＿粧AR　頻ASマ1三S，　1軸　A6REEhENτ　WIτH　τHE

S’IAτE　60Vl三RNHEN了So　T卜IE　F［DERAL－　GOVEkN凹E純1　DE納ANDI≡D

PROOF　墜E　PROVIDED－0「　HAV1醐G　HA！）E　PROVlS！0騨6　FOR　SAFE

DISPOSAI帽　OF　四UCLEAR　回ASτE　OVER　A　PεR10D　OF　SIX　YεAR＄

AS　A　PREREQUISI1’1三　FOR　’lHE　OPERATIO閥　NUCLl三AR　POWl三R

PしA閥τS　A紬D　THAτ　1’HIS　PROOF　BE：RI三閥E』IABLε　0髄　A　REGUしAR
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BAS1S，　THE　FE”ERAI．　GOVERN凹ENτ　ASSIj凹1三D　RE＄PO閥SIB1し1τY

FOR　了HE　l＿0鱒G一幽丁ε股H　SτORAGE　AI唱D　FINAし　DISPOSAL　OF

醗ADIOACτIVE　WASτE　回HIOH　THE　WASTE　PRODIjCER　MUSτ

APPROPRIAτEしY　PROC［：SS．　TH1三　CO＄‘1＄　rOR　1’li1iS　W1し．し　Bに

BOR紳芝　BY　τHε　レ曜ASτE　PRODUc巳R．
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2，1．　CO吋Sτ1τりτ10純Al＿　PROVIS1［ONS

l軸1955・FOI⊥OWING　SUS酬SlON　OF　THE　ALLゆBA鱒0踵

閥UCLI…：AR　E閥El飛GY　USLS　IN　L亨HEI　FEDεRAし．　R巴PljBし1C　OF

6ER凹ANY，　飛［：SεARCH　A四D　DεVEしOP脾ENτ　EFFORTS　I爬　τ日1S

FILEしD　』IERE　I軸1τIATED　I1N　A　四U門13ER　OF　LOCA’IIO髄S　UNDE飛

τHE　ADH】［閥1S」『1モAτ10N　OF　τ書置巴　REしEVA軸τ　SτAτE　60VER鵬腕E四τS魑

AS　SIjCH響　τ日［：Rヒ　WAS　A　髄「」こD　τ0’CREATE　A　I」閥IFOR凹　BODY　OF

RE6ULAτ10NS　C。VER1髄G　T・H1Sl 汲P軸D　OF　ACUVIマY．1四州

AME9申D凹E閥τ　TO　τ｝亀E　BASIC’しAW　ニー　THE　CO軸Sτ1τUτ10閥　OF　TH旺

Fl三聖）曜…：RAし　REPUBLIC　OF　61ごR凹A網Y　甲一　1τ　WAS　Sτ1PUしAτED　T樋A1’

τHE　けsε　OF　㈹UCLI三AR　ENERGV　IS　τO　BE　1）1三「1軸ε9　BY　「EDERAL

LA回　A爬D　τHAτ　AUτHORITY　FOR　IMPLE凹ENτ1軸G　THIS　警＿A1吋　IS

τO　BI三　DELE6Aτ1三D　τO　THE　I爬DIVIDUAL　SτAτE　GOVEI～NMIi二N1’S。

IN　O’IH［：R　WORDSσ　TH巳　S1’AτE　GOVERN凹ENτS　HAVE　AU1圏HORITY

FOR　しICE四S1四G　A融已D　｛三XERCISI閥6　SUPI三綬VISOIミY　CO閥TROし．　OF

髄UCし嫁A映　FACIし1τ1にS，　WHILE　τH［．　F［DERAし　GOVI三RN凹ENτ　HAS

SUPERVISORY　POWE：R　IN　凹A11’ERS　OF　しAW　A凶D　EXPE：1）U三NCY」

1賊　THIS　WAY　1T　IS　GUARANτ籠ED　T憾AO1　τHE：　sA魅E

R［：GUしAτ10閥S　APPし．Y　εVERY回HERl三　1撞　τHε　COU軸τRYr　BU1幽。　Aτ

1層liε　SA閥E　τ11凹Er　1聴Aτ　THOSE　AU’1’HORITH三S　糟AVE

R隆三SPO糊SIB】1し1τY　I純　EACH　CASE　1圃HO　ARE　INFOR腕ED　ON　tOCAL

CO聾DITIO漏S
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A四D　WHO　1）O　τHE　DECISION一凹AKING　ON

NO圃UCL旺AR－SPLClrlC闘1LRS　A髄YWAY・Wl’田REGARD　TO

SAFEτY…REしAτED　FACτOkS∂　τHE　SτAτE　GOVER閥MENτS　ARE

R匠OUIRED　τO　ACCEPT　FI三DEaAL　ORDE9～S　A軸D　τO　I卜亀PLE凹ENτ

胴E鮪，
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2．2コ口GAL　REOUIRε凹ENτS

Gに1ミnA閥　髄UCしLAR　LAW　CON＄ISτS　OF　τliE　AτOMIC　E網ERGY　ACT

OF　1959　・・一・レゆHICH　HAS　BEE制　BlモOUGHτ　UP　1」0　1）AτE　A　嚇りHBER

OF　』ご1簡ES　SI髄CE　τ1網こN　AND　1，＄　CU只Rl三腫τしY　VAし1D　1賊　τHε

VERSIO四　〇r　JUしY　15c　19・85　一一　ハL閥D　A　NU胴IBヒ訣　OF　ORDE醗S

BAS日）ON　POW日モS［ISτABし．1SH［：！）1州Dl三RτHE　ACτ，T舗E　MOSτ

1｝亀POR■1A紬T　OF　’IHESE　FεDERAし　ORDE職S　CO嚇CER閥　騙【EGULATIONS

O純　RADIATIO験曜　P段OτECτ101N∂　L1ABILITY　INSURA帖CE　FOR

剛CLEAR．REしAτにD　DA納AGES湘D　L嘘CE吋S鵬PR。CEgl」RES　F6R

醐UCしEAR　FACILLI1’1［S。　THESE　LEGAL　REIQUIREMεNTS　ARE

SUPPLE凹E髄τ［：！）　BY　夢OUCし戸口R－SPE：CIFIC　AD凹1髄ISτRAT］【VE

RUしES8　AGE”CY　6UIDI三し1閥｛三S8　ADVISORY　GROUP

飛ECO凹凹E：”DATIONSr　l三日目IN巴ERI湘G　SAFETY　RI三GUしATIO髄S齪　AS

WEI」＿　AS　BY　紬lj凹EROUS　髄Q月一Nl）CLEAR－SPECIFIC　REGUしAτ10”S．

THIS　SLI醗UCτ’URE　WIT｝l　REGARD　τO　RεQUIRE岡EN’TS　MAKES　r『

POSSIBI」三　’10　CARRV　OUτ　下しEXIBLI三　ADJIjS1’1隔E髄τS　TO　Kl…：EP　UP

レ重ITH　THE　CO網、’1凶UOUS　ADVANC［IS　OF　τECI1四〇LOGY．，　A　KE：Y

ASPIこCτ　OF　閥UcしEAR　しAW　IS　THE　飛EQUIREME腫T　’「O　TAKE　τH巴

鵬EEDED　PRECAUTIONS、髄6τJUSτ1閥ACCORDA嚇C四1TliτliE

CURRE紬’τ　S』蓼A1’E　OF　TECHNOしOGY。　BUT　I紺　ACCORDA四Cl三　W塞L『卜弓

τ1聖〔≧　C亀」RRE純τ　SτATE　OF　＄CIE軸CE　AND　τEC“軸0しOGYら　↑HIS

GUARAN1配にS　A　PROτE（＝』じ1LO紬　AGAI”Sτ　RISK　BASED　ON　TH巳

詠ES’じ　POSSIBし1二　PRECAUτ10NARY　納EASURES．
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2．3　ADVISORY　BODIES、　1三XPERTS、　FEDI…RAし．一・STAτE

　　　　COORDI吋Aτ1，0N

1’腕E　STAT1三　LICENSIN6　ANID　SUPERVISORY　AUlo110R1τ11三S　CAし」▼

IN　E×PERTS　FOR　SAFEτY　E翻Gl閥El…R1髄G　ASSI三SS凹E腫τS　I鑓　THE

（：OUIモSE　OF　しICE吋SI90G　PROCIヨ）1」RεS　A髄D　FO謹　’IHE　PURPOSE　OF

CARRYI軸G　OUτ　RεGUI＿AR　I：NSPECT10閥S　OF　FACILITIES　I繍

OP巴RAτ10N，　T“E　「EDERAし　凹1腫ISTRY　RESPO麗SIBしE　FOR　1’HE

じ糟V1職0軸凹E凶τ，　NA了URE　CONSERVA’IlO歴　A軸D　髄ljCLEAR　SAFEτY

一一
@τODAY　A　凹1NIS1救Y　IN　rIS　OW軸　RIGHT　一一　CREAτ直D　A

FI三D覧RAL－ST画軍尼　COひ巨霊ISSION　FOR　PURPOSES　OF　COORD】：履ATIO湘

』IITH　STA1’1三　AUτHORIτ11旺S　A闘D　A　NuCtEAR　SA「E1’Y　A閥D

RADIAτ10閥　PRO1●εC1伽10閥　00凹酬1＄S10聯壷　FOR　τHE　PURρOSE　Or

ADVISI髄G　τHE　碗1湘ISTRY．　TH［　HεE1」INGS　OF　τHIS　LATτER

CO凹凹ISSIO閥　CA嚇　BL　Aτ1’巴髄1》1二D　3Y　R［：PRESE融TAτIVES　O「

S1’A1「E　AUτ瞬ORIτIE：S．　IN　τHIS　WAY　IT　CAN　BE　ASSURED　τHAT

τ樋ERE　WILL．　BE　肋UτUAし　AND　PROMPτ　AWARE踵ESS　OF

PにRτ1NE爬τ　ISS巳，ES　A軸D　VIEwS　AND　τHAτ　A　BASIS　WIしし　BE：

’『HERE　FOR　ARRIVING　Aτ　JOINT　SOしU1’lO瓢S，

1－1－15



COOPERAτ10吋　BE了回EE四　60VERNMε”τ　AUτ｝奪ORIτ1εS　《凶D　EXPERτ

ADV1SERS．　O軸　1幽Hε　O憾E　HANDg　AND　しICに閥S［：APPLICANτS　OR

髄UCし．［AR　FAC1し1τY　OPERAτORS．　ON　τHE　OτHERσ　HAS　PROVED

PROV総D　巴FF旺CτIVE　　（VIRτUAししY　A　CO純TI嚇UAτ10閃　OF　THE

JOINT　EFFORT　τHAτ　HAS　EXI＄τ1三D　FROH　τli［：　OUτSEτ　BEτWEI三網

GOVERNMεNT，　1H｛三　SCIE願τIFIC　（：OM鵜UN11Y　AND　I四DUS’「1ミY》，

τ141S　K1嚇D　OF　COOPERAτ10閥　HAS　HEしPEl）　簡AKE　IT　POSSIBLε

FOR　NUCしEA快　τECHNOしOGY　IN　’THE　「EDE飛AL　REPUBLIC　OF

G［』ミ凹ANY　τO　ACQUIRE　τ“巳　hlGH　しEVLし　OF　PR［：STIGE　Iτ

CUR率～E軸了LY　liAS　I髄　τHE　WORLD、　1T　IS　τliE　AMBITIO髄　OF　τHE

「EDERAL　GOVE：R”凹［1腿τ　IN　BO閥N　τO　PRESERVE　1‘111S　1凹AGIL
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国OST　EV［RY』IHERE　1翻　’IHE　WORLb，　A　κ1囲D　OF　閥EW　FRO鈍T1εRS

SF1【快1τ　OF　THE　1950S　AND　τHl三　1N11」IAし　SUCC巴SS畳目S　OF　1『Hl三

i960S　CR巳AτEID　巳UPI10RIC　鎚OPES　尉rrl・l　REGARD　τO　TI・11三　U＄E：

OF　歴己UCI＿EAR　E麗ERGY．　THEI　OIL　CRISIS　OF　THE　EARLY　197《）S

AND　τHE　SHOCk　Olご　POしr「；ICAし　AND　E髄ERGY－R［⊥AτED

DEPENDENCIES　ON　UNCONTROLしABI＿E　RISES　I髄　OIし　PRICES

6AVE　ADD1τ10NAし　1凹PEτUS　TO　τHIS　TRENDσ　LEADI網G　一一

Sl三E騰　FRO餓　1LODAYIS　SτA軸DI＝》OINτ　一一　τO　GROSS

OVに裳しS1’1NA1’にS　OF　純ljCL」三：AR　ENI二RGY　US［：　GlミOWTH　RAτES，

H。WEVER・τH旺WORLD一ゆE　INTR。D亀兀U。n　O「E鱒LRGY－SAV1閥G

納旺ASURES　』・一　IN　PARτ1［CUしAR　1’HI三　DEVEしOP凹ENT　OF

巴髄1三RGY－SAVI四G　τECHNOしOGIES　一一　AND　1／う〔　S1【納ULτANEOUS

SτAG閥Aτ10紬　OF　τHE　瞬ORしD　ECONO卜亀Y，　RI三S亀」し闘『E：D　IN　τ日E　NEI；D

τO　REVISE　τ樋E　吋UCし．巳AR　旺N賦RGY　US旺　「OR巴CASτS　DOWN回ARD

「RO凹　YしAR　1LO　YEAk．　EVERYWHεRE　THE験［　1吋AS　A　SURPlruS　OF

NUCtEAR　POWEIミ　PしANT　CAPAC1」『IES，　τliE　GROWING

DISCREPA臆CV　EεTWEE四　NりCしEAR　POWER　PLA”1‘　CAPAC11ILS

1’HAτ　COUしD　閥0　しONG旺R　BE　凹ADI三　〇PτIMU凹　ECO粒OnlC　USEI　OF
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　　A嚇D　DECし1軸1嚇G　REQUIREME阜直了　FORECASTS　…一　1閥　CONNεCτ1［0湘

W！TH　G剛1～G　PUBUC　AWARE”ESS　OF　E醐Rg閥椛旧AしISSUES

　　一一　しE：D　I練　’IHE　1970S　τO　PROFOU閥D　SkεPτlcISH　斡0τIVA1にD

　　BY　PERCI三1VED　」9凹1STAKES’ρ　1四　E勲ER6Y　PLA縄純1NG　A髄D　BY

　　髄UCし［AR　E四囲ζRGY　1”　PA訣τICUしAR。

　　THROUGHO聖」τ　τHE　COけ閥τRY　GRASS－ROOτS　I四1‘『1ATIVES　SPRA”6

　　UP，　ORGANIZING　　RESIヨ1・A90CE　TO　軸けCLEA快　E射EF～GY．　1願　納A麗Y

　　PしACE＄　了HER旺　しりERE　MASS　DE隅ONSτkAτ噛10品目　A6AINSτ　鵬UCLEAR

　　l三NERGY　PROJECτS　一一　1髄　SOHE：　CAS巳S　し同「1τH　凹A軸1【FESτA’710NS

　　OF　V10しENCE．　τH巳　UNCO嚇1巳SτABし．E：11AZARD　POτE四TIAL

　　1．HPし1εD　BY　τH巳　US凪　or　NUCしEAR　E●由ERGY　WAS　REFERRED　τO

　　AS　A　RしAし．　AND　・■一　AL、しEGEDLY　一一　1閥［二VI’IABLE　DA嚇GにR　AND

’　レぜAS　AしHOSτ　AL－WAYS　CON閥EC1’1三D　WIτH　τHε　LIHREAτ　POSED　BY

　　τHE　GROW1醐G　AR＄ENAしS　OF　NuCLEA叙　亀【81三A亀，0囲S　A軸D　τ11E

　　POSSIBILITY　OF　MIし11ARY　ABU＄E　OF　PEACEFUし　NりCし．LAR

　　E軸E：RGY　USES，　丁HE　£ljPHORIC　WELCO凹E　O舗CE　GIV〔：吋　丁O

MjCしE＾R　LNERGγ㈱Tl鷹D　I剛Q　A凹OVε脚TO　GEτRID

　　OF　！．τ．
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1’HE　POし1マ1【CAL　DECISION　MADE　BY　τHE　U．S．　GOVERN凹E網う「　0願

τ“E　BASIS　OF　τHE　髄UCしEAR　閥ON－PROL．IFERAτ10閥　τREAτY

（DεCIS10N　凹ADε　0蹴　APR1し　7、　1977）　NOτ　’10　ENGAGε　1閥　τHE

CO胴凹EaCIAし　REPROCESSING　OF　NUCLE．AR　FUEし　RESULτED　I純

ADDI’『10麗Aし　PROBしE岡Sψ　1：N　PARTICULA駁　FOR　COUNτRIES　POOR

I瑚　E軸El～GY　RESOURCES　一一　SUC卜1　A＄　T｝IE　FEDERAし　REPIjBLI（：

OF　6ER凹AUY　A閥D　JAPA’純　一，＿　τ卜IAT　HAD　ESτABしIS卜聖ED　POLICIES

BASEO　O閥　FUEし　RECVCし1N6，　WE　嚇EED　ONし．Y　τHI爬K　OF　τ卜IE

WORしD－WIDE　EFFORIS　UNDERτAlくEN　IN　CONNECτ10閥　WIτH　τHE

1蹴τεR軸A下10NAL　閥UCしEAR　FIjEt　CYCしE　EVAI＿UAτ10N　（1網FCE）．
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3馬2　DQUBτS　WIτH　REGARD　τ0’“UCしEAR　SAFEτY

三N　岡Al～CH　1979，　DURI炉遭G　’IHE　PI二R110D　OF　G「～O尉1鶴G

験ESISτANCE　τ0　鵬UCしEAR　ENER6Yげ　A　＄1こRIOuS　ACCID£髄τ　τ00K

PしACε　Aτ　AN　A凹ERICA瓢　純UCし籔AR　POWE寂　PしANτ　1閥

HARRISBURG。　PE軸紬SYしVANIA　（LI納1－2）．　THE　WORしD　WAS

SHOCKI三D　BY　A”　EVEN曜1　τHAτ　一・・r　BASED　ON　SCIE皐こτIFIC

PREDICτIQ四S　一一　COIjしD　NOT　BE　RUしE：D　OUτψ　BU’τ　しぜAS

CONSIDERE：9　旺×丁訣E凹EしY　I凹PROBABI＿E。　CONFIDE憩CE　IN

REACτOR　SAFEτY　A閥D　I四　SτAτε凹E嚇τS　BY　E×PERTS　HAD　BEE四

S巳VE二RεしY　S“AlくE網．　1髄　SOMε　COしINτRIES　τHIS　しED、τO

ABA髄DO爬ING　τHE　INT｛三N。「10網　OF　US1爬G　開UCしEAR　ENI三健GY　OR

OF　CANCEしし1NG　NUCしEAR　E潤ERGY　PROGRA凹S　AしREADY　BEGUN。

1柵　At9し　τ卜IE　聴UCし．EAR　ε鎚ERGY　COU網TRIE：S　一・陥　1“　PARτ　1吋

INτER閥Aτ10NAし　COOPEaAτ10縄　・一一　PROG総A凹S　W巳RE　CARRIED

OUτ　FOR　τHE　卜唯0髄X’「ORI閥G，　Sl」RVEIしし．A閥CE　AND　一一　WHER〔l

NECESSARY　一一　FOR　τ｝「E　冗凹PROVEME閃τ　OF　SAFετY　DESIG閥S．

THE　ASSESS凹E網τS　CARRIl三D　OU’ず　ON　肘EEDED・S1「ANDARDS

CONFLR納E：D　I閥　ESSE：閥CE　τ｝1E　‘TEC｝豊NICAし　A閥D　AD凹INISτF～AτIVE

SAFετY　REQUI駁巳凹ε閥τS　AしRεADY　APPし1ED　lN　マHE　FEDERAL

RεP紅jBしIC　OF　6にR鱈A四Y．
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THε　HARR1しSBU馨～G　SHOCK　HAD　JUSτ　BEEN　OVεRCO凹E　A軸D　　A

CεRτAI爬　A腕OUNT　OF　（：0閥FIDENCE　IN　軸ljCし．EAR　SAFEτY

RεGA1斜ED　ON　’『H旺　BASIS　OF　GOOD　EXPERIE軸CE　WITH　τHEl

GRO』n騰G　髄U凹BER　OF　NIjCしEAR　ε閥E『～GY　FACIし．1τIES　叉閥

OPEaAτ10N　AROUND　τHE　WORしD　一一　WHE：網　τHE　C睦E寂NOBYL

DISASτE：R　OCC電」RRED　ON　APR1し　26，　1986．　A　τ総AG1¢

CO凹B貰軸Aτ10騰　OF　PHYSICAし　PROPERTl〔IS　AND　SAF旺τY　DESIG糊

OF　τHE　τYPE　OF　REACτ0層目IN　QUESτ10N4　AS　WEI＿し　AS

ADI鴨1NIST総A』じ1【V葦こ　S卜10R’『CO凹1描GS　A四D　A　CO網SCIOUS　VIOしAT〕【O歴

OF　OPERA‘rlO閥Aし　喰EGULAτ10国S　しED　TO　τHE　BIGGES」r　REAC下OR

ACCIDE純τ　τHAτ　HAS　OCCURRED　’『卜IUS　FA『～　W1τH　A　凹ASSIV巳

RピlrEASE　OF　融ADIOACτ1VE　MAτERIAし　A糾1）　RADIOし．OGICAL

REPERCuSSIONS　τHROUGHOUτ　EUROPE．

AT　τ卜IE　τ1凹E　τHE　WORしD　εCO闘OMILC　SU凹門IT　尉AS　I網　SESSION

1閥　丁OKYO。　Aしし　OF　τHE　SU凹凹IT　PARτICIPAN’1「S　WE殺E　IN

AGRE｛二MENT　昌IHAτ　τHE　DISAS」「ER　COUしD　興AVE　BEE融　AVO1DED

ANb　T卜IAτ　1τ　SHOULD　NOT∂　AS　SUC卜1∂　8E　TAKEN　AS　A　RεASO閥

FOR　PaE凹AτURELY　CO閥DE凹NI麗G　τHE　PEACEFUし　USE　OF

髄UCしEAR　l三nE5～GY．　1’『　WA＄　FELτo　HOレ曜EVER，　τHAτ　THE

1閥C1［DE憎τ　NEεDED　TO　BE　CAREFUししY　A蹴Aし．YSED　I闘　AN

1閥τεRNAτ】【ONAし　CO鱒τE×τ　W1τ卜O　A　V】：εW　τO　POSSIBL董こ

CO臆CしUS10NS　RE（三A飛DING　PRESENτ　SAFE’『Y　CONSIDERATIONS．
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1’UE　CHA画CEししOR　OF　τ“E：FEDERAL　REPUBしIC　OF　6ER凹A糊Y

PROPOSED　A閥　1爬τεRGOVER閥M巳NτAし　CO爬FERE閃CE　OF　Aしし

閥UcしEAR　E：麗E臓GY　COUNτRIES　劇10　DISCUSS　τHE　PRACτICAし　A閥D

POし1τICAL　CO閥SEOUE閥CES　OF　τHIS　凹UCしEAR　AOCIOENτo　τHε

MOSτ　SERIOUS　I槻　“ISτORY，　HIS　PROPOSAL　』IAS　AGREEl）　τO

BY　Aしし　SIDES　A閥D　LED　Wr「HI閥　A　FEW　闘0勝1τHS　τ0　A　SPE¢IAし

CONFERENCE　1爬　VIE融四A　O融GA閥1之ED　BY　THE　IAEA　AT　WHICH，

AHONG　OτH〔…R　’IHI軸GS，　CONVE髄’11：0網S　WE寂E　CONCLIjDED

《SEPTE凹BEr～　26。　＝L9難6）　O麗　EARしY　阜●O’IIF1CAτ10N　OF　A

NUCし［：AR　ACCIDE縄τ　AND　ON　ASS工SτANCE　I嚇　τHE　（：ASE　OF　A

網ljCしEAR　ACCIDE紬‘「　OR　RAD1【0しOqlCAし　El凹ERGE軸CY　［W工τH

τRANSBOUNDARY　IMPし1CAτ工0網S］．　1麗　THE　SA凹E　CO四TEXτ　AN

AGRしE塾4E髄T　WAS　REACHED　ON　A　JOINτ　PROG柱A塾4　FOR　CHECK1“G

τHE　SAF紀τV　OF　閥U（；し1三AR　FACIし1τ1εS．　τHE　BONN　GOVE綬闘凹E麗τ

STRO嚇GしY　ADVOCAb「εP　τN£　VIE』3　τHAτ　τHεRE　』IAS　A　糊EED　τO

ACHIEVE　τHE　HIGHESτ　POSSII3LE　LEVE、し　OF　SAFE膨IY　A紬D　A

WORしDWIOE　HAR凹ONIZAτ10N　OF　LILAB1［L1τY　RUしES．　BO卜1髄

CO閥TINUI三S　τO　PURSUE　τHIS　GQAし．，
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3．3　FURτ卜1〔：R　DEVEしOP凹ε勲τ　OF　閃UCLEAR　SAFEτY

τHE：BASIC　PRINCIPLE　FOLしOWED　BY　τ卜IE　GOVER湖凹E村τ　1閥

BO閥国　1腿　τH正S　CON1「EXτ　IS　τHAτ　SAFEτY　HAS　Plモ10殺1’τY　OVER

A麗Y　A閥D　Aしし　ECONOMI（；　（：0騰＄1DERATIONS．　AS　1閥　τHE　CASE

OF　HARRISB口誓～G，　｛｝IERNOBYし　凹0ら丁1VAτED　COMPREIHENSIVE

τESτS　OF　τHE　SAFEτY　FEATURES　OF　Aしし　OUR　NUCしEA寂　POWER

PしAN「τS．　1髄　THIS　CO軸’lEXτ　WE　l圃ERE　NOτ　ABしE：　TO　IDENτIFY

ANY　PHε舗OMENA　τHAτ　WERE：　四〇τ　ALREADY　KNO』IN　τO　US　A髄1〕

τAKE閥　INτ0　ACCOU闘τ．

IN　τHE　CASE　OF　τ日ε　CHERNOBYし一τYPE　REACτORS　一一　1腿

OPERAτ10N　A軸D　亀，軸DER　CO潤SτRUCτ10糊　0紬しY　I融　τHE　SOVIEτ

UNIO閥　・‘一　IT　1圃AS　FOUND　τ｝｛Aτ　τHE飛E　IS　A　閃EED　FOR

CO網S1：DERABI＿E　SAFE’「V－REしAτεD　MODIFICATIO軸S．　嚇O　FU歳τHE「～

REAC丁ORS　OF　’「HIS　τVPE　ARE　τO　BE　BUIしT　AS　A

CONSEQUE吋CE．　1腿　丁田E：CASE　OF　OUR　REACτo練S、　ON　τHE

◎τHεa　HA紬D．　1τ　WAS　FOUND　τHAτ　画lHERE　IS　爬O　CAUSE　TO

DOUBT　τHE：　SAFετY　FEATURεS，
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1’HE　FOCUS　OF’A畳「TEN’IlON　HAS　NOW　SHIFτED　SO凹E瞬HAT　FROM

ACC‘【DENτ　P臓置VE鱒●τ10N　凹EASUR凪S　（AVOIDANCE　OF　ACCIDEN‘『S

BY　凹EANS　OF　APPROPR！Aτ巳　SAFEτY　DESIGN　FEAτURES）

τOWARDS　MORε　INτE輔SIVE　凹耳ASIjREIS　AI凹ED　AT　DEAし．ING　WIマH

τHE　CONSEQUE閥CES　OF　ACCIDE閥TS　W卜璽E閃　τ馴EY　｝IAVE　HAPPE：NED

くE納ERGE閥CY　PROτECτ10N　M鳳A＄URES　1N　τ卜IE　REACτOR　I閥　τ卜IE

SENSε　OF　’ρACCIDE闘丁　凹A闘AGEME爬τ”）．　AS　SUCH。　L『HE：　IDEAS

τHAτ　W巳RE　DεVεしOPεD　1【閥　τHI邑　WAKE　OF　THE　HARRISBURG

凹ISHAP　AREI　BE1糾G　1：帆PしE図【E肘τE、D　曙随ORE　RAPllDしY．　τHEY

I髄CしUDE　SUC卜1　τnl閥GS　AS　llFILTERED　CO四τAI閥凹E麗τ　PRESSURE

釈Eし1εF∂‘θ　帥F工しτERED　CO閥τROし　ROO凹　VE軸阜IlしAT工ON”，

1’

P四τεRτING　OF　τliE　HεAVY　WAτER　REACτOR　CONτAI閥MENτ廿

A閥D・貯RISκ　A髄AしYSES，’，

1槻　PUBしIC　DEBATE　DOUBτS　ARE　CO隔＝IINUOUSしY　RAISl三D　IN

CO槻爬εCτ10N　WITH　τHE　CONτ1閥OUS　FURτHE飛　DEVEしOP凹E紬τ　OF

REACτOR　SAFEτY　AS　τ0　回雪ετH［：R　τHE　SAFETY　FEAτURεS　OF

OしDER　REAC4「ORS　ARE　SUFF1：Clε”T，　DOUBτS　OF　τHIS　kl閥D

WOULD　ONしY　DE　JUSτIF1εD　IF　IT　（：OULD　BE　PROVED　τ卜IAT

I凹POSED　SAFEτY　RεQU1［RE斡E験6TS，　ARE　NOτ　BE1製G　FULFILLED．

IF　’「HIS　WER｛二　DEτER凹1NED、　τHE闘　OPEaAτ10閥　OF　下H三

設E：ACL「0殺　1醐　QUES’「10斡　WOUしD　HAVE　TO　CEASE　IN　ANY　CASE，

CしA1凹1閥G　LI卜IE　U純SAFLτY　OF　A　REAC「OR　O嚇しY　B巳CAIjSE
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EFFORτS　ARE　BEING　凹ADE　τO　I凹P「～OVE　SAFEτY　FURτHER

ST正星＿し　WOし鎚＿D　HAkε　PROG決£SS　I四　THE　FIEしDS　OF　湘UCしεAR

ENGIN巳ERING　A純D　NUCしEAR　SAFEτY　E純G1純EERING

l凹PO＄SIBしE．　S1MPしY　8ECAUSE　Iτ　IS　PO＄SIBLE　’τO　DO

SO凹EτHING　BE’『τ配R　DOES　NO丁　凹［：A糾　’了HAτ　τHE　P『～EVIOUS

S1AτE　OF　AFFA1融S　WAS　BAD，

THE　INτ1三Nτ10軸　U純DER　τHE　Pr～OVISIONS　OF　GERMA蝕　しAW　ON

NIjCしEA飛　凹AττERS　IS　TO　PROVIDE　BAS1［C　PROτECτ10N　・…鯛

BASING　τHIS　ON　τHE　GIVEN、CURRENτ　SτAτE　OF　SCIENCE　AND

τECH閥0し．OGY　I脳　PRA（1τ1CE　A粒D，　AS　SUCH，　CO凹PしY1撃●G　W三τH

τ樋E　PERI随A閥EN’「　OBしIGATIO糾　τO　MI嚇1凹IZIこ　’IH旺　aESlnUAし

RISK．

A軸　OFτE軸　ClτED　EXAHPしE　OF　τHl二　ADVANCE　OF　SAFELIY

REIQUIRE凹EnτS　IS　’『HE　QIjESτ累O憾　OF　DESIGNING　『～EACτORS　τO

WIτHSτAND　τ軒IIE　InPACT　OF　A　CRASHI軸6　AIRC霞AFτ．　DESPIτε

DIFFεRI閥G　SτANDA農DS岬　’「HE：RE　IS　Sτ1しし　S纏FFICIENτ

PROI「EC●『10髄　1”　’「卜IE　CASE　OF　OLDER　REACTORS　TO　61』ARA閥TEE

CO胴PしIANCE　WIτH　LI凹1τ　VAしり1二S　駅EQUIRED　BY　LAW　一一　SO

τHAτρ　1：3ASED　ON　昌『HE　PRI閥CIPLE　OF　R芝ASONA蟹3LE嚇ESSρ

DE凹A糧DS　FOf～　鱈OD叉F工CA」「江0柑S　OF　τHIS　KI髄D　CA轄　0輔1＿Y　BE

凹ADε　IN　QIJAし1FIED　CASES，　THε　REFεRE網CE　τO　FURτHER

τECHNICAL　DEVEしOPME細τ　OF　AUτOMOBIしES　WIτHOUτ　τHE　閃EED

FOR　I凹POSING　日ANS　O糧　τ軸E　OP配RAτ10N　O「　OLDER　MODEしS

ILしUSτRAτES　τHIS　PRI糊CIPしE噸

1－1－25



1τ　SHOUしD　13E：　SAID　τHAτ　τ卜IERE　IS　A　りEFIN1τE　NEED　TO

SεEK　Sτ1二ADY　I岡PROVE凹E閥τ　IN　τHI二　SAFE’「Y　OF　NU（：LEAR

POWER　PしANτS　一一　A閥Do　I鵬DεEDρ　11HIS　IS　SO凹ETHI髄G　τHAτ

S瞬OUしD　CO網「『正“UE　τO　BE　DE凹ANDED．　THIS　HAS　τAKEN　PLACE

τHljS　FAR　ON　τHE　BASIS　OF　REGULAR　REVIS10NS．　OUR

SYSτE：凹Aτ旦C　ρ0し1CY　O湘　REAC』「0験　SAFEτY　IS　AしSO　REFしEC下Eg

BY　OU臓　INτEい1τ10N　τO　SUBJECτ　Aしし　閃UCLEAR　POWER　PLANτS

I閥　τHE　F［IDεRAし　REPUBしIC　OF　GER凹A閥Y　10　PERIOD！（；Aし　A麗D

CO納paヒト聴三髄＄lVε　＄AF巳τY　ENG1嚇1二1二Rl腫G　TESτS，
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3．41凹PROVE旺NτOF　M。蝋τ0飢NG　OF　RADIOACTIVITY竃旧HE

　　　　E糊VIRO鱒凹E四T

AFIER　τ｝IE　C｝IER嚇08Yし　DISASτER　JURISDICτ1LO9亀AL　PROBLE団S

LεD　IN　SOME　CASE：S　TO　VERY　D笈FFERε閥’『　ASSESSME四τS　A輔D

REACτ10閥S　I闘　τ“E　VARIOUS　SτATεS　IN　CO糊閥ECτ10鵬　」ほτH

τ卜聴E　寂EPORτ嵐N6　0F　RADIOACτIVE　CONTA鵠1軸Aτ10閥　1鵬　τトIE

FEDEaAし　REPUBLIC　OF　6ER凹ANY．　TUI＄・　IN　τU寂臆ψ　GENERAτE：D

AG旺AτDEAしOF　UNC巳RτMNτY　1旧HεPUBUC・PAa胆Eし

br∂1τH　THε　τHE　C駁EATIO腿　OF　A　凹1㈹IST飛Y　FOR　τHE

ENV乳快0髄HENτ　AND　IN　COORDI魯唱ATIO爬　WIτH　τHE　I“DIVIDUAし

SτAτE　GOVERN凹ENτS。　τHE：FEOERAし　60VER粒ME爬T　IN　BO閥蹴

PASSED　しE61SしATLON　FOR　τHE　PUI：～POSE　OF　εSτABし！SH1網G　A

COUNτRY－W1：DE　NE’「WORIく　OF　SτATIO凶S　τO　M巴ASURE

RAD10A（：L「IVr「Y　LEVξしS　1【N　τnE　ENVIRQ嚇凹E閣τ・　UNOER　THIS

しEGISしAτ10No　1τ　IS　τHE　RESPO糊SIBIし1τY　OF　’IHE　FEDERAL

GOVERNMENT　TO　ASSESS　臓E61SτEREl）　MEAS璽」REMENτS　AND

DEτERHI験己E　閥ECESSARY　誓～ESPO麗SεS，
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3，5　DOUBτS　AS　’「O　τHε　R巴LIABIし1TY　OF　τHOSE　R巴SPO細S工E｝Ll三

’「トIE　’IURBUしENτ　Aτ凹OSP卜聰E「～E　AFτE評～　〔：HERNOBYL　HAD　JUST

BEGUN　τO　CAL凹　DOWN　ANI）　PUBしIC　DEBAτE　τO　RE：IUR閃　τO　A

HORE　OBJECτ1VE　しEVEL　WHE純　τHE　TN！NUKEM　SCANDAし

ε1険ER6ED　一一　SτRIKING　ANOτ卜IE「～　BしOW　TO　PIjBLIC

CO肘FIDE純CE．　THIS　竃IME　τHE　1SSU巳　WAS　NOτ　REACτOR

SAFにτY　AND　RAD1Aτ10閥　PROτEC’「10網，　THE　FEARS　τHAτ　AROSE

W｛三aE　l髄　只EFεRENCE　τ0　τ嚇E　只1…しIAB1し1τY　OF　納A翻AGERS　IN

POSIτ10閥S　OF　RεSPO潤SIBILIτY。　’DOOBτS　WERE　CRεATED　AS

τ0　τ瞬E　EFFECτIVE爬ESS　OF　GOVl三RN凹E閥τ　CO閥τROLS　IN　SUCH

CASεS　一一　CAUSI閥G　A　凹AJOR　POし1【τ星CAL　（：0嚇τROVE臼SY．

THE　FEDERAし　GOVEa閥HE四τ　1閥　BO軸N　RESPO軸DED　＿＿　t阿　CLOSE

COOPERAτION　WIτH　THε　AFFECτED　PARτ騰ER　COUNTR1ES　AND

I閥丁旺RNAT10糊Aし　ORGANIZAτ10爬S8　1四　PARτICULA飛　τHE

EUROPEA吋　CO凹凹ljNIτY　A糊D　τHE　IAEA　一一　BY　凹AK1闘G　AN

EFFORτ　‘10　CしEAド　UP　τNE　A「FA1駅、　THε　FEDERAし　PARLIA凹E描τ

1髄　BO閥N　C殴EAτED　A麗　1髄VESτIGATIVE　CO納MIτ’了EE　IN　τHIS

CQNτ巳Xτ　τHA●了　WIしし　WORK　’「0尉ARDS　U軸COVεR1【閃G　AI」＿　τト1駐

DEτAILS　OF　τ卜IXS　VεRY　REGRE●「rABしE　CASE　OF　U四SCRUP”LOUS

BEHAV10R　O軸　τ卜IE　PARτ　OF　A　FEW　PROFIτ一凹0τIVATεD

MANAGERS　OF　GERMAN　COHPANIES。
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TODAY　WE　AgE　ABLε　τO　SAY　WIτH　寂EGARD　TO　τH1S　MALrτEIR

τ“Ab「　閥O　PUBし1C　R工SK　WAS　INVOしVED　1爬　NUC竃＿EAR　SAFETY　OR

RADIAτION　PROτE〔：τ工O喚邑　τε1～MS．　τHE　凹A国IPULAτ10閥S　τHAτ

WEI～巳　CARR！εD　OUτ　WE『～E　I二XCしuSIVELY　OF　τHE

同H1τE－COししAR一・CRIME　VAR1EτY，　AGAI醐Sτ　τ聴E　BACKD飛OP　OF

INτER閥Aτ10NAし　RESPONSE　τ0　τHIS　A、FFAIR，　I　WOUし．D　LIK£

τO　TAIくE　了HIS　OPPORτUN1τY　τO　SτR巳SS　THAT　一一　1創

AG駅巳E凹εNτ　』旺τH　τHE　PUBしIC　PROSECUτ10閥　AUτHO只1τIES　IN

OUR　COU糧TRIY　一一　WE　WERε　U肘ABしE　τG　DETER興1齪E　A凹Y　ACτ　1麗

VIOしAτ10閥　OF　τHE　NUCしEAR　閥ON一・PROしIFERAτ10麗　τREAτY，
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‘1、

例．1　ADHE段ENCE　TO　A閥　1［閥τEGRAτED　WASτE　DISPOSAし　S↑RAτEGY

AT　τ｝1【三　PRESENτ　τ1凹E　PUBLIC　DEBAτE　IN　OUR　（＝OUNTRY　IS

SτRON6しY　FOCUSED　O網　τHE：　PROBしEM　OF　軸UCLEAR　WASτE

DISPOSAし，　τHE　FEDεRAし　CABINEτ　SUB凹1TτεD　A

CO凹Pl～EHE製SIVE　響～EPORT　τO　PARしIA凹E閥τ　ON　’lHE　SUBJEC’「

EARしY　τH11S　Y賦AR、　1N　IτS　REPQRτ　τHE　CABINEτ　RE3風τERAτES

IτS　ADHERεNCE　TO　AND　P5～0凹OTIO制　OF　WORK　ON　THE　駈りAS‘了E

DISPOSAし．　SτRAτεGY　A6REED　ON　WI’「H　τHE　S’τAτε

’GOV［：RN凹E閥τS　1嚇　1979　AND　I脳CLUDI純G

一　PR正ORIτY　REP健OCESS1糊G　OF　SPENτ　NU（：ししAR　FU〔⊥∂　RE一匹」SE

　　OF　UaA輔IUM　6AI鱒【こD　VIA　τHIS　PROCεSS，　A国D　F1閥Aし

　　DISPOSAし　OF　RAD10AC81工V三　WASτE　MATE磯1ALS　I髄

　　UNDERG鰹OUND　FO『～凹Aτ10麗S。　AS　WELし　AS

一　SIMIjしTANEOUS　DEVELOP飢E閥τ　AND　REAしIZAτ10腿　OF

　　FACIL1τ1ES　FOR　FINAL　S’10RAGε　OF　UNRI二PROC［：SSl二D　FUEし．

τHE　GOVERN凹ENτ　1S　GUIDED

Pl～1軸CIPしE　OF　紺0τ　PASSI閥6

PRESE担τ　6E四ERATION　ON　」じ0

IN　IτS　EFFORτS　BY　THE

PRO難しE嗣S　C験EAτ転D　BY　’『Hl乙

FUτURE　GENERAτ10国S，
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FEDERA1＿　GOV巴R夢己ME魯繭了　PROJECTS　AIMED　Aτ　FINAI＿　DISPOSAし

OF　軸0軸一HEA’「一PRODUCING　WASτE　MA凹「ERIAしS　IN　τHE　FO臓MER

KONRAD　IRO糊　ORE　凹1偲E　AND　Aτ　FINAL　SτORAGE　FOR　ALL

CAτEIGO殺1εS　OF　RADIOACτIVE　WASTE　一一　1［・麗Cし．UDING

UNREPROCεSSED　「UEし　一一　！軸　τHε　ROCK　SAしT　FORMATION　Aτ

GORし．EBEN　AaE　CURRENτしY　UNDER　CO麗SIDE殴A「冒10N．　POSIτIVE

DεCISIONS　ARE　EXPECτεD　SOMEτIMピ　1N　τHE　Nε×τ　FEW

YξARS，　τHIS　IS　τRUEψ　DESPIτE　τHE　ACCIDENT　τHAτ

OCCURRED　I紺　CO閥騰ECτ10N　1吋1τH　S1組kl四G　A　SHAFT　I細

GOR匿＿εBEN．　’『HIS　WILL　凹EAN　A　DEしAY　IN　GEττ1麗G　τH【こ　SITE

REAりYφ　BUτ　1τ　HAS　NOτHI軸G　τO　DO　WIT卜1　』『卜IE二　SUIτABILIτY

OF　’IHIS　ROCK　SALT　FOI～MAτ10閥　FOIミ　四UCしEAR　WASTE　SτORAGし

PURPOSES噸　互τ　CA閥　1「納US　BE　B荘1　ASSU1隔ED　τ｝IAτ　SUFFICIENT

WASτE　DISPOSAし　CA’PACIτIES　WILL　BE　AVAIしABLE　ON，

SC｝1εD亀」しE，　OF　COURS三4　W£　S制0りしD　M〔；閥τ10閥　IN　’1HIS

CONτEX’「　τHE　P殺OBしEMS　BE正NG　E“COU網τE51～ED　IN　GA1脳ING

ACCεPτANCE　層FO響～　丁トしIS　us鉦　OF　τHヒ　SIτE　AND　τHE

ADMI閥1＄TRAτIV巳　COURτ　P「～OCEEDINGS　τHAτ　CAN　BE

EXPECTεD。
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5，　A二一
AS　YOU　ARE　AWARE，　WORK　IS　AしSO　BEING　｛：ARRIED　OUτ　1軸

τ｝1巴　FEDE綬AL　REPUBLIC　OF　GE寂凹A純Y　ON　ADVANCED　R巳AC’すOR

SYSτE鮪S，　豆）EVELOP凹E；髄τ　EFFORτS　ARE　（；URRしNτしY　FOCUSED　O製

1納PROVI嚇G　FU［：し　EFFICIE嚇CIY　I軸　し1G卜1τ　WAτ三R　REACτOl～Sρ　0軸

FASτ　BREEgE綬　τヒCH蹴0しOGY　A軸D　ON　UIGH一τ巴凹PERA’IU飛E

只しA（；τOR　τεC｝INOしOGY暦　A　300　門1《3　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　PROτ0τYPE　OF　τHE
　　　　　　　　　　　　　　　　　　　　　　　　　　　　E

T｝ギ『R－300　HIGH・一τ巳ひ4PERAτURE　RE：ACTOR　HAS　BEEN　OPERATEO

SUCCESSFUししY　SI閃CE：　1．986　AND　A　NU凹BER　OF　COU軸τRIES

HAVE　SHOWN　AN　INτERES1’　1髄　JQ1［9のτ　FURτHER　DEV既LOP凹ENτ

OF　τHIS　SYSTEH．　τHE　SNR－300　PROτ0τYPE　1純　KA」kAR　IS

90EARI髄G　CO凹Pし1二丁1［0前，　WH【1製　FINISHED　IT　WILL　S巴RVE　AS　A

DE1喝0粒SτRAτ10紬　’PROJECT　IN　τHE　USE　OF　GにR凹AN　FAST

BRε〔二DER　REACτORS．　しASτ　FALL　τHE　殴EACTO駁　SAFETY

CO岡門ISSION　UNDERTOOK　A　RI三紺ε細「ED　’「｝・塵OROUG卜l　SAFE：’『Y

ASSESS凹E閥τ　OF　τHIS　PROτ0τYPE齢　INV11’夏NG　EXPEIRτS　F5竜0凹

0：「卜IEa　（：OljN’「R11三Sψ　エ四（＝しljD正閥（i　JAPANψ　τ0　’IAkE　PAr～τ．　Aτ

τHE　PRES巳Nτ　‘II凹E　‘「HE：RE　ARε　S’「工しし　QU巳S’r鳳0爬S　τHAτ　闘巳εD

（：しARlFICAτ10N　BEτWEε輔　τHE　FEI》ERAし　GOVER網凹E嚇τ　1純　BON軸

A髄D　τHE　60VER槻凹ε網τ　OF　’『卜IE　SτATE　OF　NORTH　RHI四E　燭

WεSτPHAL叉A∂　WHICH　IS　融ESPONSIBLE　FOR　GIVING

OPεRAτ10軸AL　APPr～OVAL．　』IHE嚇　τNE　FA（：1LI」IY　WILL　BE　ABしE

TO　GO　IN’「0　0PERAIIO閃　暫rJILL　DEPε蟄曝D　ON　F王NAL

CL．A『～IFICAτ10麗　OF　τHESE　O口ESL「1［0“S，
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6．

6、1凹AXIMU凹　SAFEτY　REQUIRE画ENTS，　1閥τEaNATIO紬Aし

　　　　COOPERA’『10粒　1【糊　τ日E　FIELD　OF　NUCし1三AR　SAFETY

τHε　DISASτROI」S　EFF£CτS　OF　τHE　U軸CO閥τ飛0しし1二D　CHA1軸

REACτIONS　IN　THE　AτOMIC　駐OMBS　τHAτ　EXPL．ODED　OVER

HI「ζOSUI凹A　AND　NAGASAk14　τ卜IE　CO純SEQUENCES　OF　τHE　1957

FIRE　Aτ　τHE　WINDSCAしE　R巴A《＝τOR　IN　BRIτAINψ　τh巳　SEVERE

ACCIDENτS　Aτ　τHE　HARRISB書」響～G　POWEl～　PしA爬τ　1【閥　τ｝IE　U閥1TED

SτAτES　I閥　1979　A軸D　Aτ　τHE　CHER騨曝OBYし　PしA閥τ　IU　τHE

S◎VIEマ　UNIO糊　1純　1986ψ　IししUSτRAτE　T｝IE　DA軸Gε殴

POτE軸’『五AしS　OF　軸UCしEA毅　E軸にRGY　AND　UNDERSCORE　’「HE

ll随POI～τA糊CE　OF　I二FFORτS　I国　τ1・IE　A勲EA　OF　NUGしEA罐　SAFE’「Y

AND　韻～ADIAτ10N　PROτECτ10邸　一・r　AS　』IEL．し　AS　PROτεCτIV£

HEASURES　τO　H旺しP　DEAし　WI’「H　NUCLEAR　E凹ERGE閥CIES　1［F

τ卜IEY　　SHOUしD　　OCCU1：～。
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1障　VIE回　OF　’1卜賢三　“UGE　POτE国τIAL　τHREAτ　τHAτ　HAS　AしWAYS

EXISτED　IN　CO軸炉～肥Cτ10閥　1縛1τH　’じ｝1E　●」SE　OF　NUCL．EAR　E軸芝RGYo

r1　CA糊　Bし　SA夏D　UIτHOし1τ　EXAG6E：RATION　’「HAT　Sτ殴ICτER

SAFEτY　RεQUIR巳凹E閥TS　AI～E　N［：EDEID　HERE　τ卜IA閥　IN　ANY　OτH‘ER

F夏EしD　OF　旺鱒G1軸EεRl髄G．　τH筆こ　FACL「　SHOIjLD　閥OT　BE

OVI三Rし001くED　τHAτ　SAFE’「Y　SτA潤DARDS　ARE　NOτ　THE　SAME

芝VEれY1吋HERI三　一一　A蹴D　T｝IAτ　EFFORτS　O製　’「HE　PARτ　OF

I四τεRNAτ10閥Aし　0駐GA卜屡IZAτ10N＄　τO　BRI髄G　ABOUτ　A

｝1ARH◎NIZAτ10槻　OF　SτANDAR1）S　HAS　NOτ　E×ACTしY　BEEN

CROレリNIこD　BY　SIJCGESS　’IHuS　FAR．
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1τ　IS　A麗　U嚇CONτESτ【三D　FACτ　τHAτ　NUCしEAR　EN巳RGY　1圃1しし

ONしY　GAI糊　ACCEPτANCE　IF　COMPARABLY　HIGH　SAFE●『Y

SτA国DARDS　ARE　APPしIED　A髄D　巴四FORCED　EVERYWHERE　I軸　丁｝IE

騨O殴しD　A爬D　IF　●THl；RE　IS　NO　蝕EED　τO　FEAR　THAτ　SAFE’「Y

SτANDARDS　WILし　BL　閥EGLECτEl）．　τH1S　PR［：SしIPPOSεS

WORしD－WID魁　COOPεRAτ10N　1【四　τHE　四UCし．EAR　SAFετY　SECTOR

一一 @WIτH　τHε　OBJECτIVE　OF　HARMONIZING　SAF巳τY　SτANDARDS

τ0　」ξHE　GREATεST　POSS1Bし匠　DEGRεE．　1τ　B［：GI髄S　Wr「H　RISK

ASSESS凹E凶τ∂　1閥Cl」jDεS　τHE　CしASSI四G　OF　SPECIFIC

OCCURRENCES　OF　A¢CIDE閥τS　IN　DIFFしRENτ　DA髄GER

（：AτにGORIES　A闘D　E×τ1三嚇DS　τ0　｝亀AR争40閃IZED　E凹E『～G襲…瑚CY

PROτEC●τ．10N　PしANNING，　丁瞬［：　ESOぢABLISH凹E爬iT　OF　A　GLOBAし

REGIME　FOR　NUCしEAR　DAMA6E　L．IABILITY　AしSO　純EEDS　TO　BE

酬E髄τIO閥ED　IN　τHIS　（：ON糊ECτ10糊，　T｝1E　FEDERAし　REPUB1＿IC　OF

G［R凹A塾6Y　IS　1囲ほしし1閥G　τO　E髄6AGE　夏N　A嚇　OPE鱒　1二XCHA騰GE　OF

INFO【～例Aτ10潤　〇四　NUCしEAR　SAFEτY，　OSART　凹ISSIO閥S　TO

T卜IR旺巴　G配R凹AN　NUCしEA野～　POWER　PLA純’「S　AFτεR　C卜1εR髄OE3YL　ARE

PROOF　OF　τHIS　OP紀閥鱒ESS，
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EXPOSURE　τ0　10糊IZI製G　RADIAτ10閥　PRODUCED　BY

RADIOACTIVE　MAτERIAL　τHAτ　HAS　8EEN　REしEAS匪i：D　I閥　τ卜5E

ENviRO嚇翰ENτ　1S　塾曝0τ　SO酬E’THING　THAτ　CAN　BE　KEPτ　WIτ卜●1【潤

国Aτ五〇槻Aし．　BOUNDARIES，　AS　SUC卜1。　1τ　IS　A　POL！τ1CAし

髄ECEISSITY　τO　WORK　τOGETHE飛　INτE：R嚇A冒110髄AししY　1［N　τHE

τRANSBOUNDA衰Y　CONτEXT．　1Nτ旺RNAτ10NAL　ORGA嚇1ZAτ10魏S

SUCレl　AS　7『NE　IAEA　PしAY　A　CE麗τRAし　ROしE　I軸　τ｝11S．　T｝1【三

NUS＄　CO1）ES　OF　PRACτ1CEσ　RI二CE四’「LY　OIS（：USSED　I閥　DETAIし

AND　REV1SED　BY　τHE　IAEA噂S　NUCLI三AR　SAFετY　SτA純DARDS

ADvlSo飛Y　6RouP　《NUSSAG）∂　REPRεSE四T　A　MAJoR　SτEρ

「OR靹「ARD　1』OWARD＄　1卜轟τEIR閃Aτ10NAし　HムRMO麗1ZAτ1LO樋，　τ卜IE　BONN

GOVER爬ME純’I　HOPES　τHAT　τ卜IESEI　INτERNAτ10爬Aし　S’IA麗DARDS

WIしし　BE　APPROVEi》　BY　τHE　IAEA　BOARD　OF　60VERNORS　AND

WIしし　BE　FUしし．Y　APPし罵ED　BY　Aしし　1AEA　凹EMBE映　SτAτES，

HOWEVER。　τHE　l～ESPONSIBIし．1τY　OF　NAτ10吋Aし　AUTHORI』じ1εS

凹USτ　9巴0τ　Bε　PRE一ε凹Pτ［二D　τHROUGH　τHE　EXISτ巴髄C〔二　〇F　A軸

INマ1乙R網Aτ10髄Aし　FRA斡EWORK　FOR　SAFE鳳IY　S’1A9磁DARDS，　τHE

1障Aτ1LONAし　AUτHOR1’11εIS　I縛1ししψ　OF　NECESSI’「Yψ　REτA1紺

D1融ECτ　RESPO脚S！BIし1τY　IN　THESE　MAττεR．S　FOR　τHE　SIMPLE

REASON　τHAT　τHEY　A『～E　τHE　O麗しY　ONES　WHO　CAN　TAKE
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ApP暑モORR1Aτ巴　ACCOU門τ　OF　COUN1’RY－SPECIFIC　槻AITERS　SUC｝l

AS　POPI川＿AllON　DIS’「RIBU1’10N，　Gl三〇LO董；1CAL　FEATURESρ

Clj、凹ALτ1．c　CONDIτ1，0軸Sρ　AS　凶旺1．し　AS　AD凹1～1S1’RAτIVl三

PARτICULARS．

FUL⊥．　RESPONSIB】LL1τY　TOWARDS　ONE二馳S　OW閥　PEOPしE・AS　WI三しし

AS　TOWARDS　’IHE　REST　OF　τH【：　WORLD　凹UST　BE　ACCEP【rED　FOR

EVERY　DI二CISIO髄　HADE：　1腫　CO閥粒εCTION　WIτH　THE　uSE　OF

●馨UCI」£AR　E髄ERGY　一一　WHKτH巴R　IHE　RESULT　1［S　POSIτIVE　OR

NEGAτIVE．　THIS　R正SPO閥Slおll＿1τY　NO’「　0閥LY　PRESUPPOSES

●1’AKINε　1NTO　ACCOUN’I　CI川卍『ヒ｝三四τ　NATlONAL　FACTORS　AS　τHE

BASIS　FOR　DI三CISION一凹AlくING‘　BUτ　AしSO　τHl三　JUSTIF1怪D

I輔11三RE＄↑S　OF　OUR　CHILDR［．N　A”D　CI・11しDREN奪S　CHIしDRεN，　AS

WEしし・AS　A　nORAL　OBLI、GA1」10軸　Lτ01hgARDS’THE　FEI」・01hl　HU納An

猶E1純（｝S　』～3いO　HAPPE：N　τ0　し11，VI三　BεYO髄D　OUR　髄AτIO髄Aし

ヨ30RDLRS．
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8．工出L則工一し」…脹R曲」幽ERAL

8、1　SAFEτY　ENGIN［二ERI”G　RESPO軸SIBIし1TIES　AND　TH［：　睡E旺D

　　　　FO只　嚇UCしEAR　τECHNOしOGY　1閥　τ赫ε　［1帖ERGY－PRODUC1’10粒

　　　　SEC1’OR

THE　BONN　GOVER闘納E：凶』r　IS　CONVINC巴D　THAT　18HE

PREREQU1＄1181：S　ARε　1’HεRE　rOR　1’瞬1三　SAl＝1三　USE　OI二　四UCI」三AR

εNE駁GY　一一　PAR了ICULARし．Y　IN　τli［　ADVANCED　INDIjSIRIAL

髄Aτ10NS　OF　τHE　』80RLD．　」1LHIS　ASSl三SS凹ENT　1しS　VAし裏D，

DlこSPI’1’1三　11il三　CHI三RNOBYし　1NCID覧桶τ　AND　τHE　SEVl三RE　C：RISIS

OF　CONFIDE閥CE　A髄D　ACC［｝PTANCE　rT　HAS　CAUSED．　IT

CO閥’11NUES　τO　l遺0しD　TRUEθ　DESP1τ1三　τHε　E鮪ERG妊閥CE　OF

lRRにSPONSIBしEI　SCHε凹ES　ON　胴IHE　PARτ　OF　PROFIτ一“UNGRY

COHPANY　HA9魂AGERS　IN　τHE　FEDεRAし　REPIjBし1（：　OF　GER凹A軸Y，

IN　THlこ　しA1’1」にR　CAS民　RADIA1’10閥　PROT旺ICL「110軸

CONSIDERA’110紬S　回E映E　髄01　1NVOしV旺D　SO　MuCH　AS

R〔⊥IABIし11’Y　FAC10RS，

HOW［：VER，　WI＝　HAVE　髄O　CAUSE　τ0　しにA融　BACK　AND　FεEL

SA11SFIED　W1］li　OURSE’L》ES，　τHE飛E：A飛E　S下1しし　PしENτY　OF

QUESτ10髄S　τHAT　閃［：ED　CUにARI9巴G　UP．　IN　τHEI　FEDERAL

REpUBI＿IC　OF　6ER凹ANYg　AS　1N　OIHli二R　COU爬τ1ミIES∂

CO紬SIDE只ABLE　EFFORTS　回1しし　BE　爬巴Cl三SSARY　」「O　F1髄1）　A吋

ACCE：PτABLl三　SOI」」TIO囚　τ0　τHE　PROBI＿L凹S　I国VOLVED
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1閥　SAFE　FiLNAL　SτORAGE　OF　NUCし［二AR　WASτE　 一・一
@1勝6

WORDS　1’11E　ES1‘ABLISIi凹1三爬1　0F　SA「置　R旺POS1110RIES

T書疇ESE　HA1’ERIALS，　0麗　τH［　OTIIER　HAND，　τH旺　BON紬

GOVERNMENτ　HAS　UO　R［：AS：ON　IO　BELILVE　τHAτ　τHE

τεCH塾占OLOGICAL　SOしUτION，S　B巴1閥6　WORIくED　O網　W1しし

AVAILABしE　1閥　τHE　軸EAR　、FUτURI三，

Oτ“ER

「隔0殴

NO1」麗

TトIE　130N醐　GOVER夢6凹E閥τ　FεIEしS　」『HAT　I1’』101jLD　隔0τ　BE

RESPO髄SIBI＿E　τO　ABA湖DON　1燭HE　US巳　OF　9●UCし．EAR・E”ERGY　I麗

τHE　F篭こDERAし　Rl三PljBl＿IC　OF　GER鵜A四Y，　GIVE：r唱　‘niE　OV巴RAし．し．

SI1’UAτ10N　I抽　τHE　ε爬El篭GY　SE（：TOR　一一　EVE舗　THOUGH　THILS

WOIjしD　BE：FEASIBLE　I髄　E軸GI軸ヒER1軸G　A蝕D　IN　FI90A軸CIAし

τER械S，　TODAYg　MORE　τHA四　80％　QF　τH紀　E軸E険GY　PRODUCED　I髄

τ亀目：WOIモLD　IS　CONSUHED・BY　しESS　τHAN　2α罵　OF　τHE　WOkしDlS

POPUしA了10N，　THIS　FACT　ALO閥E　IS　REASON　E閥OUGO1　下O

Aτ●IACH　A　GREAτ　DE：AL　OF　I凹POR1’A閥Cに　1’O　EFFICIE軸T　FUEL

USE：AND　E髄ER6Y－SAVING個EASIj飛凪S，　THE　RIC卜l　INDU＄凸「RIAL

（；OUNTRIE＄，　INCしUDING　τH［二　F巴1）E：RAし　REPUBし1C　OF　G曜R酬ANY、

ARE：　HO靴ALLY　OBしIGATED　L『O　H覧しP　REDI，CE　τHE　INJUSτICES

I四　THε　DISTRIBIj110髄　OF　WLAしτH　1［軸　τHE　WORLD　駐Lr旺RRED

‘10　AS　τHE　go髄ORτし・画一SOU℃H　竃｝11＝FER［腫τ1AL”．　1純　マ馳IS　CONτEXτ

1τ　＄腕0豊」LD　BE　τAkl三軸　1軸τ0　ACCOU嚇T　THAI　E”三設GY　～EEI）S　ARE

GOI臆G　TO　BE　GRO1バ1髄G　Aτ　A　VεRY　H1【Gli　RAτ〔：　一一　DUI三　τO　THε

POPULAτ10”　EXPLOSIO髄　IN　τHE　POOR　COU閥τR1駐S　A拳OD　THE：

CURRE軸τLY　VERY　しOb曽　PER　CAP1τA　E蝕E：RGY　CO嚇S亀」MPτIO閃
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L［VELS　』IHEIモE噂　TIOuSo　WE　CA”囚0’了　AFFORD　τO　DO　』1「r『HOIガ1

ANY　OF　IHE　1’ECHNICALしY　l》OSSIBLE　FORHS　OF　E網ERGY

PRODUCτION．　Aτ　τli［　SA門E　τ1凹〔：，　1τ　WOULD　CI三RτA1”LY　閥0τ

BE　A　RESPONSIBLε　POし1CY　τO　ABANDO塾轟　閥UCLEAR　τECH網Ol開OGY

1糟’τHE　“IGHしY　DEV［LOPED　COU陀TRIES　AND　TO　DEPE吋D　Oh

↑HE　o，S1簡PしEのρ　BUR肘ING　OF　COAL　A吋D　OIしr　し旺：AV！NG　IT　TO

τHE　DεVl三1＿OP1鱒6　COUN下R1；ES　τO　DEAL　WIIH　τHE：

CO凹PLE：XITIES　O「　NuCしにA：R　lll三C14緯OLOGY．　AN

E製VIRONMLN18AししY　RESPO嚇SIBI＿E　USIi；　OF　FOSSILε　F巳♪EしS　WILL

PRESENT　A　liUGE　PROBLE騰　1嚇　11＄E」＿F　FOR　T憾ESE　COUNτRIES

A鴇D　REQU1駐旺　ASSISτANCE　FRO納　τHに　RICH　I閥DUSτRIAし1ZI…D

軸A↑10”S。　’IH［：E凶VIRO軸腕El閣τAL　PROBLE凹S　ASSOCIAτ1三D　WIτH

lHE　USI三　〇F　FOSSI亀」こ　FO」E．しS，　1網　PARτ1［CljしAR　E凹ISSIO閥S　OF

SO2’嚇02　A軸D　CO2一一蹴柑THE　RESUし丁州τ

”GRE二ε閥HOUS眠　EFFECτ，∂　・r・輔ヒ（；AN賊01　BE　l⊃01L髄τED　OUτ　OF11三髄

巴爬OljGH．

「1樋Aし．LYρ　マHERE　IS　A　髄隔しD　τO　POINτ　OU丁　A　FAC胴10R　I憎　THE

E四ER6Y　SEC1’OR　τUAT　HAS　尉OT　駐1…E網　¢1VEN　SIjFF三CI侃髄τ

A’「TENτ10開　εV賦RYWHERE：
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ASIDE　FRO凹　OUR　τRAI閥　SYSTEMg　WHICH　R迦jNS　O軸

ELECIR1CIτYρ　THE　τRANSPORT　SEC1’OR　IS　AしHOSτ

COHPLE可1…⊥Y　DEPl三閥DENτ　O開　01し　一一・　τHE　RESE殺VES　OF　』蒔ほCH

Ar～E　QUITl三　し1麗ITED，　』に　Wll」層　嚇E巳D　τO　BUII」）　Up

SUFF1【CIE：NT　訣εSE二RVES　OF　O1L　SO　AS　TO　BE　ABL［：　τO

SUSτAIN　I軸DISPE湘SABLE　τRA”SPORT　SERVICES　OVER　A四

［X写E”DE：P　P旺R10D　OF　」丁1輔E；，　WL　閥El三D　ONLY　1’H1吋K　OF　τH［：

VOしU凹E　OF　TRA髄SPORτ　REQIjlRED　τO　SIjPPしY　OI」R　CITIES

WIτH　FOOI）　1三VEI駐Y　DAY　τO　UNl）ERSTAND　’IHE　PROBし」三凹S

I爬VOしVED．
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W】LτH　τHIS　I”　醜IND　τ磨i1こ　BO閥N　60VERN凹ENT　PURSUES　τHE

FOしし0レ01純G　STRAτEGY：

O　AN　l三F「ORT　IS　BEI軸G　凹ADE　τO　SAVE　E”ERGY　BY　IMPROV1鈍G

　　τHl二　’じεCHNICAI＿　EFFECτIVEN［SS　OF　E越ERGY－CONSU凹1NG

　　DEV！CES　A捕D　駐Y　RECYCし1NG　RESOURCES・　1THε　SOCCESS，

　　E×P正Rl［：NCED　IN　τ11E：SE　AREAS　1”　RECI三口τ　YEARS　HAS　BE［四

　　醐0’「ABしE　A髄D　E腿COI」RAGING　A閥D　HAS　RESUし’『ED　I睡　PUτTI紬ε

　　E：軸ERGY　CONSUHP1『10睡　しEVEしS　CO髄SIDERABLY　BEしOW　WHA」「

　　rI　1圃AS　PRεDICτED　τHEY　同OUしD　BE　O闘　1’HE　BASIS　OF　PASl

　　P験OJεCT1：0圃S，

O　AN　EFFORτ　IS　Bに1髄G　凹ADE　o「O　HAKE　ljSE　OF　ALL

　　TεC樋湘1CAししY　AND　COM卜qlこ快C1Aし．しY　rEASIBLE　FO臓MS　OF

　　I二閥ERGY　PRODuC1】［0紬　一一　AND　1」O　DEVEしOP　FI三ASIBLE

　　簡EマHOD＄　OF　EXPLOIτ1網G　ALτE駐閥A1’IVE　E田E快GY　SOIjRCES

　　SUCH　AS　SOLAR　E験OERGY．

O　O1し　RESERVES　A只ε　BEING　B馳」1Lτ　ljp　rOR　τHし　τ験A閥SPORτ

　　Sl三C、’OR．

O　OIL　IS　B［：1閥G　職εPLACED　臼Y　COAし　回H巴REVER　τHIS　IS

　　POSSIBLI三．

o　COAし　1LS　BE1網6　RεPしACI三D　BY　閥uCL巴AR　POWE：罐　1閥　THl三

　　εしEC1冒RIC1τY－P聡ODUCτ】［0瞳　SECτOR．
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9、1HLRΩ．LL旺」証厘⊥1颯」コ鵬

しOOKI糊G　AI1巴AD　TO　THEI「UIURヒ，　PRIHARY　ε閥ERGY

CO”SUHPτ10軸　1凶　τH【三　FE1）ERAL　RI三PU猶Llc　oF　GER納A閥Y　｛：：A糊　BEl

EXPεC幽『ED　TO　SτAG髄ATE　AT　AROUND　390　凹凹しLIO凶　U四IT　110”S

OF　COAし　P巳R　Y［IAR．　THI＄　VOLU凹E　OF　に粒ERGY　CO四SU腕P1’IOn

WOULD　BE　COVE只ED　Aτ　FAIIミLY　CQNSTANT　し』こVEI＿S　OF　AROU閥D

30器　BY　COAし。　15瓢　BY　GAS、　AND　LESS　τHAN　5駕　BY　OTIiε股

P駆～1問ARY　SOURCES．　1∩卜豊E　CURRENT　鞠O％　SHARI三　SHOWN　BY　OIL

Aτ　τHl三　Pa巳S［N了　τ194L　WILし　PにCし1N能　1’O　AROU糊D　35駕　BY　、’Hヒ

YEAR　2000　一一　AしTnOUGH　CO四Slj凹P1’10鵬　W1し．L　S‘1AY　AI　ABOU1’

τHE　CIjRRE四τ　しEVEし　1嚇　τHE　τRA凶SPORT　SにCτOR，　THIS

DECLINL　WIしし　BL　凹Aじ眠　UP　「OR　BY　A髄　1NCR転AS1髄G　1N　TH巴

S11A険じ　Or　NUC：し駐1AR　I二紬に貸GY　甑N　τ111こ　1’0’『AL　FROh　ユ．0実；　τ0　15実；

1閥　τHE　SA凹E　P巴RlOD，　1鵬　τ1・奮E　CO凹1越6　YEAR＄　E豊」三（：L「書～1C1、IY

PRObuCτ10N　W裏象」＿　1粒C鞭EAS荘　BY　A　τHIRD　一一　　FRO凹　AROU吋D

止塾00　BILLION　K1吋1・1　1髄　1985　一一　τ0　凹ORE　1．HA闘　1～20　BILし10閥

KWH　In　τH［　YEAR　2000。　’『H［：　SHARE　NUC亀」ζAR　I三閥旺RGY　WII＿L．

liAVI乙　1N　τ日凪　OV正RALL　A圃OUNτ　OF　ELECτRIC1τY　PRODUCl…D

W1しし　RE：興AIN　FA！臓1＿Y　CONSTAN1’　一一　A下　ABOUτ　35％，　1閥

ABSO翻」」τ旺　TERHS　τHIS　』置Iしし　A醐OU紬丁　’10　A閥　1NCRεASI三　〇F

SO糾EWHERE　AROUND　1増O　TO　170　Bll＿1＿10N　l〈WH　PER　YEAR，
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1’HESに　FIGU只εS　納AkE：　1【T　CI」…：AR　’『HAT　REPLAC1髄G　NIjCl＿EAR

し髄に曜聖GY　I嚇　A　SHORT一τER潤　SCE．NARIO　WOUしD　”0τ　Bl三　WlτHOUτ

1τS　PaOBし巴ns，　6E：ττ1髄6　0uT　OF　吋uCl＿E：AR　E紬ERGY　」』一　〇R　AS

SO岡1三　PO豊」【TIC1ANS　PREF巴R　τO　SAYσ　紗GにTτ1N6　1髄τO　G［：ττ1陀G

OUτ鱒　OF　髄ljCLI三A飛　1三艘ERGY　一一　SIいqPLY　CAN融0’1　BE　D⑪嚇E　OVER

’lHE　SHO飛τ　TER囲．　1純　OT日E映WOR1）S，　WHE1’HE：R　WE　WA四T　TO　OR

髄01’o　回E：　WILし　S1凹Pl＿Y　HAVE二　τ0　しIVに　W1τH　NIjCしEAR　ENE：RGY

FOR川旺FOR旺SEl三’ `Bし［，　FUτり駁蝋．　THE　SAドετY　S1・AM）ARDS胴

PLACE　I輔　τHE　FlこDERAL　lモEPUBLIC　OF　’GER凹A”Y　凹AKE　THI＄

FにASIBLE．　’ro　凹Y　WAY　OF　τh1MくIN6，　IT　回OUI－D　NO」i　BE　VI三RY

CO”SIS了ENτ　τO　CO粒SIDER　’n｛E　純uCし1三AR　ENERGY　SAFETY　R1＄K

ACCEPτA睡し［：1＝OR　A閥　1嚇｛三V151’AB馳」三　τRA閥S1筆’10NAL、　PεR10Df

O四しY　」τO　RLJE（；1’　1S　AS　U鱒ACC彪，PLTA毒3LE　A1’　A　LAτLR　POI囚τ　1閥

τmE．

1τ　1S　OUR　LrASk　τO　凹AκE　’『Hl…：　USE　OF　腿UCL［AR　し髄ERGY　AS

SAFε　AS　POSSIBしヒ　・一一　AND　夢60τ　』IO　RE⊥AX　I四　〇UR　［：FrOR1　τO

CO軸τ1軸UE　I納PROVI閥G　潤ljCし［IAR　SAFE1’Y．　CしOSI三

1軸τ£aNATIO閥AL　COOPE綬A’IION　IS　lbHE　PRE罐EQり1S1τE　ドO映

τ魯11S。　ANOTH［：R　SεR1：0US　ACCIDE腫1　SO凹εIWHERE　IN　1「HE　回ORLD

WOUしD　CON「RO髄τ　τHE　O勇ucしEA映　E湘ERGY　SεC：τO聡　WI’rH　SEVER［：

一一
@PL快HAP＄　巴Vl三四　1USURHOU網1●AB題＿E　一一　P臓OBしE納S．　1τ　CAN

AL隅OSτ　Blこ　SAID　T奮モA1’OUR　PASτ　DEPε”DENCY　O髄　冨HE
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OIし一PRODUCIN6　COUNτRILES　一一　A　DεPに純DE麗CY　WE　SOUGHT　TO

OVERCO凹E　BY　E×PANDING　OUR　ljsI三　〇F　NI』CI」…：AR　E閥E訣GY　・一一

HAS　BEE閃　REPしACにD　TODAY　磁Y　A髄　1L髄丁［R閥Aτ10四AL

DEPENDENCY　ON　軸UCしEAR　SAFEIτY。　IF　THOSE　RESPO四SIBしE

FOR　τH【二SE　QUESτ10鑓S　ARE　1閥　AGREにME鑓‘1’　ON　L「HISρ　THl：吋　WE

回1しし　B［　ABし巴　’10　LOOK・Al鯛三AD　CONrlDE験曝’1’LY　τO　A　SE：CURε

F”τURE　1N　E閥E：RGY　τE：R凹S，　THER巴　WIしし　B旺　A　GOOD　CHA爬Cε

τH［：”　IHAτ　Wl三　Wlしし　13L　ABLE　’1」O　SA轟1’1SI＝’Y　ヒ閥旺殴6Y　四［にDS

Rεし1ABしY　A軸D　SAF眼しY　Aしし　OVER　1’HE　WORし，D，
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NUCLEAR ELECTRrC!TY THE ANSWER 1'O THE ENERGY CHALLENGES

OF THE NEXT CENTURY

       J. P. Capron

        chairman
Cornxnissariat i 1'Energie Atomique

         France

Zt is always a great pleasure and an honor to be invited to addre$s
the very select audience gathered during the JArF; but this year,
this pleasure is somewhat overcast by the uniortunate demise of
Mr. Ari Sawa. We all knew how closely he has been involved in the
development of nuclear energy in this country and the personal care
he has taken to make of these JAZF meetings one of most itaportant
yearly events on the international nuclear scene. ! want to' express
again the profound sadness felt by the whole french nuciear
community when it was reached by the news of his death.

:n spite of his age, he had kept a young
developments of nuclear technology and
would have had extremely wise corarnents
subject: the shape ot our industry at
century !

man's interest in
r am quite sure
to make on this
the begining of

 all the
 that he
exciting
the next

fig. 1
As each of you is certainly aware, Erance
launch a raajor ･nuclear effert in order to
dependance on f6reign energy. up to now, we

decided 15 years ago to
reduce dramatieally its
have met the ehallenge:

- more than 70 * of
  national utility,

 t.he electrieity
is nuclear,

generated by EdF, our

- almost 50 %
  domestically
  are' still not

of the priraary energy
produced, although our
 worth mentioning.

consumed in
fossil tuei

France is
ressources

:t is now obvious that the french nuclear industry has reaehed
maturity: it is difticult to imagine how the share of nuclear
energy could prOgress much further in our grid and our main concern
is to reap the economic benefits which go with cheap electricity.
Eew new units are to be ordered between today and the early XXIst
centuryt since capacity just has to foilow the increase oi the
demand and all conventional power stations deserving to be phased
out are idle.
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The fact that the french energy preblern has beeh successfully dealt
with does not allow us by any mean to consider the issue as settled
and, therefore, that the time.has come to reduce speed en nuciear
R&D.

We are convinced that it would be very risky to take it ior
granted, since leadtimes in our industry commonly exceed the
decade. So, before taking any drastic courset we have to project
ourselves into the next century and to answer two main questions:

      - is nuclear power a transitory iorm of energy or is it there
        to stay ?

      -- how will the industry shape in ten to twenty･years time and
        what are its raain technelogieal trends ?

Those are the two issues : intend to address in this presentation.

r. NUCLEAR E;,ECTRrCZIrY :S THERE TO STAY

tig.

fig･

1. A tew facts about demo r.a h .
2

   Tn energy as weil as in other econonic fields, demography shapes
   the'tuture and is the driving tactor behind many an evoiution.
   Today, the world population arnounts to some 5 billion inhabitants,
   twiee as mu"ch as only 25 years ago. According te most aceepted
   models, based upon rnortality and fertility rates, the asymptotic
   value of the world population is assessed at 10 billion people,
   this level being reached around the middle of the next century.

   Zn the history of raankind, baring a major epidernic or war, the
   second half of the XXst century and the first one of the XXZst will
   remain as a period of unparalleled pepulation growth, during wbich
   the number oi human beings will have been multiplied by a tactor of
   four.
3

   Simultaneously, substantial changes in the geographic distribution
   of pepulation will eccur;

         - the growth will take place mainly in Asia and Africa, the
          weight ot this last eentinent altuest doubling frem 11 * to
          20 *;

         - people will tend to leave the eountryside and to congregate
          in large cenurbations, this move reflecting a shift from
          agriculture to industry in a growing number of countries.
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2.

4

The im act on lobal ener     .re ulrernents.
fig･

fig･

   The world prirnary energy consurnption has reached some 7.5 billion
   tonnes oil equivalent (toe> in 1986, that is to say 1.5 toe per
   capita on the average. However, the consumption per capita is
   strongly eorrelated with the GNP per capita, leading to wide
   disparities from one country to the other. For instance, a
   seandinavian or a north american requires 7 toe when a japanese or
   an european is happy with 3 to 4 toe and when a ehinese has to do
   with O.6 toe and an ethiopan peasant with 10 kilograms !

   The population of industrialized areas, which now accounts for
   three quarters of the world primary energy demand, will remain
   stable and it is the less developed regions which, at the same
   time, wilZ experience the fastest demographic growth and move from
   an agricultural economy to an industry-driven one.
5

   Although much has been done in industrialized countries since the
   70's to save energy, irnprovements are st±11 to be expected because
   the pattern of industrial development favors sectors in which the
   input of energy is low. Nevertheless, the everall effect should
   rernain rnarginal when compared to the needs of developing countries,
  which wilZ require more energy per capita in order to fuel their
   shift towards industry and provide more decent living standards to
   their citizens.

   The last World Energy Conference, held in 1986, has shown that a
   large nurnber of experts agree upon an ave'rage energy intensity of 2

   toe per capita, roughly what is recorded today in the least
   industrialized parts of Europe, and on a global energy requirernent
   of 20 billion toe by the middle ofi the next century･ ,:L!l-su!J!g!!,u,yt a tu 11

   rneans that the worldener consumtionis exected alrnost to
treble when the world o ulation will 'ust double.

3.pmth tibtionofnucle 1t :t.
   To meet these needs, every available source of energy will have to
   be surnmoned, and the contribution of nuclear eleetricity could well
   be a decisive one:

        -it is rnass produeed and is liabie to no physieal
          iimitation, thanks to the breeder technology, whereas any
          sharp increase of the demand of fossil fuels is doomed to
          send the prices commanded by those commodities spiraling
          up;

        -it is cost-efficient, since the nuclear kilowatthour is
          cheaper than the oil or eoal generated one as Zong as the
          price ot oil does not go under the 10 $lbl mark which, even
          if that would be 'the case,,would not last very long;
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      - it locates the added value at the consumers rather than in
        the hands of the producing countries.

Noreover, r am convinced that the key argument in favour oE
nuclear energy is the protection of the environment, which will
raise more and more concern in the general public with the fast
increase of the world population as well as of the use of energy.
To make my point, r will recall a few facts about poliution and
public health:

tig. 6
-by careful examination of samples of polar icet it has
  beeome possible to reconstruct the atmospheric
  concentration oi carbon dioxyde during the historic times
  and the result is rather irnpressive as you can see on this
  slide. The eausal interaction between ternperature and
  carbon dioxyde in the so--calied greenhouse effect is not
  yet fully understood and remains a subject of controversy;
  nevertheless, a growing number of scientists are expressing
     ,  serlous concern.

fig. 7

fig. 8

- a typical power statien, stoked with ceal or residual fuel
  oil, diseharges huge amounts of pollutants in the
  environrnent, some of thern being well known poisons sueh as
  sulphur dioxyde or nitrogen dioxyde. Zn eomparison, a
  nuclear faeility just releases a srnall arnount of
  radioactivity, not so different frorn what comes frern the
  naturai radioaetivity of coal.

  Zn that respect, the freneh case previde a good
  illustration ot the environrnental benefits derived from
  nuelear eiectricity: sulphur dioxyde releases in the
  atrnosphere have been halved between 1980 and 1986 when,
  during the same period, the average reduction in other
  european ceuntries has amounted te, only 20 *.

fig. 9
-- at this point, it is worthwhile to rnake a few eornments
  about thresholds of toxicity, a subject which is very often
  ndsunderstood. This table shows that the norms for
  population exposure are rnuch more conservative for
  radioactivity than for sulphur dioxyde.

  For this last pollutant, the diiferent national limits are

  rnore or less in line with the concentrations you can t±nd
  in sorne industrial areas during winter and remain close to
  the level at which you begin to record the first effects on
  health. They are actually one hundred times higher than the
  average natural background.

I-2- 4



       On the contrary, for radioactivity, a factor exceeding ZO
        is taken between those first effects and the international
       llilEMavfeOrragPeOPnUaltautriaOlnSb'actkhgirSou:3Ern being just slightly above

All this tends to prove that nuclear power is, in the present state
of science, the only way to afford growth without ,triggering a
rnajor ecological disaster.

:Z. SHAPrNG THE NUCLEAR TNDUSTRY OF THE XX!st CENTURY

fig. 10
Even if the pace at which it penetrates the energy rnix may vary
frorn one country to the other, nuclear electrieity has now b.eeome a
perrnanent feature and a major.contributor to the energy supply of
the industriai world. rt means that we have to sustain an R&D
effort consistent with the size of the industry and the deadl±nes
it has te meet.

As regards France, our nuclear R&D is now organized along three

main lines ef action: ･
      - persistence on safetyr

      - shift in favor oi the fuel cycle,

      - detinition oi the reactors of the next century.

1･2tg!zs.lig!!gugg-g!Ls.aj;g!lyt ft･

   To my knowledge, nuclear energy is the first human activity in
   which research on safety has always gone together with technology.
   Since the very beginig, safety has been a strong concern for
   seientists and designers, because of a ingrained reluctance from
   the public towards something which remains sornewhat mysterious and
   new, even 40 years after the first tission reactors.

   After Tchernobyl, this distrust has grown more vigorous and it is
   vital for the nuclear industry to pay a rnaximum amount of attention
   to all questions related to safety even if, in a country such as
   France, there has been no easing off on the issue.
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fige

   rf the accident which occurred in Soviet Union does not provide us
   with so many teachings, as iar as reactor design and operations are
   cencerned, it nevertheless prompts us to maintain a signifieant
   effort on the following subjects:

        -intervention procedures, intended to minimize the
          consequences of q serious accident;

        -- fast diagnosis of contarninated populations, in case oi a
          large release oE radioactive materials;
11
        - work in hostile environments) especially with radiation-
          resistantrobots'; '

        - better cornrnand over the human ±actor;

        - regeneration and recovery of contaminated soils.

   Rernains the endless controversy about the so-called "intrisicaUy

   safe" reactor. .
   I personally think that it may be dangerous to let oneself be
   deluded by rnere words. Tn OECD, nucZear safety is rnuch more
   stringent than what is the accepted standard in any other industry,

   in order to reduce to sornething negZ±gible the probability of an
   accident and to ruake sure that, even if that very unlikely accident
   occurred, its consequences for public health would remain ninimal.
  '`T iirmly believe that further improvements are possible and
   desirable; but it would be swindling the public, at the risk of
   raising justified criticism, to make it believe that absol'ute
   saiety is, as if by magic, within easy reach.

2. The stakes in the fuel c ele.

Xn CEA,
cycle:

we are pursuing three major

laser isotope separation,

         ,reprocesslngt

waste rnanagement.

programs related to the fuel
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fig.

   a}lttgEg!:ml,t eat:

   Uranium enrichrnent is a key step of the fuel cycle, sihce it
   represents some 10 * of the cost of the kilowatthour and requires,
   in the present state of technology, huge and expensive facilities.
   Seleetive ionisation of atomic uranium vapor with laser light seems
   a very promising route to improve the economics of the next
   generation of enrichment plants, which could come on line at the
   begining oi the next century:

        - it could cut down costs by 30 to 50 *;

        ･- it should take care eE reprocessed uran±um;

        - it wiil require srnall modular units, providing a greater
          flexibility to market fluctuations.

   T w"1 not conceal you the fact that the program is not an easy
   one; but the progress raade these iast years in our labs is more
   than encouraging and we can now consider full system development.
   The main cornponents:

        - copper vaper lasers,

        - tunable dye lasers,

        - optics,
12

        - evaporation and collection devices, one of wh±ch is shown
          on the present slide,

   are currently being tested by CEA, in conjunction with the french
   industry, the next step being the cornplete integratien in a pilot
   taeility of representative size, in order to check the econondes of
   the proeess. Preliminary evaZuations already lead us to expect a
   reduction of at least 40 % of the enrichment cost.

fig･

   b} Re recessin :

   The great affair is presently to start up suecessfully the
   extensions underway at ba Hague and to implement a smooth transfer
   of technology in direction of the Rokkasho--Mura project.
13
   Yeu can loek at a rece4'nt photograph of the site oi La Hague, which
   gives you an idea ef the progress of the construction of the
   plants.
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fig･

fig･

fig･

fig.

   Operating experience of UP 2 (whieh, at the end of february 1988,
14 has reprocessed a total of 2200 tonnes) and eareful engineering
   give a good guarantee that the commissioning of the new tacilities
   will proceed accoraing to schedule. All the major cornponents
   undergo tuli scale testing by CEA: for instance, the bucket wheel
   continuous dissolver, which is presently shown, has been modified
   to allow final testing in Marcoule before incerporation in UP 3.
   Centrifuges, pulsed columns remote handling devices are also
   extensively tested before tinal design and installation.

   When IJa Hague will have been started up, in the early 90's, R&D
   will have to be ehanelied towards eost reductien through the return
   of experience trom the operating plant,s, in order td justify fully
   the option to reprocess early, rather than aeeurnulate in pools
   inventories of irradiated fuel.

   e) !W!AS!!9-!{!g!!gg9Ig9I!!t t:

   Waste managernent requires speeial cares, because it is not only a
   teehnical problem, but has become a central issue in the debate
   with the general public about aeceptance of nuclear energy.
15

   As regards short-Zived low and rnedium activit wastes, r think
   that we have now a working solution availabie. A second site,
   loeated in Soulaines has received fuil approval ot the relevant
   publie authorities, construction work is now proeeeding as yeu can
   see from this pictur6, and cornmissioning is planned for 1990.
16

   As regards hpmt1 1 t ,rconsider that the theoretical and
   experimental work which has been rnade in CEA labs dernonstrate the
   ability of certain geological forrnations, eombined with engineered
   barriers, to safely contine radioactivity during the period it wi!1
   take ior each radioisotope to decay.
17

   The time has now corne for in situ testing. So, a propesal for an
   underground laboratory will be subndtted to the Government by the
   end of 1989, nining should begin in 1990 in order to complete the
   validation prograrn bY 1996. rf, then, the site proves adequate, the
   repository could become operational at the turn of the century.

3･ITLgg-!zgg!!!g!zs-g!-!Egg-ug2g!.gg!Ml!u:Mh t ofthenextcentur･

   The french electro-nuclear reactors
   they are worth rnore than 100 billon
   two purposes:

        - rnaking the most out of that
          availability and lifetirne;

constitute a major investment:
$7 i'n eonsequenee, our R&d has

investment, in terrns of cost,
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fig･

fig･

fig･

        - preparing the decisions whieh will have to be rnade at the
          beginning of the next century to replace the oldest of
          these facilities.
18
   To address the first of these two purposes, we try to improve fuel
   designs anct we are introducing mixed-oxyde fuel incorporating
   plutenium oxyde in the 900 MW units. High penetration rates of
   nuclear electricity also imply load following: we started this mode
   of operation back in 1978 and we have found that PWR are quite
   flexible and werk very srnoothly at partial loads. Our experience is
   now extensive and we are quite confide.nt in the safety of such a
   policy.

   For the longer term, Z feel that it will be made of a comb±nation
   of two complementary designs: the advaneed PWR and the fast
   breeder.

        -- Work on advanced light water reactors deals rnostly with
          under-moderated or shift-spectrum type cores, loaded with
          mixed-oxyde tuel. Such designs take a better advantage of
          the energy potential of natural uranium and would give more
          time to commercially deploy the breeders which alone allow
          a full exploitation of that potential.

        ･- Fast breeders have foeused interest since a long time in
          several ceuntries: Japan, Franee, the United Kingdom and
          other european nations. Unlike fusion or other "energies
          for the future", their feasibility is demonstrated. Recent
          work in CEA lead me to think that there is a iarge scope
          for cost-improvements, in reactor design as well as in fuel
          cyele. As you know the main european utilities, gathered in
          the European Fast Reactor Utility Group, are considering a
          study leading up to a preeompetitive breeder. In France, we
          fully support that initiative.
20
   Tt is extremely important that reZiable datas about the econondes
   of those two designs should be available to us between the years
   2000 and 2010, in order to decide what will be the next generation
   of reactors. Persenally, : think that breeders stand a very good
   chanee of being tully cerapetitive then, if the nuclear industry

   rnakes the necessary effert. We already possess strong ev±dence
   according to which design rnodifications can significantly reduce
   the investment gap between the breeder and the PWR and there is
   still scope available for further improvements.

   Zn Erance, we have been very happy to see that this trust in the
   tuture of the breeder is shared in this country and we feei
   particuZarly honered that, when looking for exceptionnal
   achievements in the field of energy research, the jury of the Japan
   Prize has thought tit to piek the narne of Dr. Vendryes.
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                        I::. CONCLUDrNG REMARKS

                                         '
   To conclude this presentation, X will try to summarize a few ideas
   about the future of nuclear energy:

1) Nuclear power is already highly competitive in electricity
   generation and there is still ample scope for further cost-
   ,   lmprovements.

   The rnain obstacle to its development is an obvious reluctanee from
   the pubZic, whieh stems baek to soraething rooted very deep in our
   unconscious: the fear of what is new and unfamiliar.

2} For that reasen, a country takes the nuclear optien only when St
   feels that it has no other choice: it has been the case of Japan,
   Belgium and France with the energy erisis of the 70's.

   rn other countries, where alternative sources of energy are
   available, the penetration of nuclear electricity will be much
   slower, as long as some new drastic change on the energy scene does
   not convince their public epiniens that the tirae has corae to vaake

   the jurnp to nuelear. .

3) Such an event could be triggered by the widening gap between supply
   and demand of eleetrieity in several industrial countries.

   Electricity not bei'ng storable, a shortage of that comrnodity would
   be even rnore disruptive than a shortage of oil.

               '
4) Anyhow, great care must be taken in the way nuclear energy is
   treated in terms of communication, in order to present honestly to
   the public opinion the difierent energy options and their
   eonsequenees on dependance, envirenment, supply and costs.

                                    Tokyo, le 13 avril 1988.
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THE PROSPECTS OF NUCLEAR POWER DEVELOPMENT IN

      Chen Zhaobo
      Vice-Minister
 Ministry of Nuclear Industry

 People's Republic of China

CHINA

Mr, Chairman, Ladies and Gentlemen,

    I am greatly honoured to be invited to attend the 21st JAIF annual conference, and to

address here. I would like to express my hearty thanks to my Japanese hosts.

    I wish to take this opportunity to introduce energy situation and the prospects of nuclear

power development in China.

              '

I, ENERGY SITUATION ,INDICATING THE IMPORTANCE OF NUCLEAR POWER
    DEVELOPMENT IN CHINA

1, GENERAL REVIEW
    China suffers energy shortage despite of a 36 times increase of primary energy production

from 24 million TCE (tons of coal equivalent) of 1949 to 900 million TCE of 1987 and a 115

times increase of electricity generation from 4.3 TWh of1949 to 496 TWh of 1987 (Tab.1).

    Statistical data in the mid of 1980s shows that China's total conventional energy resources

amount to 700 billion TCE out of which, coal accounts for 85.6%, hydropower 11.8%, petro-

leum 2.5%,and natural gas O.1% (Fig. 1).

    China is characterized with a geographically uneven distribution of energy resources. Where-

as 80% of coal are deposited in the interior of northern China, most ofthe hydropower potentials

are scattered in the deep valleys of south-western China (Fig. 2). As a result, China's better-

developed areas along the coast including some major industrialized provinces and cities which

contribute 80% of the gross national industrial products are blessed with only 12% of China's

total coal resources.

                                                                             '
    At present, China still depends on coal for its primary energy source. For example, in the

Year of 1987, coal accounts for 72.496, oil 21.2%, hydropower 4.4% and natural gas 2% (Fig. 3),

although since 1949, the big changes of the structure of primary energy production have been

recorded (Fig. 4).

    Electricity generation in China, however, consumes about 23% of the present primary

energy, and coal makes up 6096, hydropower 23%, oil 15% and natural gas 2% (Fig. 5).

    For a long time, China has been subject to insufficiency of electricity generating capacity.

Presently, a shortage of 15 "v 16 gigawatts capacity of 70 "v 80 TWh electricity per year is plagu-

.

ing China. Consequently, about 20% of industrial production capacity is not yet fully utilized.

This is one of the constraints on the development of China's economy.

                                      I-3- 1



2. THE IMPORTANCE OF NUCLEAR POWER DEVELOPMENT
    Since the policy reform and opening to the outside world was adopted, national economy

in China has scored a rapid development. It is estimated by Chinese energy experts that with

                         '                              '                                                                     'such a development, the total energy demand in China would increase to 1.6 billion TCE by the

  '                                                                            'year of 2000 and 4.7 billion TCE by the year of 2030 (Tab. 2).

    According to the estimates of many influential researchers, coal-fired plants can only afford

half ofthe needed electricity whereas hydro powered stations can offer 20%, leaving 30% open to

problem towards the year of 2030.

    It would be insufficient to rel･y solely on conventional energy source in meeting the inter-

mediate and long-term demand of economy development in China, whereas:

'

The conventional energy resources per capita in China is lower than that of the world's

average.

The serious problem of coal transportation will become more serious as some 400

million tons of coal is estimated to be transported around by the year of 2000.

If it is to build coal-fired plants somewhere about the coal provinces, the difficulty in

long distance power transmission is hard to be well solved.

Furthermore, coal-fired plants cause plaguing environmental problems and destruction

of vast areas of farming lands.

    A conclusion drawn from the above is that nuclear power plants are needed as a supplement

in near term and as one of supporting energy sources in intermediate to long term consideration,

    Therefore the Government of China pursues the policy of developing nuclear power. The

known nuclear accidents have not hampered this established policy.

II. THE PERSPEC[IrlVE NUCLEAR POWER PROGRAMME IN CHINA

1. THE REACTORS
    No other than the common consideration of reactors development:

        The first step: thermal reactors;

        Thesecond: fastbreeders;

        Thethird: fusionreactors,ineludinghybridreactors;

The last two steps are still under investigation,

    As to the thermal reactors, PWR is now under construction with advanced PWR being

investigated. At the same time, we keep research work on high temperature gas cooled reactors

and carry on technical cooperation with foreign partners; carry out the research and design

work on low temperature heat reactors towards building it in northern China.

2. THE CAPACITY
It is expected that some 5,OOO "v 7,OOO MWe would be put into operation and about 5,OOO
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Mwe would be under construction towards the year,of 2000, installed capacity would increase

to 3o,oOO MWe by the year of 2015 (Tab. 3), share of nuclear pwoer could be increased to some

similar degree as that of coal-fired plants towards 2030s. Now Qinshan 300 MWe Nuclear Power

plant is at the construction peak, wherein the containment has been c}osed and the erection

started in the nuclear island. The civil construction in Daya Bay Nuclear Power Plant is now in

full swing. The second phase of Qinshan 2 × 600 MWe project has been listed on the state plan

and the negotiation with foreign firms is underway, with the successful realization of this pro-

gramme, China's long-term electrical power gneration strucure would be changed with increasing

of nuclear power portion (Fig. 6).

                    '         '

3, NUCLEAR FUEL CYCLE
    1) UraniumProspecting

    Over the past 33 years of exploration, various types of uranium deposits have been dis-

covered. The proven uranium reserves and potential resources could meet the demand for

nuclear power development.

    2) UraniumMiningandMilling

    A number of uranium mines and mills are in operation. When needed, new mines will be

developed,including heap leaching and in-situ leaching.

    3) UraniumConversion

    The existing capacity can satisfy the demand of nuclear power development.

    4) UraniumEnrichment
                                                              '
    With upgrading of technology being carried out continuously, gas diffusion plants have

been in operation for many years. Research is presently concentrated on centrifugal and laser

techniques.

    5) Fuel Element Fabrication

    The 15 x 15 fuel assembly line has been put into stream. The fuel assembly is for Qinshan

300 MWe Nuclear Power Plant. It is expected to enlarge thecapacity through cooperation with

foreign firms in fabricating 17 × 17 or 18 × 18 fuel assemblies for 600 MWe and 900 MWe plants.

    6) Spent Fuel Reprocessing

    A pilot plant for power reactor spent fuel reprocessing is planned to be constructed in the

near-term, and then a commercial reprocessing plant will fo!low.

    7) RadwasteManagementandDisposal

    The bitiumen and cement solidification techniques for low and medium level radwastes

have been grasped. Hydro cracking technology test for medium level radwaste has also been

eompleted. Research work is currently carried out on vitrification for high level radwaste,

vitrified block disposal, decommissioning and safety evaluation.

4. NUCLEARSAFETY
    The principle of "Safety First and Quality First" has been firmly implemented in all aspects
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of nuclear power development since its very begining under the strict supervision of the'National

Nuclear Safety Administration. Taking IAEAfNUSS for reference, a series of urgently needed

regulations have been formulated and put into effect. Thegovernment and the public,as well as

nuclear eommunity itself, attach great importance to ensuring nuclear safety.

5. THE ORIENTATION OF R AND D
    Research and development of nuclear science and technology is orientated to facilitate the

building of nuclear power plants, to reduce the cost of nuclear fuel production, as well as to

ensure the sa,fety of nuclear industry as a whole. At present, 12 research and design institutes of

MNI in 7 cities are earrying on these works (Fig. 7).

III. INTERNATIONAL COOPERATION

    In accordance with the national policy of opening to the outside world, China has already

established peaceful nuclear cooperative relations with many countries. For example, in recent

years, we have signed bilateral agreements or protocols on peaceful use of nuclear energy with

13 governments and non-governmental organizations of Italy, Francb, FRG, Japan, United

Kingdom, U.S.A., etc., and we have established elose relations with foreign companies. All this

has promoted China's nuclear energy development and fostered international relationship.

    We hope to further develop the international cooperation and are ready to explore with a

sincere attitude, any possibility of foreign participation in China's nuclear power programme,

such as joint venture, foreign loans, "BOT (Building-Operate-Transfer)," and many others that

might be syggested by industrial and commercial circles around the world.

IV. CONCLUSION

    As stated above, China's economic development is handicapped by the shortage of power

supply, and in meeting the intermediate and long-term demand of economy development in

China, it is hard to solely rely on conventional energy source. We are confident that nuclear

power in China will have a bright future.

    China and Japan are friendly neighbors. We appreciate the great achievements of our

Japanese counterparts. We command the good relations both in scientific-technical exchange

and trade in the area of nuclear energy. We believe that,through mutual efforts, China and Japan

will further intensify the cooperation in this field.

    Mr. Chairman, Ladies and Gentlemen,

    Let me once again express my thanks for inviting me to address the meeting.

    I wish the conference a great success.

    Thank you.
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Table 1 . Thegrowthofprimaryenergyproduction
  and electric power generation

1949 1987
Multiplication

ofthegrowth
Averageofannuai
growthrate

Productionofprimaryenergy
(milliontonsofcoalequivalent)

24 900 36 1oo/.

Powergeneration(TWh) 4.3 496 115 13.40/o

Table 2. The prediction of long-term needs of energy in China

2000 201O 2020 2030

Grossneedsofenergy
{billiontonsofcoal
equivalent)

1.65 2.48 3.53 4.70

Table 3. The tentative program of nuclear power

1990 1994 2000 2015

Programmednuclear
power<MWe) 300 2,100 5,OOO-7,OOO -30,OOO
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日本のエネルギー政策と原子力開発のあり方

東京大学　名誉教授

　大　島　恵　一

　本日ここに、原産年次大会において「日本のエネルギー政策と原子力開発のあ

り方」と題してお話しをする機会を得ましたことは、まことに光栄に存ずる次第

であります。この問題に関しましては、一昨年の通産省「原子力ビジ習ン」、

「21世紀エネルギー・ビジョン」と昨年の原子力委員会による「原子力開発利

用長期計画」の日本政府関係のエネルギーおよび原子力に関する3っの重要な報

告書が発表されましたが、たまたま私もこれらのとりまとめに参画いたしました

ので、その時の内容を基礎に致しまして私の考えを申し上げたいと思います。

　まず、基本的には日本のエネルギー政策が大きな転換期にあるということを指

摘する必要があります。本セッションの題目である「エネルギー複合時代と原子

力政策」の「エネルギー複合時代」とはまさにこのようなエネルギー政策の大き

な転換を促すようなわが国内外のエネルギー情勢の基本的変化の時代が到来して

いることを意味していると考えます。

　国内にエネルギー資源をもたない日本にとって、エネルギー政策は、常に国の

産業政策、社会開発政策の二心課題でありました。薪炭；水力、石炭；石油、さ

らに原子力へとわが国の主要エネルギー源は転換していったのですが、この変化

は、それぞれ日本の産業社会の新しい発展の時代と対応するものでありました。

　現在、世界的なエネルギー情勢の変化の下において、21世紀へむけて「エネ

ルギー複合時代」という新しいエネルギーの時代を迎えるということは単にエネ

ルギー問題においての日本の転換を意味するものではなく、大きな産業社会情勢

の21世紀にむけての新しい展開に対応するものといえます。

　私はこの日本の産業社会の大きな転換を世界的な技術革新の新しい波によって

支えられた新産業革命の一環として見ていのでありますが、これと対応してエネ

ルギーにおいても資源集約から技術集約化時代に移行しているといえます。日本

のエネルギー政策もこの様な変化を軸として転換しっっあるわけでありますが、

原子力は最も技術集約性の高いエネルギーとして将来の申核的なエネルギー産業
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の役割を果たすべきものであると考えます。

　今日の日本のエネルギー政策において原子力1‡重要なエネルギーとしての位置

づけを与えられたわけでありますが、このような視点から今後の原子力開発のあ

り方について述べてみたいと思います。

1。　世界のエネルギー情勢の変化

　まず世界のエネルギー二三をみますと、今日需給において基本的は変革の時を

迎えています。1973年および1979年の2度におわたる石油危機はそれま

でのエネルギー需要構造に根本的な変化をもたらしました。1973年石油危機

によって4倍と高騰した石油価格は、さらに1979年の第2次石油危機におい

て遂にバーレル30ドルと20倍の高騰を見たわけですが、その結果、世界的な

エネルギー需要の低迷、それまでのGNPとエネルギー消費との相関のかい離、

さらに石油代替エネルギーの開発によるエネルギー供給の多様化などがおこりま

した。また、代替エネルギー供給の中心である電力の伸びが各国で相対的に高く

なり、電力化が進んでいます。

　特に先進工業国を申心として起こっているエネルギー消費とGNPの伸びとの

相関のかい離は、新エネルギー技術と省エネルギー技術の開発に支えられたエネ

ルギー需給の変化と同時に、他方、エネルギー多消費からエネルギー非消費産業

への大幅な産業構造の変化を伴ったものであります。すなわち第1次産業革命以

来、豊富・低廉なエネルギー供給をもって、産業社会発展の基礎と考えられてい

たエネルギー需要と国民総生産との関係が、2度の石油価格の高騰によって根本

的な変革を受け、エネルギー消費と産業社会の発展との関係に構造的変化をもた

らしたということができます。

　この変化の最も重要な意義は、エネルギー資源の有無によって強く支配される

と考えられていた経済社会の発展が技術開発によってその様相を一変したという

点であります。また、さらに重要な点は、これが単なるエネルギー技術における

技術革新の現われではなくて、より大規模な産業社会の変革をもたらしっっある

大きな技術革新の高まりの新たな波によるものでるといえることであります。
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2．　新産業革命と技術革新

　石油危機による世界経済の停滞と混迷が起こっていた1970年代中期から1

980年代において、エレクトロニクスを直心とする新素材、バイオテクノロジ

ー、メカトロニクスなどの技術革新は、いわゆる情報化革命をもたらしました。

その結果としての産業構造の変化は世界的なエネルギー多消費の重化学工業から

省エネルギー型の情報産業への転換となったのであります。

　石油精製、大型火力発電所、製鉄所を中心とする大規模臨海工業地帯への集申

産業立地から、より分散的は清浄な環境と水を持つ飛行場に近い地方立地へと変

化していったのでありますが、このことは、ある意味で産業の物質離れ、知識集

約化への転換であったわけです。また、メカトロニクスの導入による部品生産の

技術の高度化は、部品産業を組み立て産業の下請け的性格からより独立した産業

へと変化させました。そのことは必然的に単に国内での分散立地からより世界的

規模での産業の国際化をもたらしたのであります。この情報化は、さらに「人」、

「モノ」、「情報」の急速な国際化をもたらしました。。

　すなわち、情報化技術における技術革新は、新産業革命というにふさわしい世

界的な規模での産業構造の変化をもたらしたのですが、特にこのことは物質的な

天然資源のない無資源国である工業国の日本に極めて有利な条件を作り出したと

いえます。すなわち、産業の技術集約化は、日本の国際的な比較優位を強化し、

急速な先端技術分野における輸出の伸びと大幅は国際貿易の黒字をもたらすこと

になったわけです。その結果、国際的は貿易摩擦として、今日多くの問題を生じ

ていることは御承知の通りでありますが、エネルギー政策においても大きな転換

の必要をもたらしたのであります。特に1986以降の原油の供給血痂による価

格の下落と円高による相乗効果は、エネルギー政策の根本的見直しを急務とした

わけであります。

3．　日本のエネルギー政策の転換

　エネルギーの国内資源をもたない日本にとって、水力、石炭の国産エネルギー

資源依存の時代を経て、戦後の世界的に豊窟・低廉な申越石油の供給は極めて有

利なエネルギー情勢を作り出したわけであります。臨海工業地帯における輸入石

油に依存する重化学工業立地を中心とした日本の産業発展は、戦後の荒廃の申か
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ら今日の日本の経済的繁栄をもたらした最も基本的は要因でありました。

　したがって、1973年の石油危機は、日本にとって致命的な重大な打撃を与

えるものとみなされ、これに対応するために、エネルギーの安定供給、石油代替

エネルギー・新エネルギーの開発、省エネルギー技術の推進、さらに産業構造の

省エネルギー化といった政策は、今日まで日本のエネルギー政策の基本として推

進されてきたのであります。すなわち、「セキュリティー」と「コスト」が、日

本のエネルギー政策の申心的基準でありまレた。

　エネルギー需給構造の変化と1986年における急速な石油価格の下落は、日

本のエネルギー政策の根本的な見直しを必要としたわけでありますが、もちろん、

世界的な供給過剰と石油価格の下落に対応して、今後いかなるエネルギー政策を

とるかということが21世紀へ向けての重要な課題であります。しかし同時に、

世界のエネルギー情勢と産業構造の変化の申にある日本にとってのエネルギー政

策は、単なる石油代替、資源問題としてのエネルギー政策からさらに一歩ぽ進ん

で技術政策、社会政策さらに国際政策にわたる基本的かっ広範なエネルギー政策

の構築を必要としたのであります。

　すなわち、単に豊富・低廉なエネルギーの供給を求める量的な問題ではなく、

より質的な、エネルギーの高品質、利便性、安全性、クリーン性など、新たしい

エネルギー需要構造にみあうエネルギー供給が求められてきたのであります。ま

た、エネルギー危機以後、十数年の変化は、エネルギー需給構造におけるより柔

軟、強靱な構造の必要性を明らかにしました。すなわち、エネルギーの供給面に

おいては、エネルギー供給源の分散化、多様化が極めて有効に働くことが明らか

になりました。

　特に重要なことは、技術協力によって新しいエネルギーの創出が可能となった

ことがあります。すなわち、エネルギーの資源集約性から技術集約性への変化で

あります。そしてこの点で最も典型的なのが原子力といえます。しかし、石炭復

活にも大きな技術革新がみられますし、太陽・地熱エネルギー、その他の新エネ

ルギーの重要性の増加も技術によるものであります。技術開発によって裏付けら

れた経済性により、各種エネルギーが市場メカニズムによって競合する形で多様

なエネルギー供給が可能となりっっあるといえます。

　さらに需要面での電力化の傾向が指摘できますが、今後のエネルギー需要も質
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的要求の高まりにしたがって、単にカロリーベースでの経済性ではなく、より質

的な要求を考慮したコストが適用されるようになってきております。そのために

今後のエネルギー政策では重要な第3の柱として「ニーズ適合性」があげられて

おります。すなわち、質的な要求、需要面の多様化、さらには環境快適性に対す

る要求、地球レベルの環境保全などエネルギーに対する要求はますます多様化し

ていきているわけで、これらの「ニーズ」に適合するエネルギー供給がエネルギ

ー政策の柱となるのであります。このような状況の下にわが国のエネルギー政策

の見直しが行われ、将来のエネルギー政策は複合エネルギー時代、すなわち「セ

キュルティー」「コスト」「ニーズ適合性」の3点から最も最適なエネルギー供

給、さらには形態をとるべきであるというのが日本のエネルギー政策の基本的な

考えであります。

　これに加えて重要な点は、わが国のエネルギー政策における国際的責務の増大

であります。世界の一割経済国家としてのエネルギー消費においても世界の最大

消費国のひとつであるわが国は、エネルギー問題を単なる国内の社会・産業問題

としてではなく、国際的な視野においての責務を果たすことを重要視する必要が

出てきたのであります。

　特に発展途上国を中心とする将来のエネルギー需要の増大を考慮すれば、世界

的な視野でのエネルギー供給の確保のため、その力を注ぐべきであります。特に

エネルギーが技術集約化する点で日本の役割は重要であると考えます。また、環

太平洋地域の将来のエネルギー需要の増大が見込まれる時に、この地域のエネル

ギー資源に強く依存しているわが国の立場を考えるならば、環太平洋地域におけ

る国際協力も今後のひとつの重要課題といえます。

　このように、多様化、技術集約化、国際化へと転換しっっある日本のエネルギ

ー政策の申にあって原子力開発はその最も重要な政策の核をなすものであります。

4。　日本の原子力政策のあり方

　原子力のあゆみは原子力平和利用の発足以来30有余年を経て、今や軽水炉を

申心とする原子力発電の経済的・技術的定着の時代を迎えています。経済的には、

原子力のコストは発電源としてすでに石油・石炭火力を下回り、技術的安定性は、

最近の急速な稼動率の上昇によっても明らかであります。事実、石油危機以降、
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原子力は、石炭、天然ガスとともに石油代替の主要な役割を果たしたのでありま

す。現在、原子力は世界の発電の約16％、国によっては最高70％、わが旧い

おいては約30％を供給しております。このような情勢において、過去の技術開

発の時代から原子力の新しい時代が到来したともいえます。その特徴として、

　ω　多くの先進国において原子力が主力電源としていわゆる電力の「原主油従」

　　の時代を迎えっっあること、

　②　経済性の定着とともに、各国の政治的、社会的環境によりそれぞれの国に

　　おける原子力政策の多様化が起こりっっあること、

　（3）原子力の安全問題、核不拡散問題、また発展途上国における原子力開発等、

　　原子力に関する国際的な新たな協力関係が求められっっあること、

を挙げることができる。

　最近のソ連チェルノブイル事故を契機としてIAEAを中心とする国際的な原

子力安全性に対する協力が急進展しているのも新たな国際的は協力関係のひとつ

の動機であります。

　日本のエネルギー政策においては、原子力産業は、「長期計画」では基軸エネ

ルギーとして位置づけられており、「原子力ビジョン」においては研究開発段階

かち経済原則の働く「通常の産業」の段階に達したと定義されております。いず

れにせよ、わが国においては、今日原子力は、いままで最大の燃料源であった石

油に置き換わる主要電源としての位置づけが確立され「原主油従」の時代に入っ

たのであります。将来エネルギーの電力化傾向が進むことを考えるならば、原子

力エネルギーの重要性は一層大きなものとなります。その意味で、エネルギー政

策で定義つれられているように原子力はもはや政府の政策的な計画と支援の下に

進められる産業ではなく、経済性および社会との調和を軸とした民間・産業界主

導の下に進められるべき産業に成長したということができます。すなわち将来の

原子力開発規模は、経済性と「ニーズ適合性」による他エネルギーとの比較によ

る最適化を基本とする市場原理と社会的情勢によって決められるべきであります。

これが複合時代における原子力開発といえると思います。

　軽水炉を申心とする原子力発電の民闘主導による展開は、炉型戦略、核燃料サ

イクル、さらに運転保守技術等広範な原子力発電の炉技術と原子力のインフラス

トラクチャ…とを包含するものであります。特に2000年に向けての原子力産
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業における核燃料産業と原子力発電の保守、点検、サービス産業等の割合が原子

力発電炉供給産業とほぼ同等な比重を占める形で、大きく成長することを考える

時、総合的な原子力産業の開発が民間の努力によって進められることが大きく期

待されるのであります。

　この点に関し、日本の原子力開発のあり方について第1に指摘したいことは、

原子力産業は本質的には技術集約産業であり、これを維持・発展させるためには

わが国の原子力産業技術の維持・向上と人材の確保が最も重要な課題であるとい

うことであります。原子力が今後の基軸エネルギーであり、主要電源と申し上げ

ましたが、具体的に将来の原子力発電の規模を予測してみますと、原子力産業の

将来は必ずしもバラ色であるとは言えません。「原子力ビジョン」において、将

来の原子力発電の割合を2000年約40％、2010年約50％、2030年

約60％としての今後の原子力の伸びを試算した結果は、ケースによって異なり

ますが、市場として年間原子炉2～3基の伸びと予測しております。この数字は

立地問題、原子炉の長寿二化、他のエネルギーとの競合、さらには電力の伸びな

どを考えますと、これでも楽観的であるとの意見もあります。

　いずれにせよ、原子力市場における競争は、大変きびしいものになることが予

測されます。これはわが国だけの問題ではなく、世界的に産業の再編成が問題と

なっているわけであります。このような状況にあって、原子力技術の維持・向上

の確保を行うことは、不可欠であるとはいえ、困難なことであります。このため

には、企業間の積極的な技術交流と産業再編成が必要であると考えられます。こ

れは国内の企業間のみならす、国際的な規模で進められつべきでありましょう。

この場合、電気事業の側においても原子力産業への競箏条件の導入と技術水準の

向上のための技術交流を促進するような方策をとることが重要であると考えます

す。

　第2に、原子力産業が高度に技術集約的であり、巨大システム産業として技術

革新の先導的役割を果たすものであることを考える時、より広範かっ長期的意味

での技術開発戦略を考える必要があるということであります。すなわち、原子力

産業は、「通常の産業」と定義されるにしても、技術集約的産業として、技術革

新の二心をなすとすれば、原子力開発の展開は単に民間の問題としてではなく、

産・学・官の密接な協力の下に進められなければならないといえます。その時に
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あたっての政府の役割は、必然的に過去とは異なるものでありますが、例えば、

原子力エネルギーの新たな可能性を開拓する先導的・創造的プロジェクト、さら

に基盤技術、基礎技術の開発において果たすべき役割は、極めて大きいものがあ

います。さらに安全性の確保、核不拡散、平和利用の担保など、原子力開発のた

めの条件整備のための政府の役割は、今後ますます重要となると考えられます。

　今日、産・学・官の協力は単に原子力のみならずわが国の一般的な課題であり

ますが、特に原子力においては産・学・官の協力における先導的役割を努めるべ

きであると考えます、そのためには、日本原子力研究所、動燃事業団、大学など

を含めて産・学・官の研究開発体制の再検討が必要であります。

　第3に、わが国の原子力における国際協力への画期的な変化が求められること

であります。わが国経済の国際化と国際的責務の増大は、原子力においても国際

協力におけるより積極的な姿勢を要求いたします。

　わが国は、原子力開発の後発国として、今日までの国際協力はどちらかといえ

ば、受動的な立場をとってきました。しかし、エネルギーとしての原子力の位置

づけを強固なものとするための積極的な展開を進めるとすれば、国際社会の原子

力に対する支持が不可欠であります。国際的責務と同時に、この点に関しても、

わが国の国際協力への積極的な姿勢が求められるわけであります。勿論、単にわ

が国の原子力のためのみではなく、世界の原子力の確立、人類に対するエネルギ

ー問題の課題の解決として原子力の国際協力が進められるべきであります。その

意味で、先進工業国間の協力と同時に発展途上国との協力が強く求められる所以

であります。

　現在エネルギー産業におこっている大きな変革は、過去の資源によって制約さ

れる資源集約的産業から技術力によって資源の限界を越える技術集約的産業への

移行であります。原子力産業は、その意味において将来のエネルギー産業の申言

をなすものであるといえます。このような視点から、今後のわが国の原子力開発

が進められるべきであると信ずる次第であります。
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NucLEAR ENERGY rNDUSTRY IN BULGARIA -

pRESENT STATE AND TTS DEVELOPMENT

by prof. Nikola Todoriev, Corresponding Member of.the
Bulgarian Academy of Sciences, lntnister, President of

the Energetika Association

The energy crisis in the beginning of the 1970's led to

significant changes in the policy and strategy of develop-

ment of the world's energy sector and energy resources uti-'

lization. Irrespective of the effect of the natural,･puf,)lic-

pol±tical, economic and other objectives;,and'"present-State

factors specific to each country, these changes characterize

general conclusions, estimates and tendencies in solving

energy problems in the next 15 to 20 years.

Such is for example the conclusion about the cheap energy

era passed for good and about the exceptional irnportanee of

the problem of effective utilization of energy resources as

a strategic task from scientific, technical and economic

Po±nt of view. The tendency of absolute energy consumption
                           '
growth, depletion of the easily avaUable and cheap energy

supplies in the various regions and the higher cos-t-effect±-

veness of' the measures for fuel and enerqy conservation as

comp, ared to the introducing of new primary enerq, y resources

is an objective fact. There is a general tendency of grow-

ingr)･ricesofenergyequiprnentand increasingtherela-

tive share of capital investments in the energy sector.
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Most of the nations have developed and are currently irn-

plement±ng long-range programs for discovering new sup-

plies of energy resources and better utilization of the in-

digenous resources of coal, oil, natural gas and hydro power

in order to decrease their dependence on the imports of

energy feedstocks. The prior±ty development of the electric

energy sector and the relative ±ncrease of electric energy

in the national energy balances is continuing.

                                       '

These general conclusions and tendencies, determining the
    }
energy developrnent of almost all nations, are fully appli-
                                        '                                   '                                                 'cable to Bulgaria's energy sector as well. The conditions of

this development are further compl±cated by the limited

indigenous energy resources. Bulgaria is poor on primary

energy sources. The deposits of fossU fuels per capita of
                                                '
population are eight times smaller than the world's average

figure. Bulgaria has insignificant deposits of effective

fuels, oil and natural gas, and their total yield meets less

than IZ of primary energy resources; demand ., in the

country. The hydro power potential is also below the average
            '
figure for the world. The main supplies are lignites with

high admixtures content and calorific value 5-6 MJ/kg.

                          t.

In these specific conditions Bulgar±a had to develop ±ts

own energy sector in order to guarantee the necessary rates

of development of the national economy and'to meet the re-

quirements of present-day living standards. Considering

the avaj-labletfuels and the necessity of importing two thirds

of the energy resources we adopted a strategy of energy de--
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velopment through accelerated alectrif±cation and a higher

degree of electricity participation in the fqel and. energy

balance･ On this basis, the use of nuc]-ear energy is the

most perspective trend of ･development of the nation's

electric power system.

                          '
Bulgaria's electric power system is presently characterized

by its multi-component structure, a combination of thermal,

nuclear and hydro power plants meeting an annual demand

of about 5400 kWh/capita. For a tota! instalied capacity in

the power plants slightly above 10000 MW the share of ther-

mal, hydro and, nuclear power plants is respectively about

60%, 18% and 22?. Electricity generation is concentrated

mainly in power plants comparatively big for our country,

namely the thermal power plantp Varna - 1260 MW, Maritsa

East 2 - 1040 MW, Dimo Dichev - 840 MW etc. The hydro plants,

where water is also used for irrigation, water supply etc,

form part of river developments such as Belmeken-Sestrimo -

735 MW, Dospat-Vacha - 321 MVV, Arda -･ 284 MW etc. Barely 4

to 5% of electricity ±s generated by power plants burning

liquid fuel or natural gas.

                                          '
Bulgarta has a well developed transmiss±on system with a

power pool at 400 kV. rt is interconnected to all neighbor-

ing countries. The national electric power systern is part

Of the elect.ric power system of the CMEA member-nations.

                                       '

ln order to guarantee the reliable operation of the power

system which includes big nuclear power units of the VVER-

                      '
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1000 type we introduce powerfur pumped-storage power plants.

First of them is the 864 MW Chaira pumped-storage power

project with Japanese turbines to be cornmissioned in 1989.

The 750 kV transmission line interconnecting the power sys--

tems of Bulgaria and the USSR serves as emergency backup

in case any of the nuclear power units faUs.

An agreement was signed in 1966 between the. governments df

Bulgaria and the Soviet Union for cooperation in the construc-

t±on and commissioning of Bulq. aria's first nuclear power
          'plant.

                                               '
Site selection, near the town of Kozloduy on the Danube river

bank, was based on a detailed feasjib'ility repor-t for the

nuclear p,ower plant.

  '                                                      '
The power plant was designed jointly by specialists of Atom-

elektroproekt, Moscow and Energoproekt, Sofia.

                  '

Process water is taken directly from the Danube by two-stage

pumping in two successive pimp station. Water is carried to
                              'power plant by open channels. Water for the systems providing

plant's nuclear and radiation safety is withdrawn from

sprinklingbas±ns. '                                          '                     '

The first units of Kozloduy nuclear power plant were designed

based on the initial concept for safety adopted by the

Soviet union. seismicity at site was adopted with intensity 4-5

by the Medvedev-Schponheuer-Karn±k (MSK) scale. The Vranca
         '                                    '              '                                '
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 (Romania) earthquake of 4 March 1977 with intensity 8:-9

by the MSK scale was also felt on the territory .of Bulgaria.

                                                        '                                                   '                           '

Following the earthquake BuZgarian and Soviet experts made

a detailed check of the then operational first and second

units. All results confirmed the reliable operation of the

equipment and the civil structures. A decision was made to

continue further operation of the power plant at a rated

power.

considering the more stringent requirements toward seismic

seability of the power plant Bulgarian and Soviet ,specialists

proposed jointly measures to increase its seisrnic stabUity

(units 1 through 4). A system for automatic antise±smic pro-

tect±on was developed and implemented. The basic idea of

safety is aimed at providing protection of population and

environment against radioactive effects resulting £rom radio-

active discharges.

The design of the power plant incorporates a series of new

technical features proposed by the Bulgarian design engineers.

Thus, the main building is Eounded on a loess-cement bedding;

main support structure of' units 1 through 4 was built by

slipforming in which case roof girders and panels were rnade

as early as the initial stagel foundation pit of bank's

pumphouse was drained by making an underground concrete screen;

a spec±al pier was built in the area of the power plant for

unloading the large-sized and heavy equipment coming from
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the Soviet UnSon; a special container barqe was desiqned

and buUt in the Soviet Union for transportation of spent

£uel from Kozloduv power plant .to the respective reception

Doint in the USSR and this is the first time in the world

 .spent fuel has been transported by river. '

     '

At unit No 5 a new technology of execution of civil works

and assembly of equipment was introduced. Th±s technology

provides for the use of special construction machines includ--

inq 'a truck cran'e with lift±ng capacity 400 tons thus making

possible the erection of the reqctor, the steam generators,

the pr.essurizer and the reactor cupo!a by the open method.

Time schedule of Kozloduy nuclear power plant construction:

- construction start, 6 AprU 1970

- reactor No 1 critical,' 30 June 1974

- fiull power o£ unit No 1, 24 October 1974

- reactor No 2 critical, 22 August 1975

- fuU power of un±t No 2, 5 November 1975

- construction start 2nd stage, October 1973

- full power of unit No 3, 27 January 1981

" full power of unit No 4, 17 June 1982
                                          '
-- construction start 3rd stage, 7 June 1980

･- reactbr': No 5 critical, 5 November 1987

- commerciaXZ operation reactor No 5, 29 November 1987

!t took 55 months frorn begin of construction to commiss±on--

ing of unit No 1.Full power of unit No 1 was attained in

                         '
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go days, the respective figures'for units Nos 2, 3 and 4

being 39 days, 42 days and 3o days.

The initial time for construction of unit No 5 (7 years and

s months) was extended for various reasons.

unit No 5 at Koz!oduy nuclear power plant ifs the first unit

with vVER-1000 r･eactor installed outiside the Soviet union on

the basis of a multilateral ±nternational cooperation of

1979. !n accordance with this agreement Bulgaria wiU spe--

cial±ze in the manufacturing of equipment for biological

protection, special pumpsr valves, transportation eguipment

etc. Bulgar±a's participation in the manufacturing of equip-

ment for nuclear power pZants w±ll increase in future.

The main pieces of equ±pment for the unit were supplied by

all CMEA rnember-nations and Yugoslavia. The majority of

special valves , hydraulic shock absorbersr power circuit

breakers etc were imported from other industrially developed

nations.

The great variety of equipment suppl±ers was the cause for

some peculiarities ±n the start-up and adjustment works.

Coordination of the pregram Eor adjustment works and trial

testing of equipment were considerably complicated and de-

layed. We had also difficulties in coordinating the

activ±ties between representatives of the equipraent suppliers

and the adjustment crews.
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Delays in the supply of part of' the equipment were also a

reason for extending the deadlines. Some items of equiprnent

were manufactured for the Eirst, time and showed some'

defects.
         '
                                            '                                      '

Another factor which influenced the extensidn ･of 'the..con-v

struction time of unit No 5 was the introducing of some

changes in the design. -

In 1987 Kozloduy nuclear power plant produced 12435 thousand

million kWh of electricity, or alpaost 30g of total electric

energ.y produced in'Bulgaria.

Kozloduy nuclear power plant is one of the most reliable and

stable sources of electric energy in Bulgaria. The average

annual utilizability of its installed capacity exceeds 7000

hours. ･

                                '                       '

The economic indicators of operation of this nuclear power

plant depend to a large extent on the effective use of L.he' ･

nuclear fuel ±n the core. Xn practice, the mean time between

g:;::S?ing depends not only on the desire to atta:n maximum

            '              '
The experience from the operation Qf Kozloduy nuclear power

plant thus far shows that for a variety of reasons, eg chan-

ges of load factors because of the need of maintenance and

equipment refurbishing, impossibility to rech,arge during

the autumm-winter maximum of power system loa,ding etc, it
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is difficult to observe the design regime of operation and

reactors recharging. This raised the problem of optimizing

the regiine of operation and recharging of reactors at Kozlo-

duy nuclear power plant in order to meet the ･aukumn-winber

maximum of electric energy demand and to, achieve maximum

effectiveness of power plant operation, ie maximum produc--

tion of electric energy within a calendar year.

                                          tt
In parallel with this we work on the problem of the most

effective use of nuclear fuel.Design burnup of nuclear fuei

has been exceeded thus saving significant amount of fuel.

The power peaking factor of assemblieS and in core has been

lowered from 1.35 to 1.19 thUs improving the condit±ons for
d

saEe operation of the core.

Nuclear energy development in Bulgaria is closely connected

with a concentrat±on of generating capacities. In 1989 the

installed capacity in Kozloduy will reach 3760 MW. Unit No 6,
                                                             'also with a vvER-1000 reactor, is currently in construction.

AlthOugh nuclear energy ':'s among the capital intensive sec-

tors o£ the national economy it is for us the most perspective

Way of electricity generation and we, therefore, plan to

increase contininously its relative share in tobal electricity

Production. According to pla,ns of the Bulgarian governrnent

40% of total electricity production in 1990 shall be provi-

ded by nuclear ･sources , the respective figure for the

Year 2000 being 50-55g. In accordance with the nroqram fbr

eonstruction of nuclear power nlants and nuclear heatinq
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plants of the CMEA rnember-nations until the year 2000,

the installed capacity in the nuclear powex plants in Bul--

garia shall be 8760 MW by the year 2000.

  '

On 20 March 1981 the Bulgarian governrnent rnade a decision

on the site of the second nuclear power plant Belene, also

on the Danube river. The installed capacity of this plant

wiU be 4000 MW, or four reactors of the WER-1000 type.

Sei$micity at site of power plant is taken with intensity 8,

or the maximum design earthquake by the MSK scale. B616ne

nuclear power plant will be built in two stages, or two

units per staqe. Construction works at the first two units

have alreadv begun.

       '
Mn order to meet the increasing demand of low-potential

heat in Bulgaria construction o£ a nuclear distntct heaing
         'plant is planned to begin after 1995.

Kozloduy nuclear power plant also supplies heat for district

heating purposes oE the town of Kozloduy. The possibilities

to supply heat fyom Kozloduy to the town of Mizia and fronA

the future B616ne nuclear power plant to the towns of

B61ene, svishtov and Pleven is currently being investiqated.

urhe successes in nuclear energy developMent in,･Bulgaria 'are

undisputed. However, in order' to realize 'the trend of develop'

ment of that strategic production the now existinq problams

shall be solved in staqes. The approach to them is determined

                                                   '
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by their importance, significance (national and interna-

tional) and complexity. They shall be solved with priority,

on a national level, without strict adherence to the secto-

rial and ±nstitutional interests. The strict requirements

toward equipment in･ nuclear power plants require an adequate

system of education, training and retra±ning of staff. A new

approach toward the system of quality management is necessary.

we must seek new ways and search for a new arrangement of
                                             '                  '                           '
the nuclear power plants taking into account the concentrat±on

of installed capacity at one site. Robotization of operations

in nuclear power plants is regarded･ as a basic prerequisite

for lowering the collective dose rate of maintenance crew.

                                                       '

                                                          '
world operat±onal experience based on 3800 reactor-years with-

out a single fatal radiation accident made us to believe that

such an accident is imposs±ble to happen. However, the Cher-

nobyl acc±dent led to a radical change of the situation. The

risk of reactor accident w±th heavy consequences (core melt=･.

down, reactor unsealing and radioactive discharge in the
                                         '
environment), although small for a single reactor, may be--

come signiEicant in the case of several reactors.

                                           tt
The further broadening and improvement of international coope-

ration and developmeht o£ the soci'alist economic integration

of the CMEA member-nat±ons in the field of nuclear energy

envisages the development of a new generation of reaqtors

with greater safety and better technical and economic charac-

teristics. The new designs shall take into consideration
                             '                'the present requirements and all possible technical aspects
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of reactor safety improvemen･t.

Measures to improve nuclear power plants safety are taken

by individual nations, however the role of international

cooperation which must guarantee everywhere equally high

standards of safety is constantly growing. Guided by the

idea to create a world without dangers the Soviet Union

proposes tihe setting up of a regime for safe development of

nuclear energv. Bulqaria which has no equvalent alternative

in t.he f±eld of enerqv resources except nuclear enerqv

fullv supportsthis proposal and acceptsas mandatory alil/

safety standards of the International Atom±c Enerqv Aqencv.

f

N
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          NUCLEAR'ELECTRICITY IN THE UNITED $TATES:

  PROVIDING ENERGY FOR [['HE NATION'S SECURITY AND WELL-BEING

  /1

Today I would like to report on the impressive success. story

of nuclear energy--its important contributions to the United

                                                .States energy supply system, to our energy securlty, to our
economy. and to Araerican electric power consumers.

                     '
Nuclear energy in the United States has made major

contributions since the small Shippingport prototype power

plant began operating in 1957. Nuclear plants have
contributed to cutting our imported oil dependency just when

we most needed domestic energy supplies; they have kept our
trade deficit from being even higher than it already is;

they have provided electricity cost savings for the American

consumer. and the electricity they generate has helped to

lmprove our country's energy efflclency.

Recent legislative and regulatory actions, as well as

                              --                                     --                                                   .researeh and developraent. are indicating that additional

nuclear capacity can be available in the years ahead. The
Congress has reaffirmed the Federal authority over health

and safety related to nuclear energy; the unique legislation

providing prompt liability insurance proteetion to the

public in the unlikely event of a nuclear accident is being

strengthened and extended; progress is being rnade on

restructuring our nuclear regulatory organization and

procedures; and our nuclear waste policy prggram has been

amended so that a raore directed and cornmitted effort can be

pursued to develop our first deep geologie disposal waste
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site. as well as a system for mbnitored retrievable

storage･ All of these actions reflect the public's
recognition of the importance of nuclear energy.

congressional action supporting the new Japanese-U.S.

agreernent on nuclear trade and cooperation also reflects the

broad U.S. recognition of the irnportance of nuclear energy

worldwide. ,In addition. recent regulatory actions are

reaffirning the health and safety of our current nuclear

plants. as well as of those being completed.

The performance of our eurrent plants is being improved. In
fact, the conscious dedication of the entire industry to

excellence in performance is clear in its individual plant

operation and in the industrywide structures it has

established to drive for excellence in all its activities.

And worldwide organizations, like the iraportant new World

Association of Nuclear Operators. the lnternational Atomic

Energy Agency, and others--like OECD's International Energy

Agency and the Nuclear Energy Agency--should help us all
maintain high perEormance levels. Every one of our nuclear

plant operators is dependent on excellenee in the operation

of all plants worldwide.

There is increasing discussion in the United States ofi the
.importance of advanced reaetor concepts development. Some
work is proceeding on evolutionary improvements of our light

water reactors. on advanced light water reactors. on gas

cooled reactors. on liquid metal cooled reactors. This is
certainly encouraging for the long-term outlook of nuclear

energy. But there is no question that the next generation
Of nuclear plants is already being ordered outside of the

United States--for exaraple, here in Japan, in Korea. in the

United Kingdom. Those plants all use light water
reactors--they are next-step evolutions and developments

frorn our current reactors. We are especially pleased that
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U.S. companies ard involved in all of these international

     --   .actlvltles.

But problems and obstacles still exist in the United

States. They are being addressed to reconfirrn our long-term

commitment to nuclear energy. but they are not yet all

solved.

In spite of the fact that no referendum vote that has tried

toshutdownanynuclearplanthaseversucceeded. ･
antinuclear groups--though small in size--continue to rnake

attempts to do just that. In fact. we will face several new
state referenda in elections later this year. In spite of.

the fact that added electrical capacity is most urgently

needed in their areas, political pressures are still keeping

the already completed Seabrook and Shoreham nuclear plants
in the northeast part of our country from operating. And
our unique process of individual state regulation of

electric rates has disallowed a major part of the cost of

rnany nuclear power plants--and also of coal plants--frota

being included in electric rates. This has discouraged

utility investment in long lead-time. high-capital cost
baseload plants, even though the ultimate cost of their

electricity would be low compared to the various oil and

natural gas alternatives. And we, in the industry, still
have the job of getting several of our plants that have not

operated well and are out of service back into reliable.

sound operation. '
In brief. as in the entire industrialized world. nucletir
electric power grew to maturitY in the United States exactly

when it was needed. when we were working to replace imported
oil with our own doraestic energy resources after the Arab

oil erisis of 1973 and the other energy shocks of the

1970s. Since then the United States has become a "tuch more
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energy efficient society--partlY because of the increase in

energy prices. but also because of our continued trend to

increased electrification--our steady conversion to

electricity.

But now. we see signs of a new imported oil crisis on the

horizon and uncertainty in the structures for supplying our

growing electricity deraand. Unlike the situation in the

lg70s.ourelectricpowerindustrynowfacesrnajor -
roadblocks to any new large baseload capacity, including

nuclear power plants. So the U.S. industry is working to

clear away these obstacles that have developed over the past

decade. to pave the way for an even greater nuclear
contribution to our electricity supply in the years ahead.

I'ra pleased to report that progress is being raade on those

solutions. and that the American public recognizes the

importance of nuclear energy.

Tho6e are the main areas I would like to discuss with you

today. So let me start with an overview of'the U.S. energy

situation today. Because America's public and political

energy consciousness was generated by the oil ernbargo of

}973. I will be showing the changes since that tirne.

The United States Has Become More Ener Efficient

The United States has made impressive strides in using

energy more efficiently since the 1973 erabargo. Our total

use of energy has remained essentially the same--it'has
inereased only 2.3 percent. evOn though our population has

grown by 18 percent since then, and opr GNP has clivabed by

40 percent. So we have in effeet been squeezing 35 percent

more work out of every BTU that we use. The savings is
partieularly clear in the sector of our economy that uses
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the most irnported oil--transportation, which consumes nearly

two-thirds of our total petroleura use. In 1973 our

automobiles traveled an average of 13 miles per gallon; that

has risen to over 18 railes per gallon. [Vhis araount oE

savings in only 15 years is certainly significant.

Along with the natural incentive that has resulted from
higher energy prices. one of the added reasons for our

energy efficiency improvement has been our continuing
electrifiication. By moving frorn the direct burning of fuels

to electrieity, Americans and our industries have found that

their energy costs can often be reduced--and in raany cases.

                         .so can the total consumption of energy.

                    '                                             '                         "-For exarnple, when industries mstall electric arc furnaces

to replace the direct burning of fuels. they are often not

simply substituting one BTU for another; they are actually

reducing their total energy consumption--even counting the

energy lost in the generation of electric power. Sivailarly

computer control technologies--which add only slightly to to

a company's dernand for electrie power--can finety adjust

heating and lighting to save sizable araounts of energy.

The United States Is Becornin Even More Electrified

These improvements in energy efficiency through the use of

electricity have been made possible by the continuing

electrification of our society. This trend kas beerts

particularly important since the l973 ernbargo. The gg.l-!

form of energy that has increased in use since then has been

electricity. The consumption of eiectric power has
inereased by more than 43 percent. while our use of

non-electric forms of energy has declined by ll percent.

Last year our use of electric power rose by 4.5 percent. as

our manufacturing activities became reinvigorated. Electric
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power now accounts for more than halE of the energy used in

the country. outside of transportation.

one of the clearest trends in energy use in all

industrialized countries is the steadily growing reliance on

electric power. Year after year in the United States.
electricity has increased as a percentage of our total

                        - "-energy use. The generation of electmcity accounted for i16
of our total energy use in l950; ll5 in l960; i/4 in l970;

today it represents more than ll3 of our energy use.

Electricit' Use Grows As Our Econorn Grows

The growing iraportance of eleetrie power has also underlined

another fundamental lesson about our energy use patterns.
Alone, arnong all forms of energy. electricity use remains

closely conneeted with our economic growth. While
electriaity use increased 43 pereent in the past･i5 years.

our Gross National Product (GNP) has gone up sirailarly. by a

total of 40 percent. And let me renind you that this was

during a period when our use of other forms of energy was
st!gg.l-l-!!:!pg,-li n So our economie growth has been powered by

                            t tttkilowatts.

It has rernained true since our energy use patterns began to

change in the l970s. just as it was before then. that every

inerease in our GNP has been accompanied by an increase in

our consurnption of electricity. There is no reason to

believe that connection will change; in fact. the amount of

electrie power required for GNP growth could weU increase.
especially depending on industtial sector activity. The

outlook for electric power in the Uniped States--and

consequently for nuelear energy--is a steadily growing

demand..if we are fortunate to have an econoray that

continues expanding.
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Coal and Nuclear Ener Su 1 Almost All Our Increased
 Electric Demand

 Almost all of the 43 percent growth in our electrie use

 since l973 has been met by coal and nuclear electric

 generating plants. Coal and nuclear energy now supply
 nearly 75 percent of our electricity. The United States has

 been fortunate to have these two abundant energy resourees
 which have raade our continued eleetrification during this

 important time possible.

 The largest increase in our use of domestic fuels since l973

 has been with coal. It now provides about 57 percent of our
 total eleetric power. Its contribution increased by 72

 percent sinee 1973.

 The rapid increase in nuclear electricity was also extreraely

 important. In 1973 it was a distant fifth among sources of

 electric power generation. In l980 it overtook oil; in 1983

-it overtook natural gas; and in 1984 it passed our massive

 hydropower resources. to become second only to coal. It now
 provides almost 18 percent of our eleetricity.

 '
The steady growth in our use of electricity fueled by coal

 and nuclear energy has helped us with both parts of the

 energy challenge we have faced since the l970s: first. an
 irnprovement in the effieiency of our energy use; and second.

an emphasis on using more domestic energy sources as a
 spbstitute for imported oil.

Electricit Frorn Coal and Nuele'ar Ener Re laces Im orted
Oi1

Increased use of electricity fueled by coal and uranium has

cut our use of imported,oil. Though our national strategy
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has been to increase our relianee on domestic energy sources

over imported oil. the domestic production of oil and

natural gas has never increased above their 1973 levels.

u.s. production of crude oi} has never matched its l973

level of l9.5 quads. even with the addition of Prudhoe Bay

in Alaska. Last year it amounted to only l7.S quads.
Domestic natural gas produetion also has never again reached

                     --the l973 level. when it was 22.2 quads. Last year, it was

only l6.5.

The production of･coal has increased significantly since

lg73. and all of the additionai output has gone into the

generation of electricity. The direct burning of coal in
coke plants. other industrial facilities and general

commercial and residential uses has declined from the l973

level. That year 173 million short tons were used for those

non-electric purposes; in i986. only li9 raillion.

The increased use of coal and nuclear energy for our

electricity has directly replaced significant amounts of oil

and natural gas in power generation. Even as our total use

of electricity increased by 43 percent. we have been able to

reduce the･araount of power generated by oU by nearly
two-thirds--frorn 314 billion kiiowatthours in l973 to only

118 billion last year. It now provides only about 5 pereent

o£ our electricity. Similarly we have reduced the burning
of natural gas to generate power by one-fourth. down to only
ll percent of our total electric power suppiy.

Even more irnportant, the electricity generated by our

inereased use of coal- and nuclear-generated electricity has

replaeed sizable arnounts of oil in many end-use applieations

throughout our society. Until l974. £or example. 61 percent
of all the new homes built in the country were heated with

oil or gas; over the past decade. half the new single-family
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hornes have come eq' uipped with electric heating, as well as

more than two-thirds of the multiple-faraily housing.

Because of such changes. the use of electricity in our

residential and commercial sectors has nearly doubled since

1973. while the use of petroleum has dropped by almost
one-half. Today two-thirds of all the energy we use in our
residential and commercial sectbrs is involved in the

generation of electric power.

As our industrial sector has cut back its total use' of

energy by l5 percent and its use of oil by IO percent, it

has increased its uge of electricity by 20 percent.

Electricity--in terms of the energy used to generate it--now

accounts for 35 percent of all the energy used in our

industrial sector.

Coal and uraniuva. then, have provided essentially all the

growth that has taken plaee in U.S. energy production since

1973 and have replaced a significant amount of oil and

natural gas. To say it another way, since the evabargo our

total use of energy has risen only 2.3 percent; our dornestic

production of energy has risen only 3.5 percent; our use of

electricity has increased 43 percent; but our use of

electricity generated by coal and nuclear energy has grown
bYI{!gl:9-!tL!!Ap-sgsu2g!s;2g3kh 100 t---morethandoubled.

The Irn ortant Role of Nuclear Ener In Our Societ

Nuclear energy is the second largest source of electricity
in the United States. behind coal. We now have 109 licensed
nuclear plants in 33 states. those nuclear plants have a

capaeity of over 116.000 megawatts, and they provided 4S5

billion kilowatt-hour6 in 1987. That was alraost as rauch

electric power as our entire national electric power system

was generating when nuclear eRergy was introduced with the
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snippingport nucle' ar electric generating station about

3o years ago. Alrnost every Arnerican receives part of his

electricityfrornnuclearpowerplants.throughour -
interconnected transrnission system.

The expansion of U.S. nuclear capacity since the 1973 oil

embargo has displaced rnore than three and a half billion

barre16 of imported oil. which would .have raised our trade

deficits by .rnore than $106 billion. All of this has･

re6ulted from a capital investment of only $130 billion. and

the savings will continue for years to corne. for the

operating lives oE our nuclear plants. In addition, nuclear

energy has saved consumers more than $65 billion compared to

what they would otherwise have paid for the alternative

sourees of electrie generation that would have been

availab1e.

So nuclear energy provides a major part of our electricity;

it has cut our use of irnported oil; it has cut our trade

deficit; it has cut Araerica's electric bill. All of those

are strong positives and there have been Lt counterbalancing

negatives for our country and our electricity users to

subtract from those benefits.

                                    --No Roora for Com lacenc --The Continuin Drive for Excellence

In spite of these national benefits offered by our nuelear

electric plants. the drive to assure excellence in all

nuclear energy activities continues with even increasing
industry emphasis. This special effort statted in earnest

as a result of the many lessons'  the United States learned

from Three Mile Island. Engineering c.hanges and regulatory

ehanges, rearrangeraent and redesign of control roorns,

g:gn.g:i.tn.Xi::a.tgi,t5gigi::.a:g.i::feased n-ber of
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But in addition and at least as'important are the

organizations the industry established after TMI. Most
significant has been the establishrnent of the lnstitute for

Nuclear Power Operations. INPO continues to examine the
operation of all our nuclear plants and identifies any
aspects that are not up to its high standards of

                        -- --                                                        .excellence. Its evaluations are important to all utilities
and all utilities work to achieve INPO's approval. And, of
course. the Federal Nuclear Regulatory Cornmis$ion provides

strong oversight of all nuelear operations to assure a
Federal involvement in and responsibility over health and

safety aspects.

Ultiraately. the industry's most important initiative will be

its drive for excellence in the operation of our nuClear
                                                     ,power plants. Over the past several years it beeame clear

that not all U.S. nuclear plants were being operated at the

level of excellence that must be our standard. Therefore.
the industry recommitted itself to uniform excellence, and

has taken a number of steps to bring that about. The
                                              .InsUtute of Nuclear Power Operations has continued to
strengthen its efforts to promote excellence and the highest
vaargin of safety in nuclear power plants throughout the

country. A new National Acaderny for Nuclear Training has

been established to strengthen the training and

aecreditation of key workers throughout the nuclear

industry. The Acaderny sets standards for training prograrns

and accredits those utility programs as the standards are

met.

The industrywide drive fior excellence also led to the

reorganization of the national nuelear associations last

year. The Nuclear Management and Resources Council is
centralizing the utility industry's operational and

te¢hnical regulatory issues. The American Nuclear Energy
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council remains the industry's Primary government affairs

arra. And our organization. the U.S. Council for Energy

Awareness. provides the industry's national communications

and public inforrnation on energy issues with emphasis on

electricity provided by nuclear energy. We examine

teehnical issues on peaceful uses of nuclear energy and

consider international nuelear activities.

collectively these efforts are making a difference. An

example of some of the changes rnade after Three Mile Island

is the increase in the number of operating shifts so

substantial time is made available for training and

refresher programs along with opera,tion shift

      -- -                                   .requalzfication. In l979, at the time of TMI there were
only IO training simulators available; today there are 66

training siraulators configured identically with the control

rooms of plants they simulate.

Progress can be vaeasured in a nuraber of ways. but probably

the rnost telling may be the perforraance indicators of

                    .nucle'ar power operation as reported by INPO. For the past
seven years many of the key indicators have continued to

show a steady. rnarked iraprovement. Unplanned automatic

scrarns have dropped steadily frota an average of 7.4 in 1980

to le.ss .than 3 in l987. The lost-time accident rate. as

reflected in the number of worker 'injuries involving days

away from work for every 200.000 raan-hours worked, has

improved frorn a rate of 1.36 in l980 to O.34 in 1987.

Radiation exposure arnong plant workers and the volume of
low-level radioactive waste generated at nu' elear plants have
dropped substantially. For mariy of these categories. our

performanee has already exeeeded the industrywide goals that

were established for i990. In addition. very importantiy,'
the avaUability of plants has increased. That increase is
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the equivalent of bringing two additional plants on line.

Further progress is still being made.

This growing level of excellence in operation combined with

the benefits I indicated earlier and the reraarkable public

safety record that our industry has rnaintained should help

us assure the availability of nuclear energy for the future.

Broad Public Acce tance of Nuclear Ener

The American public shows broad. realistic and increasingly

rnature acceptance of nuclear energy. Recent opinion polls

have turned up a strong awareness of the importance of and

need for more nuclear electricity in the years ahead.

Almost 80 percent of the Arnerican publie believe that

nuclear energy will be important in meeting our electricity-

needs in the years ahead. with 53 percent saying it will be

lvLe-cer important. And more than three-fourths of the

people--76 percent--believe that the need for nuclear energy

will increase in the years ahead. compared to only i7

percent who disagree--a margin of more than 4 to l. About

70 percent believe that nuelear energy is a good or

realistic choice for large-scale use.

                 .t

Even though more people oppose building vaore nuelear plants

than are in favor. we believe this reflects a lack of

awareness that we need more electric capacity. Almost half

the people asked say they would reserve judgement about

building more plants until they had more information.
                                           '

In effeet, the American public ' is counting on the

availability of nuclear energy when it is needed.

I am convinced that the recent actions of our Congress

reflect these realistic public attitudes on nuclear energy.
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Tney reflect the broad recogniti'on of the iiitportance of and

need for more nuclear energy in all segments of our

population. The favorable actions of our Congress continue

a long string of support. Their recent actions include
tipproval by the Senate of the Japan-United States agreement.

the rejection of the proposal to return authority for '
determining suitability of emergency procedures for Seabrook

and Shoreham to the individual states. the Senate's

extension of our Price-Anderson nuclear liability

legislation. the approval of an arrangement to examine the

6uitability of a single waste site in Nevada and its

developraent i£ suitable. and the Senate's recent passage of
legislation that will strengthen our uraniurn enrichment

capabi1ity.

WITH ALL THIS GOOD NEWS,. WHAT.ARE THE PROBLEMS?

l've painted an upbeat--a positive--picture. It's a picture

made up totally of hard facts. But it does not present the

entire picture. Our U.S. energy outlook is not good. And
little is being done to solve our onrushing energy problems

and to elirninate their eause.

Electric Power Reliabilit Problems Loom Ahead

Ironically, even though we have seen how important

electricity is to our long-terra strategy of reducing our

dependence on imported oil. the United States is rapidly

approaching a time when it must have added capacity to raeet

our needs reliably.

Year after year. the deraand for electricity is growing

faster than new supplies are being added. Though many

  -- - --                          .Critics of electric utllitles and of nuclear energy
predicted that demand growth would fall to zero in the
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1980s. it has in fact increased substantially since the end

of our recession early in the decade. Just since 1982 our

use of electricity has grown by nearly 10 percent. Last

year alone it grew by over 4.5 percent. the greatest
increase in a decade. Today it is almost 7 percent higher

than a year ago.

By comparison, utilities have been adding new eapacity at a

slower rate--less than 3 pe;cent a year. Based on the
shrinking avaount of new capacity under construction,

additions over the next 10 years could support a growth rate

o£ only 2.2 percent a year with any degree of
reliability--less than half of what we have recently been

experiencing.

A signifieant reason for this low capital investment by our

utilities is the direct result of the discouragement eaused

by the Public Utility Coraraissions of our individual states.

Those PUC's. which determine allowable electric rates have.

in many cases, disallowed large portions of the construction

cost of completed nuclear and. also. coal plants from being

included in ratOs. So utilities and their stockholders have
been penalized for past investments and frequently for

national economic and other conditions over which they had

no control. Having been burned once. they are reluctant to

expose themselves now.

Another question mark about our electric power capability is

the vaake-up of our national systera. It is rapidly aging.
Our average generating station is nearly 19'  years old; by

1995, it will be 26 years. Aggressive life-extension

prograrns for older plants are underway, but we will still

see some erosion of effieiency, with a string of power

plants that will have to move frora operation, to stand-by.

      .to retuement.
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 In addition. a sizable amount of our national

 capacity--2B percent--is still fueled by oil and natural

 gas. Unless we add to our eoal and nuclear capability,
 future growth in demand will require utilities to use that

 oil and gas capacity more fully--not only fior peaking

 service. This will resuit not only in a greater dependence
 on imported oil. but that greater dependence will also drive

 up the price of those fuels and. as a result. the cost of

 the electricity supply.

           '
For the nation as a whole. electric power reliability

 problerns may be only a few years away. But for sorne
regions, they are more irnrnediate. Our New England states

are the leading example. Because of that region's
reraarkable economic recovery. the use of electricity in that

region has been growing much faster than the rest of the

country. The New England Power Pool had to invoke ernergency

procedures 24 times last year. including three voltage

reductions. Analyses of the outlook for electric power have
coneluded that New England's eapacity for generating

electricity may not be adequate to rneet its demand by the

early l990s--which. of course. is only a couple of years

away. Yet, as is the case nationally. utilities are not
beginning any new baseload power plants--and two completed

nuclear units in the Northeast, Shoreham and Seabrook. are

sitting idle. because of politieal opposition. New England
may be a harbinger of the future of the entire country: the

next energy crises may be an electric crises.

Use of Oil Im orts is Increasin and

So Are the U.S. Ener Trade De£icits

The most serious question about our eleetric power
is the eountryis current drift back to reliance on

oil. The sudden OPEC price cuts in early 1986 raade

situation

iraported
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Arnericans even raore complacent 'about energy than they were.

We have been happy to return to relatively inexpensive

irnports. So our use of foreign oil has been rising rapidly;

it is now up to 40 percent o£ our total oil consurnption and
growing. Our bill for iraported oU last year was
$42 bUlion a year and climbing. It now amounts to
25 percent of our record trade deficit. With current
trends. raany experts are predicting that we will be

importing half our oik as early as 1990. and perhaps as much

as two-thirds by the rniddle of the next decade. This could

lead to an iraported oil bill as high as $150 billion--alrnost

as high as our enPire merchandise trade deficit today.

That level of dependence on imports would represent a

serious threat to our economy. and even to our national

security. The United States already has ships and sailors

in the Persian Gulf. guarding tankers that are bringing oil

out of the Middle East; the national security threat has

become tangible. A $olution to the next imported oil crisis

rnay not be available--if we do not have the momentum of a
growing electric power program' like the one that proved so

crucial in the l970s.

Moraentum for New Non-Oil Fired Ca acit Does Not Now Exist

With all the disincentives uti!ities face in considering any

long lead time capacity additions requiring high investvaent,

the outlook is for shorVterra decisions that will make the

United States increasingly subject to foreign oil

dependence. No program for significant capacity addition

exists today in spite of continuing electric dernand growth.

Utilities will fulfill their duty to serve--to assure needed

electricity supply--by operating existing oil-fired capacity

for longer periods (raid-range and baseload service); by
                                                      'buying power frorn neighboring utilities who may have
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adequate supply; by buying power frorn neighboring nations

(like Canada); by buying new. short lead-time and low

capital-cost combustion turbines; by inviting competitive

proposals from power plants that are built and operated by

independent power producers. All of these approaches, with
the exception of Canadian ivaports. imply increased

dependence on foreign oil. at least in the short term.

Nuclear energy was able to rnake the important contributions

after the 1973 Arab oil embargo that I've described only

because there was a strong momentum behind its expansion

when the embargo struck. It was encouraged by strong

      - N-bipartisan governraent cowtraitrnent and by the need fior

electric capacity to rneet our rapidly growing econorny.

In 1973--before the "eriergy crisis". only 30 nuclear plants

were operating with a total capacity of 16.000 megawatts.

They provided only 4.5 percent of the country's

electricity. But utilities were involved in a major

construction program to meet the electric power demand

needed to £uel our booraing economic growth. whieh nationa!
economists were forecasting would continue well into the

future. Fifty-six nuclear plants were under eonstruetion,

with a total capacity of 53,OOO megawatts. Orders for new
nuelear power plants had been buiiding steadily since the

end of the 1960s: 7 in l969. I4 in 1970. 21 in l97i. 38 in
            .I972 and 41 m l973.

That momentum before the erabargo made it possible for

nuclear energy to increase its eontribution so greatly

afterward: 12 new units carne into operation in l973. I4 in

l974. and a total of 87 through today. The growth in the
contribution frorn nuclear energy could have been even

greater. but the slowdown in the econorny and the resulting

slowdown in electric power demand growth led utilities to
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cancel many generating plants that they were planning. both

coal and nuclear.

I ara personally convinced that the tirne is not far off when

our nation will regret not having sorae of those plants

available to meet our growing eleetrical needs.

Nuciear energy also offered another important advantage in

many 4reas o£ the country: a way to diversify the fuel
base. Utilities were seeing signs of fuel problems even
before the l973 embargo: in the winters of 1970-72 and

1972-73, both the Northeast and the Midwest suffered

shortages of natural gas that reduced the electric power
available in New York. Chicago and other large cities.

Factories were closed. store hours were cut back. schools
ha'd'their hours reduced. In the winter of 1972-73 the
                                                          '                    ttdelivery of natural gas was interrupted even in Texas. [VhiS

taught utilities that they needed to have a more diversified

fuel base. In the early l970s. therefore, nuclear plants
were ordered by utilities in Texas. which had relied on

natural gas for 91 percent ofi its electricity; Louisiana.

which used gas for 88 percent of its power; Connecticut,

which burned oil for 79 percent of its power; New Jersey,

which used oil f6r 71 percent. and other areas that were
excessively dependent on a single fuel. All of those states
           ,have successfully diversified from that predominance of a

single electric generating fuel.

As these nuclear plants began operating aft.er the embargo.

they played a much more important role than had been
envisioned. As 1've indicated 'earlier. the 87 nuclear

plants that have been completed since then helped the United

States meet the most serious energy crisis in its history.

by adding to the country's 6upply of electricity as an
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important element ' in our effort td cut back our relianee on

irnported oil.

                                                    '

          --But there is no such construction program rnomentum today.
so the solutions we will turn to in the short term will

aggravate the problem we see bearing down on us. And 1
believe it is clear that we will indeed face serious

electrieal and imported oil problems within the next several

years if our economy continues to grow.

The Ultirnate Return to Nuclear Electric Additions

As our society continues to become rnore electrified, as the

electrieity cost of the small scale. and short lead tirne

power plants begin to add up, as our dependence on imported

oil grows and. especially when its price again increases.

the bargain and benefits of our nuclear electric capacity

will becorne ever more apparent. And the success of nuclear

energy throughout the world will accelerate that realization.

      '
We will then again turn to nucle'ar energy. Recent analyses

has shown that nuclear power plants can be built in the U.S.

for $1.5 billion and be economically covapetitive with oil

priced as low as'$9 a barrel. The time between plant order

and operation. will be much shorter than was the case for

our iaost recently completed plants. But even during that

shortened time. 1 believe the United States will indeed have

serious energy problems and will be scrarabling to supply

electricity every way that's possible. We'll suffer serious

short term problems while working to return to a long term
  .galn. .

I'm convinced that our electric power system will react as

it should. That reaction will undoubtedly be based on an

increase in the nation's baseload capacity. fueled by the
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two sources we can count on

and nuclear energy.

The Challen e to the Nuclear

for' the decades to come--coal

Industr

We have a responsibility to work to assure that our Nation
proceeds to this logical position. We must continue to wopk

toward growing acceptance of nuclear energy as a major

source of the inereased electrical capacity we will

certainly need. And we raust work toward increased
acceptance of nuclear electric power plants in areas that

                        .most urgently need capacity and where nuclear energy offers

electricity cost and energy security bene£its.

                      .That continues to mean that we never let up on our drive for

excellence. Excellence in operations must continue to be

the conseious target of all operators. Excellence in
communications to the public of the need for electrical

capacity, of the benefits of nuelear energy, and of the

excellence being achieved in operations is also essential.

And excellence in cornmunication with decision-rnakers at all

levels of governrnent is also required to assure that sound

poliey. Iegislation, and regulation is established and

implemented.

As I have indicated. we believe we have made significant

progress in these matters,in the United States, but the job

is never compiete. Worldwide communication on these matters
is essential. Cornraunication in all forms is needed.

including foruras like this one and more intirnate meetings as
well as worldwide organizations' . The World Association of
Nuclear Operators will provide the opportunity for quick
exehange of operating experience. The lnternational Council

that we have established in our organization. reporting to

our Board of Directors. can certainly help to exchange
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knowledge on effective means ofi' communicating with the

public through our various rnedia. And broad public

communication is essential.

I look forward to working closely with you to help assure

that all of us achieve the solid performance on which each

of us is so dependent. I want to emphasize that this is,
indeed. a worldwide activity that requires close cooperation

and collaboration if each of us is to succeed.

'
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The Develou;suLt of --R-sxiLonal Co-dperation
in Asia and the Pacific

            by
    Noramly bin Muslirn
  Deputy Dire(:tor General
and Head of the Depaxtment
 of Teohnical Co-operation

INTERNAWIONAL ATOMIC ENIIRGY A,GENCY

Vienna, Austria

ljtleSpmLilYS-S!l!!uaXMt S

       Co-operation in the nuclear field in Asia dates bac'k
･to 1962 with the developmerxt of the India-Philippines--Agency
Z'PA piroject..The 'projec't involved the suppXy of a neutron
diffractometer by India, for instaUation in the Z MW
Philippines reactor. By' the end of the projeet, a number of
countries inciuding India, Indonesia and the Republ±c ef
Korea were imvolved.

     In view of the siaecess of the IPA projeet, the ZAEA
decided to extend the scope, and include moye countrie$ in a
wideT set of projeets. Trie 'Regional Co-operative Agxeement
(RCA) came into force on 12 June 1972. Projeets incerporated
within RCA were very diverse and included (a) Neutron
Seatter±ng, (b) Food Irradiation, (e) Nu¢lear Inst.rurnent
Maintenance, (d) Irnprovement of Domestic Buffalo Production.
An important initiative was taken in l976, when RCA Member
States requested the IAEA to seek support from UNDP for a
large project on the appl±eat±ons of radiation andradioisoutopes to indus"txy. This l)xoject vqhich was initiated
in 1982, after an extensive pre-projeet planning $tage and
has now enteved a seeond pha$e. It has played a very
signifieant role in the development of RCA, at one 'time
accounting for over 70 pexcent of the budget.

     Within RCA maximum use is made of regional resourees.
From about 19'Z9, Japan and Aus'tralia have been funding a
range c)f project activi.ties as a tangible evidencte of their
commitment to regional development. In a farsighCed move,
India began supporting RCA as a donor in 1983. Th±s wasfollowed in 1986 b'y the Republic of Koyea.

     The willingness of developing
responsibilities as donors provrdes a
pxomotion of Technieal Co-operation
CounLxies (TCDC) within RCA. Inereasing

counicries te aecept
sound basis for the
 between Developing
 use will be made of

'
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the exeellent institutes and faeilities within the region as
co-operation enters a more mature phase, Centres of
exeeilence, in part supported by RCA project aetivities are
evolving and will eontinue to be supported, $uch centres
hosting for instance secondary $tandard closime'try
laboratories, nitrogen-i5 rneasur'emeriL equ±prnen'e, or iso-tope
hydrology' facilities should be encouraged to serve countxies
$till lacking these capabilities. A number of such offers
have been received through RCA. Still m(:)re ean be done to
further the Xoeal produetion of radioisotopes and
radiopharmaeeutieals.

     Coneurrent wi'th these practica]. moves towards regional

self-sufficien¢y is a broadening and refining of theprogramme. Member States, through their Meet,Srig$ of
Representatives are acutely aware that needs and priorities
ehange. For instance, in the 1988 TC1 eomponent of the RCA

px`ogramme are projeets ±n the fieXds of the'' Radioimmunoassay of ThyToid Related Hormones'', ''Energy and
Nuclear Power Planning'' and the ''Radiation Sterilization ef
Human Tissue Grafts. !n addition, a Japanese initiative has
led to the majox new project "$txengthening o£ Rad±ation
Proteetion Infrastruoture''.

     RCA is widely regarded as one of the few successful
exarnx)'les of regional teelmical co-operation. To some extent
±L has inMuenced 'the development of the ARCAL co--operative
programme in Latin America, and possible future arxangements
in AfTi¢a.

L INTRODUCTION
     The Asian and Paeific region oomprises about half of
the world's population and is extremly d±ver$e. Countries
vary greatly in size in pex capita income, eulture,,
geography and alimate. The regien has, however, been
expe)rientedng relativeiy rapid economic g)rowth over the past
decade.

     UNDP predicths ehat there is astrong po'Lenttal fox
cont±nued vigorous ec:enomic development through at least the
remainder of the century. Xt furthex recognizes that the
tx'ansfer of technology is particularly significant under
these ¢ircumstane.es. Beeau$e of Lhe differenees irt 'the
levei of development within the region, there are
:iubstantial opport,unities for potenLial trarLsferers as well

as recip±ents of technology. Regional projects are a
natural medium for sueh techni(;al oooperation. 'Part±cular
emphasis is being placed on techn±cai co-operation between
developing counLries (TCDC).
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     Teehnology cannot be transferred without human
resources development (HRD). HRD is more than training, as
it also involves man-power planning and the efficient
management and deployment of availabl,e skiUs and
capabilities. Zn his statement to the Forty-thixd $ession of
E$CAP, the chief delegate of Japan, His ExceUeney Mr. Ke±wa
Okunda said [1]:

     ''Japan depended in very gxeat measuTe ori its hutman
resourcesfor moderni.zation. Our experiencehas ieft us
firmly eonvinced of the impoxtance of HRD in the economie
and soc±al development process, Japan has thereforeconsistently placed specinl emphasis on HRD as the
foundation of nat±on building when assisting the efforts of
developing countries and has maintained its positive
co-operation in this field".

These
.

.

thTee norms of the teehnical co-operation viz
teehnology transfer
'human resouxees development (HRD)
teehnical co-operat±on between developing
     eounicMies (TCDC)

form the basis of the IAEA's regional prograrnme.

     In
regional
it will

the following se"tions the history of the Agency's
 programme, its scope, and ideas to further develop
be outiined.

XT. HIS'rORY OF THE
CO-OPERATION IN

XAEA's REGIONAL PROGRIuaY[E FOR TECHNICAL
 ASIA

     The development of a sound basi.s for regional
co-operation is not a rapid process. Co--operation in the
nuclear field in Asia dates 'back to the
Ind±a-Philippines-Agency (XPA) projeet (1963-1972), I'he
projeet involved the $upply' of a neutron diffraetometer by
:ndta for installation i.n the IMW PhUippine xeactor. By 'the
end of the pxoject, a number of countries from Zndia to the
Republic of Korea were invoLved. The long term ±mpaet of
this proje¢t was thatJ it showed [2]:

(i') it is possible to train re$earahers £rom countries
with very different cultural txaditions and
edueational systerns in new techneLogies which
eould form the basis of national Research and
Development programmes; and

(ii) it 'is possible to biAild sophisticated equipment
     sueh as the filter deteetor spectrometer wi℃him
     the mean$ and expertise of regional eentres when
     eo-operation is present.
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     In view of the su(:cess of the IPA project, the ZAEA
deeided to extend the scope and ine!ude rnore eountries in a
wider set of programmes. The Regional Co-operative
Agreement (RCA) came into foree on 12 June 1972 [3].
Support ¢ame largely from the eountries themselves and has
resulted in bringing about a good deal of cohesion within
the region in dealing with problems of eommon interest. The
early programme was diverse, and included

          . neutrondiffractionanditsappiications

          . foodirrad±akion ･          . nuclearinstrumentmaintenanee
          . isotopehydrologyandsedimentology;and
          . improvementofdornesticbuffaloproduetion.

     RCA aetivit±es were traditionaUy reviewed by annual
meeLings of Representatives of Member States at the time of
the General Conference. In 1978, the first RCA Working
Group Mee"ting was eondueted in the region. X"t was held in
Kuala Lumpur, hosted by PUSPATI and chaired by Profe$sox
Kakihana, then Deputy Mrector General Department of
Research and Isotopes, These meetings were crueial for the
development and maintenanee of links between institutes iri
the region and the future deveiopment of nualear
co-operation.

     In l1976, as a dixeet result of an initiative firom RCA
Member States, UNbP was approached to suppoxt a iarge scale
Regional Industrial. Projeet. FolXowing extensive evaluation
by UNDP and a Preparatery Assistanee Projeet, the first
phase of the project funded at a level of $5.5 Million
commenced ±n 1982, Asecond phase was approvedin 1987.Theimportanee to RCA of this project eannot be over
estimated. At one time it amounted to over 70% of the RCA
budget, and has been a major, constant contributary fac'tor
to RCA aetivity.

     From about 1979, Japan and Australia have been
financiaXly supporting RCA to an ever increasing extent. In
i983, India, itself a developing country began eo,ntributing
to RCA as a donor, This farsighted example was foUowed by
the Republic of Korea in 1986. !n 1988, extra budgetaxy
contributions, including UNDP will amount to 65% of the
$2.81 MiUion operating budget, Details are presented in
Figure1. The spreadof the xesource})ase provides an
excellene fraMework foT further planning, and in particular,
for the development of TCDC.

III. RCA PReGme

     The RCA programme currently involves projeets spanning
the fields of
          . medieine
          . agri¢ulture
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.s

industry
energy and 'nucleaT power
basic nuclear saience.

planning

     Individual proje"ts are listed in Table 1. Some
details are presented in a recent issue of the rAEA BuUetin
[4]. To Ulustirate the RCA mechanism, reference will be
made to the new project, ''$trengthening Radiation
Protection''. This lproject was formally x>roposed by Japan at
the Ninth RCA Working Group Meeting, Colombo, Mardh 1987.
After some general proposals were presented to Member Stat,es

aproject formulation meeting was called ±n Tokyo, inNovember 1987 to analyse the needs of the Tegion and. to
r>reparea detaiied project proposal. The proje"t will
comprise a number of eomponents including Regional Txaining
Courses, Regional Workshops and Co-ordinated Research
Programines. Apart-frotn "the formulation meeting, the first
t'hree a¢tivities are:

a)

ai)

Regional Training Course: Z)evelo'pment of
Infrastructures for Ensuring Radiatien Protection,
Sydney, April 1988 (Australian funded).

Regional Wo)rkshop: Personnel and Environrnental
Dosimetry Intereomparison $tudy, Tokyo,
October-November 1988 (funded by Japan),

(iii)Co-oxdinated
    Referenae Man
     Physiologieal
     Japan).

Research Programme: Setting of
 for non-Caueasians - Cc)mpUation
 and Soeial Parameters. (funded

of
by

make
ln addition
facilit±es

, theGovernmenL of
available to support

!ndia has offeTed to
the progyamme.

IV. DEVELOPMENT OF REGZONAL CO-OPERA,TION

1. A 'basis f'or

     In hi$ address
Teehnology Week [5],
steps requi.red by
development a±ms:

a)

plapning

  to the
  Pro£essor
many' Asian

the establis'hment
demand and supply

o£

of

Mrst ASEAN Scienee ancl
 Kakihana 'identified four
  eountries in achieving

a good belance between the
food;

(ii) the fostering of
     industries;

agro industries and some proc:,ess

(iii )the building
 leading to

up of selected advaneed industries;
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     (iv) the evoluttion of an industrial structure similar
          to that of the advanced countr±es.

     0n the whole, the IAEA's programme of 'Technical
Assistanee refiects the fact that many Asian countries are
in the seeond and third stages of development.

     As indieated, the Agency's regional projects are
designed to achieve speeific development aims, and, at the
same time, to eontr±bute to the generaZ processes ofteehnology transfer, human resources development (HRD) and
technical co-operat±on between developing countries (TCDC).

      The long term effe¢tiveness of the programme will
depend en the extent to which the region's development aims
can be furthered thrpugh the afore mentioned processes.

     2. Theimmediatefu'ture

     2.1 Technology transfer

     Considethations leading to a deaisiori to introduee a new
techn,ology are cornplex and cannot be attributed
unequivoeallyto a particularproje¢t. In the examplescited later, key deeisions were taken during the time frame
of the projeets and involved pexsonnel who took part in the
human resour¢e$ development programme.

     A good example con¢erns the applit:ation of nueleonic
cQntrol. systems to the paper industry. A
training/demonstration facility was established at the $iam
Kraft Paper Corporation's factory nearBangkok. Training
eourses were arranged armually. To date a number of
instaUations have been commissioned in the region ineluding
10 in Thailand. The next logieal stage is the extension o£
this act±vity to simpler, ].ess expensive installat±ons
tailored for smal]. paper mills of which there are about 250
in the region. This exciting coneept which is being
developed by a Japanese expert envisages the involvemen'L of
engineers from the paper industry in the design, and an
eleetronics eompany from the developing countries in 'the
manufacture.

     Nuoleonic eontrol systems have also been applied to the

aopper ±ndustry. A demonstration faeility has beenestabXtshed at the Philex Mining Corporation, Baguio City,
Philix>pines, The teehnology is now being used, for
instanee,by the Mamut CopperMine, Malaysia. A major
project involving the application of nucleonic sygetems in
the coal industxy is in an advaneed planning stage.
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     Irradiation facilites have been, ox wUl soon be
commissioned in Bangladesh, Malaysia, Pakistan, Philippines
and Thailand for "the sterilization of medical products and
/or food irradiation. Particuiar yrrentiolt should be made of
the Thai Company, Gaminatron which was established in 1984,
as a direct xe$uXt of the preject for the manufacture and
sterilization of medical products. Future activities will
be coneerned with improving the standards of manufacturing
practice. In the cense of food irradiation, a gMeat deal of
seientif±c: and technical work has been undertaken. The next
stage involves assisting Member States to ensure' proper
proeess eontroi and to faeUitate the ae¢eptanee of foodirradiation in txade.

     Of the many other examples of technology transfer
whieh could be quoted, reference wili be made only to the
radiation vulcanization of natural rubbe)r ,iatex. Activities

in this field are accelerating. For ±nstanee, theIndonesian Farnily Planning Board has decided (subjeet to
Government approval) to start comrnercial produetion of
surgi¢al gloves u$ing irradiated latex. Again, Malaysia is
to make a major investment in research and deve-opment in
this field. Serious'intexest is also being shown by the
Republicof KoTea, ThaUand andSri Lanka. The fututre
involves investigating the potential of eieetron beam
technology,

2.2 Human re$ources development

     Human re$ouxees deveiopment is a wide eon¢ept invelv±n'g
the identifieation of manpower requiremenLs, inexease skUl
levels through training and the deployment and rnanagement of
theseresources. It isa dynamiaprocess. Thisis well
ilXustratedin Figure 2 wherethe development of three
different types of training is shown: regional training
courses, executive managernent seminars and national training
cour$es.

     Regional training courses are still the pTincipal
method of inLrodue±ng new technologies to sc:ientists and
engineers. However, during the early stage$ of the projectt
it bec:ame appaxent that for effective transfer of a new
teehnoZogy iL was neaessary to ensutre that senior deeision
makers were also aware of its potential a,dvantage to their
operations. Exeeutive Management Seminars were therefore
introduced and have become increasingly popUlar,

     As a teehnelogy spreads, the demand for training
inereases and ean no longerbe metby regional training
activities in whieh one or two partieipants from eaeh
country are seleeted. The Ageney hass therefoxel started
supporting national training eourses by the provision of one
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oy two spec;,ialis't leeturers. This is a cost effective way
of reaching a large number of people.

     The organizing of national training courses under the
auspices of aReg±onal project rnay appear to involve aninherrent contradiction. However, under RCA the pattern of
courses are determined by the regionai meet±ng of national
project counterparts. Zn addition, maximum use is made of
regional ieeturers. In 1987, of the 30 lecturer.s' supported
by the Ageney, 22 were from the region, ±neluding 7 from
developing countries. This of course excludes the majority
of instrueto'rs who were from the host country, A conscious
effort will be made to further inerease the assignment of
lecturers from developimg countries, scself a very ef£ective
avenue of HRD.

     In the new Nucleonic Control Systems (NCS) Coal Projeet
another innovation is to be tried. One specialist lecturer
from Australia supported by a $ma]l Thai staff will instruct

a srnaU group of paxt±cipants (rnaximum 6) in theapplieations of nueieair t;echniques to Lhe coal industTy.
More personal±zed attention will be possible. Courses will
be eondueted twice a year.

2,3 Technieal Co-operation between Developing
     Ceuntries (TCDC)

     The Buenos Aires Plan of Action, 1978 [6] which was
endorsedby aUnited Nations General Assembly Resolut±onstaLed that one of the prineipal aims of TCDC is "to ''promote
and strengthen colleetive self reliance, the pooling and
sharing of their teehnical resources and the deveiopment of
their complementary capaeities''. It adds - that while the
main flow of teehnical co-operation would be between two or
more developing countries, the support of deveZoped
eountries within the region and of interregional
institutions may be necessary.

     Many deiegations to the 1985 High-level ComTnittee of
Review ef Teehnieal Co-operation beJtween Developing
Countries expre$sed disappointment that despite the
extensive efforts over the years since 1978, there wa$ still
mueh to be desired in terrns of the enormous potential for
such co-operation [7]. Four faetors for the ±mplementation
of TCDC are reguired.

a)
b)
¢)

d)

politi¢al will amongst the eountries involved;
estabiishment of eertain neeessary meehanisms;
readiness to share resourees of all types;
clear and agreed ±dentification of ¢oncrete
areas for eo-operation.
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     Ali of these pTeconditions for TCDC have been
establishedwith±n RCA. Centralto (a) and(d) is 'therapport established and the agreements reaehed at the
bi-annual Meetings of Representatives of RCA Member $tates,

     The readiness to share resourees is clearly shown in
Figure 1, where s±x separate sources of funding, including
two develolping,eotmtrie$ are identi£ied. This graph does
not $how the very substantial in-kind resources made
available by all eountries for the implementation.of the
regioxxal programme. They at least match the cash
contributic)ns.

     In addition, every effort i6 made to use regional
experts. This is particularly well illustrated with the NDT
sub-projeetof -the RegionalIndustrial Project. In Che
period 1986--1988 there has been a substantial reduction in
the number of experts recruited Erom outside the Region and
a large incTease in those from the developing eountries.
The txends are shown in Figure 3. The inereasecl use of both
physieal and human resourees from develeping aountries is
eiear evidence of the viability of TCDC in Asia.

           ,     Although signifieant aehievements have been reported
thexe is stili mueh to be done. Perhaps'the next step is -to
eneourage the development of bi-lateral relations between
specific inst)i"tutions in develo]ping countries. The
"resource" institute <rould provide expertise for projeet
suppoxt and offer fellowships for training. Some aatalytie
funding would be necessaxy.

     As mentioned above, the successful evolution of TCDC
requires an elernent of politicaZ w±ll. It leads to aninterchange of personnel and skills on the basis of a
partnership betweert those who need and those who are able to
help. This in itself helps to create an even be"tter
environment for further co-operation.

     3. Thelongerterm

     The strength of the Ageney's regional programme will
uXtimateiy depend on the effeetiveness with which it is
possible to mateh the modalities o£ technieal eo-operation
(teelinology transfer, HRD, TCDC) with eurrent developrnent
aims (fostering of agro--ancl process industries, and the
building up of seleeted advaneed industries). A partnership
is required between t'he developing eountries, donor
eountries and other Agencies and Assoeia"tions eoneerned with
multUateral te¢hnology transfer.
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     Over the past 15 years, an essential infrast,rueture has
developed under the RCA umbrella. RCA is gathering a
strength which cannot simply be explained by the cumuiative
effect of the success of ±nd±vidual projects. A tradition
is being deveioped which extends back to the early 1970's.
Central to Lhis tradition are the bi-annual meet-ings of
Representatives of RCA Member States. Many of the delegates
have been working tegether for many year$ and understand the
development problems and opportunities in each others
counCries rather well, As a result, the$e paeetings provide
the Ageney with a consistent pattern of advice on the
progMamme.

     The consisteney of this adviee tends to strengthen
RCA tradition and to ensure a sound long--term basis
incorporating nueleax s¢ience and teehnology into
reg±on's long-term developrnent plans.

Tokyo, 14 April 198'8
2nd Session
JAPAN INDU$TRIAL fi'eRUM
Annual Conference

the
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TABLE 1: RCA IE)ROJECTS 1988

Field Project
  (1)
Funding

Agriculture Asian Regional
Project on Food
(Phase U)

Ce-operative
 Irradiation

Australia

Use of Nuelear Techniqutes
to Improve Domestic Buffalo
Produetion in Asia - Phase II

IAEA
Regular
Budget

Medical and
  Biologieal Quantitative Evaluation of

Nuelear Medieal Proeedures
for Diagnosis of Liver Diseases-

Japan

Improvement of Cancer
in Asi'an Countries

Therapy Japan

Aerosol Inhalation imaging for
the Diagnosis of Respiratory
Diseases in Developing Countries

India

Development of
Using Low Power

Tc-99m Generators
 Research Reactors

IAEA
Regular
Budget

Radiation Steril±zation
Tissue Grafts

for 'rechnical
Assistance
Fund

Radioimmunoassay
Rel'ated Horrnones

of rrhyroid Technical
Assistance
Fund

Nueiear
Elements

'rechniques for
 in Foodstiaffs

Toxic rAEA
Regular
Budget

Care and
Nuelear

 Maintenance of
Medical Instruments

IAEA
Regular
Budget
Techni¢al
Assistanee
Fund

Irnmuno-d±agnos±s of
Tubereulosis

:AEA
Regular
Budget

Use of Computers in
Technetium-99 imaging

Australia
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Field Projeet Funding

Zndustry Regional UNDP Project f･or
and the Pacific (RCA) on
Ind"strial ApplicaVions of
Isotopes and Radiation
Technology

Asia UNDP
Teehnieal
Assistanee
ffund
Japan
Australia

$ub-projects:
- Tracerl'eehnologyinMndustry
- Non-])estruetiveTesting
･- Radia'tionTechnology
- Nu<L.leonieControlSysteyns

Radiation
   Protection Strengthening of

Proteetion
RadiaLion Japan

Australia

General Basic S¢ience
Reactors

Using Research India

Energy and
Planning

Nuelear E'ower Teehnical
Assistanee
Fund

(1)
Zn addition,
funded by the

annual
Republie

Workshops/Training Courses
 of Kerea.

are being
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「アジアにおける原子力協力の展望」

原子力委員会委員

　中江要介

1．冒頭挨拶

　本日、本セヅションにおきまして、「アジアにおける原子力協力」について私の意

見を述べることができる機会を得ましたことを光栄に存じます。

2，序

　　まず、本題に入る前に、アジアにおける国際協カー般について、私の見解を簡潔

　に申し述べておきたいと思います。

　個人的なことですが、私は1971年から1978年までの8年間、外務省でア
　ジア関係の事務を所管しておりました。その闇、いろいろの問題がありましたが、

画期的なこととして、日本の対アジア外交についての基本的な政策が、一おそらく

戦後初めてのことと思いますが、一当時の福田首相の口から、マニラで公にされ

　たことが想起されます。1977年8月のことで、一般に「福田ドクトリン」と呼ば

れています。

　　この「福田ドクトリン」は歴代内閣によって踏襲され、今後共変わることはないと

信じますが、それは、三つの原則から成っています。

　第一は、日本はいかに経済力が大きくなっても、決して「軍事大国にはならない」

　ということです。

　第二は、アジア諸国との間では、物質的な関係に偏らず、「心と心の触れ台い」を

重視していくべきだ、ということです。

　第三は、イデオロギーや政治・経済体制の違いを越えて「平和共存」の関係を目均

すべきだ、ということです。

　　これらの諸原則は、これから申し述べる「アジアにおける原子力協力」の問題にっ

　いての我が国の考え方や施策に忠実に友映されています。即ち、我が国が原子力の

利用を厳格に「平和目的」に限定していること、人材交流を重視していること、原子

力問題を世界的規模において取り上げ、国際協力を重視していること、などはその

好例であります。

3．原子力を巡る環境の変化

　　そこで本題に入りますが、近年原子力を巡る環境は大きく変化しております。第

　一には、エネルギー需要の伸びが鈍化しっっあり、世界的にエネルギー需給は、緩
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和基調にあります。また、化石燃料の価格も低下し、各エネルギー間での競合関係

は一段と厳しさを増してきております。第二には、1986年4月に発生したソ連

チェルノブイル原子力発電所の事故によって、原子力施設の安全確保の重要性が強

く再認識されました。

4　原子力発電への期待

　　原子力発電は、エネルギーの安全確保の観点から石炭及び天然ガスとともに石油

　代替エネルギーの中核的役割を担うとともに、世界的なエネルギー需要の緩和に貢

　侍している。またそれにより、限られた化石エネルギーを有効利用できるようにな

　る。さらに、酸性雨、大気中の二酸化炭素の濃度上昇というような環境問題に対す

　る影響が小さいといった特徴を有しています。このたあ、我が国はもとより、世界

　的にも原子力の平和利用が着実に推進されることが期待されているところでありま

　す。

5，新長期計画の策定

　　以上のような観点から、日本の原子力委員会におきましては、昭和57年6月に

　策定された原子力開発利用長期計画を見直し、昨年6月22日に新しい長期計画を

策定しました。新長期計画は、21世紀に向けての原子力政策の展開という長期的

　な視点を踏えて、今後2000年までの原子力の研究、開発及び利用に関する指針

　の大網を明示し、また基本的な施策とその推進についての考え方を明らかにしてお

　ります。

6　新長期計画の基本方針

　　新長期計画においては、先程述べました原子力発電の特長に着目して原子力開発

利用を今後とも着実に推進していくこととしておりますが、その際基本方針として、

　「平和利用の堅持」と「安全確保」を大前提としています。すなわち、我が国の原子力

　基本法や核不拡散に関する条約の精神にのっとり、世界の核不拡散体制の維持・強

　化に貢献していくとともに、我が国の原子力開発利用を平和目的に限って推進する

　こととしています。また、安全確保についても、現状に満足することなく、技術の

　向上、従事者の教育訓練、安全確保対策の一層の整備・充実など関係者の不断の努

力により、安全確保に万全を期すこととしております。

7，新長期計画の3っの基本目標

　　以上の2っの基本方針を大前提として、新長期計画では、次の3っの基本目標を

　掲げております。
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（1）第1は、「基軸エネルギーとしての確立」であります。原子力に最適なエネル

　ギー構造を構成する重要なエネルギーであり、準国産エネルギーとしての役割

　を担い得るものでありますので、これを我が国のエネルギー供給構造の脆弱性

　の克服に貢献する「基軸エネルギー」として位置付け、その安全性、信頼性、経

　済性等の質の向上を重視して開発を進めていくということであります。

（2）第2は、「創造的科学技術の育成」であります。原子力については今後開拓す

　べき面が多く残されており、またその研究開発は広範な科学技術の水準向上の

　牽引力ともなりますので、今後は創造型研究開発を指向し、ニーズの多様化・

　高度化に対応していくとともに他の科学技術分野との連携・交流に努めること

　により、次世代の創造的科学技術の育成を図っていくべきだとの考えでありま

　す。

（3）第3は、「国際社会への貢献」であります。従来の長期計画においては国際協

　力の役割については多くを論じていなかったのですが、今回の長期計画から3

　っの基本目標の1つとして大きく取り上げられることとなりました。そこで、

　この点について少し詳しく説明したいと思います。

8．国際社会への貢献

　（1）今日、我が国は世界のGNPの1割を占め、世界有数の技術を有するまでに

　　発展したことから、世界の経済発展・活性化への貢献、エネルギー問題を始め

　　とする入類共通の課題の克服への積極的対応、世界の科学技術レベルの向上へ

　　の寄与など主要先進国として積極的に国際社会に貢献する責任が生じています。

（2）また、大型プロジェクトの開発研究に関しては、これに充てる資金・人材な

　どの研究開発資源の制約が顕著となってきているため、国際協力を通じてこれ

　らの資源を有効に活用することにより国レベルの制約を克服していくことの責

　要性が強く認識されてきています。

（3）さらに、我が国の原子力発電は、非常に高い設備稼動率を達成し、原子力発

　電技術の高い安全性、信頼性が世界的にも評価されっっあります。

　これらの理由から我が国としては「平和の目的に限り、安全の確保を旨とし、進

　んで国際協力に資する」との我が国原子力基本法の基本方針にのっとり、今後、

　欧米の主要先進国とともに原子力分野における牽引車として積極的に寸隙仕会に

　貢献する方針であります。

9，主体的・能動的国際対応

　　このため、原子力委員会としては、次の3点を国際社会への貢献に当っての基本
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目標とし、所要の国内措置を講じっっ、我が国の国際対応を主体的・能動的に推進

することと致しました。

（1）第1点は、「世界共通の利益の積極的追求」、すなわち、原子力開発利用を進

　めていく上で当面する諸課題に対処していくに止どまらず、長期的視点に立つ

　て創造型研究開発を推進し、新しい技術や知識を生み出してそれを世界の原子

　力平和利用のために提供していくことにより、世界共通の利益を追求するとい

　うことであります。

（2）第2点は「各国研究開発資源の効率的活用」、すなわち、世界的規模での低成

　長時代の到来、研究開発プロジェクトの大型化等の情勢の変化により、各国と

　も資金、人材等の研究開発資源について制約が顕著になっている現状に鑑み、

　我が国としては、各国が共通して推進している大型の研究開発プロジェクトに

　おいて国際協力の可能性を追求し、研究開発資源の国際的な効率化を進めると

　いうことであります。

（3）第3点は、「適切な国際環境整備への主体的貢献」、すなわち、我が国として

　世界の核不拡散体制の健全な維持・強化に貢献していくこと、我が国における

　安全確保の実績と経験を国際社会に提供し、国際的な原子力の安全の確保に貢

　亡していくこと等により原子力平和利用推進のための国際環境の整備に努める

　ということであります。

　以上の3っの基本目標にのっとり、原子力委員会では、近隣アジア諸国を始めと

する諸外国との国際協力を進ある問題については、これを「2国間協力」と「近隣地

域対応」の2っに分けて検討を行い、次の結論を得たのであります。

10．二国間協力

　　まず「2国間協力」について説明します。その基本的な考え方は、相手国の国情を

　勘案しっっ、研究基盤、技術基盤の整備に重点を置き、相手国の原子力開発利炉計

　画の初期の段階から原子力開発のレベルに応じ、そのレベルが円滑に向上するよう

　に協力を進めていくということであります。その際、原子力開発のレベルが比較的

　高い国については、協力促進の観点から核不拡散及び安全確保を前提とした形で協

　力の枠組を整備するとともに、相手国においても国力相応の努力が図られることが

　重要です。また、協力の成果が相手国に確実に根付くよう、資機材の移転等の後の

　利用計画への助言、トレーニングの実施など利用面でのアフターケアーな1’しフォ

　ローアヅプについても十分配慮すべきだと考えております。

　　これらの基本的考え方を受けて次のような具体的方策を提案しています。

　イ．人材交流については、相手国の協力ニーズの把握に努めっっ、研究者・技術者

　　交流、原子力アドバイザーや十分な経験を有する者の活用を含あ、人材交流の促
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　進を図ること。また、

ロ　放射線・RI利用については、国際原子力機関（IAEA）、アジア原子力地域

　協力協定（RCA）などの活用及び二幽翠協力の充実により、医療、農業、工業等

　の面での放射線利用技術の向上及び実生活、産業振興への反映に対する積極的貢

　献を行うこと。

ハ．研究炉の利用については、効率的な研究開発の実施及び研究施設の有効利用に

　対する助言・指導の強化を図ること。さらに

二，原子力発電については、その進渉状況に応じフィージビリティ調査、安全規制、

　運転管理等に必要な情報の提供、技術者・管理者、運転・保守員の養成・訓練等

　の協力を行うとともに、国際分業に配慮しっっ原子力産業の国際的展開を図るこ

　と。

　以上のような基本的考え方及び具体的方策を受けて、日本政府としては1988

年度には、主として次のような諸施策の強化を予定しております。

a，まず、「人材交流」ですが、人材育成は研究基盤・技術基盤の整備のもとをなす

ものでありますので、従来から人材交流の重要性が強く認識されているところで

す。このたあ、各国からの要請に基づく既存の個別研修員の受入れ、専門家派遣

に加えて1985年度から原子力研究交流制度が実施されており（過去3年間の受

入れ研究者数123名、派遣研究者数63名）、各国からも高く評価されていると

聞いておりますが、1988年度は、外国人研究者の受入れについては、前年度

を2．2％上回る約70名の受入れが予定されております。また、我が国研究者の

派遣についても前年度の11％増の30名の派遣が予定されております。次に、

b．「集団研修」にっきましては、研究者、技術者を対象とした既存の原子力基礎実

験セミナー、原子力発電セミナー等に加え、1987年から原子力関係の行政宥

を対象とした原子力政策、開発利用、国際協力分野に関する原子力関係管理者セ

ミナー及び原子力安全規制分野に関する安全規制行政セミナーが開始されました。

　原子力の開発利用の推進にとって、総合的な計画の策定・実施及び安全規制体

制の整備は何にも増して重要であり、その中核となる関係行政官等の養成は、本

地域内各国に共通の最優先課題と考えます。その意味で、今後より多くの行政官

や研究管理者の受入れが期待されるところであります。

c，近年、近隣アジアゐ国々における原子力の開発・利用の進展に伴い、人材派遣

の要請が高まっているところですが、相手国の多様なニーズに応えて、原子力ア

ドバイザーとして十分な経験を有する適切な人材を速やかに派遣することを可能

とするため、1988年度から原子力研究者派遣斡旋制度が創設されることになつ
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ています。

11．近隣地域対応

　　次に「近隣地域対応」について説明します。その基本的考え方は次のとおりです。

　我が国と地理的、経済的に密接な関係にある近隣アジア地域は、原子力分聾におい

　ては、放射線・RI利用、研究炉利用、原子力発電システムの導入、安全確保・緊

　急時対応等の面で多くの共通課題を持っております。これらの共通課題の解決に当

　たっては、本地域の限られた財政的・人的資源を最も効果的かっ効率的に使用する

　ため、我が国を含めた地域ぐるみの協力を行うことが有効です。これを実現するた

　あ、解決すべき課題、解決に当たっての協力分担等について、地域としてのコンセ

　ンサスを得るとともに、我が国としても協力分担に応じて積極的に地域協力を進め、

　本地域全体の原子力技術レベルの向上を図り、もって本地域の経済・福祉の向上に

　貢献したいということであります。

　　この基本的考え方を受けて次のような具体的方策を提案しております。

　（イ）近隣地域の代表者が参加する国際的な検討の場を設けるなどして、これらの

　国々のニーズを的確に把握し、計画策定段階からの協力を行うとともに、

　（ロ）安全確保対策での協力の推進、地域特性に十分配慮した先端技術による画期

　的な原子炉システムの共同研究開発（共同設計等）についての検討、放射線・研究炉

　利用等に関する地域協力体制について検討を行うということであります。

　これらの基本的考え方及び具体的方策を受けて日本政府は、これらの課題を検討

するために

a，本年度から、「検討委員会」を開催することとしております。

b．また、事前の予備調査として調査団を今年2月から2週間、韓国、インドネシ

ア、マレーシア、タイに派遣して各国の原子力プロジェクトの概要や日本に対ず

る協力の要望などについて調査を実施しましたが、現在その報告書を作成してい

るところです。

　さらに、

c，今年度中に、同様の調査団を中国及び韓国に派遣するとともに、近隣アジア諸

国の原子力政策担当者を招へいして意見交換を行いたいと考えております。

12．まとめ

　　以上、昨年6月に改定された長期計画のうち国際協力に関する部分について、近

　隣アジア地域に重点をおきっっ説明するとともに、それを受けての1988年度の

　日本政府の具体的措置について簡単に説明してまいりました。
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　原子力の開発利用というのは、各国の外交政策や産業政策において大きなウェート

を占あるものであります。従って、その国際協力を進あるに当たっては、各国間の相

互理解と協力にとどまらず、各国国内における理解と協力も不可欠であることを強調

しておきたいと思います。

　以上、冒頭に申し上げましたいわゆる「福田ドクトリン」に集約されている日本政府

の対アジア外交基本政策の下で、日本政府がアジア地域において原子力協力をいかに

力強く、具体的に推進しているか、また、今後、いかなる方向に努力してまいるか、

について私の所見を述べました。本日お集まりの皆様方の間で、この意見を参考とし

て、実のある意見交換や協議を行っていただければ幸いであります。ご静聴有難うご

ざいました。
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THE COOPERATION IN PEACEFUL USES OF NUCLEAR ENERGY
    BETWEEN CHINA AND THE OTHER ASIAN COUNTRIES

                           Liu Xuehong
                       Deputy Director-General
                      Bureau of Foreign Affairs
                   Ministry of Nuclear Industry, PRC

Mr. Chairman, Distinguished Delegates,

                                                     '    Iam honoured to have the opportunity to participate in the 21st JAIF Annual Conference,

andtoaddress.thispanelonNuclearEnergyCooperationinAsia. . '

    Today, I will be discussing the topic entitled "the Cooperation in Peaceful Uses of Nuclear

Energy between China and the other Asian Countries." '

1. INTRODUCTION

    It is well known that Asia, compared with other regions in the world,has scored spectacular

achievements in rapid development of economy and likewise, the scenarios in nuclear field have

been also encouraging over the past decade. There are 56 nuclear power reactors currently in safe

operation, 22 plants are under construction, out of which 3 units are in China; Nuclear tech-

nology, radiation processing technique and radioisotopes have found extensive applications in

both developed and developing countries in the region; Industrial infrastructure for manufactur--

ing equipment of nuclear power plant is also taking in shape; Certain countries and areas are now

actively working whereabouts in nuclear fuel cycle; And there exists a considerable size of

experimental facilities for research and development ranging from fast breeder reactor, nuclear

fusion to basic research on nuclear physics and radiochemistry etc., wherein significant achieve-

ments have been obtained. It is recognized as whole therefore that the Asian region possesses

the experiences, technologies and capabilities in nuclear power, nuclear fuel cycle, application

of nuclear techniques and research & development on nuclear science in general.･

    However, unbalanced development, as is the case of economic situation, prevails in various

countries and areas in the region. For example, Japan has become one of the most globally

advanced in nuclear power, while some developing countries whose nuclear power development

is in the initial stage, have just phased in nuelear technologies for gradual applications. Thus,

where the difference in both economy and technology is concerned,the cooperation among the

Asian countries appears to be of greater importance. I would like to touch upon the considera-

tions of China to the perspective cooperation within this region.

    On the one hand, such a cooperation could help China to have a command oftechnologies

and experiences related to nuclear power. Being a developing country, China lacks seriously in

poWer supply. Hence, the government of the People's Republic has decided to develop nuclear

power. Well in this context, we need to learn from foreign experiences combined with our
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existing technologies in designing, construeting, commissioning and operating nuclear power

plant so as to achieve step by step the objective of self-reliance. In this connection, we can find

out many such examples in the region.

    On the other hand, China is able to positively eontribute its bit to the international coopera-

tion in Asia. 30 years or so have been witnessed in nuclear development in China, during which

definite experiences have been accumulated in nuclear fuel cycle, research & development and

applications of nuclear technologies with technical team and sizeable industrial and research

facilities being built up. All ofthem could be provided to Asian eountries.

    The cooperation among us is imbued with better adaptability and acceptability, due to the

approximation in geography, history and culture in the Asian region. Thus we hope the coopera-

tion could promote the development of nuclear power in China, and while are prepared to share

knowledges and experiences with Asian countries with the view to facilitating the cooperation

in peaeeful uses of nuclear energy, bringing its benefit to the Asian peoples.

                                           '

2. POTENTIAL AREAS OF COOPERATION BETWEEN CHINA

    AND OTHER ASIAN COUNTRIES

    Over the past decade since the policy of opening to the outside world was adopted, China

has actively learnt from foreign advanced teehnologies and experiences and established coopera-

tive relations with the European as well as the Asian countries, specially with Japan, in the area

of peaceful uses of nuclear energy. Such a cooperation is characterized by seeking, through

governmental, non-governmental or commercial channels, to conduct manpower training,

organize technical tours or scientific lecturings and purchase equipment,aiming at overcoming

difficulties in nuclear power development in China. The Ministry of Nuclear Industry has built

up good cooperative relations, on bilateral basis,with the Japan Science and Technology Agency,

Japan Atomic Industrial Forum and Japan Electric Power Information Center, as well as the

commereial contacts with Mitsubishi and Hitachi, et al. The scenario in the cooperation is

satisfactory.

    At present, we wish to further eontinue the cooperation in the following areas:

    A. Quality Management in Design, Construction and Commission of Nuclear Power Plant

           '
    The reactor safety has become mostly concerned after the Soviet nuclear accident at Cher-

nobyl. Many countries including China have formulated and upgraded their comprehensive

safety regulations However, a strict quality management system needs to be set up in orden to

be in compliance with regulatory requirements. On the one hand,we gather experiences and

draw lessons through constructing Qinshan and Daya Bay Nuclear Power Plants respectively,on

the other hand, we desire to use the matured and effective methodology of Japan and other

countries for reference so as to avoid mistakes and improve safety of nuclear power plant.

                                             ,
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    B. rllrraining of Operators and Maintenance Staff for Nuclear Power Plant

    Having realized that safe operation without any accidents in the 30 odd years of life time

after completion of a nuclear power plant by standards really depends upon the qualified operat-

ing and maintenance staff, China has started to build a simulator center for nuclear power plant

at Institute of Nuclear Energy Technology of Qinghua University and a simulator in Qinshan

Nuclear Power Plant for the purpose of ensuring operators being accorded necessary training

prior to start-up of the plants. Furthermore, only such technical leaders as operating supervisors

and maintenance chief shall be trained abroad, can they be granted with operating license.

Therefore, we are concious of the need to acquire experiences in managing and operating simu-

                                                             'lator center and the need to bring up mainstay aborad. '

    C. rllrreatment and Disposal of Radioactive Wastes

    In China, significant volume of high, medium and low level radwastes has been produced

over the past 30 years. Despite of experimental work being carried out respectively on glass,

bitumen and cement solidification, treating and disposing capability in industrial scale is still

hardly created. As a result, the question to remedy the situation has become increasely pressing

and requisite, As far as the final disposal of radwastes is concerned,geological and geochemical

research work is now being carried out. We hope to use the experiences of our neighbouring

countries for reference by launching technical and industrial cooperation in the area of rad-

wastes solidification and conducting exchange of information and personnel in this field.

    D. Building Nuclear Power Plant in the Form of BOT

                              '                                                              '    In implementing its nuclear power programme, China, as a developing country, is being

                                                'faced with shortage of domestic funds as well as foreign exchange. Therefore, it might be a

valuable attempt to nuclear power cooperation that developed countries would construct

nuclear power plants in China by joint ventures using Chinese and foreign investment or by

exclusively foreign investment and seek for possible ways of compensation, which, we believe,

could be the perspective avenues to accelerating nuclear power development in developing

countries. In this connection, we are ready to explore such ways for compensation trade with

foreign partners as:

    - direct or indirect compensation trade, namely making compensation with nuclear

       products as for yellow cake, low enriched uranium, etc. or with goods produced by t,he

       electricity generated from this nuclear power plant;

    - establishment of nuclear power joint venture company, manufaeturingjointly nuclear

       power plant of international eompetitiveness for export to third countries by low cost

       of machining and cheap availability of manpower in China.

/
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    - participation with shares paid by electricity generated in the nuclear power plant in pro-

        ducing such power-consuming chemical and metallurgical products at selling as ferro-

        silicon,aluminum and alkalichloride, etc.

                                  '3. PERSPECTIVE CONTRIBUTIONS BY CHINA IN THE REGIONAL COOPERATION
                               '                                                      '                                                                                 '                                                                    '                            '
    As stated by Vice Minister Chen Zhaobo in 'his introduction of China's status in nuclear

industry, China is prepared to share the experiences and technologies so accumulated and built

up over the past 30 years with those countries who like to do so. Since our experiences have

been gained in the state whose economy is not yet highly developed, they are more suited to

and easily absorbed by some countries and areas of the region in light of their situations similar

to China, which has been recongnized in the seminars on application of radioisotopes and nuclear

                    '                                                                      '                                                                         'techniques held within the framework of RCA in China.

    We consider it meaningful to share the experiences together with the other Asian countries

in the following areas:

    A. Uranium Prospecting and Exploration

    To date, a complete uranium geology works comprising explora'tion,research & develop-

ment and education have been carried out in the Ministry of Nuclear Industry. Ground and

airborn survey has so far covered 3.4 million square kilometers, where many types of uranium

deposits were discovered, notablly classified according to their host rocks into the following 4

types as for granite, volcanite, sandstone and car6onaceous-siliceouspelitic rocks. There are now

7 uranium geology research institutes, more than 10 thousands professional staff and various

advanced methods and technologies for exploration as well as for conducting chemical and
                                                                    '
physical analysis of rocks and minerals.

    B. Usage of Research Reactor

    With 10 units of heavy water, swimming pool type and high-flux research reactors in opera-

tion totalling 120 reactor-years, China has conducted various research work on reactor physics,

thermal-hydraulics, materials, fuel elements and non-destruction testing, etc. as well as produc-

tion of radioisotopes. The number of scientists and engineers committed to these operations

totals roughly about 5,OOO, It is known that the high-flux research reactor is characterized with

high flux of both thermal and fast neutrons, the quality of irradiated materials and the specific

ratio of isotopes produced in the reactor are duly increased,

                                        '
    C.ResearchonParticleAcceleratorTechnology ' ' K
                                   '                        '                                                 '                                    '
    Particle accelerator is an important tool wherewith to do research on nuclear physics,

elementary particles and to develop nuclear industry. Ever since 1957 when China built its first

2.5 MeV proton Van de Graaff, the scientific institutions, industrial enterprises and unversities

1
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have set up 103 units of accelerators, including the 6 × 2 MeV Van de Graaff, the 6 "sv 25 MeV

electron-cyclotron accelerator, the 100 MeV electron linear accelerator and the 35 MeV proton

linear accelerator, etc. The HI 'v 13 Tandem Van de Graaff introduced from the United States

went into operation in 1986 at the Beljing Institute of Atomic Energy of MNIwith accelerated

energy being increased from 26 MeV of light ion to 4.3 MeV of silicon ion. With these equip-

                                                           'ments, the Chinese scientists and engineers have done a great deal of fundamental research work

yielding great achievements in this regard. '

･ D.ApplicationoflsotopesandNuclearTechniques

    A sound foundation for a sizable development, production and application of isotopes and

nuclear techniques has been laid down in China. For routine supply,there are nearly 800 types

of isotopic products being available in the market and more than 2000 domestic clients are now

making use of radioisotopes. At present, professional staff doing the business accounts for over

10 thousands. Isotopic techniques and other nuclear technologies thus have been extensively

applied in various sectors of agriculture, medicine, petroleum and coal industry, metallurgy,

water conservancy, building materials and ehemical engineering and in the fields of physics,

chemistry, biology, archaeology and environmental protection.

                                                          '
    In Iine with the principle of equality and mutual benefit, the cooperation in the stated

                                                                 'four areas could be launched by adopting the different forms as follows:

                                                                                 '
    - accept training of personnel in China or send Chinese experts abroad for scientific

                  '       lecturing; . ･' '･                                                               '
    - hold technical seminars on bilateral or regional bases;

    -- use the China's facilitiesto carry outjoint research projects;

    - provideexpertservice;and

                                 tt    - cooperate in certain joint projects such as in uranium exploration and in the utilization

                                                '     ' ofradiationfacilities,researchreactors,etc, ･ ･

4. THE PROPOSED PATTERNS OF COOPERATION

    In view of the current situation prevailing in the cooperation in theregion,we hereby pro-

pose to further expand the cooperative activities.

    A. The scope of the eooperation within the framework of RCA under the auspices ofthe

IAEA could be further enlarged. Up to now, a fairly number of training courses on application

of radioisotopes and nuclear techniques have been held effectively under the RCA programme.

In this context, it is proposed that the activities in nuclear safety, operation and management of

nuclear power p}ant, nuclear fuel cycle and treatment and disposal of radwastes could also be

incorporated into the programme.
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    B. Japan is one of the regionally most advanced countries in nuclear technology and also

one of the most developed countries in economy in the world. It is therefore expected that

Japan could make greater contributions to the cooperation in the field of peaceful uses of nuclear

energy among the Asian countries. Since the Scientists Exchange Programme in Nuclear Energy

Research between Japan and the Neighbouring Countries which is sponsored by the Science and'

Technology Agency enjoys appreciation in China, it is hoped that the Programme could be

expanded from exchange of personnel to engagement in joint research projects by using some

existing facilities in China to pursue experiments whereas the manpower is provided by China

and the experimental results are shared mutually by both sides.

    C. In the light of conditions and requirements of the Asian countries, we eonsider it

appropriate to establish an Asian International Programme for the purpose ofjointly developing

some long-term projects of high cost. For instance,the installationsthat have been already com-

pleted in one state, like Tokamak Facility, the Tandem Accelerator and the High-Flux Reactor

in China, could be used jointly by other states, where the parties bear the operating costs while

scientific results are shared among the participants, thus helping to reduce operating costs of

utilities and obtain fruits at smaller cost. In particular, academic thinking can be expedited and

livened up through such practices.

    D. We endorse the establishment of both nuclear power training center and nuclear power

operating information center in Asia with the view to further strengthening nuclear power coope-

ration in the region. We hope that these activities could make progress. In the mean time, we

wiSh to see the expansion of the training center's workscope which includes not only the training

of operators at simulators, but also the on-thejob training for designers and builders at sites of

nuclear power plants under construction so as to facilitate the Asian eountries in constructing

nuclear power plants by self reliance and in safe conduct of power reactors,

    In short, strengthening the cooperation in the field of peaceful uses of nuclear energy

depends upon not only the willingness of one state, but also the desire of the cooperating parties.

We shall strive, within our power, for the realization step by step of all possible cooperative

projects in line with the spirit of equality and mutual benefit.

    Thank you!
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  ENHANCING [[}HE

COOPERATION IN

 PRODUCTIVIiliY

THE PEACEFUL

 OF RESEARCH
UTIL1ZA[[tION

 AND DEVELQPMEN'I'

OF NUCLEAR ENERGY

Djali

BAtrAN

Ahimsa ±)

pt INDONESIA

     It is indeed a great honour for rae to be invjted to attend
the21St JAIF Annual Conference and to be given an opportunity to

speak before the panel on eooperation in this regSon in the fjeld

of nuclear energy development and utilization.

     Japan through JAIF is to be commended for its conti'nuous
efforts for cooperation in the peaceful utilization of nuclear
energy. It is ray hope that this role is conti,nued, expanded and

deepened in the near future.

     The Indonesian nuclear program is 'v'ased ug)on t;he state

philosophy and basic law and is aimed at realizing a just and
prosperous society in a unite;"d and democratic natjon and at the

sarne time to contribute in the strengthening of world's peace.

     Selfreliance i,s one of the basic strategies jn the develope

i"ent and ixiplementation of the nuclear prograre. This rueans that

we n}ust develop strong scientiti.c and technoiogical [aanpower,
research and development ir)frastruct,ure, managerr;ent and organizaby

ti.on. It should be stressed cjf course that selfreljanee does not

precludie mutually frui.tful cooperation with developing and
develop nations jn the peaceful uses of atomic energy.

                   '                                         '*) Directer General pt Natjonei Atomic Energy Agency es BATAN
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     The last 3th years the world has witnessed convincing
progress i,n the developrrtent and utilization of nualear science

and technology both in advaneed nations as well as in developi,ng

natior}s. At the present tirnet nuclear energy su}{)plies a
substantienal portion of electricity generation in the worldt ori

,,Fhe other han< the appljcation of radioisotopes ar)d radiation has

made great contributi.on in variou$ sectors such as : healthp
agriculture, hydrologyt publSc works, industry and environmental

research. In other words, nuclear energy is unavoidable due to

its great usefulness for the society and its already proven
safety.

     I will now touch on some aspects about cooperationr its
frameworks and modes. In a world characterized by inereasjng'
interdependence and also increasing crises in energy economyv it
is always invigoratjng to discuss and to realize cooperation in

nuclear energy field. It should be stessed however that this
cooperation should be effectjve and productive not just syrnbolic.

     If this cooperation is to be effective, various factors both

technical and nonijtechnical should be considered. In the first
place we must try to enhance and deepen mutual understanding on

each other's program.

     Good knowledge on resourcest expertise and research infrats

structure in participating eountries i,s a neeessjty and of
important. Developing countries with lim'ited resouraes should,
if possiblet avoid duplications of faciiities avaUable in other

countries. Weli coordinated effort on cooperatjon couid in¢rease
the e'Eficiency of exi,sting facilities in these countries.
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     Another important aspect in enhancing cooperation are
personal contacts between scientistst engineers andother
offieials Qf the region through conferenees and seminars which
are held. This is jrnportant in developing conducive environment

for cooperationr to increase exchange of informati,on and to
expedite the execution of the jojnt program toward suceessful
results.

     As 'rnentioned earlier certain fraRiework shouid established as

the basis to create a successful cooperatj,on. The Regienal
Cooperative Agreeinent (RCA) under the auspieces of !nternational

Atomic Energy Agency is one of such frame works already axist and

operates successfully.

Thjs RCA framework has benefitted developing countrjes in Asia
an(a the paci,fics especially in the field of radioi,sotopes and

radiation applications. Threugh eontinous effort a'nd
understandi,ng of the partieipating countrj.es RCA programs is
                                 'contineously exgandSng.

     other framework should be pursued actively such as estabee
li,shing of bilateral eooperai:J'on between develop and developing

countries and among the developing eountries itseif to exchange
its experience in development their nuclear program.

     It js to be noted that sinee l985 Japan as an advanced
eountry has been very aative in provaoting cooperation wjt,h Asian
                 rcountries and bridging communicabi,on araong the dieveloping
countries for our mutual benefits. !t is hoped that Japan andi
other advanced countries can cQntinue to act Sn this capaeity so

that the cooperations among the developing nations in nuclear
energy can produce concrete result.
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    The last point that I would like to rnentSon in relati,on to

the eooperation modes is the creation of cuitural envi,rontnent
that could contributs to a smooth and fruitful cooperati,on. In
this respect I believe good personal contacts among scientists,

engineers and officials in the region through rneetjngs and
regionai seminars can achjeve such purpose. This forun} will
facilitate exchange of ideas and information at the technical
level and also djscuss coinmon programs infonvially.

     :ndonesian wi 1.l offer its ready bui.ld research centres at

Serpong to be used as one of the site for cooperatjon in the
developrnent of nucrlear program among developjng countries.

Par:bicipation oE advance countries would enhance the creasjbility

                    'of sueh cooperation.

     I will not discuss any specific topic or field for
cooperation, but to give you sorni-m broad picture of our program
                                                       'and facilities available for cooperatjon. (see annexes).

     It raay also be jnteresting to mention possjble fi.elds of
cooperation. Nuclear safety i.s one issue that we have to look
into to boost healthy development of nuclear energy.

    Vvith new developii:ents that we have seen lately it is also
very i.mportant' to cexchange experience in regulatory practice and

guality assurance program.
                    r

                                                       t.    For developing countries assistanae in reviewing of enGrgy
demand and supply planning is very irnportant.
            '               '

    To increase the result of research in developing countries
joint research prQgrams are very effjcient and effectjve to reach

our mutual goals. For whi,le exchenge of scientjstst engineers anU

speciaiists wiU smoothen this cooperation,

li -4- 4



NAIN FACIIL,ITIES

      2!;;･Iil'jE,,:･;I,･]1E-i:

      -
AVAILABI,E A･T SE',R.PON,G NiU'CLEAR CO)xliPLE>l

A. kii/.eaicrtor Ir]sitallbtjor)

   lke regctor i:-:･ L]ased' on t'bEb cotnceti)t of 6" Ii2C sv,""cojr]s vooi

   rL:sactol' Lvjtin b.'=ryliiuLt, re'tle.etor. Tile core c}'esjgtl oC ti,)e
   'rea'ctor provic.,t'.ts,; ex't:)erirt;enter "v']'th tt""o sjsr}ifjcrant t'eatures :

   i- ttje cordi ancJ'; tcEr: k:tc-ary].lium reflector viijth i'ts lorvte voluL:･e
     v':3-hr't]c'tiil irraU)' e.itic)･r) ci')aiJnels't c-sr3d

   -- ar± oi;itjui], esrrangc･y,ne･nt ()'E beaLvs tubes, locot,eeclt v･,"jthin th･e high
     t'r}"br:rial r,E?utrort flu>g fielc:･ (2.l - 2.6 x lc's]-4n/cru2:'/s) t,,itith

     er)ertty ILr>$s thcJm C･/'.62E. ev.

   E"bki) rre]bctor js ctasignec':･ for a theririal outs;･ut, of' 3('t I'"iir": ar)cl it

   .L)uaak value of thariv,al flLux in, Cer)trol Irracijatj6r'i Fosit:jor,
   s.3s ); :1.c'14n/c"[tj2'/s.

   Frhe F'cJbctor Ft'aci]jty jncluc'i'ets : Pn`EtutT'Letjc rliransfer E'lyEiteci'it In

   }-.･i].e ILooL,;, I･ieut:r:or') E]seain tliubG, x.1ert;i'cttl Irre]clibt;ion Ct'irknr)el.

   1. }:ir)c,ui'uatjc Trer;s,lfGr Svste:rr:

      SGrvF:}ra1 irra{.jttitiar'j E;osjt,jorss itl, tlne･ rGflecter aT'sJ ct'iart)ec,

      ancl･ cjischnrve" viei onE} i,'Jr]euiluatic' trons'Eer systetLi ancl// C'our

     h.yc)rau]ic tzre/nsfer syster[,. T'he Fiutt,uffatrjc trffr)$fer sbe:stE"r(t

     zivJtb thei ret:iujrG(t trdek sv"itc'hes c-#vy,::is ir", a bot cell
     e1locotEtct t:o tht.-vA r`edctr.or itn(it e{'.uireci,: wjth l[:-)dic:,･--glassi

     x,;jitKtoNvs and, harrd tuanif:,,utlators. rc'he hat cell E.JroviciEtG f(')r
     bennulincb' the'" sui'n'tr''les l')e$ an area of aky')rcixjk,ately 2x4 f!,2.

   L,. I-- s"ile-loohJ .
     T:hE:) in-L)jle EacjljtjGi,$ v3jl1 }･,ic'trfori[: tlJie jrradiatSori
      evxi;){E)rjik,h.'-rrks 'ffor t()Eiitjng ot' s･'y,)e(rjt']'c i;roy)erti-.'--,s ana

      fur)etic'nE;-: ot suLasse:･;'ibly of L':･e:･irt. assGzf,bly ef fuel bundlelt,i･

      tTor IJi:･JIt, P}IV',R at'xil b!ff'R an`..! for te$tir)g of i.iitsterjals for thesJ

      rEli:actor F+}'tructlure.
     [lrl"je PZ･iiF./I).I}'[･'･}Ii' in･-F･jle 1ool:i,s areb hjgh ]yressurG (iES(j bar) an(J･

 , hicht;eiv'ii･:,ereitur(25Cl'i-t3.2C,i'Cwaterteei,v,)looi:Jsanc,4ca"ablEe
      for fue}･Jl t;E-L'tsitjng sv･ith PI-j',,Gi), hundle of 12･-6 roCs "rK2･ 5C:: tt,i ii;f[',

      long an<l{ wijt:h PTt･,E'･: bmi'K."il{E) oft 21. rocus ancli 5gtfiIi vrLfi} l.an(,';. flihe,

      I't･ftketts.rjisl "-,'wt･rtii'fts E'eact'or jn Liti16 loc;･p v"ill allo-i･i

      jrra"Jjat:ior] ofi {iuel se3i'rtl.)les of r"GTI:c tyt:te in one jrracliatiori

     Il;c+s.riticJy} c)f tt'1e raactor.
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3. Neutror'i ll-'},t')-am Tiuiows

  Insie,.t, the reaet,or poolt hor'jzontbl laGarEi tuleses onC vertjcal
  jrra<liatiun crlr')ar)r"iels ar& vrovit'inedi fof jrraditttjoi',i
  <Eix"･eriiii-erx,ts. T'v,o 'horizontal beaL't'L tube$ errangeiS
  t("rsgentially to tbe core enci four horizontnl bedir;i tubes
  arrangeG rutijally to the core. Thei beasu t.ubG,s lvre made of
  AUvlg3 anc1 have inner diiameter of l5Ei ffx'a. ffihe beafr', t.ube
  noso.s are condiuctead jnto the interior of the ii)erylljurt',
  bloeic reflector u};) to coritht vicjnjty anci' l"}ave gGorbetries
  ovtiviivt2r! with regard to neutron physics. (Tl"iG neutrorlr f'lux
  is abouit 2.l - 2.ci x lc,!14n/cffL2/s wjtb thL{ri neutror) Gnergy

  !ess than tt:i.(I･25 e V). 7;hey are arrangeCl on 3 levva].s, on
  eorEj cc･ntre levo;-l ena on level 2C.;cl･1･ n'iti} obove; anCi: beiov" t.hjs.

4. Vert:dca]. Irroc:2jat:ion ChannGls '
                                                '  Vertjcol irrai(,jbtj<m channel$ are vrovjGee ir} jncore aricl
  out of coren.-., irr"adiiatio1') i,}ositjons. 1'he".･.'L Etssdvntial

  ),rracuat:cn'(r.'nam')els are as tollows : 3 veirti,cal it's core
  irrediier;ion char)ne1s x･n' tih artea 77 x S1 tf`vLi, 1 vertjco] ir)
  core iyraajbltior,t c'har]rje,l v･vith areffi 154 x lg2 g[uk, (･sc:･･verti)l

  vGrtjcal jrrditijffttjon eltanr'selEi' jr', 'the ioorylliuu, refleetor
  v･iith erk'a without i,.)r'ieurt,atic t:rensfer systei'it wjtt) areE" 77 x

  Eil t,t,ii'c. Irbrecii out oti cor..:･ posjtiens jn thfr' regjon c}E tLt),!t

  btyrylliuec, reflocNtror tr･l":v,ilieats are connecteci: via ttio
  Pr)eurL',atjc- rl'rarisfer Systeic･ tdth thc.7L hot cells arranyed to
  the )fGacxt:ur. 'rlie cap'sules fiacjlLj.t:y tltiill ailow irraC,jation
  e>gE'ieri;:fLdvnts t･,iitl';･' vO? fuel yellet$/gxin of aic}out lor･ cm lerigth

  al']Ci l:) tr.ft ('i,iaLi',wter ancli4 sttuel or zircaloy sF･ecjLue･ir) to test

  creeL,.tf3' b(･.".'1"tavjor ur)c']eJr" jrracljatjor:.

  Tliis fificilit:.y' v,iil1 e1low contro1. of t;l:e tcb,[':,:perat.ur'e e)nd t1'ie

  loe(/t oC t.l)e tt';E')ecjiven under creGp test for a n'""iit'tu:'t tiensjlee

  loa(L･ cf dvbout. ICtLiil£g; or)di e rt:axii':uii'i t'erthr.:era:iture) (;''f 9･[f: C.

  T'he, rGE･)ctcr alftio 1.Itrovjdes a ti,)owp..r racrdp tes't facjijt'be7 'tior

  vrov･J,`G÷r rerti{)1'ng of' single fuel, roe e',nCl pot･Jer c'ycljritt unt7/(er
  I})Z'･Jb1･r c:]n(:, PI-IVdt･,F' oi;.,Gra'tjrjg con<:ljtSons. 'i･tle ntn-t:ror;i rodjottropZc',y

  ti'a,cjlit.>i is u$a･･;i{ 'ffor uc}r'i dest.rucrtSve te="kstir'}g, ir'i t:iarticu1ar

   Eor t.e.stiny of Euel roc" :t also cart･ k.)e usf:･cll for th"{i,
  v":t>ta,i'['ji'iatiun cLf hyurogttt:r)cus ob']ehct. '
  ']"bqr, r'c,'euactor js ec',tujl,;;edi vi･itt'i tt-ie･ Sjlicon [)opir)g b`acrjljty to

  i)ro(.:u("e hjs'b 'y'"ri)c..{" seff1jc(rr'ic"]uctor [L;ate1"ia1.cs.
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[l, . Ei'ue:l lr･I.,tt･,Lr,F.'i･nt Pro1.Ilu4c"tiot'l I['lstallBtjorl (FrlPI)
  'El'1:i:Ilh,L, r;urvosi:-･ ot' t}ttt:-)･ Ii'l!l;:I iff;･ tc･ ;･:.:reciucHe:ts-ii･ifi';i:r',pt:--ty:･;)e fuk'1 elei"i(;i･ntE?･

   usi1'jc.l･ c=,it;1lle'r e3Cn.]t,i Or UP,･IL,x 'EuEs1 t:o E,eati$tiy?:i tLr')a･ ci,iEhinlc÷[').t･ ('r[ ti"+(,.,.i

   ilultdLurE.osor L7xesE:icud" r,rcin L;:eirctor for re'Eue],i-s. It, tt-ie..･ liLbejlitdv

   t:here itr'fti" t'."･,e vro{,･:ucajon 1jne!]s', ou･e ':)'ojr:(j, a].t:Ei'rne'tEb to 'the

  other-, i.e. : tc,;ti U3tL,s-･{u"'i:'r1 elen'',e:･t ar'E<'; V.i,I,x･-fuFbl Gil{v･.ks't'tent'

  vroc'･uctjon liziub. It is possiL';le to utjli2-t ttne:･ k)l&r"it fc･r
   ]telr,seilrif,rch ,ji)ci c';e･-v.r･1ote;(L,::･rlt. It, js L']ila11ueo. t.i')cjt' til,}uL F',e･IL`i L.)royx't'lL,i

  z･u'll covevr t'bEft f'ollowjns' activjtios･ :

  -- kiuel u',ouelljnv
  -- (sEtvciylcjvit:exrrt c)t be･grv ei1tGrribt(s tiuc'.k[Ls

  - aitf l//.4rovert,',esv;',t ot''''tuE':i1 e)..t･}i'L')'et1t t,:':Gfrforn"-t>'nce jn ir1-iit- r."･'e(s't,cr.c.i

  e- ot';cL ot:,ittiiir r'elevde'at L/ictt.ivjtiet.i

C. .Sl,Lsl't'iul']nmo:rjnLt･ anO Sa,.!'.sieL.lz InstaLtu;ti-o..t.)-/.]SI2,

  (:c)nstrv.e'tiol'] of tt'le;J il,n(e.Jjn･:)-erincj an.rZl S'efetsy Instal.latjorl (Il,,S:il)

   k'+･;jll 1;･Q) eio(t':i)letet.: in ].9,8;9. "jEhjs litbora'tory' is i:i iiiat:urjul.s

   Iiabrjce:jtJii')g ar)Lii t:e.fitjng Eaciljt"tzr fior cd:'{'･F',,c;rte)nts ffouncl i"

  l,,/)ressurjzed rwate･:Lr re.actor (PV'･;Ii) eol"lci ffiressurjzed heavy wtster'

   reect.or (E)}Iy't.'F,). vr'i･I,e i･:S'I Inas a i{:,rir[:･orlr looE'･, c' gifi"]e･rsl ]ooi;r,, t)

   tost rjs, r')om-･c;.estruct,jve testjnkll bnci c[e.citlruct.jv6a testing] ,
   e()uit;it'i',et)t:$, ar'ic iit-'vile fac'jljtje-,:･;. i'I'he [･SI '[iacjljt;i･tri,s v･,til1

  carry out di varje±y af thera'･,ohyAvauljc tests artct e>g/L-.･cris'"ent.ci
  ol] n',a'te'.)ridiILsr E,ritrucrturtekhs ar]<.k･ e(.i,ujg,･fs.entJ.s ot' interest: £or
  l/･.iucli'tor ll)c'.,i,vGr l;,lat}ts.

   Ir: tbe 'tuture t;i'icglr llt,SI v,･ill he-IE,i, acc',･ujre tlJe tre-chr:oloc.'y of

   relsGarcN1) cna E:･c,v,er )reitctor:sr nuc1G:･ar v,ovdsee-r B,ilar"t aOil':F:iOt'4et'}ts

  atl(.i rl･ucl.riar L･･;af(i-tlY.

I.)'. ILaLAjos'tt･..-･ .teliu-r.beix''r Iri.{'2 irkal1a't"j ous, (I･i.iwhI)

  (;cr,fot"L.ictjotn, oC tlrlw }L:a{ai()LLieta11uryy It])sttu1].a,tjo1'i (},rt[Lh･',Z) "･Jjil l':ia

  cior[,1}:ilt)te"c: jn l(-,itt,t:. rL"1'idi }ill'':I allci,xt.ci 'tbe} y/er'fcrittance oC vi"rious

  Post Irrac:iatieu E:xat'r,h''Latr:ic)r) om, c,LiE''fGiret':Lt ty",;ws Qt' reoc'tor

   `Luel o,rsL"ll col'{,L,toL'iLlr)t.s. i)r.':"L"fiitructjve inI'1ct r')on--ctiestru･ctjve

  tl>,a!'v,i,t']i/:ltiortt:･ er6･ c&rrj(i)ct Ou't irl $erjttis o'E ac:ec/,Lu'o"tely shielcAc(eci

  i";･c'/)t cr,si･･lls. I''he I･'///'N'iI a1so coritoii"`s varaous noi-i s'hjel{[2tz.'.-</i:

   lak)or,stories, L't',ajntisu;one.r- ar)F:Li stol'e:tgci faicjljtr,jetS･; ar')t-,:' ssuE:pL;iort

   tlacjljtjes.

t
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   ffihtth:l R"s,I will be' usecit fior rgsearch on structural fpeterjft'al$ of
   fuGl el.ev;ier)t i.e. zircblloy, lsit EIj, b･urnable voison ancl
   corrtrftenains i:ost--jrradiation exallkjnatjons of reactor coe.}yoneuts
   in cooperat:ievi vvi' t:lt li:eact:or Inst:allat:ion.

   Iri tin' e future tbe Rbijlt in cooE:eratian w'jth the I'uth1 E;leirtent

   Prodi'uctjon Installatjon (FEi:PI) and the Expor'jraent E"uel EleftLer)t
   rnstesllatjon (E,ff'ET) wjli have acg'uired the technology of E,,ower
   r'G･acrt;or fuel vala'c:,erit anc"i udivariced ii'uel e[Lwyrient. irmkrjcat:ior).

E. E'iicr"d' .ILEt2A.Ei.Eil.!ISiSOtOEI/sE{E...!i:.Ies II'roCiuctjor) FioejILjties

      Orie of the sus}porting faeiljt.ies ju Center for the
 Pres:drati.on of the Nuciear Inciustry jn Serporn}g j,s
 Ftsk'riojsotoE.iLpttis Ir'is･tol1atiori (RI!)r N･･itu`ch Y'ies been LAesigr'Jec'i foy

 })rouucir'iy raaioisotopes and raciiovharfthaceuticals rieeadi･c4 in
  S.nciustryt hyckrulogy, agricrulturet anu Llieciajcal pUrg[oses. In

 adiditjon to t'he 3ct) r･tiLsl,' pool typw rGblctor, varjou$ laboratorjes

, is beir"]g instdlled to suppert t'tie procress. T't'iese inclucte
 uraniuru ussayt non uranjukl analySis jr)struiTientt 'viet. prev)ara--
 tjon, incubator ancl partjcle count, (2,A countil'ng, bioftssayt and.
 wnii"･al laboratories.
      Fteidjois,otopes and reedjox,',harmaceutjcaJ,s are protiiluce<i "}
  tx"'o seporat:e sections o'E tbe 1;Jlant. 7he radioisotope$Mportjon .
 oE thG p).6nt wjll IF)roc!u(7e three typ'ttis o'E fjssi,on ff pro(iiuct

 rBedojsctoL',es and 21 types of Mctivation proCIuct radioisotoi;,e$
 as listed jn Teble 1., v,rhile the radjoE:,hormaaeubicals portion
 of the pidint wjll x.)roctuce several types of-nonra(ijoectSve
 wharmaceuticals er]c'l or)e type of rac'tioactjve 'pharirtoeeutjcal,
 shovm in 'val:) ILe 2. The annuaZ prociuct i,on caL':Jabi!ity js u", t:o,
  3C':,,gijEi celdi･ kjt$. "･･[olybdenuir'i-C.]i9: pro,ducee'i at t}:ie radijoisotopes
 1.)ortjont is used ir} the re"joE.ibaritiaaeutjcal L)ertion es 99tvc T
 ----T･-> 9Srl;c' jsotope generator, arieL frort'i thalt (Y'9('n - cor)tai.njng

 pt)c""-iru,aceutjc"al. 'i'trie I,.Troc'uc:tjori of 99 l･"io --･--･--> 99iT`[[,c gE?nera..

 tors xhri l1 be l2.ke ifi Ei ur"jit g.,er year. 1'he totul S9 p"lo mctn' vity jr)

 ee]oh generator at tiiae of shiL/,)r"ent sNjll be w'ithin a rar)ge o'E
 i,,i,E)"3 C'i to 4･,].4Ci "r'i leaci E',･iy.c,').
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    At the Center wG vvSll bllso ir)stail a CS t- 3(l: Cyolotrort
tt3itt's the c'Eik:abilit:iy' oir s)"roauc"jt)g tl)e sE:}ecrjfiec:i externiLil beeait,
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ttsignificance

 Possible Ways

of

 of

the

 the

Development of Nuclear Energy

 Regional Cooperation in this

in Korea

Field".

and

Mr. Chainnan,

Ladies and Gentlemen,

It is ay great honor and privilege to

Development of Nuclear Energy in Korea

CooperationinthisField", asapanel

Conference of JAIF.

present views

and Possible

 member at

 on " Significance of the

  Ways of the Regional

the twenty-first Annual

N-.. sl"a<e

Firstly, I would

program in Korea.

 I ･-･

As shown in the

operation, which

units are under

design stage.

like to briefly

first slide,

 shares over

    e--commlsslomng

mention

tilere

50Z of

stage,

about nuclear

are nowseven nuclear

 electricity generation

 and two other nuclear

power

 power

, and

units

development

  plants in

two nuclear

    .are ln
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           Three 600 MWe class nuclear power plants were constructed

            approach in the early 1970s, which can be catagorized as a

           nuclear power projects. Some domestic companies had

            construction works as sub-contractors to foreign suppliers.

on the turn-key

first generation

participated in

Six 900 rwe class nuclear units, which can be classified as the $econd

generation nuclear projects, have been carried out under the framework of the

component approach. In due course, mostly architect engineering techmology and

eqnipment manufacturing technology have been developed to certain level. llocal

participation rate in architect engineering and hardware manufacturing through

the second generation nuclear project was little over' 40 percent.

It is realized, however, that software related technologies including nuclear

steam supply system design technology are hard to be promoted without having

indigenous research and development endeavors and without the involvement of

highlyeducatedmanpower. Last year, mainly by the virtue of succeaful

experience in indigenous development of PHwa fuel technology, Korea decided to

carry out 1,OOO "rwe nuclear power projects through which self-reliance in

nuclear power technology is to be achieved. For performing the third

                                                   '
generation nuclear power projects, all nuclear related domestic organizations

                                        '
including nuclear research institute have been participating in the project

according to their respective functions, as shown in the next slide,

                              n-5-2 h
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   For example, Koear Electric Power

   overall project management. Korea

   for NSSS system design and fuel

   Construction Company is carrying

   design works.

  Corporation (vaPCO) is responsible for the

 Advanced Energy Research Intitute is doing

design, while Korea Heavy Industries and

 ogt hardware manufacturing and component

The purpose

unfiecessary

designated

technology

              ,l

  of functional identification of each organization is to eliminate

 duplication of investment and to have critical manpower in each

field in order to effectively achieve self-reliance in nuclear power

by the year 2000.

Now I would like to share with you some experiences in nuclear power technology

development. At the beginning of the 1980s, MERI changed its main goal from

nuclear technology development to nuclear power technology development in order

to actively participate in nuclear power projects, through which self･-reliance

in nuclear power technology can be effectively achieved.

H-5- 3



                                         '

        At the beginning of the 1980s, waERI decided to develop its own capability for

        design and manufacturing CANDU fuel, using a pilot fabrication plant which has

        operated since 1978. After three years of R D efforts, knERI was successful

        developing indigenous CANDU fuel technology with -an extensive support of AECll of

        Canada. The full core of itIU-3 has been loaded solely with waERI--made fuel

        from July, 1987, which will annually save several million VS dollars of

        nuclear fuel import cost. To this end, MERI recently expanded its pilot scale

        fabrication plant to the capacity of a semi-commercial scale plant. When it

        expanded the capacity of its fabrication plant, knERI also tried to

        iRdigenously develop some of the machines and equipment in connection with plant

        expansion, with small and medium-size manufacturing companies.

        By doing so, it is believed that the capability and quality of domestic

        industries have been improved and several million dollars of investment have

        been saved. ,

                                                          '

                                           '

        For Pwa type fuel design, maERI concluded a technology tiransfer contract with

        KWU of the Federal Republic of Gennany in August 1985. Starting in i989 all

        the fuel assemblies required for Korean Pwa NPPs will be designed by MERI and

        be manufactured by wnFC (Korea Nuclear Fuel Company), which has a plant

        capacity of 200ton per annum.

                                              '

        We expect annually over fifty million dollars of reduction in foreign

        dependence, throughthisproject from1989. It is realized that as the

        technical capability of MERI is built up, technical collaboration with foregin

            institutions should also be increased.        8-
         t
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Now, I would li.ke to briefly mention about, "Possible Ways of the Regional

Cooperation in Nuclear Energy Fields."

..- gs'A2 f ----

Korea has long been one of technology recipient countries of the IAEA, since

she became a Member State in 1957. Many cooperation activities with the Agency

have been carried out through manpower traini.ng and expert services. Korea

became one of donor countries of the Agency from 1987.

N`-'
fee"0(-{L tS/s'ev･

        In addition, rny country has made efforts to strengthen relationship

        particularly with the Asian and the Pacific Countries to share our experiences

        and technologies for the peaceful uses of nuclear energy especially ihrough the

                                                                    '
        RCA (Regional Cooperative Agreement). Since Korea became a member of the RCA,

                              '
        my country firmly believes that the RCA carries an important vehicle to

        accomplish regional cooperation through collaboration particularly among member

        countries. In line with this spirit, irradiation facility of the waERI has

        been used for the regional training course as it was selected a Centre of

        Excellence of UNDP/RCA project. In addition, Korea hosted the RCA Regional

        Workshop on photon, Electron and Neutron Dosimetry in Radiotheraphy in June,

        1987. It also plans soon to host the IAEA Inter-regional Training Course on

        Nuclear Power Project Planning and Implementation.
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Regional cooperation has been so far emphasized in the fields of application

of radiation and radio-isotopes to food irradiation and medical uses. .However,

                                                                  'in the long-run. nuclear power generation projects, which are currently limited

in such east Asian countries as Japan, China, and Korea, need to be more

                                                   '                                                                  '                                              'widelycarriedoutintheRegion. '' ..                                                           '
                 '                                                                  '                                              '   '
  '
For the countries planning to have nuclear power program, Korea, which is

                                                     'now in the threshold stage of self-reliance in nuclear power technology, can

share the experiences mainly in the following areas such as feasibility study

on introguction of nuclear power program, nuclear fuel design and rnanufactur-i

ing, nuclear safety, and rad-waste management. We all know that there is
                                                    .t .                                       '
no border of countries, as far as possible damage of nuclear accident is

concerned, as we experienced in TMI accident, and Chernobyl accident which

                                                         '
were occurred in well advanced nuclear power countries. Therefore, we need

more strong regional and international cooperation in the field of nuclear

                    ttsafety enhancement and effective measures for public acceptance of the

nuclear power. At present, nuclear cooperation haS been implemented within

                                                                   '                  '                             'the framework of multilateral agreement between concerned countries through

IAEA/RCA. For more effective cooperation in the region, these agreements

are desirable to be applied more widely in the region in the near future. In

any case, however, it should be kept in mind that the agreement be provided

                     '           'under the principle of nuclear non-proliferation regime and on the basis of

mutualbenefitsandrespectsofsovereignty. ''' ･
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Mr. Chairman:

                                         '
  '
                                                       '                                                             '
Now, I would 1ike to conclude my presen' tation with hope to strengthen the

regional cooperation in the field of nuclear energy. .

In this connection, I sincerely hope the leadership of the Japanese nuclear

]nAdlUFS.trY Will be taken Place, particularly through the arrangement of the

                                                              '                                             '
       '
                                                                    'Thankyouverymuch, ' ' ' '                        '                            '                                                         '                                               '
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NUC：LEAR　POWER　P：LANTS　IN　KOREA

o　　Units　工n　Opera七ion

　　　－　6　PWRs　And　l　CANDU

　　　－　Installed　Capacity　：　5，716　MWe

o　　Uni七s　Under　Construc七ion

　　　－　2　PWRs　Of　950　MWe

　　　－　COD　：　’88　and　’89

　　　　，

o　　Units　In　Design

　　　－　2　PWRs　Of　950　HWe

　　　－　COD　：　’95　and　’96

：KAERI
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CONTRACT APPROACH TO NPP CONSTRUCTION

o Up To Mid '70s : Turn-key Base
   r Domestic Constructors Participated･

     As Subcontractor.
   - 3 x 600 MWe Units (2 PWRs and 1 CANDU)

o Late '70s : Component Approach
   - Domestic Companies Participated
     As Subcontractor For A/E And

     Equipment Manufacturing.
   - 6 x 950 MWe Units (6 PWRs)

o From '80s : Self-Reliance In Technology
   - Maximum Utilization 0f Domestic

     Institutions
   - From Korean Nuclear Units 11 & 12
    '(2 x 950 MWe, PWRs)

KAERI
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DIVISION OF ROI,ES IN

     POWER
 NUCLEAR
TECHNOLOGY DEVELOPMENT

l ROLE I INSTITUTIONI
F-------------------P------------1
lProject Management
lPlant Design'

lNSSS Design

lFuel Design
lHardware Manufacturing
1PWR Fuel Fabrication

l
l
l
l
1
l

KEPCO

KOPEC

KAERI

KAERI

KHIC

KNFC

l
l
l
l
l
1

KEPCO
KOPEC

KAERI
KHIC

KNFC

:Korea Electric " Power Cooperation

:Korea Power Engineering Company Incooperation

:Korea Advanced Energy Research Institute

;Korea Heavy Industries & Construction Company Limited

:Korea Nuclear Fllel Company

KAERI
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SEIiF-REI,IANCE IN NUCLEAR FUEL FABRICATION

o CANDU Fuel
   : KIXERI Succeeded In Commercialization

     Of CANDU Fuel Fabrication With

     KAERI-Developed Technology In
     Early '80s.

   - Whole Core (100 ton/yr) Of Wolsung
     Unit 1 Is Supplied With KAERI's

     Fabricated Fuel From July, 1987.

o PWR Fuel
   - KAERI Is Performing Reloading Fuel

     Design Jointly With KWU.
   - 200 ton/yr Will Be Supplied From
     KNFC's Commercial Fabrication Plant
     From '89.

KAERI
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KOREA'S COOPERATJON WITH IAEA

o General Status
   r IAEA Member State From

   - Member Of The Board Of

    For 1988-89
   - Donor Country From 1987

1957

Gove rnors

o Cooperation With IAEA
   - Manpower Training,
     Expert Utilization, etc.
   - Openning RCA Training Courses

   - Hosting International Conferences

KAERI
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PARTICIPATION OF KOREA IN RCA PROJECT

o Irradiation
   - Selected

    UNDP/RCA
   - Has Been

    Training

 Facility At
As Center Of
Project

Used For RCA
Courses

KAERI

ExceUence Of

Regional

o Korea's Participation In RCA Projects
   - Participated In 17 Projects
   - On-going UNDP/RCA Industrial

    Projects Using RI
      Tracer Technology
      Non-Destructive Testing
      Radiation Processing

KAERI
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POSSIBLE PLREAS FOR REGIONAL COOPERATION

o The Pzresent Cooperation Is Mainly
   Related To Application 0f Radiation.

   Nuclear Power Generation Projects
   Should Be Carried Out More Widely
   In The Region.

o Cooperation Fields Possible For
   Korea Are As Follows.

   - Manpower Training
   - Feasibility Study On NPP Introduction
   - Nuclear Fuel Design And Manufacturing
   - Rad-Waste Management

KAERI
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        CoopexEtion knong Asian Countries in the
             Utilizatioo of Nuclear Enerq"y

                        by

                                  '
                  9uirino O. Navarro
                        -                      Dlrector
         Philippine Nuclear Research Znstitute
               Quezon City, Philippines

     During the panel discussion on regional cooperation

at the 15th Japan Conference on Radioisotopes, it was my

privileqe to speak on a number of factors which influence

the extent of cooperation amonny countries in the region.

These includied: national priorities, culture of the peo-･

ple, stage o£ a country's developmerit, existence and

identification of centers of excellence, fields of in-

terest of local scientists, rnanagement of contributed

resources, coirwnitments of donors, and the role of the

XAEA and multilateral agreements in promoting, coopera-

tive programs. These factors still rernain valid,

     The success of the first phase of the UNDPIRCA

:ndustrial Projects auqur well for expansion into other

projects alonq industrial, aqricultural, medical and even

bu,siness applications. Cooperation can be enhanced fqr--

ther throuqh the strenqthening of bilateral and multila--

teral agreements which are faciUtative of the transfer

of relevant technologies and supportive of exchanges of

inforrnation, expertise and scholars.
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     rn the las't few yearst significant events occurred

in the field of nuclear energy which will significan'tly

have an irapact on areas of common interest and the peo-

ple's perception of nuclear enerqy appUcations which

should form bases for collaborative efforts within the

                                        'Asian region. These are: the Chernobyl accident, the

aq.reement between the superpowers on partiai reduction

of nuclear armaments; and on the part oE the Philippines,

the qovernraent's decision to "mothball" the first Phiiip--
                                                      t.
pine buclear Power Plant and the ratification ef the ..

Philipptne Constitution which has a provision for a

'' nuclear weapon free'` policy.

                                                       '
     The countries of the region, although distant from

the site of the Chernobyl accident, were recipients of

radioactive contaminants in varying intensities through

trade activities and atmospheric rnovenvents. These trans-

bonndary. effects point to the need for information and

laboratory networks for early detection, mitigation and

inutual assistance in cases of major nuclear incidents

                                     'whntch may occur in the future. The non-operation of the

nuclear power plant in the Philippines resulted in a

teraporary "excess't of nuc!ear expertise which couid be

shared with other ¢ountries, and the requisite preserva-

tion proqrarn for this p!ant provides valuable insights
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into nucLear ]power prograins and energy planning of Third

World countries. Currently proposed national legislation

which are almed at supporting a nuclear--weapon £ree policy
would be of interest to neighboring countries.

     The experiences gained in several decades of cooperation

among countries in Asia, through bilateyal and multilateral

arrangementss if properly evaluatecl'i cou]-d I,)i7c)vide a con-

sensus on the best approach to enhancing coopeTation among

these countries with the end in view of an Asian nuclear .,

commuutty attuned to the needs of the twent.v--fii?st century.

                                                     '

Mr. ChaLvman:

     A famous Asian once said: "A picture is vgorth a thousand
   '
words!i. ALlow me to follow his dictum and share w:'Lth aLIL of
                                             'you thLs picture (Figure 1).

     The utilization of nuclear energy in all ±t$ forms
brings with it both benefits and harm. In most ways our geo-

politicaX system behaves like a physical system in its inter-

action with the prevaLling･ environment in which people find

themselves. rn both coltstructive and destructive utilizaiion

of nuclear epergy, we have taken a first step.

     [Po paraphrase an old phUosopher,s adage:'tA jeurney of

a thousand 3i. b,egins with the first step", is enXightening.

i,EJe have done so and it is hoped that the next steps will be

arrived at by this panel with the objective of collective
cooperation among Asian nations and peoples, rather than by

calamitous competition among.them in the exploitation of

current developments in nuclear energy utilization.

     Thank you, Mr. Chairman.

xpaper presented at the alst AnnUal Con£erence, b'apan AtomLc
 IndustTiaZ Forum,.                                      Tokyo, Japan.                   15-･l5                         April l988.
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近隣諸国との原子力協力の展開（原子力発電分野）
　　　　　　（キーノート要旨〉

（社）海外電力調査会　専務理：事
　　　　　　　武　田　　　康

1、近隣諸国の原子力開発と協力ニーズ

　アジア近隣諸国では、近年産業の発展、生活環境の向上を反映して、電力需要は高い伸
びを示している。　各国とも電力需要の将来予測と資源の実情に応じた長期の見通しを立
てているが、そのなかで原子力発電の開発に対するニーズは次第に高まっている。

　原子力発電の開発を進めるについては、各国とも人材の養成、枝術の修得、資金の調達
、産業基盤の整備など、過去30年を通じて我が国が経験したのと同様な課題を、自らの
力で、また国際協力を通じて克服していくことが必要である。

2、我が国の協力の進め方

　我が国は、海外から原子力発電技術を導入しっっ官民一体となって安全性、信頼性の向
上に努めてきた結果、現在世界的に見て規模・技術とも極めて高い水準に達している。

　この原子力発電の導入から定着に至る30年の経験は、これから本格的に原子力発電の
開発に取り組もうとする近隣諸国にとって貴重な教訓を含んでいると考えられる。

　我が国としては、自らの経験が有効に生かされるよう、近隣諸国のニーズに積極的に対
応していきたいと考えている。　具体的には、各国ごとの国状を勘案し、真のニーズを踏
まえながら、各国の原子力発電が適切・円滑に進められるように協力を進めていきたい。

3、我が国の協力体制

　1986年：3月通産省の総合エネルギー調査会によって基本的な原子力発電技術協力の
あり方についての報告書がまとめられ、その後の協力の指針となっている。

　そのなかで国は、協力が円滑に実施されるよう、対外的には全体の窓口となるとともに
国内の総合的な取纏めを行ない、具体的協力の進め方について方針を示すこととなってい
る。

　また民間における協力については、各国からのアクセスが容易にできるとともに多様な
協力ニーズを的確に把握し、対応できる調整力のある窓口機関を必要としている。　この
趣旨にそって海外電力調査会は、主として電気事業者が担当する協力についての窓口とな
っている。

4、電気事：業者の協力活動

　我が国の原子力発電開発は、国の平和利用の促進という基本政策の下に、電気事業者が
中心となりメーカ、工事業者との密接な連携のもとで、自主技術の向上を図りながら、安
全の確保と信頼性の向上に努めてきた。　そのなかで電気事業者は、開発・導入計画、建
設現場の施工管理、発電所の運転・保守まで一貫して人材の育成と技術の蓄積を行なって
きた。

　我が国の電気事業者としては、この人材・技術・経験の蓄積を生かして、近隣諸国にお
ける技術的・人的基盤の整備・充実を支援することに重点を置いて協力を進めている。
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具体的には、次の通りである。

（1）JICA集団研修原子力発電コース（1986年開設）
（2）原子力発電所の計画、建設、運転・保守の各段階における人材育成
　　（専門家の派遣、専門家・研修生の受入れ）
（3）その他各国で開催されるセミナー等への専門家派遣

これらについて、過去2年半の実績（電力中心のもの）を示すと、次の通りである。

q）JICA集団研修　一一　3回実施、延18名受入れ
（2）専門家の派遣　一一一一12件（33名）を派遣
（3）専門家等の受入れ　一一12件（41名）を受入れ

5、電気事業者による協力の実施体制

　電気事業者による原子力発電分野の協力は、・9電力会社・日本原子力発電会社がその蓄
積と人材を結集し、海外電力調査会を窓口として実施している。

　窓口の海外電力調査会には、1985年8月に各電力会社等をメンバーとする原子力技
術協力委員会（委員長大石関西電力常務、副委員長佐々木東京電力原子力業務部長）が設
けられ、委員会での検討を経て、協力計画の立案とその具体化に当たっている。

　この委員会は11電力会社および政府機関からのメンバーにより構成され、また原産会
議、メーカー等関係機関メンバーが参加しており、多様な国際協力についての相互連絡の
機能も持っている

6、おわりに

　以上我が国の電気事業者が行なっている原子力発電分野の国際協力の現状を述べたが、
今後協力の実を挙げていくためには、近隣諸国との相互の深い理解と信頼のうえに立って
協力しあうことが重要である。

　我が国電気事業者による協力の窓口担当者として、我が国電気事業者による協力内容、
実施体制等について各国の一層の理解を得、我が国が蓄積してきた原子力発電についての
経験をより一層利用していただけるように努力したい。

以　　上
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Cooperation with Neighbouring Countriesi in the field of Nuclear Power Generation
                              (Keynote}

               Ko Takeda
       Executive Managing Director
Japan Electric Power Informat,ion Center,lnc.

1. Nuclear Power Development in 'the Neighbouring Countries and the Needs for
  International Cooperation

 In our neighbouring countries, there has been remarkable increase of
electric power demand, as a result of recent effort for industr.ial development
and improvement of living standard. Each of the neighbouring countries has
established long-term rolling-plan on power resources development,
taking into account its own national enegy policy, available resources and
estimated future power demqnd. And nuclear power generat,ion seems one of the
most important concern in their future development plans.

 In order to proceed the development of nuclear power generation, it will
become necessary to promote man-power development, to master sophisticated
nucliar technology, and to prov,ide enough ammount of funds and adequate
jndustrial infra-structure, based on self effort and through international
cooporatlon.

 These challenging problems, our electric power supply industry has been
trying to overcome them with long range view-point recent 3e years.

2. Japan's Approach toward Interna'tional Cooperation

 Jpanese elec'tric power industry introduced nuclear power technology from
U.K.and U.S. at the initial stage of its nuciear business, and the joint
effort of 'the government and the private sector sjnce those days,
particularly that of improvement of safety and reliab.i,lity, has enabled us to
take an higher pla.ce among the advanced nuclear countries in terms o'f
operating plant capacity and the level of technology.

 This 30 years experience of our nuclear power development, from initial
introduct.ion through nowadays, would be full of valuable lessons for those
countries intending to introduce nuclear power gerieration and proceed its
development program.

 Our electricity supply industry is ready to respond to the needs of
neighbouring countries in the field of nuclear power development through an
effective transfer of those lessons.

 Taking into acount the fact that each of neighbouring countries are in the
different stage of nuc!ear power development and they have respective needs
for corporation; we like to proceed our corporative activities, so as to
enable them to promote their nuclear power development in an efficient and
timely way.
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3, Role of the Government and Private Sector in Japan

 In March 1986, the Sub-Committee on Nuclear Energy of the Advisory Commit'tee
for Energy published it's report on the technical cooperation in the field of
ninclear power generation with neighbouring countries. The report provide
guidelines to various sectors relating international coopera,tion.

 The report recommends to the government to act as overall liaison agent to
foreign countries concerned, to take over the cordinative management of
every cooperative activities by domestic parties, and to establish the scheme
for proceeding international cooperation, so as to secure the steady progress
of cooperative activity.

 Regarding to the private sector, the report recommends to set up a proper
liaison agent, to which every foreign parties may feel easy to make contact,
The report also recommends the liaison agent shall be capable to collect
various needs of foreign part.ies and to take countermeasu'res to those needs
withthefullsupportbydomesticpartiesconcerned. ' . ･
 Following this recommendation, Jpapn Electric Power Information Center Inc.
(JEPIC) has been acting as a liaison agent representing Japanese electric
           .power companles. ･ -                       '                                                      '

4. Cooperative Activities of Japanese Electric Power Companies

 Nuclear power deveiopment in Japan has been carried out ma.inly by the
electric utiljties, under national basic policy to promote peaceful llse of
nuclear energy and with close collaboration with plant m' anufacturers and
general contractors.

 And we tried to promote the self-reliant technology as well as higher level

plantsafetyandreliability. - - '
 In this respect,the electric utilities have been trying to have enough
qualified man-power and necessary technology and experiences covering every
stage of nuclear power development including planning, construction and
operalon stage.

 Using this man--power, technology and experiences, our electric utilities are
proceeding their cooperat.ion with neighbouring coun'tri,es. placing rnajor
emphasis on the support to their effort for establishment and enhancement of
technical and human resources.

 The measures for cooperation are as follows:
(1) JICA's Training Course on Nuclear Power Generation (Since 1986)
(2) Support for manpower deveropment through dispaching of experts and
   oapCeCreaPttiionng aOnfd emXaEenrtetnSanacned sttraagieeeeS' in the field of planning, construction,

(3} Other measures such as dispaching experts to seminars held in neibouring
      .countrles

 Following figures are the result of cooperation by our electric power
utilities for the period of these two and a half years.
(1)JICATrainingCource: 3times,total18trainees
(2) Dispaching of experts: twelve times, totat 33 experts
(3)Acceptingofexperts: twelvetimes,total41experts

                                                '(no'te) Adding to these figures above, dozens of experts were sent to
neighbouring countries under schemes of JAIF and other organization.
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5. The structure of the cooPeration activities by elec'tric utilities

 lnternational cooperation in the field of nuclear power generation has been
proceeded by 9 electric power companies and Japan Atomic Poveer Co. Inc. with
their highly established technology and qualified manpower.

 In order to promote the cooperative works ef.fectively, the Cooperation
Committee for Nuclear Technology (Mr.Oishi,Managing Director of Kansai
Electric Power Company, Inc. as Chairman and Mr.Sasaki, General manager,
Nuclear Power Administration Department, Tokyo Electric Power Company,Inc. as
Vice-Chairman) was organized in JEPIC in August 1986. With consultation of
this Committee, JEPIC, the liaison organization, set up corporative program
and carried out it's program.

 The Comittee consists of members from eleven major electric companies and
governrnental sectors and associate members from relating organizations such as
JAIF and manufacturers, and has a part of coordinative function among various
sectors relating international cooperation.

6. Conc 'l usion

 This paper briefly describes current status of international cooperation
activities by our electric power utilities. To rnake cooperative work more
effective and fruitful, it is i.mportant to establish more close bilateral
relationship based on mu'tual understandj.ng and reliance..

 As t;he iia.ison agent, JEPIC w'ill contribute for more effective transfer of
our experiences to neighbouring countries, with better understandings on our
measures and schemes of cooperation by all of parties

                                                        ( End )

ll -(9)- 3



午　餐　会

通商産業大臣所感

　　通商産業大臣所感

　　　田　村　　　元

特別講演：東西文明の接点
　　　　　　　京都大学名誉教授
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不



幸
に
し
て
原
子
力
発
電
所
が
故
障
、
ト
ラ
ブ
ル
等
で
停
止
を
す
る
ケ
ー
ス
が
二
、
三
生
じ
ま
し
艶
。

　
こ
う
し
炬
事
態
の
発
生
は
、
そ
れ
自
体
誠
に
遺
憾
と
申
し
上
げ
ざ
る
を
僻
ま
せ
ん
が
、
ト
ラ
ブ
ル
等
が
ご
く
軽
微
で
あ
っ

距
に
も
か
か
わ
ら
ず
、
原
子
炉
を
停
止
す
愚
こ
と
と
な
り
ま
し
滝
の
は
、
「
い
か
な
る
小
さ
な
ト
ラ
ブ
ル
で
も
、
安
全
を
最

優
先
し
、
原
因
を
徹
底
的
に
究
明
し
、
早
期
に
対
策
を
講
じ
る
。
』
と
い
う
安
全
第
一
の
考
え
方
を
貫
い
島
上
で
の
こ
と
と

承
知
し
て
お
り
ま
す
。
今
後
、
こ
の
一
連
の
事
態
を
、
原
子
力
発
電
の
安
全
に
対
す
る
認
識
を
新
滝
に
す
る
機
会
と
真
摯
に

受
け
と
め
、
関
係
諸
方
面
の
英
知
を
結
集
し
、
故
障
、
ト
ラ
ブ
ル
を
未
然
に
防
止
す
る
た
め
の
努
力
を
一
層
進
め
て
い
く
こ

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
辺

と
が
重
要
で
あ
り
ま
す
。

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
旧

　
ま
泥
、
通
商
産
業
省
と
い
数
し
ま
し
て
は
、
去
る
三
月
二
十
四
日
に
「
第
2
回
セ
イ
フ
テ
ィ
2
1
推
進
委
O
泉
北
を
開
催

し
、
㈲
昨
年
よ
り
進
め
て
ま
い
り
ま
し
艶
、
原
子
力
発
電
安
全
確
保
対
策
の
口
繕
の
充
実
を
目
指
し
だ
総
合
的
な
施
策
で
あ

る
、
通
称
『
セ
イ
フ
テ
ィ
2
1
」
計
画
を
推
進
し
て
い
く
こ
と
を
再
確
認
し
炬
と
こ
ろ
で
あ
り
ま
す
。

　
さ
ら
に
、
来
る
5
月
は
「
原
子
力
難
電
安
全
月
間
」
で
あ
り
、
原
子
力
発
電
実
務
功
労
者
の
衰
彰
、
講
演
会
の
開
催
等
を

通
り
、
原
子
力
関
係
者
の
安
全
に
対
す
る
意
識
の
高
揚
等
を
図
り
、
原
子
力
発
電
の
安
全
性
を
よ
り
確
実
な
も
の
と
し
て
ま

い
り
浸
い
と
考
え
て
お
り
ま
す
。



三

（
P
．
A
・
対
策
め
充
実
）

　
と
こ
ろ
で
、
昨
今
の
我
が
国
国
内
に
お
け
る
原
子
力
発
電
を
巡
る
動
向
の
中
で
も
、
特
に
著
し
い
動
き
を
見
せ
て
い
る
の

は
、
都
市
部
を
中
心
と
す
る
、
新
し
い
メ
デ
ィ
ア
を
活
用
し
掩
一
部
反
対
運
動
の
活
発
化
で
あ
り
ま
す
。

　
こ
の
よ
う
な
動
き
の
多
く
は
、
原
子
力
発
電
の
安
全
性
、
必
要
性
、
経
済
性
な
ど
の
基
本
的
な
問
題
に
つ
い
て
、
正
し
い

理
解
が
得
ち
れ
て
い
な
い
人
々
が
い
る
こ
と
に
端
を
発
し
て
い
る
も
の
と
思
わ
れ
ま
す
。

　
こ
れ
ら
の
新
し
い
動
き
に
対
応
し
、
広
く
国
民
一
般
に
よ
る
原
子
力
発
電
へ
の
確
か
な
る
理
解
と
含
意
を
得
て
い
く
な
め

に
は
、
従
来
に
も
ま
し
て
強
力
か
っ
柔
軟
な
広
報
体
制
の
整
備
と
、
広
報
活
動
の
積
極
的
な
推
進
を
図
っ
て
い
く
こ
と
が
重
ヨ
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要
で
あ
る
と
私
は
考
え
ま
す
。
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こ
の
海
め
、
通
商
産
業
省
と
い
固
し
ま
し
て
は
、
広
報
活
動
の
抜
本
的
な
拡
充
を
図
っ
て
ま
い
る
所
存
で
あ
り
、
本
日
御

出
席
の
皆
様
方
を
始
め
と
す
る
関
係
者
の
御
支
援
と
御
協
力
を
お
願
い
す
る
次
第
で
あ
り
ま
す
。

幽

（
国
際
協
力
の
推
進
）

　
さ
て
、
今
後
の
原
子
力
発
電
の
さ
ら
な
る
発
展
の
叛
め
に
は
、
安
全
対
策
や
広
報
の
充
実
な
ど
の
他
に
も
、
多
く
の
課
題

が
ご
ざ
い
ま
す
が
、
最
近
、
特
に
童
要
性
を
加
え
て
い
る
課
題
の
一
つ
に
国
際
協
刀
の
推
進
が
あ
げ
ら
れ
ま
す
。



　
ソ
連
チ
ェ
ル
ノ
ブ
イ
ル
事
故
後
の
、
原
子
力
を
巡
る
国
際
的
な
動
向
の
中
で
も
、
最
も
重
要
な
動
き
は
、
国
際
原
子
力
機

関
（
I
A
E
A
）
や
、
経
済
協
力
開
発
機
構
・
原
子
力
機
関
（
O
E
C
D
／
N
E
A
）
等
を
中
心
と
し
拒
国
際
的
な
協

調
と
協
力
へ
の
動
き
で
あ
る
と
私
は
考
え
て
お
り
ま
す
。

　
通
商
産
業
省
と
い
溶
し
ま
し
て
も
、
こ
れ
ら
の
国
際
機
関
の
活
動
等
に
対
す
る
積
極
的
な
参
画
を
通
じ
て
、
原
子
力
発
電

の
安
全
規
制
や
関
連
技
術
開
発
等
の
分
野
で
の
憎
…
報
交
換
等
、
様
々
な
分
野
で
の
多
国
間
協
力
や
、
二
国
間
協
定
に
基
づ
く

協
力
を
推
回
し
て
い
く
所
存
で
あ
り
ま
す
。

五
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（
お
わ
り
に
）
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
回

　
以
上
、
我
が
国
の
原
子
力
開
発
の
現
状
、
政
策
及
び
課
題
を
簡
単
に
申
し
上
げ
ま
し
彪
が
、
こ
れ
ら
の
課
題
を
着
実
に
克

服
し
て
い
く
こ
と
が
、
原
子
力
の
円
滑
な
発
展
の
重
め
の
鍵
で
あ
り
ま
す
。

　
こ
の
よ
う
な
課
題
を
解
決
し
て
い
く
だ
め
に
は
、
多
く
の
人
々
の
理
解
と
、
関
係
者
の
問
で
の
密
接
な
協
力
が
必
要
不
可

欠
で
あ
り
ま
す
。
こ
の
炬
め
、
本
日
御
列
席
の
皆
様
を
始
め
と
す
る
、
内
外
の
関
係
者
の
皆
様
の
御
協
力
を
重
ね
て
お
願
い

す
る
次
第
で
ご
ざ
い
ま
す
。

　
晶
冊
後
に
な
り
ま
し
距
が
、
有
澤
前
会
長
の
御
姿
を
、
本
日
、
こ
の
場
に
拝
見
す
る
こ
と
が
で
き
な
い
こ
と
は
、
痛
恨
の
極



み
で
ご
ざ
い
ま
す
。
有
澤
前
会
長
が
艶
ど
ら
れ
た
原
子
力
の
分
野
で
の
足
跡
は
、
ま
さ
に
我
が
国
原
子
力
の
歴
史
そ
の
も
の

と
言
っ
て
も
過
言
で
は
な
く
、
今
日
、
原
子
力
が
石
油
代
替
エ
ネ
ル
ギ
ー
の
中
核
と
し
て
の
位
置
付
け
を
得
て
い
る
こ
と
は
、

ま
さ
に
会
長
の
御
尽
力
の
賜
物
で
あ
る
と
申
せ
ま
し
ょ
う
。
原
子
力
を
巡
る
多
く
の
課
題
を
、
一
歩
ず
つ
、
着
実
に
解
像
し

て
い
か
な
け
れ
ば
な
ら
な
い
こ
の
時
期
に
、
有
澤
会
長
を
失
っ
沌
こ
と
は
、
大
き
な
痛
手
と
言
わ
ざ
る
を
得
ま
せ
ん
。

　
通
商
産
業
省
と
い
た
し
ま
し
て
も
、
会
長
の
御
遺
徳
を
い
つ
ま
で
も
忘
れ
る
こ
と
な
く
、
令
後
と
も
皆
様
の
御
協
力
の
下
、

原
子
力
発
電
の
開
発
と
利
用
を
着
実
に
進
め
て
ま
い
る
所
存
で
こ
ぎ
い
ま
す
。
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終
り
に
際
し
、
年
次
大
会
を
か
く
も
盛
大
に
開
催
さ
れ
ま
し
だ
目
本
原
子
力
産
業
会
議
の
皆
様
の
御
労
苦
に
深
甚
の
敬
意
　
ト

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
レ

を
表
し
ま
す
と
と
も
に
、
皆
様
の
御
発
展
を
心
か
ら
お
祈
り
申
し
上
げ
ま
し
て
、
私
の
挨
拶
と
さ
せ
て
頂
き
ま
す
、
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I･ :!gtn!Eggg!uzgslsgnzgE!t:t k t

With the introduction of' the so-called "Entsorgungskonzept" ("Entsorgung

means the German term for all back-end fuel cycle activities starting from

unloading used fuel from the reactor up to the disposal of all kinds of

wastes arising from nuclear energy production) by theGermanFederal

Government in 1974, pressure was increased on the utilities to take a

greater initiative in the area of the back-end of the nuclear fuel cycle.

It was the tSme, when the chemical industry had manifested that it was no

longer interested in taking the enterprenerial lead in the field of repro-

    .cesslng.

         '
The "Entsorgungskonzept" is characterized by a division of responsibility

between the ope.rators of nuclear installations and the Federal State which

is responsible for final dispbsal of all radioactive wastes in geologic

formabions. The utilities shall take care for all the other steps of the

back-end of the nuclear fuel cycle.

In 1976, an amendment of the Atomic Law required that for new power

stations operating licences should only be given, if wastes and fuel ele-

ments would be recycled or disposed of in a safe way. Priority was given

by the law to recycling of the still valuable Uranium and Plutonium shares
         '                                                   . t.in the used fuel. '
So DWK decided in 1976 to elaborate a more detailed concept of a nuclear

fuel park. This meant that all the facilities for storage, reprocessing

and fuel fabrfication should be concentrated and this preferentially direct-

ly at the site of a final disposal repository, for which in Germany a salt

dome vvas considered to be the best solution.

The concept to concentrate all facilities of the back-end of the fuel

cycle at one unique site could not be realized due to political reasons;

with the only exception, to･build the facilities on separated sites the

heads of the Federal and State Governments confirmed in 1979 the need to

enlarge interim storage capacitie$, to expeditiously construct a commer-

cial reprocessing plant, and to characterize the site of the repository at

Gorleben.
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Simultaneously, investigations of alternative disposal techniques, such'as

direct disposal of spent fuel without reprocessing, was requested to en-

able a decision to be made as to whether decisive safety related advan-

tages would result from direct disposal. In 1985, on the basis of an eva-

luation of the scientific findings, the Federal Government found that

there were no decisive reasons for dispensing with reprocessing.

In particular, the Federal Government concluded:

- that the need for fast implementation of a reprocessing plant
         .     rema1ns'            '
                                '

- that the question posed by theheadsoftheStateandtheFederal
     Governments in 1979 as to whether decisive safety related advantages

     could result from direct disposal rather than reprocessing had to be

     answered with iinoii･ .
                       '

- that, in the light of today's state of the art, it would not permfit

     the application of direct disposal techniques to demonstrate the re-

     quired evidence of back-end provisions for LWRs; that, in princfiple,

     direct disposal was technically feasible but requires further

     R&D-work; that only in addition to reprocessing the development of

     direct disposal techniques should be continued, that international

     developments should be taken into consideration;

- that it would continue to apply direct disposal techniques for spent

     fuel where reprocessing is economfically not justified.

II. Dr Cask Stora e Develo ment

Due to the results before-mentioned the Dry Cask Storage Development in

West Germany has two objecbives in subsequent and overlapping phases:
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- developmentofcaskssuitablefor'interimstorageofspentfuel;

- developmentofcaskssuitableforfinalstorageandinaddition
     for interim storage, if required.

           '
Development started when it became clear to everybody that storage capaci--

ties would be needed in order to cope with the shortage of reprocessing

capacity. The only available reprocessfing facility in La Hague could not

cope with a high demand and the new contracts proposed by COGEMA and BNFL

made it evident that a long negotiation period would be necessary prior to

signature.

Many ideas came up in order to build up storage capacity on a short term.
The most logical one was compact racking' within the power station pools.

However, this was not possible; either for licensing or for simple static

reasonswithinsomeoftheelderpowerstations. '

Another idea was to build a cask fleet corresponding to the total capacity

of the biggest power reactor and to argue with the authorities in the

direction that a fast transportable fleet could be considered as the emer-

gency unloading capacity for all the German reactors. The consequence

could have been that immediately in all reactors the three thirds of a

spare unloading capacity could have been used for storage purposes giving

a relief in storage capacity for at least three years.

However, this idea, though quiet practical and acceptable, did not find

the necessary positive reaction of the authorities. So the next alter-

native envisaged was to build greater storage capacities based on dry

storage casks.

This development had been initiated by Gesellschaft ftir Nuclear-Service

mbH (GNS), a subsidiary of DWK. It was based on the casting process for

the cask bodies for many evident reasons. One was that the fabrication of

the big transport casks like TN 12 (forged steel) had taken a considerable
                                         'time--span of almost three or more years; and it was reasoned that casks on

a greater scale should be built within less than one year.
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Furthermore, the forging capacities in Germany for such heavy rolls of

steel were limited. The casting technology, however, could assure that

greater numbers of casks could be produced within acceptable time-spans.

1. SafetyReasonsandTests

     So, by the end of 1977, DWK decided to give a development contract to

     GNS based on the CASTOR-technology. The reference material within

     this contract was cast nodular iron.

     In order to keep competition alive, a similar contract was given to

     Transnuklear, based on the cast steel technology.

    Testing of the first prototype (a half scale model)startedin

    May 1978. In total, about a dozen drop tests were made and almost
     exclusively at thb low temperature of mfinus 400 Candsomeof

     these test even without shock-absorbers in order to cope immediately

    with the objection that cast nodular iron could exhibit brittle be-

     haviour at lower temperature.

     In autumn of the same year already, the first full scale prototype

    CASTOR la was subjected to drop tests and in Apr31 1979 even a drop

    test with an artificial, however, blunt flaw.

                             '
    The shift from the mere transport function to an immobile storage

    module gave rise to safety requests of the authorities which had not

     been applied in the past to transport casks. Some examples were:

    - The reference concept for storage implies thecasks standing

        vertically within a hall. The authorities questionned the capa-

        glillgh ggeegh?.ntgaSthk: tOas:ithstand a verticai drop of an aircraft

        The matter of concern was at that time not the question of leak

        tightness, but more the fear that the cask could open up like a

                                                                      '

                                         '                  '
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    tulip in the case of a high-speed central impact of a military

    plane. So this accident situation was simulated on a military

    test-site by propelling a simulated turbine shaft of a phantom

    fighter at a speed close to sonic velocity and vertically onto

    the center of the cask lid system.

                                                        '
    Additonal tests were made using thelateral impact of configu-

                                       '    ration,

                                                          '
    All tests showed that the cask wouldnot experience anymajor

    damage and that fit would even survive a subsequent kerosene fire

    without inacceptable radioactivity releases.

                 '

- Another matter to be examined wa's the question of the conse-

    quences of sabotage. It is not my purpose, to report on these

    results in detail, but I can summarize that the tests have shown

    that the reference material cast nodular iron had very favourable

    propertieswithrespecttothisincident. '

- As the storage time to be considered in the licensing procedure

    was 40 years, the authorities requested proof, not only with re-

    spect to the long--term leak tightness of the seals, but also with

    respect to the eventual welds. Here, the advantage of the refer-

    ence design - a cast body wfithout any welds - became clear. The

    cast body is homogeneous and so in very simple tests, the ade-

    quacy of the design with respect to eventual permeation of Tri-

    tium across the walls could be verified.

AFR-Storages

When these results were available to DWK, the basis for a shift in

storage strategy was broad enough and in 1979 the reference storage

concept comprising a big AFR-pool (Away-From-Reactor) facility at

Ahaus with a capacity of 1500 tHM was switched to a cask s'torage

faci1ity.
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On year later, the licence apPlication for asecond AFR interim

storage facility located at Gorleben was filed. As construction of

the facilfity was completed in 1984 this facility is used as the

reference case and will be commissioned recently.

The storage facility is run by the Brennelementlager Gorleben GmbH

(BLG), a wholly-owned subsidiary of DWK--Hannover. The numberof

people employed totals about 60. !n addition to the interim storage

facility, a storage hall for low level radioactive waste as well as

infrastructure buildings are situated at the site on an area of

The storage hall of an interim fuel storage facility is constructed

in a modular design and can be modified in terms of capacity on de-

mand. For the Gorleben site a capacity has been chosen of 1500 tHM,

which means space for 420 casks.

                                         '

The Gorleben facility, including its infrastructure, has been con--

structed at an expense of approximatively DM 60 million in just less

than two years. The relatively short construction period compared to

a wet storage facility as well as low initial cost are a distinct ad-･

vantage of this concept.

Transport and storage casks containing fuel elements are taken from

the nuclear power plants to a station near Gorleben by rail, loaded

onto heavy trucks and delivered by road. The storage hall for fuel

element transport and storage casks consists of a cask del-ivery area

and storage area. The arriving casks are prepared for interfim storage

in the delivery area. These preparations include mainly leakage tests

on the lid system and radiological control 6n the cask surface as

well as fitting of a pressure switch for the storage cask monitoring

system. In the storage area the casks, weighing up to 120 t, are

placed in predetermined storage positions by way of a bridge crane

and connected to the storage cask monitoring system. The storage po-

sitions are arranged in such a way as to allow the movement of any

cask without disturbing the others. .

                '
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The storage hall is provfided sAiith air intake inlets, through which

the outside air enters in natural convention, passing by the casks,

thus cooling them. The heated air escapes through air outlets in the

roof. The removal of decay heat by natural convection and radiation

has been optimised in calculations and practical tests. It has been

proven that heat removal up to a maximum of 9 mW is guaranteed even

under the most unfavourable conditions, so that the permissible

maximum temperature of the fuel rods are not exceeded.

As the surface dose rate is limited to 200 uSvlh (20mremlh) for stor-

age casks, which is lower than the rate permissible for transport

casks by a factor of 10, the local dose rate on the site and in the

vicinity is also much lower than the legal limits. These favourable

boundary conditions, created according to the Radiation Minimisation

Recommendations, result in the fact that, mathematically, even with

storage facilities filled to capacity, the radiation exposure of the

personnel is kept far lower than the legal limits prescribed in the

Federal Republic of Germany.

In 1983, storage licence was granted in accordance with article 6 of

the German Atomic Law. It authorises the interim storage of used fuel

elements from light water reactors for a period of 40 years fin casks

of the CASTOR type. Additional licensing procedures forinterim

storage of fuel elements in differenct types of casks are in pro-

gress.

The granting of the storage licence was preceeded by extensive expert

examfination based on the safety report and a number pf additionally

produced detailed documents. Althoug not provided for in law, the pub-

lic has been given the opportunity to read the safety report and a

public hearing has taken place.

Evident Advantages

Let us resume the evident advantages of the new storage concept which

justified this decision at that time and which remain still in favour

today:
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    double purpose transport and storage capability;

    modular increase of the required storage capacity thus negligible

    interest during construction;

    no secondary wastes during operation;

    completely passive cooling by natural convection;

    zero release due to the no-weld, double-lid system with pressure

    survey;

    optimum resistance even, to aircraft impact and insensitivity to

    major earth-quake loads;

    practically no technical limitation of the lifetime;

    easy decommissioning;

    and another very important advantage: the casting process allows

    high serial production rates within limited time frames.

The sum of all these facts leads to an additonal, very convincing
                  '
one: lower overall storage cost.

                              '

As these arguments remain still valid today, DWK has based its other

storage projects - the entrance storage facility of the Wackersdorf

reprocessing plant too - on the same technological solution.

Furthermore, for the return of vitrified high level waste from COGEMA

and BNFL, t;he storage and transport in casks seem too to be the ac-

ceptable reference solution. Therefore, DWK has initiated the fabri-

cation of a prototype - CASTOR HAW 21 - already in 1984 and performed

an extensive testing programme demonstrating the feasibility df the

cask concept.

Experiences and Demonstrations

In order to gain experiences with cask storage, fuel scald demonstra-

tion programmes of complete irradiated fuel assemblies being stored

in different types of GNS and TN shipping/storage casks have been

carried out since 1982. The objectives of the demonstrations were to

verify cask design parameters, to gain operational experience in cask
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handling and to expand the data base on dry storage fuel performance.

The irradiated fuel assemblies were loaded into the casks in the stor-

age pools of the German reactors, e.g. WUrgassen, Stade and Biblis.

The cask drying operations, which are required to reduce cover gas

moisture, were carried out successfully. Fuel is stored in Helium gas

at less than 1 atm pressure. The peak cladding temperatures decreased

rapidly from about 4000 C to about 2000Cover the 2-years ster-

age period, showing a substantial longitudinal and axial temperature

gradient. The radiation levels are in the expected range.

The programme results could be summarized as follows:

- In-pool loading and unloading of shippinglstorage casks have been

    successfully dernonstrated.

- Cask design para.meters have been verified in practice.

                      '
- Radiation levels to operators are extremely low.

- No rods have failed due to dry storage even forawide tempera-

    ture range and range of cladding metallurgical conditions.

                    ttEven under the hypothetical assumption of a100%rodfailure the

German cask concept and its barrier system constitutes a safe con-

tainmen't. However, with regard to the fuel unloading procedure, the

question of fuel integrity and fission gas release fraction might be

of interest, e.g. for operation of a fuel receiving station in a re-

processing pl'ant.

Full scale dry storage demonstrations with different types of casks,

hot cell tests with failed and unfailed fuel rods, and fuel behaviour

modelling have been conducted in the FRG, using PWR and BWR Zircaloy

clad fuel.
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    '
Irridiated fuel has been placed in and retrieved from various CASTOR

casks and from a TN 1300 cask.

Dry storage tests and demonstrations have invloved 3000 fuel rods,

which have been monitored during dry storage with maximum cladding

temperatures ranging from 250 to 4500 C. There is no evidence that

any rods exposed to inert gases have failed during dry storage. Even

under conditions more severe than in the casks, the fuel shows no

cladding failures.

Dry storage under cask conditions with maximum insertion temperatures

in the range of 4000 C does not expect to cause

- a significant creep deformation above 1%

- claddingoxidation '
- condfibions that induce SCC or flaw propagation.

Thus, peak cladding temperatures up to about 4500 C (depending on

the character of the fuel) are predicted to be acceptable for inert

gasstorage. '

In parallel to these demonstrations in 1983, anotherCASTORwas

loaded in WUrenlingen, Switzerland, with the full core of a vesearch

reactor. This was the first commercial used fuel storage demonstra-

tion based on dry cask technology.

In parallel, the French company NERSA, owner and operatur of the

Super Phenix reactor, became interested in the cask solution as an

emergency option for storage purposes and ordered and tested a proto-

type successfully in 1982/1983.

        '
One cask was delivered and loaded in the Russian power station

Woronesch in 1984. 0ther demonstrations were made in Germany with

high temperature reactor fuel elements, and in the United States, the

first storage demonstration started at the Idaho National Laboratory
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     in 1985. Here, already a nevv generation of storage casks could be

     used: the CASTOR V for 21 PWR-･fuel elements.

5. 0ptimizingtheCost

     With an upper limit of the cladding temperature during storage of

     3900 C it is evident that the capacity of the casks and thus the

     cost for storage can only be optimized if the cooling time prior to

     dry storage is rather long, e.g. 4 to 7 years. Under these circum-

     stances it could be shown for used fuel fin the United States, were

     sufficient up-front fuel storage is available, that casks with capa-

     cities of 21 PWR-fuel elements and in some extreme cases also with 28

     or 33 fuel elements could be realized.

     So, the Virginia Electric Power Company initiated the operation of

     its Surry storage facility based on this technology in 1986. At this

     time, a total of 9 casks has been ordered, delivered and more than

     6 casks are loaded today.

IIL!tZ!nAl!--P.±1D ICkD1mt .
                           t.                  '
In my introductory remarks reference has been made to the decision by the

Federal Government in January 1985 with regard to future development of

direct disposal. It was stated that, in addition to the construction of a

reprocessing plant, spent fuel disposal without reprocessing should be de-

veloped to a technical maturity for those fuel elements for which repro-

cessing is neither technfically feasible nor economically justifiable, even

from the viewpoint of political economy.

The successful development of the dry cask storage technology gave an im-

petus to the development of final disposal casks which in addition to the

CASTOR family novif is called POLLVX cask system.

The design criterfia for a reference cask for final disposal in a salt re-

pository were developed within an R&D programme of the German Ministry of

    '
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Research and Technology (BMFT) during'1979 - 1985. Since actual geological

conditions will only be sufficiently known after exploration of the final

-disposal repository it is important to achieve a high technical flexibili--

ty in the present disposal cask design.

1. POLLUXCaskSystem

                                                             '
     For this reason the POLLUX cask system developed by DWK comprises:

     - the POLLUX cask for disposal in drifts and

     -- the POLLUX canister for disposal in boreholes.

     POLLUX casks are independent packages for direct disposal which at

     the same time meet all the IAEA requirements for transport as well as

     for storage of spent fuel. By variabion of dimensions lid systems and

     built-in equipment (internals) the POLLUX cask can be adapted to the

     requirement of the different radioactive materials to be handled.

     The present POLLUX canister is designed for final disposal in bore-

 ･ holes together with vitrified high-level waste of the reprocessing

     plant. The transport and an optional interim storage, however, can

     only be done in transport/storage casks, e.g. CASTOR HAW 21, pro-
                             '     viding the necessary shielding function.

     The POLLUX cask is designed according to the double shell prfinciple,

     the inner steel shell providing temporary gas tightness by means of

     screwed-in lid and long term containment after welding in a secondary

     lid. The outer shell, vvhich is fabricated in steel or ductile cast

     iron, as$ures shielding of gamma- and neutron radiation under trans-

     port, storage and corresponding accidental 'condibions as well as

     mechanical protection under operational and type B(U) test condi-

     tions.

     The present criteria for corrosion protection of the steel contain-

     ment with water intrusion in the final disposal repository are met

     with Plasma Hot Wire Surfacing of Hastelloy C4. '

               ,
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Loading of the cask and closing'of the screwed-in lid is done in re-

mote control mode in a Hot Cell, whereas closing of the steel con-

tainrnent by welding techniques can be done in direct access.

The mechanical safety of a cask system for radioactive material can

be proved according to IAEA regulations by testing of a model cask,

testing of a prototype or ana3ytical calculations. For the POLLUX

cask the mechanical safety for normal and faulted loads is evaluated

                                   'by analytical methods.

The double shell pr-inciple of the POLLUX cask permits the application

of established standards and approved technical rules for material

and fabrication. The evaluated safety margin shown by analytical

methods for normal and faulted operation established a comfortable

inherent safety. The result with such an engineering procedure for

the POLLUX cask assures provision against failure.

Pilot Plant for Fuel Conditioning

Development and testing of the described final disposal easks reN-

quires a pilot plant for fuel conditioning. The atomic licence ap-

plication was submitted by DWK to the licensing authority on
6 May 1986. The site selected is at Gorleben, and is located directly
                                                'adjacent to the 1500 tU AFR interim storage facility described be-
  '

The pilot plant is designed as a multipurpose facility, in which the

conditioning and encapsulation technology for different forms of ra-

dioactive material will be demonstrated.

The facility`s main tasks are:

-- conditfioning and encapsulation of spent fuel, so that the resul-

    tlng package, e.g. POLLUX, is suitable for final storage and in

    addition meets the requirements for interim storage.
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In addition, the pilot plant should fulfill the following tasks:

- unloading of radioactive waste containers,e.g.vitrifiedhigh

    active wasPe concentrates from transport casks into storage casks

    suitable for interim and/or final storage;

- encapsulation of radioactive waste in a form suitable for final

    storage;

-d maintenance of transport and storage casks;

- loading of storage casks with consolidated spent fuel.

Owing to the pilot function of the facility, the throughput is limi-

ted to 35 t U/a, which is sufficient for execution of the development

programme.

The safety report was submitted to the licensing authority in March

1987 and the public hearing is expected to take place in May 1988. A

first construction licence is likely to be issued in 1989 and hot

operation could start in 1994.

Conclusion

This overview shows that dry cask technology for interim storage has

reached maturity in West Germany and is available for application.

Final disposal cask development is under way and will have to be har-

monized with repository conditions, so that applications can be en-

visaged at the end of this century.

                   ,

 ,
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ABSTRACT

  AECL's assessment of nuclear fuel waste disposal deep in
  plutonic rock of the Canadian Precambrian Shield is now well
- advanced. A comprehensive understanding has evolved ofi the
  ehemical and physieal proeesses controll±ng the containment of
  radionuclides in used fuel. The following eonclusions have been
  reached:

o Containers with outer shells of titanium and copper can be
expected to isolate used fuel from contact with groundwater
tor at least 500 years, the period during which the hazard
is greatest.

o

o

Uranium oxide fuel ean be expected to dissolve at a rate
less than 10-8 per day, resulting in uranium concentrations
less than 10-8 mol/L. This is consistent with ob$ervations
of uranium oxide deposits in the earth's crust.

Movement of dissolved radionuclides away from the
eontainers can be deiayed for thousands oi years by placing
a eompaeted bentonite-clay layer between the container and
the rock mass.

o Thegraniteplutonsofinterestconsistofrelativelylarge
     rock volumes of low permeability separated by relatively
     thin fraeture zones. The firacture zones have a much higher
     hydraulic eonductivity than the background rock and, thus,
     control the groundwater tlow within the rock mass.

Field studies are continuing that will validate groundwater [low
models at the regional scale. Construction of an underground
research laboratory is nearing completion in a previously
undisturbed gran±te pluton.

INTRODUC[I]ION

Since 1978, AECL has been assessing the concept oi disposing of
nucJear fuel wastes deep in plutonic rock of the Canadian
Preaambrian Shield, and de,veloping and demonstrating the
associated technologies. Our concept is based on the use of a
multi-barrier system in which the plutonic rock mass is
supplemented by engineered systeni$. Consideration of specitic
sites will occur only aiter the coneept has been judged
aceeptable.

The decision to focus the assessment on disposal in plutonic
rock arose trom a 1977,study ied by Professor F.K. Hare ot the
University of Toronto [Aitken et al. 1977]. [Phe rationale [or
the focus is as tollow$. The Canadian Shield has been
relatively stable tor at least 600 million years, and most of
the Shield has not had major orogenie activity tor 2.5 billion
years･ There[ore, it is reasonable to infer that the region
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would remain stable for the required lifetime of a disposal
vault. Also, regional topographic gradients in the Shieid are
low, about 1 m/km. As a result, the natural driving torae for
groundwater flow deep in the rock should be weak. Further, tt
is believed that there are large volumes o[ plutonic rock with
extremely low porosity and ･･permeability. These would serve to
limit access of groundwater to the waste, thereby slowing its
deterioration and inhibiting movement of radionuclides through
the rock. Also, minerals in plutonic rock are known to react
with many of the radionuelides in nuclear fuel waste, turther
retarding their movement.

Sinee the physical and chemical processes that might lead to
release ot radionuelides, and to their transport back to the
surface, would evolve over thousands oi years, it is not
possible to provide a direct physical demonstration of the
concept's safety. Our approach is to base the demonstration of
satety on long-term pred±etions using mathematieal models that
represent the various components of the disposal system,
inciuding the waste material and the plutonic rock mass. The
research program was designed to provide a eomprehensive
understanding oE the underlying physical and chemical processes,
to develop appropriate models and to validate them against
carefully integrated laboratory and f±eld experiments.

The research program is now well advanced and a comprehensive
understanding of the performance of the various barriers has
evolved [Dormuth 1987]. This paper describes our referenee
des±gn for the disposal of used CANDU fuel and highlights our
eurrent understand±ng of the performance of the systemcomponents, including the used-fuel container, the used fuel,
the clay buffer surrounding each container, and the plutonie
rock mass. [Phe status oE our underground research laboratory is
also described.

DISPOSAL CONCEPT

Characteristics oE Used CANDU Fuei

A typical CANDU tuel bundle is shown in Figure 1. The
dioxide fuel is in the torm ofi ceramic pellets that are
in$ide zirconium alloy tubes to form ind±vidual fuel rods

    'uramum
 sealed
.

Table 1 cornpares the compositions ot a typical bundle before
irradiation and one-hal£ year aEter removal [rom the reactor.Note that, at O.23g, the post-irradiation concentration ofi
uranium-235 is comparable to that of enrichment tails. Also,
the plutonium concentration, at less than O.4rg, is about 2e5
times less than that for used LWR fuel. [Vhus, there is Zittie
economic incentive to reprocess used CANDU fuel.
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TABLE 1: CANDU FUEL BUNDLE COMPOSI[I]TON (g)

CONSTITUENT NEW USED'

Uranium-238
Uranium-235
Other Uranium Isotopes
Plutonium
Other Actinides
!odine
Cesium
Technetiurn
Other Fis$ion Products

18,865
   134
     1

18,725
   44
    15
    71
     1
     1
    11
    4
   128

                                   19,OOO 19,OOO

" Assuming a burnup of 650 GJ/kg and a cooling time of O.5
    years.

When first removed from the reaetor, the used-iuel bundles are
intensely radioactive. One year after removal, the intensity of
the radiation has deereased by a factor ot 100 (the dose rate at
30'cm is 30 Sv/h) and the heat generation rate has decreased to
60 W. In ten years, the radiation intens±ty has decreased by a
factor oi 1,OOO and the heat generation rate to 4 W.

Although the hazard frorn penetrating gamma radiation is
relatively small after about 500 ' years (1 mSv/h at 30 cm), the
long-!ived radionuclides iodine-129, cesium-135, technetium-99
and plutonium-239 remain toxic for hundreds of thousands of
years. These radionuclides are the rnost important radionuclides
from a disposal view point. However, they are contained within
the uranium oxide grains and will be released only if the grains
are dissolved.

Prior to disposal, the used-fuel bundles would be sealed in
corrosion-resistant containers. Figure 2 shows a conceptual
de$ign for a thin-walied, particulate-[illed container for 72
CANDU fuel bundles. Prototype containers of this design, with a
5-mm thiek titanium alloy outer sheil, have withstood external
pressures up to 10 MPa at 150 C) meeting the primary structural
requirements [or disposal in a vault at a depth of 1,OOO m
[Teper 1985].

Dis osal Facilit Reference Desi n

The referenae layout of a single-level disposal vault is shown
in Figure 3, as well as details of a typical disposal room
[Baumgartner, Simmons 1987]. The vault wouid consist ot 480
disposal rooms (220 m long, 8 m wide and 5.5 m high) and would
have a plan area of about 4 km2. It would'be excavated at a
depth between 500 m and 1,OOO m, depending on the
characteristics of the host rock mass. There would be
suffieient capacity to dispose of about 190,OOO Mg of used CANDU
fuel (about 135,OOO containers).
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The used-fuel containers would be lowered through a vertical
shatt, transported to the disposal rooms, and placed in holes
(1.2 m in diameter and 5 m deep) bored into the iloor pf the
rooms. Prior to receiving the waste eontainers, the holes would
be fi!led with a mixture of sodium-bentonite clay and sand,
mechanically compacted and then rebored to provide a central
hole (700 mm in diameter and 4.2 m deep). The 250-mm thiek
clay-sand butter would act as a diffusion barrier to the
movement of groundwater, inhibiting the transport of radio-
nuelides away from the container. The clearance space between
the container and the bufter would be filled with sand.

When filled with eontainers, each room would be backfilled and
sealed. The backfilling would be done in two stages: first, the
lower portion of the xoom would be fUled with a mixture of clay
and erushed granite, whieh wouid then be mechanieally compaeted;
second, the remaining space would be filled pneumatieally with a
mixture of granfte aggregate and bentonite. To close the vault,
the access tunnels would be backfilled in a manner similar to
the disposal rooms, and the access and ventilation shafts would
be titted wtth a series of bentonite/eoncrete seals separated by
a backf±ll mixture of compacted clay and crushed-granite.

BARRIER PERFORMANCE
,

[rhe Used-Fuel Container

Container integrity w±ll be determined primarily by thecorrosion resistance ot the outer-shell material. We have
tocu$sed our researeh on titanium alloys, our eurrent xefescenee
material, and copper.

Our studies on titanium alloys [Xkeda, Clarke 1986] demonstrate
their very low uniform corrosSon rate (Xess than 1 pam/a) under
the conditions expected in the disposal vault; that is,
groundwater at iess than 150 C with a high chloride eontent
(les$ than O.97 mol/L). The low eorrosion rate is a result oi a
protective, passive oxide film. Breakdown of this film ean make
titanium susceptible to localized corrosion processese such as
erevice corrosion. Using an eiectrochemicai approach, which
fiorces crevice corrosion to initiate, we have demonstrated that
both grade 12 and grade 2 titanium are capable of preventing the
propagation of erevices by re-establishing their protective
oxide £ilms. Thus, a 5-mm thick titanium outer shell would be
sufficient to provide an e[Eective barrier to radionuciide
release for at least 500 years.

If eopper is u$ed for the outer shell, only uniform corrosion is
expeeted to play a role. We have studied the dissolution ofi
eopper metal in ehloride solutions and in the presence of
compacted bentonite butters [King, Litke 1986]. The experiments
show that the corrosion rate is limited by the rate at which
dissoived metal species are transported away from the corroding

-- M-2-5



surfaee. We conclude that a 25-rnm thick outer shell of eopper
would pscovide an effective barrier to the release of
radionuelides tor at lea$t 5,OOO years.

The Uranium Oxide Fuel

Onee groundwater breaches the container shell, the zirconium
alloy fuel sheaths are not expected to provide significant
proteetion. Because ot the' high chloride content of the deep
groundwater, the zirconium may be attacked by crevice corrosion.

However, the uranium oxide is expected to provide highly
ef[ective containment of radionuclides [Johnson et al. 1988].
0ur research demonstrates that there are three principal
mechanisrns by which radionuclides are released:

1. about 2rg ot the iodine and cesium are releasedLS'rapidly onee
    the zireonium alloy fuel sheath is breached.

2. an additional 6% of the iodine and cesium are slowly
    released by preferential dissolution at the grain
    boundaries.

3. the remaining 92? of the fission products and actinides
    trapped within the uranium oxide grains are released
    extremely slowly as the grains dissolve.

Undenc the reducing conditions expeeted in a disposal vault,
experiments with used fuel show that uranium concentrations in
groundwater would range from 10-7 mol/L to 10-9 mol/L depending
on the salinity of the groundwater. Dis$olution 'tates are
observed to be less than 10-8 per day.

The stability of uranium oxide in groundwater has been confirmed
by studies at the Cigar Lake uranium deposit in northern
Saskatchewan [Cramer 1986]. The deposit, shown in Figure 4, is
situated at a depth of 430 m at the interface between the host
sandstone format±on and the underly±ng basement rock of the
Archean Shield. The ore body contains about 170,OOO Mg of high-
grade ore and is lens-shaped (2,OOO m long, 100 m across, and
20 m thiek at mid-length). Xt is surrounded by a clay-rich
layer that ranges in thickness Erom 5 m to 30 m. An iron oxide/
hydroxide-rich zone forms the contact between the high-grade ore
and the clay layer.

The ore body consists mainly of individual grains of uraninite
mixed with clay minerals; the average concentration of uraninite
is 12g, with local concentrations as high as 60%. Since the ore
body was formed about 1.3 billion years ago, there have been
several episodes ofi groundwater interaction with the ore bodye
Despite this interaction, there has been no signiiicant movement
of uranium. Water samples taken only 5 m frorn the ore body have
such a low uranium concentration (10-8 mol/L) that they are
suitable for drinking.
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Although the groundwater flowing toward the deposit is oxidizing
in nature, oxygen is removed by iron minerals and organic
materials within the ore body and the surrounding clay layer.
The iron is oxidized more easily than uranium and acts as a
scavenger for oxidiz±ng species. Examinations of samples trom
the ore body show that the oxidation state of the uraninite
grains is less than U307 [Sunder et al. 1988]. Compositions
less than U307 are consistent with the observed reducing
condition of groundwater samples from the ore zone and wtth
laboratory observations of the behaviour of uranium oxide fuel.

The bentonite-cla buffer surroundin each conta'iner
          j
The principal function of the buffer is to inhibit the movement
of radionuclides away from the container. Our researeh shows
that radionuclide movement in compacted bentonite-sand mixtures
would occur only by diffusion [Cheung 1987]. Byffer thicknesses
ofi 250 mm yield breakthrough times of thousands of years for the
critieal long-lived radionuclides; for example, under the
expected groundwater conditions the diffusion properties ot the
reference buffer are such that the breakthrough time would be
about 3,OOO years for teehnetium, 5,OOO years for iodine, and
140,OOO years for plutonium.

!t!bg-gxopj.IEgm!zgg!uga.g}sh t k

Field research areas have been established at three locations in
the Precambrian Canadian Shield: in the Atikokan and East Bull
Lake regions of northern Ontario, and in the Whiteshell region
ot southeastern Manitoba. Sinee 1978, these research areas have
been extensively characterized from a geotechnical perspective,
and monitoring of the groundwater flow system in each area is
eontinuing via instrumented networks of borehole$ [Whitaker
1987]o

The Whiteshell Research Area is $hown in Figure 5, and is the
main focus oE our field studies. [Phis region conlains the
Whiteshell Nuclear Researeh Estabiishment and AECL's Underground
Research Laboratory (URL). The region is situated on the Lac du
Bonnet Batholith, a large granite pluton similar to many found
in the Canadian Shield. There is a moderate topographic slope
across the region of about 50 m from the southeast to the
northwest and the water table cJosely follows the topography.
[Phe Winnipeg River system provides a well-defined hydrological
boundary for most of the study area.

Hydrogeology of Granite Rock Masses

A detailed understanding of the hydrogeology of a candidate roek
mass is essential to assess its acceptabiiity. Our methodology
for gaining this understanding is derived from a structured
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pro¢ess which
The steps are

 integrates
as follows:

the various      ,geosclence diseiplines.

1. The geological features of the rock
groundwater flow, and the associated
hydrologieal eharacteristics, are
investigations.

mass that
physicalr
determined

 control the
chemical and
 from field

2. These geological
interpreted to
groundwater flow

 features
 establ±sh
system.
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 a
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conceptual model of

are
the

3e Ba$ed on' the conceptual model,
mathematical model of the flow
changes caused by natural and
the rock mass and flow system.

a detailed
 system is
artitieial

three-dimensional
 used to predict
perturbations oi

4. Comparisons are made between predicted and measured
responses to test the conceptual and mathematicai models,
and to refine them so that, together, they provide a
realistic representation ofi the actual groundwater flow
system.

As an illustration
it was applied to
[Davison 1985].

ra
the
description follows
charadterization of

of the methodology
the site for the

 as
URL

Over 130 boreholes were drilled into the shallow overburden
deposits and into the underlying granite to depths up to 1100 m.
Fracture$ were characterized in the boreholes using a number of
techniques: by detaiied core-logging methods, by in-hole
television camera equipment, and by a var±ety o[ standard and
innovative borehole geophysical logging techniques. Hydraulic
eonductivity measurements were made at selected intervals in
individual boreholes. In addition, interference tests were done
in which water was either injected or withdrawn from one
boncehole, while groundwater pressures were measured in isolated
intervals in neighboring boreholes. These tests, provided an
understanding of the hydraulic conductivity of the portion of
the rock mass between the boreholes.

Analysis oE the in[ormation obtained firom the tield studies
identitied three major low-dipping Eracture zones, shown in
Figure 6, dipping at about 20 degrees to the horizontal. The
upper and lower zones are relatively unitorm and have
thicknesses ot a few metres. In contrast, the middle fracture
zone has a complex geometry with a number of off-branching
limbs. At the surface of the batholith, the fracture zones
coincide with major topographie lineaments that have been
studied by geological mapping and suriace geophysical surveys.

The major [racture zones control
and, within the zones, there is a
conductivity. Regions of high

the
wide
and

movement of groundwater
 variati.on in hydraulic
low conductivity were
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determined by continuous monitorirtg of the hydraulic pressure in
isolated intervals in the network of boreholes during
interterence tests. Outside the fraeture zones, the rock is
relatively unfractured, except for a network of near-vertical
fractures that extends from the surface to depths of about
250 m. Other widely spaced vertical fracture zones exist that
extend to depth$ of 400 m. These vertieal tracture$ and
fraeture zones are oriented roughly parallel to the direction of
the maximum principai stress in the rock mass.

These results, which are consistent with the observations in the
other field research areas, indicate that the groundwater flow
characteristics of the plutonic intrusives of interest can be
conceptual±zed as relatively large rock volumes of lowpermeability separated by relatively thin [racture zones. The
hydraulic conductivity of the tracture zones is usually much
greater than the conductivity of the background rock and, thus,
the fracture zones eontrol the groundwater flow within the rock
mass.

This conceptual groundwater tlow model is described
mathematically by a finite-element computer model called MOTIF
[Guvanasen 1985]. It represents the relativeiy unfractured
background rock by an equivaient porous rnedium, composed of
three-dimensional continuum elements. The high conductivity
zones are represented by special planar elements, which are
embedded in the background porous medium. The ilow within these
planes is dominant along their axes. The three-dimensional flow
field within this assembly of blocks and planar elements is
described by porous medium flow equations.

To test these models, pred±ctions were made of the rate oEgroundwater flow into the shaft opening and ofi the changes in
hydraulic head in the groundwater flow system that would be
caused by the excavation of the URL shatt [Davison 1986]. These
predictions were then compared to the responses measured at 171
isolated intervals in the network of boreholes,used to
characterize the rock mass as the excavation proceeded.

Figure 7 shows the measured and pxedicted rate of groundwater
tlow into the URL shaft during excavation. [Vhe first infiow
occurred when several water-bearing near-vertical fractures
intersected the shatt walls and t.he rate of inflow increased as
the exeavation passed through the upper tracture zone. Notice
that the inflows predicted by the MOT!F computer model are
generally a tactor oi three greater than the measured inflows.
As predicted, the maximum inflow occurred as the upper firacture
zone was penetrated. Subsequently, the predicted rate of inflow
gradually dealined to a constant value, consisten℃ with the
measured inflow.

Figure 8 shows a comparison
histories of hydraulic head at
in the upper fracture zone.

between measured and predicted
one ot the monitoring locations
The onset of the sharp drop in
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hydraulic head corresponds to the onset of groundwater inflow to
the sha[t, opening. The agreement between predietion and
experiment is generally good. The deviations during the period
1985 March to 1986 April are attributed to seasonal variations
in groundwater recharge, which could not be included in the
mathematical model. This agreement is typical ot that attained
at most monitoring locations used in the comparisons, and gives
us confidence that the methodology is sound.

The continuing tield research is directed at determining the
hydrogeological features that affect the groundwater flow within
the entire Whiteshell Research Area, to a.depth of at least
1,OOO m [Davison et al. 1987]. Drilling of a regional network
of deep boreholes has begun and will provide the basis for
extending the existing conceptual model for the rock mass
surrounding the URL. We plan to continue to monitor the
groundwater -chemistry and hydraulic head fluctuations within the
boreholes, and to extend the network by further driliing at
strategie locations within the area. When completed, we hope to
have sufficient information to establish a three-dirnensional
eoneeptual and mathemat±eal model for the groundwater flow
system within the entire study area tQ a depth ofi 1,OOO m, and
to have tested the model against field measurements.

Underground Research Laboratory

 Construction of the URL is now at an advanced stage. It is
 being construeted in a part ot the Whiteshell Research Area
 which had not been previously disturbed. The excellent outerop
 in the area fa¢ilitated the geological characterization of the
 site. The location of the access shaft and underground
 laboratory rooms was based on knowledge of the underlying
 geological structure and groundwater flow system derived from
the extensive characterization program described in the
･preceding section. The excavation of the shafts and roortts has
 eonfirmed and supplemented the infiormation obtained from the
 borehole investigations.

The present state of underground development at the URL is shown
in Figure 9. The excavations include a 3 m by 4 m rectangular
access shaft and a 2 m diameter ventilation shatt, both 250 m
deep> and laboratory rooms excavated at a depth of 240 m.
Excavation is underway to extend the access shaEt to a depth of
455 m as part of an agreement with the U.S. Department of
Energy. The excavation has reached a depth of 380 m and is
scheduled to reach 455 m during 1988 July. Geotechnical
eharaeterization of the shaft is expected to be completed by
1989 September. The rock ma$s around the shaft at the 455-m
level will also be characterized to select sites for
experiments.

To date, work at the URL has provided unique information on
response o[ the rock mass and its groundwater flow system to
excavation. During the shaft excavation, geomeehanical

the
the
and
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hydrogeological instrument arrayS were installed (at depths oE
15 m, 62 m, 185 m, and 212 m) to monitor displacement and stress
changes, and pressure changes within discrete fraetures, in the
roek surrounding the shaft opening as the exeavation proceeded
[Thompson, Lang 1986]. Displacements were generally smali,
varying from O.1 rnm to 2 mm. Similar measurements were made
during the excavation of the laboratory rooms. Also, about 800
overcoring tests have been done to determine stresses within the
rock mass, using a variety of triaxial measurement cells [Lang
et al. 1986]. Construction ot the URL has also allowed us to
test excavation techniques that could be used to construct a
disposal vault, particularly drilling and blasting procedures
that minimize damage to the rock near excavation surfaces.

Expeximents are planned to test components of the disposal
system under the complex conditions that are expected in a
disposal vault and to develop and test the technology to emplace
engineered barriers, such as buffer and backfiUing materials,
and shaft and borehole seals. The experiments being planned
inelude the following:

1. An Excavation Response Experiment to determine the effect of
exeavation on the hydraulic conductivity of fractures in the
rock surrounding the opening, the extent and conductivity of
the damage zone near the surface of the opening, and the
bulk mechanical prdperties oi the roek mass surrounding the
    ,openxng.

2. A Heated Block Experiment to assess the effect of thermal-
meehanical conditions on the hydraulic properties of a
single fraeture eontained within a diserete block of roek.

3. A Pressure.Chamber Experiment to assess the response of a
volume of rock (about 25,OOO m3) caused by thermal and
pressure loading.

4.

5.

Migration Experirnents to determine solute transport in rock
mas$es with varying degrees of fraeturing.

Buffer/Container Experiments to study the interaction
between a sand/elay butfer, a simulated used-tuei container
and the surrounding rock.

6. Borehole Sealing Experiments to demonstrate the technology
for sealing boreholes and to determine its performance.

7. Shaft Sealing Experiments to demonstrate the teehnology for
installing shaft sealing material$ and bulkheads and to
determine their performanee.
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CONCLUSIONS

Containers with titanium and eopper outer shells can be expected
to ±soiate used fuel irom contaet with groundwater ior at least
500 years, the period during whieh the hazard is greatest. The
used fuel has also been shown to be highly resistant to
dis$oiution under the groundwater eonditions expeeted in a
disposal vault. Dissolution rates less than 10-B per day have
been determined for u$ed fuel in the iaboratory experiments and
are consistent with observations of uranium ore deposits in the
earth's erust. The movement of radionuelides dissolved in
groundwater can be further retarded by placing a compacted elay
layer between the container and the rock rnass. Breakthrough
times of thousands of years ean be attained. Thus,･ the
combination ot the container, used fuel and clay layer can be
expected to delay the release of radionuclides into the deep
groundwater system for several thousand years and to maintain
their concentrations at low levels.

A methodology fior characterizing the hydrogeology of a plutonie
rock mass has been successfully applied and validated in the
tield to a depth of 500 m. This methodology is now being
applied at a regional seale comparable to that required to
characterize a candidate disposal site. Based on our experience
to date, we are confident that the process by which detailed in-
situ measurements are used to develop a conceptual model o[ the
hydrogeology ot a site and then idealized into a three-
dimensional description is generally valid.

Our tield investigations in the Canadian Shield, supported by
assessments oi coneeptual disposal vault designs, give us
confidence that there are a large number of locat±ons whichr
after detailed examination, will provide d±sposal sites that
meet safety requirements.

The understanding of basic physical and chemical processes
derived from the laboratory and tield investigations highlighted
above has been incorporated into a mathematical rnodel that
describes the complete disposal system ior assessments of long-
term safety. This model oi the disposal system links together
individual mathematical models for the vault, rock mass and
surface environment to provide an estimate of the range of
possible effects to individuals at some future time trom an
implementation ofi the disposal technology.
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Present Status of the Developaent of Uraniun Enrictment 'IbchrK)logy

                           .                           In France

               (Pe RIGblYe JH emIES CMd Ge SAVZAIY)

          EVRODIF has been urK]er full operation sirice 1982 in accordance

with the market demand. Cbsts have been optirnized in particular by taking
advantage of power consunption modulation. NO future need of capacity is
foreseen before the eve of the next century. During the past years, the CEA

has evaluated a nurnber of different processes which could have been in
competition for the next isotope separation plant. Experimental studies
have been carried on on the plasrna separation process as well as on the
molecular laser isotope separation and discontinued after a first step of
evaluation. kikewise R and D on Chernex is to be closed by the end of 1988
after successful operation of a full length pi!ot plant.

          Simultaneously, a large scale R and D effort has been started on
SIuvA, and has produced evidence of the techmical ability of the process to

enrich uranium. Separation results obtained on process pilots show that
commercia! assays can be attained in single step operatioms. evfetal vapor

production systems have been started up and tested. Laser systems under
developaent achieve better resuits than planned. Plans for construction and

operation of installations of increasing sizes leading to an industrial
derTx)nstration unit are urKler elaboration. Industriai cooperation is being

assessed.
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INTRODUCTION

          The R and D prograrn on Uranium Enrictment developped in France by

the CEA during the years l960-1980 has found its achievement in the EXJRODIF

plant built in the frame of a rrTultinational cooperation. The history of
EJRODrF has been presented in several conferences. I shall merely recall
that the plant started operation in 1978 and attained fuil capacity in
1982.

          Taking into account the fluctuations regarding market forecasts
derived frorn nuclear energy developaent, CEA has investigated several
Uranium isotope separation processes, ttying to focus on those which show

the best adequation to the most widely accepted scenarios of enrichment
market. Back in the mid 70's, EURcoIF was to be followed by CaREDIF. But
large increments in enrichment capacity soon appeared inedequate as shown
recently, when part of the US gaseous diffusion complex was put in stand-

by.Future plants have to be modular in capacity andYet,offergood
economics even at low capacity.

          Several processes have been evaluated by the CEA R& D tearns :
improved Gaseous Diffusion, gas centrifu!le, CHEusX, SI[MC), PSP and SIEVA).

After comparative assessrnents, SrLVA is recognized to have the best
potential in temns of iTKKlularity and costs. CHEva!X would be a second choice

since it alXows stand a!one capacities as low as some hundred thousands of
SWU/y to remain competitive..

1/- PUTURB MARKBT SCENARIOS

          )"aclear power plant capacity of the Western world is fairly well

kriown until the end of the century. Expected values are in the order of

270

3iO

330

        .GWe net in l988

1994

1997

290 in 1990

320 in 1995

3so in 2ooo

the two last figures including l5 and 35 (IMe not yet under construction.
Those capacities cari be suodivided among four world areas :
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            1987 1994 l997 2000
Europe 104 128 l32(1)* 140(IO)*
FarEast 37 50 61(ll) 68(l9)USA 95 108 110(O) 110(O)Others 16 24 28(3) 33(7)
* numbers in brackets give the capacity not yet under construction.

          The total enrichrnent capacity available today or planned to be on

line by 1997 within the Western world compared to the demand (stock piles
are not considered) would then be the following :

                                         l9B8 l997

EnrichrnentCapacity 34,5 36 I06swu/y

The comparison of the two sets of figures shows that taking into account
that the US.Oak Ridge,, GD plant is out of service, the demand will be
roughly equal to the plant capacity around the end of the century with a
siowly rising excess of demand after 2000.

          Consequentiy there are no reasonable prospects for large size
plants, the replacernent of existing plants being put aside.

          By the end of the century, EURonIF will be twenty years old while

the US plants will be rnuch older even if one takes into account the more
recent CIP and CUP operations. A reshaping of the enrichrnent industry
including the presence of new producers such as Japan can be expected
around that deadline.

2/- CHARACTERISTICS RB UIRSD FROM NgW PROCgSSES

          All GD plants wiil be fully amortized before the end of the
century. The SWU costs wili then be limited to'maintenance, staff and
energy costs. The last item will be of particular importance in the
breakdown of the SWU cost. Contracts are already being negociated between
power plants and GD plants to optimize the daily or seasonal power demand
of enrichinent plants. The SWU costs to be attained by new processes will
have to match with resulting GD plant costs. In other words they will have

to be cempared to about 2400 to 2500 kwh/SWU with a kwh cost which can
exhibit large variations reflecting the structural power dernand by the
nation and policies of the utilities.
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          Actuai forecasts for nuclear power plants show a slowly
increasing installed total capacity. Consequently new processes will be
required either as add-on to the existing plants or as replacement of GD
plants in case of obsolescence . These new processes should be able to
reach coramercial assays even with srnall installed capacities, say less than

a few millions SWU's per year.

3/- URANIUM BNRICHMgNT TBCIINOLOGIES'gVALUATIqN

          (iaseous Diffusion (GD)

                                                   '
          Some twelve years ago, not long before the rapid decrease in
forecasts of nuclear power plants construction, the CE:A considered the
construction of ooREDrF . A new separation rnembrane was deveioped aiming at

the decrease of energy dissipated by turbulent flow within the diffusion

barrier. Srnall series of this new inembrane were manufactured and
experimental tests demonstrated that this new type of membrane allowed a
20k decrease of the $pecific energy consumption. The new technique involved

deep changes in stage characteristics as weli as in the technology of the
main components. HDwever these improvements were not sufficient to allow
designing GD plants of small capacity at an acceptable cost. Therefore,

this technique was abandonned a few years later. .

          Recently, the variability of power costs with daily or seasonal
power demand was recognized and a major effort has been launched to stLriy

rapid transient behavior of GD plants. The'US are studying
freezer-desub1imer systems which make the plant able to follow the power
avaibility. Similar ideas are urxlervay in France. However, it is difficult

to compare objectives and perfonnances to be attained in the two countries
since both the pcxwer grid and the GD plant have significant differences.

For instance, EURDD!F already takes benefit of a very integrated power grid

which helps transporting power from and to any part of the Country, whereas
the US DOE may use the low UF6 inventory of th' e GD cascade in order to
favour rapid transients in plant operations and optimize a more 1ocal grid

                      '
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          Gaseous ()entrifugation (UX)

          The CEA has recognized very early that ucG must face significant

difficulties before reaching a state where attractive SW costs can be
attained. In sarne cases, these difficulties seem to have been overcome ; i'n

particular URENco operates several centrifuge plants. Japan has announced
and partly achieved a major prograrn of pilot and production plants. Both
seem to be working on non sophisticated reliable and cheap technologies,
whereas the US DOE discarded in l985 the construction of a production plant

based on a more sophisticated technoleqy which probably needed more
rnaintenance. Even so, both costs and lack of market together with better
costs expectation for AVLIS were probably the reasons which 1ed the DClli to

abaridDn its centrifuge technique.

          wtiatever the degree of sophistication of the technology, the unit

separative capacity of a machine remains limited to sorne tens or hundreds

of SWU per year, thus leading to large series of machines required for
significant plant capacity. The improvement of costs requires increase of

machine capacity at a constant or even decreased machine cost. High
rnechanicai stress materials needed to increase rotational speed as well as

the improvement of internal flow patterns are anx)ng the key research paths

to be explored.

          Sorne ten years ago, cost evaluations were made by french
industrial companies. A few years later CEA, considering the success of the

EVRODIF enterprise and the results of those evaluations compared to other
processes, decided to discontinue all R and D on this process. The actual
previsions of SILiVA costs lead to confirm that decision.

          dnenex

          Several chemical reactions between uranium coiTpounds show
isotopic effects which result frorn slight differences between the
equilibrium constants of the reactions between the courrpourKls of each
isotope. At the tirne of the Manhattan project a large review of these
techniques concluded that they could not be compe.titive. The very sanall

separation coefficient of most of those processes leads to a very large
nuniber of theoretical stages and thus to a !arge volume for the plant and a
very long equilibriurn time or operation time before nominal production.

          A japanese company, ASAHI, has made a vigorous effort to deve!op
resins allowing for a very small height equivalent to a theoretical stage
in a packed colum of large flowrate. SirTrultanoeusly this company looked at

catalysts to increase the kinetics of the exchange reactions.
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          [Pwenty years ago, CEA discovered an exchange reaction between u3
and u4which showed a relatively large separation coefficient, twice higher

than usual. Isotope separation cascade theory sbows that this leads to a
possible gain of a factor 4 in comparison with t.he previously known
chemical exchange reactions. CEA made a review of possible technologies :
mixer-settler, rotating contactors, resin packed colurnns and finally chose
pulsed colurnns for a thorough investigation of that process named CHEMEX.

          tow costs could be achieved provided limited energy is consumed
in the chefnical transformation of U compounds at both ends of the isotope
,cascade. Sirmultarieously the performances of the pulsed colums had to be
irnproved to reduce the voluine and the equilibrium tirne of the plant. These

two objectives are almost fulfilled. Energy yield is as low as l/6 that of
GD , pulsed colums have comparable capacity and sizes as the GD stages.

          The overall cost is then less than half the GD full cost for
capacities of about 3 millions SWU's per year. In other words, CHE)vEX would

perfectly fit the requirements for new processes except one : the market is

not there !

          Before new needs appear, there is time to develop other processes

the physical properties of which lead to a drastic improvement of

performances. ' '                                         '
            '

4/- CBA gPPORTS ON SILVA RESgARCH AND DBVELOPMBNT

          Highly selective processes

          Since the mid seventies, particular attention has been given to
highly selective processes based on physical resonant excitations applied
at relevant frequencies. The best known are photodissociationofuF6

molecules by lasers (SILMC)), cyclotronic resonance (PSP) and laser
photoionisation (SIuvA). dampared to other processes, the atomic vapour
laser isotope separation, i.e. SrLva, was soon recognized as having a
significant advantage in being able to reach cormercial assays in only one

stage with a high throughput capacity. This double advantage is probably
unique even if the one stage characteristic can also be obtained by the

plasma process. tet us spend a few minutes of eachofthesehighly
selective processes.
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          Ionic cyclotron resonance (PSP)

          To our knowledge, only the US (TRS") and France(CEA)have
developped substantial efforts in order to assess the performances of the
PSP process. The separative unit is composed of four main parts : the
superconducting, magnet, the plasma source, the resonance zone and the
co!lecting apparatus.

          using a plasma source avoids space charge effects and allows
higher mass f!ow rates. The uranium plate, biased negatively, is sputtered

and the resulting neutral atoms are ionized by electron cyclotron
resonance. The plasrna source must be stable, quiet, with a low electronic
and ionic temperature ; its diarneter must be high (2 to 4 meters) so that

the fraction of processed material be high, rnore than 90k. NO liquid
uraniurn is present in such a source.

          In the resonance zone, the magnetic field must be homogeneous to
better than the relative mass difference, and high enough (about 3 Tes!as),

so that the resolution of the machine may yield aseparation factor of
about ten. The main problem which has to be overcome lies inthe
penetration of the electric field at the cyclotron frequency in the plasma.

The radiofrequency is created by some antenna which has bo be matched to
the plasma. Broadening of the resonance can stem from the collisional
effects, especially the Cbulcxnb ones ; this leads to keep the ion density
to relatively small values.

          The collecting system gives rise to difificulties very close to

those which are encountered in SIEVA : therrnal stresses and loads,
detrimental sputtering, collecting efficiencies. Here, liquid (continuous)
or solid (batch) colZectiOn can be used.

          Such a separative elenent is able to enrich uranium to 3.5% or

more in one pass as the cyclotron resonance process is well adapted to
minor resonnant ions. The stripping should be satisfactory compared to
laser isotope separation processes, in particular to SILIvK). On the
contrary, the specific energy consumption is higher, about 250 Kwh/SWU. A
typical unit could produce about 50000 SgutJ/yr with a load factor of'80k.

The technology has been developped for other purposes (fusion, nuclear
physics...), has reached some maturity and is reliable.
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          The main difficuity is to attain high load factors. Fharthermore,
one has to clean the screens due to imperfect rnaterial efficiency. Thermal

loads raay be important like in SILVA. Unknown still remain on the
efficiency of the penetration of the cyclotron resonnant electric field for
large separative units. The important operationnal costs, mainly due to the

liquid helium consmption, could be relaxed with the use of the eiRerging
new superconducting technology.

          Lilser mlecular process

          The molecular process based on laser photodissociation of
molecular UF6, is rnade of four main steps in the following order :

- Adiabatic cooling of the UF6 molecuie diluted in an inert gas, to achieve
resolution of the isotopic absQrption barids of 235 UF6 and 238 UF6. At a
room temperature, the broadening of the bands by thermal excitation is such

that no isotopic selectivity could be observed.

- Storage of internal vibrational energy by absorption ofl6micron
infrared pbotons, delivered by a pulsed laser operated at a high repetition
rate (10Hz).

- Photochemical dissociation in UF s+ F, of the vibrationaly enetgetized
235 UF6 molecules. This is achieved by using ultraviolet pbotons (308 nm)
delivered by a puised excimer laser.

- Growing of the (UFs)n crystals, allowing the collecting of the enriched
fraction and the recycling of the depleted gaseous phase.

          The American MLIS and French (SII)K)) programrnes were abandonned
respectiively in l982 and i986, in favour of the atomic vapour process.

          From 1972 down to 1986, the French SII)K) prograin has reached the

stage of an inteqrated experiment. This set-up enabled to rneasure the
global enrichatent factors as a function of the operating conditions, and to

seize the technical difficulties.
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          One major drawback is that the molecular process operated in
realistic operating conditions revealed itself unab!e to achieve, in a
single step, the staridard enrichrnent operation from natural to 3.5Z
enriched ur'anium product. A reduced but significant ni.mber of stages (5 to

10) in an enriclinent and depletion cascade is thus necessary with the
hindrance of chernical change of state. .

          The build--up of internal vibrational excitation obtained by an
increased fluence of the infrared laser is detrimental to the conservation
of the isotopic selectivity. It is possible to ccrnbine a larger number of
infrared lasers progressivel' y tuned toward sborter waveiengths, in order to

reach a higher internal vibrational excitation while preserving
selectivity. But then, other drawbacks become prohibitive such as laser
investment cost. ()ther ways of using infrared and/or ultraviolet fluences
can be explored and remain interesti'ng.

          Frorn the engineering stand-point the use of suchextremely
different wavelengths from the infrared (16 microns) to the ultravioiet
<308 nm), is the source of severe probleMs for optical materials. The
ultraviolet fluence is thousartd times higher than the infrared fluence, due

to the ratio of the absorption cross-sections, it renders the optirnal
gestion of the IR and uv laser beams sornewhat difficult to achieve.

          The technical solutions used for IR and UV lasers, althDugh
theoretically scalable, are far frcm industrial operating reliability.

          These aspects arnong a few others have piayed against the
selection of the molecular process.

          the Silva process

          The SILVA principle is welZ known. The selectively ionized U235
isotope atoms have to be coilected independently of the U238 neutral atoms.

          The (EA R and D programe which was initiated more than ten years
ago has been organized around the following guidelines :
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- Identify a high efficiency irradiation scheme in terrns or cross sectioms

  and selectivity.

- Develop high reliability tunable laser instruments.
- Develop high reliability uranium vaporizers.

- Qptimize the photo- ionization and extraction cells such as to maximize

  uranium flowrates while adjusting the assays at coirmerciai levels.

          The programirwe is made of consecutive and simultaneous sets of
basic research, camponent developaent, test benches and assemb1ed pilots
the size of which increases with the developrnent of individual parts.

          ibst of the basic studies, test benches and pilots required to
reach industrial demonstratibn of SIuvA have been undertaken by CEA :

. Spectroscopy has been studied for ten years.

. Stadies of the physical processes within the pbotoionization cell

  started five years ago.

. A first uranium vaporizer vas beilt in l980.

. A first CVL lighted in 1981.

. A process pilot plant is presentLy under operation.

. Plans for a technology devoted pilot are uxler evalutation.

          Perforinance indicators which help qualifying a process are the
flowrate and the ratio PNP/FNf or product (P/F) x }gP.

          Very scon after the first spectroscopy mesurements in
!sggg3/ gat2&l'figes,,S･glzag.ycg.arggl.lci,ll99.0g6,lla' y･ .aS.:･ fig,29."gegq, 8Bg;,e?･gilgY? te.gSgl

these results were obtained with very 1ow cuts (P/F) and fiow rates (F),
typically <10-4and around 1 ng/h provided by effusion furnaces. rmprovement
factors of some 104and IO8had to be achieved for sluvA to become
technically operational.

          ()onsequently CEA efforts were oriented towards the develompent of

rnetallic vapor sources able of large feed values.

          Small sources flowing some kg/h of rnetal!ic vapor were available

a few years ago and are used as routine instruments to help studying the

detailed･ characteristics ofi uraniun vapor required for a reliable
optimization of the ionization cells as well as the study of the cell
itself. Sirnultaneously the further increase of flowrate resulted from the
association of individual units of improved yield. The balance between the

number of units and individual perfomance is the result ofacost
optimization taking into account :
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- The space required to set the ionization cells.

- The distance between these cells and the uranium ingot.

- The power required to vaporize U.
- The cost of investment maintenance and operation of the conponents.

                           '
          Early in the course of the programme it was recognized that among

the difficulties to demonstrate the technical capacities of SIISVA there was

the rate of availabiXity of tunable iaser light with a fluence large enough

to achieve a high ionization yield of U235 atoms which is a requisite for a

large cut. Sirnultaneously a high recurrence of the pulsed laser is required

to achieve that large cut (P/F), While the fluence is inversely proporttonal

to the atomic light absorption cross section, the recurrence of the laser
light system is related to the extraction geemetry and vapor velocity.

          Developsent of tunable lasers was initiated very early taking as
reference solutions colrper vapor lasers and dye lasers.

          From the few watt power CVL available a few years ago to the
hundreds of watt power laser required for an industrial plant several steps

were planned. The optimization between high performance and good
reliability is a permanent constraint kept in mind.Highperformance
systems cari be ieft aside because of poorer reliability. Several technicai

set ups had to be couipared and evaluated. Recent versions of lasers of
intermediate power achieve 50% better than expected performances,
reliability is under evaluation.

          Fluence and recurrence lead to a high product assay provided the
flow of u 5 ions is not too degenerated by pouutions which are u8ions of

various origins (photo-･ions, ...,) or neutral vapor of assay lower than
required in quantities dePending upon the selectivity the geornetry and
physical characteristics of the ionization and extraction cell.

                      P ..,          A large cut is and a product assay Np result from an                                                             opt1rnizat1on

balance between photo--ions and pollutions. Results achieved on pilot plants

not equiped with fully recurrent laser systems produced evidenceof
techmical ability of the process,to enrich uranium. When taking into
account scaling effects on recognized parameters, P/F and )IP are near the
         level.expected
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          Gorrponents are under test in order to allow to operate
simultar)eously at the expected level on all significant pararrketers. This is

the next step under preparation on the process pilot plant.

          The aim of the next equipment is to demonstrate simultaneously
large' fged i?nd expegted cormerclal P/F and Np values: It is going to be a
                        . Speclflcations are                                                               Industriallarge size            instaliation                                              under                                                   discussion.
cooperation may be requirad at that step since equiprnent costs become a

major chapter of the process evaluation that need to establishthe
econornical or cost competitiveness of the process.

51- CONCLUSION

          This brief review of enrictment processes studied by the CEA
gives an idea of the attention given to enrictment techniques in France.

Efforts in this field have been maintained for more than thirty years.
Present challenges are comparable to thern which were overcorne in the past,

and I have no doubt that they will meet with equal success.'

          Thank you for your attention.

:

/
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日本のウラン濃縮技術

東京工業大学名誉教授

　　　高　島　洋　一

　日本は現在なおウラン濃縮に関して数々の技術を開発中である。　即ち、（1）ガス遠

心分離法，GCP　（2）原子レーザー分離法，　AVLIS　（3）分子レーザー分離法，

MLIS　（4）化学分離法，CHEP　等に関連した技術開発が精力的に行われており、

いずれも少なからぬ研究費を投じ、多数の研究者を動員している。　今後、ウラン濃縮の

国内事業が国際競争に耐え、生き残ってゆくためにはこれらの濃縮分離法を適切な時期に、

通切に取捨選択して商業用プラントに取り入れる必要があり、国内での開発競争が一層激

化することが予想される。

（1）ガス遠心分離法の技術開発と商業化

　ガス遠心分離法の技術開発は既に20年以上の歴史を有し、1969年、動力炉・核燃

料開発事業団（PNC）の東海事業所において、東京工業大学原子炉工学研究所と共同で

開発された小型ガス遠心分離機により、初めてウランー235を1．025倍濃縮することに

成功し、以後PNCは（株）東芝、（株）日立製作所、三菱重工業（株）等メーカーの協

力により、商業用に適したガス遠心分離機の開発を積極的に行い、次のような進展を見た。

　1978年、人形峠にパイロット・プラントの手初めとして、OP－1Aの建設を開始

し、1979年にその運転が始まった。　一年遅れであるが、技術の進んだより高性能の

プラントOP－1Bが追随し、更に一段と性能の向上した第三のプラントOP－2の運転

も1982年の初期に開始され、現在も順調に稼動している。　これらのプラントでは予

め東海事業所において、長期運転に耐えることを十分実証したガス遠心分離機が使われて

おり、実際パイロットプラントとして期待以上の成果を収めている。

　更に同じ敷地にPNCは性能ばかりでなく、経済性も顕著に向上した原型プラントを建

設中で、そのDOP－1は1988年早早に完成したが、　DOP－2も89年には完成し、

フル運転に入るのも遠くはない。　その分離容量は夫々100，000S柵／yrであるが、遠心分

離機の製作は上記メーカー三社により84年末に設立されたウラン濃縮機器（株）（UE

M）との契約によるものであり、同社は今後の商業用遠心分離機の製作を担当することに

なっている。

　なお、周知のように、1985年4月青森県六ケ所村に原子燃料サイクル事業の立地が

認めちれ、その1月前の3月、電力会社等の出資により設立された日本再燃産業（株）

（JNFI）がウラン濃縮事業を行うことになった。　JNFIの事業計画によると、遠

心分離法による商業プラントの建設を88年中に開始し、91年より運転をすると共に、

年150，000s圃／yrの増設で、600，000s闘／yrまでは現在の技術を活用することになってお
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り、その後はできればPNCで以前より開発中の新素材を用いた超高性能遠心分離機を導

入する意向である。

　即ち、PNC，電力会社、　JNFI、UEM及び87年末発足した日本複合材料（株）

（NCM）ちの共同開発体制を作り、この遠心分離機のブロック試験により、性能を実証

するとともに、商業的生産ラインを確立して、少なくとも1500，000S”0／yrの分離容量ま

では遠心分離法によるプラントの拡張を目指している。

（2）原子レーザー分離法の技術開発

　1985年6月、米国DOEはGCPプラントの建設を取り止め、次期にはAVLIS

を採用することを決定し、フランスCEAも既にAVLISの技術開発に主力を注ぐこと

を決めていた。　日本でもこの方法は将来性のある新技術と見なされ、GCPが国際競争

に耐えられなくなる場合に備え、この技術開発を行う必要性が認められた。　即ち、85

年12月、原子力委員会にウラン濃縮懇談会が設置され、審議の結果、産、官、学の協力

の下に加速的にAVLISの研究開発を推進する必要があるとの報告がなされた。

　このウラン濃縮懇…談会の方針を受けて、87年4月置電力9社、日本原子力発電（株）、

（財）電力中央研究所及びJNFIにより構成されたレーザー濃縮研究組合〔LAS［R－J）が

設立された。一応、4年間の研究計画をたて、前半2年は主としてレーザーシステム及び

分離システムを構成する候補機器をメーカー数社により開発、試験を行う期間とし、後半

2年は最も信頼性が高く、優秀な機器システムの製造メーカーを選定し、実験機の建設、

運転を行う期間としている。

　なお、日本におけるAVLISに関する基礎的研究は1976年に日本原子力研究所

（JAERI）において開始されており、78年にはその原理を実証し、82年、約100

μ9の低濃縮ウランを回収している。　更に組合の誕生までに原研では国内での銅蒸気レ

ーザー、色素レーザーなどの機器開発を指導し、85年1月には分離も合む工学試験に着

手するなど、本格開発への魁となったが、現在ではU－235の超微細構造、電荷交換断

面積、電離率の高い分離スキーム等、分離に使われるべきレーザーの最適照射条件を明確

にするため、データ』ベースの整備に主力を注ぐことになった。

　未だ技術乱発を開始して間もないが、幾つかの成果を挙げ始めている。　例えば、銅蒸

気レーザーに関して、単機でほぼ100Wの出力を達成し、5KHzの繰返数が得られ、

50時間の持続性がある。　また増幅組み合わせ（MOPA）による目標出力200Wに

対し、120Wを得ている。　色素レーザーに関しても、　MOPAで40Wの目標に対し、

11Wが得られ、画質も±100MHz以内で安定し、約1時間の持続時間の実績がある。

　ウラン蒸気発生の為の電子銃に関しても、ほぼ目標に近い成果をあげており、総体的に

はエネルギー効率に関して大幅な改善を必要とすることが明ちかとなったが、初期として

はかなりの成果を収めたといえよう。　なお、予備試験ではあるが、2．4％の濃縮ウラン

約1mgを得て、　AVLISによる分離効果を十分確認しており、今後の開発で飛躍的成
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果が期待される。

（3）分子レーザー分離法の技術開発

　理化学研究所（IPCR）はレーザー利用に関して古くから広く開発研究を行ってきた

実績があり、1982年DOEがウラン濃縮の三つの新技術（AIS）即ちAVLIS，

MLIS及びプラズマ分離法（PIS）の内、AVLISを主要開発の対象として採択し

たことに対しては極めて批判的で、MLISの技術開発をむしろ有望視している。　すな

わち・MLISの場合・UF6を超音速ノズルを通じ・断熱膨脹により温度を約50Kの

過冷却状態にまで下げ、波長16μm付近あ赤外レーザーを当てれば、U－235を効率

よく選択励起できることは既に認めちれており・問題は更に励起されたUF6分子を選択

性を劣化させるUVレーザーで解離していたことにあり、もしそれに代えて赤外多光子解

離法（IRMPD）を用いれば、トリチウムの分離などの経験から、十分効果的に濃縮で

きると判断している。

　なお、AVLISにおいて、ウラン蒸気発生のためには局所的ながら2500Kの温度

をウラン金属に与える必要があるなど、分離装置に関して工学的に困難な問題が種々ある

のに比べ・MLISでは従来の習熟した技術でUF6を取り扱うことができ・必要な解離

エネルギーも、ウラン原子のイオン化エネルギーより低く、またより高密度状態でレーザ

ー照射し易いなど、無視できない多くの利点がある。

　理研では1984年既にウラン同位体分離用としての赤外可変ラマンレーザーの開発に

成果を挙げており、上述のような見解から85年度より3ケ年計画で、IRMPDを取り

入れた、新らしいMLIS法の原理実証試験を進めることになった。　1987年4月、

理研において100Kでの予備実験ではあるが、16μm付近で僅かに波長が異なる2つ

の赤外レーザー光を照射し、分離係数が2を上回る値を得たことが報じられ、この方法が

一段と注目されるに至った。　現在、理研では引き続き原理実証試験を進めるとともに、

次期ステップに不可欠な高繰返しCO2ガスレーザーの開発に積極的に取り組んでおり・

さらに分離プロセスにおける超音速ノズルの形状、過冷却現象、解離してできたUF5の

粉末性状などについての基礎的研究も行われているが、新MLISの次の段階の研究開発

は理研とPNCが役割を分担して行うことになっている。

　　付記：　1988年4月6日、第26回日本原子力学会年会における理研のMLIS

に関する口頭発表によれば、彼等の考案したRIMLISによるウラン濃縮実験の結果、

分離係数4．7の値を得たという。

（4）化学分離法の技術開発

　このプロセスの開発は旭化成工業《株）が単独で行ったものであり、1978年頃より

開明共辮織：瓢ほ存讐鱗欄灘撚磁
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　2＋　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　235　　　　　　　　　　　　　　　　　　　　　　　　　　　　　側に等しくなく・存在比の比が↑・0012とわずかではあるが・UO2　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Uがより濃く

存在することを利用したものである。　即ち、塔の中の下部より酸化剤帯、ウラン吸着帯、

還元剤帯を形成し、上部より還元剤を供給すると、クロマトグラフィー展開により、ウラ
ン吸着帯上端で還元されたU4＋が脱着され、溶液として流下する。　しかしその帯の先端

1欝欝講繍ii饗灘1難業
溜の原理と同様に、ウランは上端で濃縮され、下端で減損される。

　商業化のためには陰イオン交換樹脂の交換容量が十分大きく且同位体交換反応が速いこ

と、酸化、還元剤の再生に要する動力が少ないこと、樹脂の製作費、プラントの建設費等

がスケールメリットにより、安く抑えられること等考慮すべき問題が多くあるが、既に実

証の段階に入っており、遠からず、この方法の技術及び経済評価も可能となろう。　なお、

これまでに多くの成果を挙げているが、歴史的には次のような進展を辿っている。

　先ず、樹脂の改善、反応促進剤の開発等で1981年に、約3ケ月で3％まで濃縮でき

る実績を得ている。　その後、10cm内径のベンチプラント、続いて1mの大型プラン

トを宮崎県日向市に建設し、長期運転の安定性とスケールアップの影響を調べている。

安定運転のため必要なバルブの自動切換え、濃縮度の連続測定等の技術の開発を行い、一

応、このプロセスのスケールアップに関する困難な問題は克服できる自信を得ている。

　特筆すべき成果は1983年目スーパー法の開発を始め、実用化の目途がたったことで

ある。　即ち、酸化還元剤が使われた後、相互の反応により、その大半が可逆的に復活さ

れ、再生のために必要な酸素、水素の量を著しく低減でき、これまで濃縮プロセス上、プ

ラントとしては4塔を必要としていたのに対して、1つの長躯と、小容量の2つの再生塔

で済むことになり、操作が単純化され、このプロセスの経済性は大きく向上した。

　以上、日本におけるウラン濃縮技術について、その概略を述べたが、現在、商業化可能

なものはGCPだけであり、当分はなお進展が期待できるGCPによって、国際競争に耐

えて行かねばならない。

　技術開発の進展度かち言えば化学分離法が次いでいるが、熟成するまでには未だ数年を

要すると見られる。　レーザー法は両方とも、技術開発が始まったばかりであり、将来性

は非常に高いと見ちれているが、物になるためには10年前後かかるもめと考えられる。

　現段階では、技術開発の観点かち、いずれの方法も捨てがたく、相互に激しい開発競争

が当分続けられるであろうが、国内の濃縮需要にも限りがあり、事業を行う上では、恐ら

く1つの選択に絞らざるを得ないであろう。

　従って約3年後には、技術の成熟度や経済性についての評価が上述の4っの方法につい

て比較検討される事になっており、どの様に推移するかは予測しがたいが、技術開発の存

続のためには少なくとも国際的に競争できる目途がたっていることが肝要であろう。
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                TECHNOLOGIES FOR URANIUM ENRICHMENT IN JAPAN
                         '                                                     '                            '
                             '                       professor Emeritus of Tokyo Institute ol Technology

                                ･ YoichiTakashima'
  Japan has been actively doing'R & D of four processes for uranium enrich-

ment and has spent a considerable amount of money and held a high level of

man power for each R & D. Those processes are (1) Gas Centrifuge Process,GCP

(2) Atomic Vapor Laser Isotope Separation, AVLIS (3) Molecular Laser Isotope

Separation, MLIS and (4) Chemical Enrichinent Process, CHEP.

  As a matter of fact, the Japanese domestic uranium enrichnent business is

in a severe situation against its international competition. Therefore, it

needs for its survival to add on a more advanced enriclment plant than the

previous one each time, specially in the case 6f GCP and on the other hand

it also needs to decide at a proper time to introduce a new process into the

next commercial plant, if it has been technically well developed and regard-

ed as obviously a better and more prospective process than the existing one.

                                               .t
(1) R & D of GCP and its Commercialization
                                                '  The R & D of GCP have been made for more than 20 years and the first trial
                                   'of enriching uranium was successfully made with the separation factor of

1.025 in 1969 at PNC's Tokai works by a small type of gas centrifuge design-

ed and used by Tokyo institute of Tecnology.

  Since then, PNC has developed more advanced centrifuges successively, aim-

ing at the commercial use, in co-operation with Toshiba Co., Hitachi Co.and

Mitsubishi H.I.Co. The first plant, OP-IA as one of the GCP pilot plants was

built at the PNC's Ningyo-Touge Works in 1978 and was operated from 1979,

following by the second and more advanced plant, OP-IB one year later. The

third and the most advanced plant, OP-2 was brought into operation in early

1982. These pilot plants have been satisfactorily operated up to now.

  Then, PNC built up the first half of the demonstration plant, DOP-1 early

in 1988 at the same site, which was largely improved in construction economy

as well as in separation performance and the last half, DOP-2 is just under

construction. Each capacity is 100,OOO swu/y and the new company, UEM co.

established in 1984 has supplied these centrifuges as the first job and soon

will manufacture commercial gas centrifuges steddily.

                                                              tl  Rokkasho-mura in Aomori Prefecture was officially adnitted as the site of
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nuclear fuel cycle center in April,1985, soon after the JNFI co. was born in

March,1985 to undertake the uranium enrichment business and the low-level

waste management. According to JNFI's business plan, the construction of its

commmercial uranium enrichnent plant will start in 1988 and its operation in
                                                         '                                  '1991, with the successive add-on of 150,OOOswu/y every year up to the total
capacity of 600,OOO swu/y by adopting the currerit gas centrifuge technology.

  JNFI is then intending to introduce a considerably more advanced type of

gas centrifuge which has been developed at Tokai, into the next plant up to

1500,OOOswu/y. In fact, PNC,, most.of electric power cos., JNFI, UEM and NCM

started recently their joint venture of R & D on the new production system
of this centrifuge and in parallel, PNC will soon begin the.block test to '

'assure its stable separation perfomance.

(2) R & D of AVLIS

  Japan AEC set up an ad hoc committee for making future enrichnent scenario
in December,1985 and it was reported that it should be neccessaiy to promote

AVLIS R & D activity by a joint collaboration of industry, government and

university, because of its high potential for the commercial application.
            '  Based upon this report's suggestion, Japanese electric utilities and their
                                           'daughter companies created LASER-J in April,1987. LASER-J, then, has drawn

up a master plan for 4 years period that it will mainly develop components

of laser and separater systems in first 2 years with a few manufacturers and

then select suppliers of best components for the AVLIS facility which will

be built and operated in latter 2 years.
                                                                        '
  JAERI, independently, started AVLIS R & D in 1976 and was already success-

ful in demonstrating its feasibility in 1978 and collected O.lmg of enriched

uranium in 1982. Furthermore, JAERI led and contributed to developing such

components as copper vapor laser and dye laser and undertook an engineering
test for the uranium isotope separation in January, 1985, to develop its

overall technology till the appearance of LASER-J. JAERI is now focusing its

main targets to such foundamental but very vital tests as to search for data
   235of Usuperfinestructure,chargeexchangecrosssectionschemesandthe
optimized laser irradiation condition.

. LASER-J has been acquiring such valuable results fgr only one year that

the copper vapor laser has been developed its output up to 100 watts!unit

with the repetition rate of 5KHz for 50 hrs and 120 watts by its MOPA chain
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against the target ef 200 watts and the dye laser also developed its MOPA

output up to 11 watts within the frequency deviation of less than 100 MHz

for one hrs against the target of 40 watts/MOPA. As for the separation

system, several electron beam guns for local vaporization of uraium metal

have been tested and its availability was confirmed. Then, about 1 mg of 2.4

% enriched uranium was obtained at a preliminary separation test. However,

it was recognized that the power consumption in both laser and separation
systems should be remarkably reduced for the fu7tuie.

(3) R & D of MLIS

  The Institute of Physical and Chemical Research, IPCR has been studying

laser development and application for many years and is quite critical about
                                                            'the USDOE's decision in 1982 that it selected AVLIS as a main R & D theme
                                                                     'for the future among three processes of advanced isotope separation (AIS),

AVLIS, MLIS and PIS. IPCR, hQwever, does deem MLIS the most prospective new

technology instead.
  In the case of MLIs, 235u can be selectively excited by irradiating the

infrared laser about 16 micron in wave length to UF6 gas, under a supercool-

ed state of UF6 down to the temperature about 50 K which could be realized

by passing UF6 through a super sonic nozz!e. This process is well acceptab!e

as a first step, but IPCR pointed out that the problem should exist in the

use of ultraviolet laser as a second step for dissociating the exited UF
                                                                     6moleculs, because it would reduce the selectivity of 235u. Then, IpcR offer-

ed, based upon the experience of tritium separation by the Infrared Multi-

Photon Dissociation, IRMPD, that IRMPD would be sufficiently effective for
                                                             235dissociatipgUF6toUFs,holdingthemuchhigherselectivityof U. Thus,
IPCR has c'hoiced MLiS R & D, indicating some other reasons as follows:

  The temparature of uranium metal must be locally kept more than 2500K to

generate the atomic vapor in AVLIS, while in MLIS, UF6 can be handled at a

moderate condition. The ionization energy of uranium atom is higher than the

dissociation energy of UF6 molecule. The density of UF6 vapor can be higher

at the laser irradiation than that of uranium atomic vapor.
                                   '  Then, IPCR developed and made up the infared Raman laser for uranium
         -t                                                          'isotope separation in 1984 and started a 3 years'project for developing its

new MLIS feasibility test by adopting IRMPD. In April,1987 it was reported

and called our attention that the separation factor of more than 2.0 was
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obtained at its preliminary test, in which UF6 was irradiatted at about 100K

by two infrared lasers slightly different each other in wave length of 16

micron. IRCP is now actively continuing its feasibility study and challeng-

ing the development of a C02 gas laser with a high repetition rate that

                                                 t.should be indispensable f6r the next step of R & D and also conducting some

                                                        'fundamentalstudiesonthesupercoolingphenomenaofUF6vaporthrough '
                                                            'the supersonic flow, the powder characteristics of generated UFs and so on.

  The engineering R & D on the total system of this new MLIS will be pursued

                                         'bylRCPandPNC,dividingtheirownroles. ' ･
                                  '                                     '                 '                     '

(4) R & D of CHEP

  ASAHI Chemical Industry co., ACHI started solely the R & D of an original
                                                             'chemical enrichnent process by using a special type of anion exchange regin
                        'in 1978. The isotope separation is based upon a chromatograghic process by

                     'a cumulative effect of equilibrium separation factor which is quite similar
                                                         '                                                              'tothedistllationprocessbytheeffectofrelativevolatility. ''
,hWllfi2 ggi:i,g: l:S2fi2.:g..::`2,:h,:,g:l[ll'i,e:fi2a:g.e.3:Xi2 ::S,gO:;a88S,,Y5gh,,Y`'

                                                                        'Ru is' a bit higher in uo22' . than that in u4' and the equiliblium separation

factor, that is, the ratio of these Ru was found by ACHI to be about 1.0012.

  The essential points on this chemical process are as follows:
The anion exchange regin must have a very high capacity for adsorbing U022+

                                            238                                   235and the rate of exchange reaction of                                               U through the boundary of                                      U and

regin and soJution must be quite high. The production cost of regin, the
                                   'construction cost of equipments and the operation cost must be relatively

low in the commercial scale. The･main equipments must bear well against a
                        'severe corrosive attack and be soundly available for a long period.
                              '  ACHI has been making tremendous efforts for overcoming all these problems

and achieved such fruitful results that the uranium enrichment to 3 % from

O.71 % was attained at a feasibility test by using 4 anion exchange regin

columns 2 cm in diameter and 1 m in height within 3 months opepation in 1981

due to the improvement of regin and the finding of catalytic reaction agents

  Then, a bench plant 10 cm in dia. and a little later, a pilot plant 1 m in

dia. were built at Hyuga, Miyazaki Pref.and ACHI is che,cking the operational

stability, the effects of scale-up and so on' by these plants.

  The most notable finding by ACHI would be that both oxidizing and reducing

p

e
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agents can be reversibly revived in more than 60 %, by the reaction of both

spent agents.' Thus, ACHI is testing so called "ASAHI Super Process" in which

the operation can be acomplished with only a single ion exchange tower and

two relatively small regenerators, due to this revival reaction.

                                      '
                                                   '          '                      '
  Various technologies which have been developed for uranium enrichnent in

Japan were just overviewed relating 4 processes of GCP, AVLIS, MLIS and CHEP.

  Only GCP is commercially available for the time being and even for GCP, it

will need a continual progress for the newer plant to be added so that the

domestic enrichment business can survive in the international market.

  As for the technical maturity, CHEP developed by ACHI is next to GCP, but

it may still need a few years for the confirmation of its reliability.

  The real R & D projects on AVLIS and MLIS started about a year ago, since

it had been adnitted on both laser processes at the ad hoc committee set up
                                                                    'by Japan AEC that both would have a great potential for uranium enrichnent

and may become its leading process for the future, although it may take 10
                                       '                 'yearsormoreuntiltheirtechnologieshavebeenfullymatured. .
                                                                      '  It, however, needs to make clear or demonstrate their superiority in some
       'future. Because, the domestic demand of toll enrichnent is rather limited

and maybe only one process can be applied as a new type of commercial plant.

  Then, it is so decided in Japan that four processes mentioned above will

be comparatively checked and reviewed from the technical and economical

points of view in about 3 years from now. It, therefore, will be necessary

for continuing their R & D work thereafter that some definitely valuable

results can be provided at its C & R committee.

                      '
                                        t.tP.S. According to the oral presentation on R & D of MLIS by a IPCR's group
                    'at the 26 th. Annual Meeting of AES of Japan on the 6th of April, 1988, they

succeeded in attaining the separation factor of 4.7 at a test bf uraniu!n

enrichnent by their MLIS, RIMLIS in which AII Solid-State Exciter,ASSE was

applied for the switching.' '
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CURRENT STATUS AND DEVELOPMENT PLANS
FOR JAPAN'S URANIUM ENRICHMENT FACILITIES
 '(YEAR)'
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高速増殖炉の革新技術

動力炉・核燃料開発事業団

理　事　　澤　井　　　定

1．はじめに

　高速増殖炉（FBR）の開発の歴史は長く，米国の高速実験炉EBR－1が初めて原子

力による発電に成功してから，すでに37年が経っている。現在，世界でFBRを所有して

いる国は7ヶ国，プラント規模も電気出力120万漁の仏国のスーパーフェニックスー1が

稼働する段階まで開発が進展している。

　　しかしながら，最近ウラン供給の長期安定化，エネルギー需要の低迷に加え，軽水炉技

術の著しい進展等により，FBRに要求される技術，経済性および信頼性のレベルが非常

に高くなってきている。

　　このような情勢下でFBR実用化の課題である，安全性を確保しっっ，経済性の大幅向

上を達成させるために，我国においては，以下の基本的な考え方によりFBRの研究開発

を進めている。まず第一一に，原型炉「もんじゅ」までの開発で培ってきた技術基盤を有効

に活用し，これをさらに高度化すること，第二に技術的ブレークスルーを達成するために，

新しい技術の開発に積極的に取組んでいくこと，第三にFBR燃料再処理などの燃料サイ

クルの開発との整合性を取りつつ進めていくことである（表一1）。

　　FBRの実用化時期は，現在2020年から2030年頃と見込まれている。そこに至る開発過

程を考慮すると，実用炉に用いる主要技術の基本的部分は2000年から2010年頃までに確立

すべきものと考えられる。従って，この時期までに，実用化に必要な安全性，経済性を確

立するための基本的技術の開発を達成できるように，システムの簡素化，プラントのコン

パクト化，機器の高性能化，炉心・燃料の高性能・長寿命化，プラントのインテリジェン

　ト化，安全性確保などについて研究開発を積極的に進める必要がある（隅一2）。以下に

世界におけるその主要な研究開発について紹介する。
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2．技術革新

2．1．システムの簡素化・高信頼性化

　α）自然循環による崩壊熱除去等によるプラント安全性の確保と高信頼性化

　　　崩壊熱除去系は，原子炉停止後，炉心を安全に冷却するシステムで，その機能と役

　　割から高い信頼性が要求される。この高信頼性の要求に応えつつ，経済性を確保する

　　方策として，外部電源に頼らず自然循環により，炉心崩壊熱を大気に放散するシステ

　　ムの導入が世界的に考えられている。

　　　大型炉では，図一1に示すように，DRACS（Direct　Reactor肋xiliary

　　Cooling　System）あるいは，主）RACS（Primary　Reactor舶xiliary　Cooling

　　Sysむem）が考えられている。

　　　中小型炉では，米国のPRISM等の設計にみるように，原子炉容器外面を空気の

　　自然循環で冷却するシステム（Reactor　Vessel　Auxmary　Co。Ung　System）も考え

　　られている（単一2）。

　　　原子炉の安全確保の信頼性を高めるため，通常の原子炉停止系に加え，安全保護系

　　に依存せずに作動する自己作動型炉停止機構（Self－Actuated　Shutdown　System）の

　　開発が進められている。

　　　現在，最も有望と考えられているのは，制御棒を保持する電磁石の磁気回路の一部

　　に所定の温度がキューり一点である材料を設置した装置である（図一3）。原子炉内

　　炉心上部のナトリウム温度が異常上昇し，キューリ二身に達すると磁気回路が自動的

　　に遮断され，制御棒が落下する。

②　合理的原子炉格納施設の採用

　　図一4は，仏国スーパーフェニックスーH（SPX－H）、の設計で考えられた角型

　原子炉格納施設である。通常の円型原子炉格納施設と比較して，建設工期の短縮，空

　間の有効利用等が図られる。

（3）耐高温ナトリウム用セラミックスの採用

　　ナトリウム機器室は，ナトリウム漏洩対策として鉄板ライニングが施されている。

　　耐高温ナトリウム用セラミックスを開発し，鉄板ライニングを削除し，建設工期の

　短縮と建設費の低減を図ることが考えられている。また，SPX－1の設計では，原
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　子炉ピット表面ライナーに耐高温ナトリウムコンクリートが考えられている。

（4）二重管蒸気発生器による二次系削除

　　FBRプラントの二次系を削除できれば，その建設費は大幅に低減できる。これを

　実現可能とする方策として，二重管蒸気発生器の導入が考えられている（図一5）。

　　二次系削除プラントは，従来プラントの二次系が果たしている安全性と信頼性に関

　する役割を，二重管蒸気発生器とシステム構成で受持たせるシステムである。

　　従って，二重管蒸気発生器は全てのナトリウムー水の境界を二重にし，これら一方

　の破損を早期に検出できるとともに，高い信頼性と健全性が要求される。

　　二重管蒸気発生器は，米国のEBR－Hで10年以上使用されており，日米共同開発

　も進められている。

㈲　機器・プラントの標準化

　　機器・プラントが標準化・モジュラー化が進むと，建設費の低減，建設工期の短縮

　が期待される。このようなプラント構想の顕著な例として，米国のPRISM（函一

　6）およびSAFRの設計がある。前者の基準プラントは，原子炉（155闇e×3基）

　とタービン1基の構成で，後者は原子炉（350醐e×1基）とタービン1基の構威で

　ある。

2．2　プラントのコンパクト化

ω　配管短縮によるプラントのコンパクト化

　　　FBRの熱輸送系の配管は，肩口ステナイトステンレス鋼であり，ナトリウムが高

　　温であることから，熱膨張による応力を許容値以下にするため，長い配管になってい

　　る。

　　　配管の熱膨張を吸収する技術には，配管ベローズ継手，逆U字型配管，機器浮動支

　　持等があり，これらの方式により，配管は半減すると期待されている。

　　　一例として，配管ベローズ継手（図一7）を採用した場合，期待されるプラントの

　　コンパクト化を図一8に示す。

②　建家免震によるプラントの合理化

　　FBRの機器・構造は，ナトリウムの温度変化に伴う熱応力と地震に耐えることが
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要求される。前者に対しては，薄肉構造が，後者に対しては，剛性をもたせる必要が

ある。

　建家免震は，機器・構造に加わる地震力を軽減するので，特にFBRの機器・構造

の設計を合理化すると期待されている。建家免震の方策は，建家固有周期の伸長と地

震エネルギーの吸収で，積層ゴム等が使用される。

　その効果を図一9に示す。

　建家免震を，原子力施設に使用すべく世界的に開発が進められており，フランスの

Crous発電所（PWR，　880MWe）等に用いられている。

2。3　機器の高性能化

　（1）一体型機器の導入

　　　一体型機器は，機器の高性能化のみならず，プラントのコンパクト化にも効果があ

　　る。現在，蒸気発生器と過熱器を一体化した一体貫流型蒸気発生器，中間熱交換器と

　　ナトリウム循環ポンプの一体化の開発が進められている。

②　インデューサポンプ，超電導電磁ポンプの導入

　　　ナトリウム循環ポンプの小型化にインデューサポンプが考えられている。また，超

　　電導材の開発が進めば，電磁流体のナトリウムを冷却材に用いるFBRは，安全性・

　　信頼性および経済性に大きな効果を受ける。

2．4　炉心・燃料の高性能化・畏寿命化

　　燃料サイクル費の低減と設備利用率の向上の観点から，炉心・燃料の高性能・長寿命

化の開発が世界的に進められている。

　　そのポイントは，

　　　（a）燃料の高燃焼度化

　　　（bl燃料交換聞隔の長期化

　　であり，さらに，炉心のコンパクト化・性能向上等のために

　　　（c）線出力密度の向上

　　　（d）出カピーキング係数の低減

　　　（e）遮蔽体の軽量化

　　　（f）酸化物燃料辺外の燃料の開発
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が考えられている。

　燃料に関しては，20万聞d／七以上の燃焼度達成を目標に，特にその中性子照射に耐え

る改良オーステナイトステンレス鋼，および酸化物分散強化型フェライト鋼の開発に重

点をおいて進められている。また，酸化物以外の燃料，金属燃料，炭化物燃料，窒化物

燃料等の開発も進められている。

　炉心に関しては，長期的視野において非均質炉心，太径燃料の採用，申空燃料ペレッ

トについて検：討が進められている。

　FBRの遮蔽のポイントは中性子遮蔽であり，それに効果あるB4C，　ZrH等の遮

蔽体の開発が進められている（三一10，11）。SPX－1，　PRISM等の設計にはそ

れらを採用し，原子炉容器の小型化が考えられている。

2．5　プラントのインテリジェント化

　　FBRプラントの安全を確保しつつ，高信頼性で効率よく稼働させるため，入工知能

を最大限活用したシステムの開発が進められている。その目標とする所は，全自動運転

　・安全管理に加えて運転経験・実績を評価・判断して活用できる機能も持たせることで

　ある。

　FBRの安全確保に当たっては，　FBRの安全上の特質，以上の技術の高度化等を基に，

深層防護の考え方に基づく安全設計を行って，事故防止及び緩和を図っている。

3．おわりに

　　FBRの開発は，各国で積み上げれている技術を国際的に有効鑓活用することが重要で

ある。我国も二国間協九多国間協九国際機関を通しての協力を今後さらに発展，強化

し，これによって我国の開発を補完するとともに，世界のFBRの開発に貢献していく所

存である。
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表一1

日本におけるFBR開発の基本的考え方

ラー（

ヌ2（

ラ3（

“もんじゅ”までの開発で培ったきた技術を高度化する。

革新技術を開発する。

炉と燃料サイクルの開発を密接に関連して進める。
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表一2

FBR実用化へ向けての革新技箭

（1）システムの簡素化・高信頼性化

　　・自然循環による崩壊熱除去等によるプラント安全性確保と高信頼性化

　　・合理的格納施設の採用

　　・耐高温Na用セラミックスの採用によるNa機器室鉄板ライナーの削減

　　・2重管型蒸気発生器による2次系の削除

　　・機器・プラントの標準化

②　プラントのコンパクト化

　　・免震技術開発によるプラントの合理化

　　・ベローズ継手方式，機器浮動支持方式などによる配管の短縮

（3）機器の高性能化

　　・一体型機器の導入

　　・インデューサポンプ，超電導電磁ポンプの導入

（4）炉心・燃料の高性能・長寿命化

　　・長寿命燃料（燃焼度20万MWd／t目標）の開発

　　・高燃焼度，大型炉心のための最適炉心構成

　　・炉心の軽量，コンパクト化のための新雪三体の開発

（5｝プラントのインテリジェント化

　　・運転の自動化，高信頼性化，効率化およびプラント実績反映の自動化

皿一5－　7



図一1
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図一5 2次系削除システムの開発
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図一7

図一8 配管べ圃一ズ使用による含理化例
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（1）核融合プラズマ

「核融合実験炉への道」

昭和63年4月14日

　　　日本原子力研究所

特別研究員　苫米地　顯

　水素等の軽い原子核の融合によって生ずるエネルギーを利用する為の核融合の研究は、

近年著しく進展して、核融合プラズマの科学的研究から実際に核融合によってエネルギー

を発生させる核融合実験炉の実現に向けての研究へ進むべき段階に達した。以下に核融合

研究の現状と、今後の核融合実験炉へ向けての開発の動向に就いて述べる事とする。

　水素の同位体の重水素と三重水素を融合させると、1グラム当たり石油8klの燃焼に

相当するエネルギーを発生する。これは、ウラン1グラムから2kl相当のエネルギーを

発生する核分裂同様、膨大なエネルギーの発生を意味している。

　然し乍ら、このように水素の原子核同士を融合させる為には、それらの原子核同士の電

気的な斥力に打ち勝つだけの高速、つまり高温の状態を作り出す必要がある。現在の核融

合研究は、差し当り、最も反応を起こし易い重水素と三重水素の反応を目標にして研究を

進めている。

　実際に重水素と三重水素の反応を起こさせる為には、数千万度の温度が必要で、そのよ

うな高温状態では、水素は、原子核と電子がばらばらになって独立に飛び回る状態、所謂

プラズマ状態になる。このような高温のプラズマを発生させ、閉じ込める方法として、強

力な磁場のある場所にプラズマを発生させる磁場閉じ込め方式が考案された。今日までの

実験によれば、その中でも、トカマクと呼ばれる装置が最も優れた性能のプラズマを発生

している。　，

（2）JT－60による最近の成果

　現在、アメリカ、欧州、日本に、温度数千万度のプラズマを発生させる事を目標とした

大型トカマク装置が作られ、実験が行われている。アメリカのプリンストンのTFTR，欧

州のカラムのJET、日本の那珂町のJT－60がそれで、これらの装置は三大トカマクと呼

ばれている。

実は、核融合反応を起こさせるプラズマの性能としては、温度のほかに、プラズマの粒
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子密度及びプラズマのエネルギー閉じ込め時間が大切な指標である。

　三大トカマク装置で作られたプラズマの性能は、既に、温度が数千万度密度と閉じ込

め時間の積が1019m－3秒台となっている。これは、実際に重水素と三重水素の反応を起

こさせたとした場合の、プラズマの加熱の為の入力と、核融合による出力エネルギーが等

しくなる、所謂臨界プラズマ条件に相当する性能のものである。JT－60では、昨年秋に、

そのような性能のプラズマを作る事に成功している。

　従って、JT－60の次ぎの目標は、これまでの研究の結果に基づき、実際に核融合反応に

よってエネルギーを取り出す核融合実験炉を目指した、より一層高性能のプラズマを生成

する研究を進める事である。JT－60では、今春から、水素の氷のペレットをプラズマに打

ち込んでプラズマ密度を高める実験を開始した。また、64年度から65年度に掛けてプ

ラズマ容器等を新型のものに交換して、より大型で、大電流が流せるプラズマを作れるよ

うに、装置を改造する計画を進めている。

　このように、大型トカマク装置で良好な成果が得られたのを機に、核融合研究は、愈々

核融合実験炉へと進む事になりつつある。そして、プラズマ物理のみならず、核融合実験

炉の建設に必要な工学技術の開発も平行して進められつつある。

（3）核融合実験炉へ向けての工学技術開発

　我国における工学技術開発の現状に就いて、超電導コイル開発、トリチウムガス精製技

術開発に例を採り、述べる。

　超電導コイル開発に関しては、IEAの許で進められていた正arge　Coil　Taskと呼ばれ

る国際協力が、昨年成功裡に終了し、日本が持ち込んだNbT、のコイルは予想通りの良好

な成績を上げた。このコイルは、約10，000A用の超電導線を内径約2．5mX3。5mの

楕円形に巻いた、重量約40トンのコイルであり、核融合実験炉用に使われるであろうコ

イルの小半分の寸法のものである。実験では、このコイルによって、最大8テスラの磁

界を発生させる事に成功している。

　この開発に引き続いて、現在、パルス磁界発生用のコイルの開発を進めており、又実寸

大のコイルの試験を日米の協力研究として実施する事が検討されている。

　核融合実験炉で燃料として用いるトリチウムガスの精製等に用いられるガス処理装置の

開発も進んでいる。原研の東海研究所に作られたTritium　Process　Laboratory，　TPL，で
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は、今年度からトリチウムを用いて実験を始めた。この施設では、10グラムのトリチウ

ムを保有して、各種のトリチウム処理用機器の開発試験を実施する。

　又、日米協力により、アメリカのトリチウム施設TSTAで、日本で開発され、制作され

たトリチウム精製装置の試験が、二百グラム／日のトリチウム循環量で進行中であり、将

来は、核融合実験炉の循環量に近い約1キログラム／日の試験が予定されている。

　最後に、新しい技術開発の一例として、トリチウムガス用の全セラミックス製ターボ分

子ポンプの開発に就いて述べる。このポンプは、圧搾空気で駆動され、強磁場中での運転

も可能であり、又油は一切使用しない。従って、トカマク装置の電磁石コイルの近くに設

置する事が可能であり、此れ迄に、約1001／sの排気速度のポンプの試作に成功してい

る。そして、今年度は10001／s級のポンプの試作試験を実施する予定である。

　以上述べたように、工学技術の開発も、核融合実験炉の1990年代前半の着工を目指し

て着々と進められている。

（4）各国の核融合実験炉計画

　以上述べたように、核融合開発研究は、実験炉を目指して計画を進めるべき段階に到達

し、夫々の国状に応じて、核融合実験炉の構想が具体的に描かれつつある。

　即ち、欧州では、大型トカマク装置JETで1992年頃に重水素と三重水素の実験を実

施し、その成果に基づいて、NETと呼ばれる核融合実験炉を1993年頃に着工する計画

を進めている。その為、約三十名からなるNET設計チームが編成され、西独のガルヒン

研究所に常駐して設計作業に当たっている。

　ソ連は、大型トカマク装置として、超電導線を用いた意欲的なT－15を現在建設中であ

り、この装置の次ぎには、OTRと呼ばれる核融合実験炉を建設すべく、開発を進めてい

ると伝えられている。

　アメリカは、大型トカマク装置TFIRの施設を有効利用して、取り敢へず1992－3年頃

に数秒間の核融合反応を行う事が出来る小型の装置、61Tを建設する計画を進めている。

　我国は、昨年策定された原子力開発利用長期計画において、2000年頃の実験開始を目

標に核融合実験炉の開発を進める事としており、欧州の計画と良く似た計画となっている。

　このように、若干の差はあるものの、今世期末頃の実験開始を目標に、各国とも核融合

実験炉へ向けての開発を進めつつあるのが、核融合開発の現状である。
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（5）新しい国際協力の動き

　倦、このような各国の核融合実験炉へ向けての開発の推進と呼応して、核融合実験炉の

共同設計を実施する新しい国際協力活動が、近く開始される事となった。それは、国際熱

核融合実験炉（International　ThermonuGlear　Experimental　Reactor），　ITER，と呼ばれ

る装置の概念設計を、欧州、日本、アメリカ、ソ連の四阿で、1990年末までに完成させ

ようと言うものである。

　この国際協力の発端‘よ実は、1985年11月のOenevaにおける米ソ首脳会談にまで

遡る。即ち、Genevaでの米ソ首脳の共同声明には、「両首脳は、全人類の為に役立つ実

質的に無限な核融合エネルギーを手にする為、実際的な、最大限の国際協力を進める事を

支持した」と述べられている。その後Reykjavikでも、この事は話題になったと言われ

ており、関係国間の協議の結果、欧州、日本、アメリカ、ソ連の四者による概念設計の実

施が合意され、近く開始される事となったものである。

　この協力は、ITERと呼ばれ、自国の計画の為、或いはより大きな国際協力に役立てる

為、各国が対等の立場で協力し、1990年迄に概念設計を纏め上げようと言うものである。

具体的には、各国夫々年間約三十人年の設計作業と10M＄相当の研究開発を負担して、

実施するものである。従って、全作業では、四界合計約400人年の設計作業と、120M＄

の研究開発と言う事になる。又、各国より約十名の設言堵が毎年数カ月間一カ所に集まっ

て、共同作業を実施して、設計を纏め上げようと言う事になっている。

　この協力活動は、国際原子力機関（IAEA）の許で実施され、活動の実行の為にITER評

議会とITER運営委員会を設け、評議会の諮問に応える為にITER科学技術諮問委員会を

設ける事になっている。

　この様に、ITERの計画は、核融合実験炉へ向けての画期的な国際協力である。現在の

国際情勢を眺めれば、この概念設計の完成後に、直ちに四脚による共同建設へと更に協力

が進展するには種々の困難が予想されるけれども、世界の核融合研究者の知識を結集した

優れた設計が得られ、それを糧として、少なくとも何れかの国により、核融合実験炉の建

設が開始されると言う新たな段階へと、研究開発が進められる事が期待されている。
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LCT実験装置

東海に完成したトリチウム施設（TPL）

1皿一6－9



米国のトリチウム施設（TSTA）
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セラミック製ターボ分子ポンプ
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　　　　　　　　　　　　　放躬線利用と先端技術

　　　　　　　　　　　　　　　　　　　　　　　束塩大学　川畑米穂

　現在、放射線、アイソトープは、医学、薬学、理学、工学、農学の非常に巾広

い分野において、生活に密若したところで、我々の生活に不可欠の存在として利

用されている。　その利用は、更に普及し、拡大しっっある。　図1にその様を

示す。

　　　　　　　　　　　　　　　　阯

　　　　　　　　　　放射線発生装置の事業所数の推移

至2．准　つつ　る㎜し剋」皿

（1）．1減菌（Sterilization）　主として、医用、医療の材料や容器および関連

した人体に接触して使用する多くのものは減菌処理を行う。　この分野で、従来

の蒸気加熱やエチレン・オキサイド燃薫法にかわって、放躬線照射による減菌法

が急速に普及しっっある。　γ線照射プラントは、100をはるかに越え、最近

では、加速器よりの電子綜による処理、減菌が次第に行われるようになり、近い

将来は、急速に普及するものと考えられる。　我が国には最近世界最大規模のプ

ラントが2ケ所に設置され、1ケ所に現在建設中である。

（2）．食品保存（Food　Preservation）　世界的な人口の増加と資源の枯渇に

対応して、食糧の確保と無駄の無い利用は、極めて重要である。　従来法にかわ

る極めて有効な食品保存の手段として、放射線照尉1～房法が提案され、国際機関

　　　　　　　　　　　　　　　　　　　　　　　よる
（IAEA，FAO，WHO）を中心に研究・開発が進められてきた。

　食晶保存で国際機関によって、認可されている品目は、30以上の多くにおよ

び、実施している国は、20ケ国の多きに達しており、今後更に拡大する傾向に

ある。　我が国では、世界最初の商業プロセスとして、じゃがいもの発芽防止法

が開発され、現在に至るも稼働を続けている。

　最近では、日本を除く諸外国にて、急速1ご実用化が進んでいる。　特に、照射
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食品の貿易の問題が、クローズアップしており、今秋　GATTを加えた国際機

関による放射線保存の国際会議が開かれるのを機会に、この分野が一・段と進展す

るものと予想される。

（3）．廃水、上水の放射線処理　　水に関わる環境保全と安全な飲料水確保は

重要であることはいうまでもない。　都市廃水、工業、産業廃水の浄化処理、上

水の殺菌に当たって、化学処理法や物理的吸着処理法にかわって、放射線処理法

が注目されている。　生物的、化学的汚染に対して極めて有効な手段であること

が明らかにされており、60Coや137Csよりのγ線照射と加速器による電子線

照射が行われている。

　現在、いくつかのパイロット・プラントが我が国と欧米で稼働しており、近い

将来、従来法と組み合わせて、実用化する可能性が出て来ている。

（4）排煙処理　　　NOxやSO2による大気の汚染は、地球的規模で問題に

なっており、酸性雨による自然破壊は深刻になりっっある。

　火力発電所、製鉄工場およびその他の大規摸工場よりの排煙を浄化することが

必要であり、その新しい有効な手段として、加速器よりの電子線処珊法が提案そ

れ、パイロット・プラントが、我が国と米国および西独において、実施されてき

た。　これは、我が国の独白の技術として生まれ、発展してきたものであり、近

い将来、実用化の可能性が出て来ている。

§3．ビーム1の望

　新しい放射線利刑の中心的役割を担うのが、各種の加速器より得られるビーム

である。　高エネルギーの大型加速器が素粒子物理や核物理の研究に使われてい

るのは周知のことであるが、現在、各種のビームを、医療や二！＝学、産業の分野で

巾広く利用する技術の開発が急速に進みっつある。現在使用され、近いうちに広1犠・

大または新たに利用が可能になる主要なビーム源には次の三つが挙げられよう。
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放射光施設（Photon　Factory）

中間子施設（Meson　Factory）

ポジトロン・ビーム施設（Positron　Factory）

　（1）難光は、高強度の単色化された光が、広いエネルギー嘗胆で利川できる。

　広く、理、工、医、生物、農学の分野での利用が行われ、各分野での格段の研

究の推進や、新しい技術の創出に役立っている。　　新しい技術の創出、極限へ

のアプローチに大いに貢献しており、産業界への直接的なインパクトも大きく、

現在広く産業の共同利用が実施されつつある。　放射光源は利川という立場かり

は、分極化が進んでいる。　大型化と小型化、ゴンパクト化であり、前者は、よ

り多くの可能性の探求と広い範囲の共同利用に供せられるためであり、後者は、

特定目的のための専用化であり、筒易化である。

　（2）蜷は、π苧→μ＋があり、現在その　Factoryは、世界に4ケ所、米国、

カナダ、スイスおよび我が国のKEKとである。

　μ尋は、材料、物質中に打ち込まれ、周辺との磁気的相互作川をとおして、新

しい状態分析の開発やテスト法に重要な役割を果たしている。　一方、μ一は、

核との直接的な相互作用をとおして、元素分析の新しい手段を提供している。

さらに、中間子触媒核融合の誘起が明らかにされており、全く新しいタイプの核

融合の可能性について、本格的な関連基礎研究がスタートしている。

　〈3）ポジトロン・フ　クト1一　ポジトロンの強力なビームは、物質の電子状

態を中心に、固体の表面状態分析などに極めて強力な手段を提供する。　ポジト

ロンやポジトロニウムの回折や散乱、ポジトロンのエネルギー損失などにより、

電子をプローブとして用いる場合と比較して、補足的な電要な情報を得ることが

できる。　　半導体、触媒、電子素子、新素材の開発などに極めて屯要な役割を

果たすことは、間違いないと思われるρ　　我が国で初めての本格的ポジトロン

皿一7－4



ファクトリーの計画が進行中で、この分野で世界の先導的役割を果たすことが期

待される。

§4．　勘’里　　野にお‘るビーム明

（1）ビームによる日工

　　　方量雲叢線硬｛ヒ

　　　イオン照射による半導体の加工

　　　LSI，VLSI，SLSI　分野での利川

　　　その他

（2）高温　電導　の査兜翔発にお1るビームの禾1用

（3）力工曽　としての　オン・ビーム

　　究極の加工手段として、一つ一つのイオンが使用される。

（1）趾力」坦発

　　　エネ職漁が麟

　　　非エネルギー　→　主として放射線利用

　　　　　　　　　　　　　　　¢

　　　　　　　　　　　　他分野との広い接点

颯戯→ I雛一＿での利用
　　　技術移転の促進

（3）　認　’　塁にお　る’・齢1

　　　先端技術　⇔　放射線利用

　　　極めて大きな相互依存関係にある♂

（4）雌趾凪

　　　原子力分野で重要な役割を担いっっある。

　　　　　　　　　　　　　　　顕一7－5
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原子燃料利用体系の展望一21世紀へ向けて
　　　　　　　　　　　動力炉・核燃料開発事業団理事長

　　　　　　　　　　　　　　　　　　　林　　　政　義

燃料サイクルの総合的経済評価と将来展望
　コジェマ社（フランス核燃料公社）市場・事業開発部長

　　　　　　　　　　　　　　　　　　　　J．C，ゲ

原子燃料サイクル戦略と課題
　　　　　　　　　関西電力㈱副社長

　　　　　　　　　　飯　田　孝　三

燃料サイクル技術の評価と見通し
　　　英国原子燃料公社（BNFL）副総裁

　　　　　　　　W．L．ウィルキンソン

原子燃料新時代へ向けて
　　　　㈱日本総合研究所会長

　　　　　　　岸　田　純之助

　　　　　　　総1括コメント：

OECD原子力機関（NEA）事務局長

　　　　　　　　H．K，シェーバー



　　　原子燃料利用体系の展望

　　　　一21世紀へ向けて

（：第21回原産年次大会セッション4）

動力炉・核燃料開発事業団

　理事長　　林　政義
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　ただいま議長から紹介を頂きました動燃事業団の林でございます。

　今日は，　「原子燃料利用体系の展望と課題」というテーマで，イギ

リスBNFLのウイルキンソンさん，関西電力の飯田さん，フランス

COGEMAのJ。　C。ゲさん，日本総合研究所の岸田さん，そして，

まとめとしてOECD／NEAのシェーバーさんから，原子燃料利用

体系構築のために，それぞれのお立場から，貴重な講演がなされると

思いますが，まず私からは，21世紀に向けての，原子燃料利用体系の

展望について述べてみたいと思います。
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　　我が国は，将来的にも工業立国を目指しており，石油，石炭，LN

　G等国内エネルギー資源に乏しい国情から，エネルギー問題を安全保

　障上の最重要課題として捉え，長期的視点に立ち，原子力を基軸エネ

　ル黒目として位置付けているところであります。

　　又，原子力は高度な技術のシステムから成立っており，そのため，

　技術集約エネルギーとも呼ばれ，原子力開発を通じて得られる技術の

　進歩により，鷹く科学技術への進展，更にはその技術の共有化により

　国際協調の促進に貢献し得るものであります。

　　我が国は，基軸エネルギーとしての原子力エネルギーの長期安定供

　給のためには，ウラン探鉱から放射性廃棄物の処理処分にわたる核燃

　料サイクルの確立を図ることについて，極めて重要であると考え，原

　子力政策の基本としているわけであります。

o　まず，ウラン資源問題ですが，世界のウラン資源の動向を見ると，

　現在の世界的な原子力開発計画の低迷を背景として，ウラン需給は，

　緩和基調にあり，ウラン価格が低位に留っていることも相侯って，当
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面は安定的に推移するものと見込まれております。

　一方，長期的には，OECD／：NEAの報告によれば，自由世界の

ウラン資源量は確認資源で，130＄／kgU以下のコストで開発可能なも

のは225万tUであり，これは軽水炉ワンス・スルー戦略の場合では，

2010年代後半までの世界の需要を満たすものの，2025年迄の不足量は

77万tuと推定しております。

　また，この確認資源225万tuの約92％はオーストラリア，アメリカ，

南アフリカ，カナダ，ニジェール等の8ヶ国に偏在し，しかも，その

入手の安定性は，各国の資源政策等に左右される可能性も十分に考え

られます。さらに，1980年以降の主要ウラン鉱床の発見率は，60年代

及び70年代に比較して極端に低下しております。

　従いまして，我が国としては，21世紀にへ向けてウランの長期安定

確保のためには，開発輸入の割合を高めることが重要であり，又，我

が国は，2025年までの天然ウラン需要量のうち，自由世界の約9～15

％を占めると想定されることから，ウランの大消費国の責務としても，
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　世界の確認資源を増加させるための着実な探鉱努力が必要であります。

o　次に，核燃料のリサイクル利用でありますが，使用済燃料の再処理

　によって回収されたプルトニウム及びウランは技術により生み出され

　た準国産燃料であり，これらを利用することは，我が国のエネルギー

セキュリティ上からも重要であります・

　　昨年，原子力委員会が発表した「原子力開発利用長期計画」に於て，

　再処理一プルトニウム利用路線を再確認したことは，単にウラン資源

　の有効利用を図り，自国のエネルギーセキュリティ上の観点からだけ

　でなく，世界のGNPの一割以上を占める我が国が，世界的なエネル

　ギー・リソースの効率的配分という観点から，プルトニウムの利用に

　よりエネルギー・リソースの拡大を図るということで，国際社会に貢

　適していく考え方を示したものであり，大きな意義を持っていると考

　えます。

o　プルトニウム利用には，核不拡散への周到な制度的，技術的な裏付

　け，そして国民の理解と協力，更には国際的なコンセンサスが重要で
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　あります。

　　我が国は，平和利用を国是とし，世界に先がけて本格的なプルトニ

　ウム利用を展開する国としての責任を持ち，そしてプルトニウム利用

　体系の確立に係わる諸課題を，我が国の高度な技術により克服し，こ

　れを背景ζして，国際社会にプルトニウム利用の有効性を示していく

　と共に，その信頼を得るべく努力を積み重ねていくことが重要であり

　ます。

o　プルトニウム利用の中核はFBRであります。FBRは，プルトニ

　ウムの利用形態に関して，増殖という本質的な特色を有し，ウラン資

　源の利用効率では，圧倒的に優れておりますが，我が国は，このFB

　Rによるプルトニウム利用体系の構築を積極的に目指すことを基本と

　しております。

　　動燃事業団は，1992年の臨界を目途に，原型炉「もんじゅ」の建設

　を進め，これと並行して，FBRの研究開発とFBR時代の核燃料サ

　イクルの要となるFBR使用済燃料再処理等の研究開発を進めている
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所であります。我が国としては，プルトニウム利用の展開を図る上か

ら，所要の研究開発を積み重ねることにより，技術的基盤の確立を図

りつつ，2020年代から2030年頃におけるFBRによるプルトニウム利

用の技術体系の確立を図ることは極めて重要なことであります。
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　さて次にプルトニウム利用について述べてみたいと思いますが，プ

ルトニウム利用の展開を推進するにあたっては，核不拡散上の国際的

責務を果たすとともに，核不拡散と両立し得る平和利用を自ら率先し

て推進し，実証していくことがきわめて重要なことであると考えます。

　我が国におけるプルトニウム利用について，動燃事業団の研究開発

は，既に次のような実績と経験を保有しております。

　o東海再処理工場は52年9月のホット試験開始以来，いくつかのト

　　ラブル等を克服しつつ運転をつづけ，安定運転の実証を行ってき

　　ました。この間の累積再処理量は約370tuに達し，約2．4tのプル

　　トニウムを回収しております。

　oマイクロ波による混合酸化物転換技術につきましては，小型設備

　　での確証試験をもとに，自動化，遠隔化されたプルトニウム転換

　　技術開発施設を建設し，58年10月にプルトニ・ウム試験を開始して

　　以来順調に稼動し，累積転換量はプルトニウム量で約1．7tに達

　　しております。
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o燃料加工に関する技術開発は，昭和41年以来，安全・確実なプル

　トニウムの取り扱い，FBR，　ATRの新型炉及びプルサーマル

　用MOX燃料の製造技術，燃料設計技術，プラント設計，運転及

　び保守技術等，巾広く確立を図ってきました結果，これまでのM

　OX燃料の製造実績は約87tMOXに達しております。さらに，

　これまでに蓄積してきたMOX燃料製造技術を基に，我が国にお

　ける最新の自動化技術を結集した，全自動化工場を建設し，現在，

　プルトニウムを使った試験を開始したところです。

o高速実験炉「常陽」は我が国初の高速増殖炉として昭和52年4月

　に初臨界を達成して以来，高速炉に係る技術開発のための種々試

　験を行い，昨年4月で10周年を迎えることが出来ました。初臨界

　以来使用した燃料要素本数は約33，000本，燃料最高燃焼度は約

　50，000MWD／tに達しておりますが，燃料破損は皆無でありま

　す。

　　また，昭和59年には，常陽の照射済燃料から数10gのプルトニ
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　ウムを回収し，再び常陽にリサイクルすることで，ささやかなが

　ら，高速炉を中心とした燃料サイクルの輪を閉じることが出来ま

　した。

o新型転換炉ふげん発電所は，昭和54年3月の本格運転開始以来8

　年の運転を経験し，この間ATRの性能と信頼性を実証し，運転

　保守技術を蓄積してきました。

　　ふげんでは，積極的に，炉心はMOX燃料を装荷することによ

　り，熱中性子炉におけるMOX燃料の使用実績を重ねてきました

　が，燃料取替では，既に装荷心血及び取出立数で夫々MOX燃料

　が363体，237体となり，最大燃焼度は約18，500MWD／tに達し

　ており，この間燃料破損は無く，良好な照射実績を示しており，

　建設が予定されている実証炉，更にはPuサーマル利用への展望

　が拓かれたと思います。

o　このように，動燃事業団は，プルトニウム利用の研究開発を着

　実に進めておりますが，約10年前，東海再処理工場の運転開始に
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　際し，日米再処理交渉が何回か行なわれ，原子力平和利用と核不

　拡散の問題に関し，国を挙げて議論がなされました。又INFC

　Eの場で広く国際的に核不拡散問題が議論され，55年2月には原

　子力の平和利用と核不拡散は両立できるとの最終報告を得るに到

　つた経緯は，皆様の御記憶にあることと思います。

　　そして，現在，米国議会にお，ける日米原子力協力協定の改訂の

　審議においても，プルトニウムの本格的利用における核不拡散，

　安全確保及び環境への影響を含む問題が，議論の中心になってお

　りますが，我が国としてもプルトニウム・エネルギーを享受する

　ということから，このような問題を真剣に受けとめて，プルトニ

　ウム利用を推進していく必要があると考えます。

oしたがいまして，原子力平和利用と核不拡散の両立という命題に

　対し，平和利用に徹し，再臨理一プルトニウム利用路線を基本

　に原子力政策を進めている我が国は，更に一層プルトニウム利用

　の必要性と有効性について国際的な信用を得るべく，研究開発の
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　推進及び体制の整備を積極的に行うことが，原子力先進国である

　我が国の責務であります。

oそのためには，核不拡散の有効性の実証といたしまして，保障措

　置，核物質防護，輸送技術等周辺技術を含めた制度・体制面そし

　て技術面からのトータルシステムを確立することが，プルトニゥ

　ム利用の内外の合意を得る上で，最も必要かつ有効な方法である

　と確信しております。
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oさて我が国としては，エネルギーの安定供給を確保するため，引き

　続き一層安全性向上に努めながら，原子力発電を着実に進めるとと

　もに，核燃料サイクルの確立を図ることが必要であると述べてまい

りましたが，したがって源子力発翻あ翫核燃料サイクル活動

　に伴い発生する放射性廃棄物の問題に，適切に対処することは極め

　て重要なことであります。

o一般の生活においても，快適な人間生活と，それに伴って必然的に

　発生する廃棄物の処理・処分問題を如何に調和させていくかという

　ことは，人類が解決すべき重要な課題であります。

　　放射性廃棄物は，一般廃棄物と違って，　“放射能”という特徴を

　有しますが，英知と技術により，逆にこの特徴を利用して適切な方

　策をとることが可能であり，現在，原子力の便益を享受している我

　々世代が，責任を持って，放射性廃棄物を科学的かつ社会的に充分

　適切に処理・処分し，後世代への負担を最低限にしておく必要があ

　ると思います。
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o昨年の「原子力開発利用長期計画」において，再処理一プルトニゥ

　ム利用路線を再確認しましたが，この近い将来の本格的なプルトニ

　ウム利用に向かって，特に，使用済み燃料の再処理に伴い発生する

　高レベル放射性廃棄物の処理・処分を，適切かつ確実に行う方策を

　確立することは極めて重要であります。

　　新長計においては，　「高レベル放射性廃棄物は，安定な形態に固

　化し，処分に適する状態になるまで冷却のための貯蔵を行ない，そ

　の後，深地層に処分する」ことを我が国の基本的な方針としており

　ます。

o科学技術面の対策，すなわち，研究開発の推進にあたっては，高レ

　ベル廃棄物は低レベルと比べてその発生量は少ないものの，強い放

　射能を持つ物質と，放射能が弱いが半減期の長い物質が含まれてい

　るという特徴を十分に考慮し，長期にわたる安全性と人間生活の調

　和に細心の注意を払って，その処珪・処分方法を確立することが肝

　要であります。
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oそのため，早急に具体的な地層処分の目標とその達成のための筋道

　を明確にし，社会的な合意形成を得つつ，研究開発を推進すること

　が重要であります。

o高レベル廃棄物の地層処分上の問題は，研究開発面とともに，技術

　的に対処の見通しのある，この処分対策をいかに実行するかという

　社会科学的な条件の整備が必要不可欠であります。

　　すなわち，基準に対する法体系の整備，責任体制の問題，社会・

　経済的な評価と費用負担，理解を深めるための教育と正しいPR，

　各産業との共存共栄等の方策をしっかり考え，社会的な合意を得て

　実行することが重要ではないでしょうか。

oまた，放射性廃棄物の処理・処分は，原子力発電を有する国のみな

　らず，それ以外の国々にも深いかかわりを持つ地球規模の課題であ

　りますので，処理・処分方策の概念については，国際的なコンセン

　サスを得る必要があります。

　　従って，その研究開発においては，データの共有化や相互補完，
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　研究手法の確証等，積極的に国際間の共同研究を進めていくことが，

　必要であると思う次第であります。

o本年，原子力委員会において，以上のような点を審議すべく，放射

　性廃棄物対策専門部会及びその下に，技術並びに費用に関する2っ

　の分科会が設置されたことは，時期を得たものと言えましょう。

　　なお，高レベル廃棄物には，人間生活に有用な貴金属類，すなわ

　ち，ロジウム，パラジウム等の白金属元素が多く含まれており，今

　後の科学技術の進展により，魅力のある有効利用の可能性を秘めて

　いる事にも充分留意する必要があります。
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　さて最後に，21世紀に向けての原子力の役割について，述べてみた

いと思います。

oエネルギーの安定確保は将来に対しても人類共通の課題であります。

　石油，石炭等の化石燃料は限られた貴重な資源であり，消費を極力

　節減し，より付加価値の高い用途に利用すべく，後世代に残してい

　くのが，現在を生きる我々の責任ではないでしょうか。

　　また化石燃料はヨーロッパ，北アメリカにみられる酸性雨問題，

　大気中の炭酸ガス増加に伴う影響等，地球規模での環境問題が論議

　されつつあり，その影響については未だ解明されていない部分もあ

　りますが，影響が出るまえに，対応がなされなければならないとこ

　ろであり，かかる観点からも，先進国として化石燃料の使用につい

　ては考慮する必要があると考えます。

o一方，エネルギー需給の展望としては，最近の石油需給は非常に緩

　んでおりますが，中長期的には逼迫してくるであろうというのが一

　般的な見方であります。又現在の計画にもとつく原子力開発を進め
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　るならば，先進国においては石油需要は余り増えないが，発展途上

　国における石油需要は今後もかなり増大していくであろうと予想さ

　れます。

oさらに21世紀のエネルギー源を考えた場合，現在の石油，石炭など

　の資源依存度の高い形態から，技術集約度の高い形態のエネルギー，

　高度に加工されたエネルギーの利用へと進むであろうと言われてお

　ります。

　　原子力技術は，技術集約度の高いエネルギーの典型であり，21世

　紀に向けても，極めて広範な技術的可能性を秘めた魅力あるもので

　あり，複合エネルギー源として貴重な役割を果たすものと確信しま

　す。

021世紀に向かって原子力技術開発を進めるにあたっては，チェルノ

　ブイル原子力発電所の事故を契機として，昨今，国内外で安全確保

　の問題とその重要性に対する認識が，高まっていることを率直に認

　識する必要があります。しかし，その事によって，我が国のエネル
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　ギー政策の根本から発する原子力開発と核燃料サイクルの研究開発

　及びその産業化への計画的努力がゆるむならば，国民は原子力開発

　の意義に基本的な疑問を持つことになり，ひいてはこれまでの我が

　国のエネルギー政策の基本も崩れ去ることにつながる恐れがありま

　す。

o我が国の原子力開発利用は，これまで厳に平和利用のみを目的とす

　る原子力基本法に基づき，安全性に充分留意し，30年以上にわたっ

　て進めてきましたが，今後とも，原子力の持つ特徴の原点を見失う

　ことなく，幅広い原子力利用の展開を目指して，21世紀に向けて自

　信を持って挑戦するべきと考えます。
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　これまで述べてきたことをまとめてみますと，

o　まず第1は，原子力の将来については平和利用と核不拡散，安全，

　環境，資源問題等幅広い面を考慮した国際的，全地球的視点からの

　対応が不可欠であります。我が国におけるセキュリティ，技術の特

　高等も充分勘案しつつ，リーディング・カントリーとして高レベル

　廃棄物処分などの分野で国際協力・協調を積極的に進めるとともに，

　広く国際社会へ貢献していくことが重要であります。

　　第2は，高速増殖炉技術開発を中核としたプルトニウム利用実用

　化の推進であります。中長期的に見ると，ウラン資源も当然有限で

　あり，より高度な技術を結集し，資源の利用効率を高めた高速増殖

　炉を中心とした時代の到来は必至であり，これを支えるプルトニウ

　ム利用システムの構築は，特に我が国のおかれた種々の環境を考慮

　すると，国際的な立場上も特に重要な課題であると言えましょう。

　　第3に，原子力の基盤技術の充実，革新的研究開発の推進，科学

　技術の進歩による原子力利用の高度化，多様化への挑戦であります。
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宇宙，地下空間，海洋等未開拓領域にも原子力の持つ技術的可能性

を最大限に活用し，利用の多様化を図り，広く科学技術の進展に貢

献していくことが重要な役割ではないでしょうか。

o時間もなくりましたので，この辺で終わりにしたいと思いますが，

　動燃事業団は，今後とも原子力開発の推進に対し，プルトニウム

　利用の技術的基盤を支えるセンターとしての役割を担いうるよう

　プルトニウム利用に関して総合的に研究開発を推進してまいりた

　いと思います。動燃事業団は，官民連携の場として，また国際協

　力の場として，その役割を果していきますので，皆様の御支援，

　御協力を御願いしまして終わらせて頂きます。

　　御静聴ありがとうございました。

N－1－21



            THE 21st JAtF AAiNUAL CON;'ERENCE

       Sesston 4 : hkec2ear Fuei Suppiy system :

                 lssues snd prospects,

                             '        '                                             '
A comprehenstve econotnlc ass6ssa?ent of the fuei

               with a prospeatlve yleN.

cxc2eg

J.C. GUAIS

Generai ttsnager

Marketlng a euslness

cosEMa

Oeyeiopn}ene

N-2- 1



Intreductlon

rhe Japan Atomic Xndustrlal Forum has alway$ stated that the g2oba2 prospect

of nuclenr enefgy system lncludes both the reactot strategx and the nuciear

fue2 cycle strategy. The recent, excei2ent ana2yslses cemp2eted bx Japenese

expert Cormiittees on nuclear power perspectiyes haye cleati)t underltned thi3

necesstty to have a gZobal prospective overvlew, from fuei supply to' power
generation.
                                          '                    '                                    'tet us quoee 2 excerpts from these docua)ents :

        '- "rn a cotrpfehens2ve nuc2ear power system, the implementation ef the nuciear

  fuei crc2e should go hand-in--hand vith the reactor strategy.

  MTTr, September 1986 report ; '"ALic2ear Ehergy Vision".

            '
=- "f"vt nuc2ear power geneeation to continue p2a)ting tts vttal role ss the

  n;ain seutce of electricltr, IC is esseneiai to deflne,means te itnpreve its

  safety, rellaO12ity and econoay, by a comptehensiye exsminatton of not onir

  each lndlvldual nucleaf power plant, but a2so the nuc2ear power system as a

  whoZe, inc2uding the naclear fuel cycle".

  A.E.C., .]une 1987 report ; "Long-term program fot' deyelopment end

  uetllzaeton of nuclear energx".

           '

Xn face we cou2d even sa)t that the comp2eCe' huciear fuel bYc2e inciudes ehe

power generatton i'n th'b reactor. Anyhow,this,'means th.at the utllitles and ehe

fuel cycle inaustriats are engagea in the satne obJectlve to promote and

aeveiop a nuclear energy system, safe and reliab2e, cotnpetltlye vith other

energy get;eraCion sxsterns, respectful for the pubUc and the enyironment.

               '                            '
The whole nucleat energy system starts from the natura2 energetic materiai :

urani.um, Uranium was fZrst tdentttled in pechb2ende otes ln Centra2 europe"

almost exactiy 20a yests ago. ThZs mineral is a powetfui natural- resourcee

which has to be a2scoveredt extracted fratn ths groand, transforrr}ed,

manufactured, tnanaged, and recxc2ed after use, in the best possibie
conaiuons. As men:lonea xn cne t"ltl's "tNuc:2etir ctle"y)t yhtutt"t "vpeLacXt)y a

1000 nvtWe genetatlng piant for one year requires 30 tons O trucks7 o£ nuc2ear

fuel, 1.J mi21ion tons (7 large tankers) of o22, 2.2 mtUion tons (22 large.

freighters) of coal".

N-2- 2



  rhis fantastic energetlc content of uranium has tnade it the strategic

  resource for a countrx looking for lts energr lndependence, such as C]apan,

  and some Western Europe counttles. hereover the smeoth deye2opment of

  nuclear energ)t demands a non-restricted ctrcu2atton between producers and

  users of the nuclear fuel .undeT its varlous feTns : .yellotvcske, UF6p

  peilets or fuel sssemolies, spent fuei, tecycied flssile tnateria2s, and the

  resu2ting finai wastes. rve haye a2vaxs advocated fot the free-trade and

  regu2ar Cransp'ortatlon of the nuclesr fuels, proyided ehe technical

  security measurest                      and the indtspensable internettonal reguiation and
                                                          '  controls to preyent profiferation risks. - ''-

                                                      t.Artothet specitic feature of the nuclear industry ls the length of eime sca2es :

-- the residence time of nuclear fuel in the reactor core for powee
  generatlon ls usually 3 years ;

-ts the fuel cxcle duration, including ntanufacturing for recycle, 1$ close to

                                                   '
-i building a lerge po-er reactor or a tnajor fuei cycle facillty requ2res 6 to

                                                    '  20 years ,o

- the ti,ne elapsed between flrst urantum exploration acttvities and ehe ore

  extraction can be 10'years or more ;

-= the indvsttlai deyelopment of a nev technology for the fuel cycle such as

  etirict)rnertt can edke 25 years, and JO ysars or more £or a nev reecter type ;

-v storage of radioaceive ineeeriaZs impUes peelods of seyers2 hundred of

  years, . .･8ecause vf these duratlons, and of the uncertainttes assocleeed yieh the

prevXs2ons of the gceat futuie, includk>g 2n parttcular the possib2e iarge

variations of the exchange rates between the moneys inyo2ved ln ehe nuclear

fierkee, we have to make the most serious attetnpes to determine our obJeceiyes

and the rationa2 ways tu aetaZr ehem. Such serateglc approaches have been

shown in tne above n)entloned Japanese ivorks ot the Mrrr ana A.E,C,

Cormittees. Ste cons2der these yislons and pollcy progra,ns as the bese

                                  'examp2es in ehe fleld.

Xn this paper nov, l will f2rst offer sorne remarks on the front-end of the

fue2 cyc2e : uranium and enrichment. by obj6ctiye is to try identtfying the
                                                                     'forces behina tne evo2uttons snd detect ehe trends of the Sndustry and fthe
                                          '                                             '                                           'iwarket.
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we wriii 'then turn eo the Oack-end, )vhere e ptospective assessment of the

comptete closed fuel cyc2e rwlth reprocesslng!recycllng) wti2 be brlef2y

presentea, es cotnpared wtth the open fue2 cycie (er once-ehrough opeionl.

Sone eiements of cost cotnparison between the 2 routes wlll be inc2udede
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1 - Atatural UraniLm

    5ince the start of Industrta2 iarge scale exttsceion of uranium) 30 yeats

    ago, 800,OOO MeCric eons of U have been produced wodd,vide (WOCAJ. Oue of

    thts, iess than 700tOOO P･fetric tons haye a2readr been used, or are ln

   aceual use in the nuciear power planes. This 2eayes 220,OOO eo X50,OOa

   hetrlc eons tn lnyentories both ae the producers' piaces and as utt2ities

    stockpiies. Ahoeher 600,OOO to 60a,OOe tons will be consumed in the power

   plants between eoda.y and the year 2000, Longer term proJecelons, such as

   descrlbed 2n the 198b' 06CO/XAEA "R6d Book", show flgures of 2,OOO,OOO to

    J,OOO,OOO Metric tons for the wOCA cumu2ated demand up to year 2015,

    aepending upon the nuclear energy gtowth ratet and the deve2opment of the

    fast breeder reactor,

    Uraftiutn sntning industry is relativeiy young, and mbdest in term$ of

    quaneittes produced by compatisen to the clesstca2 mineral resources e

   metals, and fossii fuels. '
    Ana this industry ts experlencing a downward adjusdnent of glebal

   production, a geographXc concentratton of the sources, and a dtamatlc

    reductlon of the exp2oration efforts. rhese changes are due to a number

   of reasons ranging from the nuc2ear po"er gtowth s2oivdowot the
   internatienal econoay crlsis, the weakness of US S and re2ated moneys,

   governrnent poUctes and constraints, and some speclflc structure patterns

   of the uranium tndustry and erade.

   A few exatnples of recent ana present goyernment or legt$lative

    re$trictiye implications :

    -･ rne 5 years stop ln ehe Austraiian U mining dep2oyment, between i972

     and l977, assoclaeed wtth the Ranger impace study.

    - rne restriction 1mposed in U prospection ln sorne Canadian provinces.

    - rhe 3-m2nes poilcy in AustraUa, and the floor prlce ttnposieion,

    -- Tne U5 emoarga againsC loports of 5ouCh Arr2can or tvamXbXan relio,vt:Mkea

    - rhe upgrading obligatlon on the Canadian ye12owcake.

   -.ioreover, a fiuttber of upcotnlng events bring uncertainties about ehe

                                                  '    £uture trade of uranium, natnelx :

    -erheUSA-Canadafreetradeagreernent. .
    - rhe 21mltatlon of foreign urantum import in the USA for US dornestic

     needs.

    - the case in court eppesing US miners and DOE.
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A$ e resu2t of these yarlous constralnes and uncertainties} the lndusery

fsces now sone diff2cuities, lncludlng oyercapecieies in production, over

inventories, coneinuous prlce decrease trend, tndustrtal receSStons ana

shutdowas, secondary tnarket, and aU ehe reatures of a hard, dirrlcuit

rBarket,

The presene buxer's market makes the shorC-eerm oppurtunittes easy ror

the consumer' utiiities, But such a contlnulng sZtuation could become a

threat to the future oS nucieat energx baslc supp2h if a numoer of

uranivm tnining cotnpanles cannot surylve to the presene low prlces.

                                                       '

tn the USA, the mining lndustrM is in a difficult sltuatlon. AtCet a

domestic boom ln ehe 60's, the uranlum cempanies hay6 dcatnatica22y

reduced their output : 70 X dectease stnce 1980, ey the end or 86t oniy 4

conyentiona2 centets for ore refining and concentration Tetralned in

operationt instead of 21 e fev years befora.

Xn Southern and Centra2 Afrtca, as 2n other productng regtonst uranlum

production is in a constant decrease since the ear2y eO'si

Another sertous concern for the future of thZs lndusery is the historical

decrease of the uranium exploration act2vlties oa a gioba2 basls, sZnce

the late 70es. rhe OECO/IAEA Red Book reports that ln 198S U5 S, the

exploratlon expenses for the WOCA haye decUned from S 750 M in 2S79 to

                                                                 'S 220 M in 2985, that ls a teduction of e5 $ t
                                              '                          'eyen if the presene leye2 of resources and the larga inyentories glve

confidence for the short-term ayallabillty of uranium, the partners Xn

the nuclear lndustrx nx3st retnembet ehe iong de2ays involyed ln the

expior6tion activities. A 2oss of cotnpetence and know-how in the mintng

industry ln these years )vou2d be detritnental to a restart of discoverles

of new U reseurces ali along the 90's.

A last polnt to make ls the presene trend eo a geographlca2 teduction of

both the expleratlons expenses and the mining industries in a few

fnvnrahle proyinces e

ln 1986, only 8 coune;les have produced mote ehan iOOO Metric tons each,

ln the 90's, 90 X of the wOCA suppl)t wtll cone trom Canacts, Austra12a,

Southern Africa, Centrai Africa, ehe UnSted Seates) and France. Austra2ta

and Canada wt21 accoune for ovet 50 X of the "vor2d supp2y.
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Both partners in the nuclear pover sxstem ; uelllties and uranlufn
suppllers, rtx.tst contrlbute to tivprove the pres6nt situatlQn in oraer to

prepare a more secure suppiy syseem tn the fueure ;

- rhe utiiities shoy2d en2arge their supp2y base br eaking adyantsge pf

  diversification of sources. Csntral Afrtca fec instance muse cone2nue

  to represent a major aieernate supp2ter.

- The mtning tnduserx should rnalntaln s ieyei of effore and money in

  uraniurn exploration, tncluding tn new places in Afrlcae Soueh Amerlca,

  and Asla.

- Fair prices shou2d be obtained for the 2ong-term procurement coneraces,

  coyertng the lndustrlai coses, alloNtng for the indtspensabZe
  development actlvttiesr and proytdtng a reasonabie rate of return based

  on the rtsk eaken. ive ai2 know that the resuiting prlce level for

  2ong-term supplr can easily ensure the comp6tltiyity ef the nuc2ear k}vh

  oyer the fessli fuel generated electrlcity.

COGEMA, as a maJor nvlttnationai producer oriented towards the fUtures

wi2i cont2nue to devote a conslstent amount of actlvlty ln uranium

exp2oraelon, as we12 as in the optinvm rnanagetnent of the product2on

ceneers and ln the impceyement of the expioitetion econemtcs.

                                                  '
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2 "･ Ehrictmene

   N
    A sound competitlon, in a free tnarket enyironrnent, iS the sigr} Qf a

    hea2thy indusery and trade, ensuring guallty servtces to ehe custoa}ers,

    and g2ving incenelves fot deyelopment eo the producers.

    Unfortunately, todar the dneernaeiona2 competltion ru2es 2n enr2chment

    remain tnere or less biased, due to a numbsr of non cofiTnefc2al reasons

   exiseing tn the USA, such as the use ot enrtchtnene serytces suppiy for

   poiitlcai goa2s, or the requese for long term coavaltments tn absence or

   cleat costing criterls. ' '
              '
                       '                                           '
   Such procedures and uncertainttes tna)t worr)t the customers for the future

   eyo2ution of servlces, contracts and })rices. Eor lnstance what wli2

   happen to the DOE SbVV prices in sorne years, tf the pQwer needed, for the

   GO piants, is no more ava"ab2e from the then too Q2d coal ftrea power

   plants ?

   tMe do think thet the aceual, tS not the only, requirernent of the
   'utilietes in the enrichrnent field is to reZy upon an efflctent

    technology, a fiexib2e industrial tool, and a vesponsiye n;arkettng

   attieude. As a prime cotnpetitor COGE"tL`4 makes every endeavour to meet 'this

   requirement2 ･'
   - an efficient technoiogy. rn terms of the SltU cost in real terms) ehe

     .EURooIF plant, using nuc2ear energy, offers the twofgid benefit of an

     uptodate process equlpmene dnd a we22 controlled energ)t expenditure.

                    '

   -a flexible industrtai tooi. rhe p2ant operations capabllities effer a

     range of actlons, in order to adspt to ehe changing paetern of the

     markee and of the external conditlons ; output adjusttnents to the

     aemand, seasonai power modulatlons to take adyantage from eha
     ayaiiabilitx of electricitr,

   - a responstve tnarketing attitude. rhe evolutlve ana tnore sophi$tlcated

     denvand of the power uti2ities, fue2 managers, is carefu22,y 21seened eo,

     with the yiew to suppiy at aU t2nres the tnest apptopriete serylce,
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ro i21ustrate this point, r maM 'reca21 here that fo21oying tha

utilities needs for the reenrichtnent of thetr reprocessed uranZum,

COCewA has p2anned eo operate a large batch ot Rep U ln the EURnoIF

plant, in s specific enrichment campaign, in the xear 199,5-96.

eut the future of the enrZchtnene buslness ls aiso comu}anded by the

resuZts of the yest R a O prografns in progress on the adyanced enrtchrRent

processes, in parttcu2ar tn th6 laser techniques.

xn AVLIS!SILyA, the USA (OOE), japan rLA5ERJ] and J:'rance tCEA) appear to

have the most protnistng pe,ogtams, vith alreddy a serles of good resuies

and conFtrrrvaetons of the process potentlal in terms of high sele'ctlvltr.

7hen comes now the elme for extrapo2attons in uranlum fiowratese lase£

£luences end recurencest and t6chnoiogicai assesstnent of the system
design, the tnaterials, the tnaintenance and the operations. iVe know that

this necessary step can be tedlous and lengthx and )ri11 ask for large

amounts of money. This wlll take place ln the 90`s and vi2Z 2ead to a

flrst industrial depioyment br 2000. Corrn}erciai Sxu costs w121 only then

be really under fuU contro2.

rhe tnarket enalyses, assoclatea with the 5trLVA specific characteriseics,

concZude that our first app2ication of SILVA enrichment v122 be tn france

for reprocessed uranium. Bx the end of th6 centurMt 2arge annual
quantities of reprocessed uranlum wlil be produced br the tb,rr) La Hague

piantsp and the other reprocessing facilieies. As an exampie, a 2000 tons

per year ptoductlon to be .reenrlched trotn O.8 - O.9 X to >.J - J.7 %,

wttZ need around i.5 ･-- 2 MSxus annua2 capacity. rhe high seiectivity of

the SILVA process wiU authortze to strip the R6p U from its undeslrabie

2soeopes (u232 and U2J6J, and eh2s will he2p an easy fabrtcat2on

procedute for Rep U fuels.
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Reeyciing the used fnaterials is a connx)n practice for tT;aeu.re

tnanufacturing lndustrtes such as copper, glass or paper. COnS8ryatiOn of

natura2 resources, protactlon of the envlronmenet and cost S8vingse ate

the usua2 'reasons for the de'velopment of such recycUng actiytties.

In t,he ease 'of a natqrs2 material of greae yalue such as uranium, and

psrticularly fot the countries wtth a postt2ve nuc2ear power progran?

orlented eowards thc future, but wlth poor d-oa?est!c reseucces, Uke Capan

and the }Vestern Europe couneries, recyc2ing is a mose reasonable way eo

2mprove the securltx in energy tndependance. As an examp2e, tn a iarge

LJVR reactor, recycling both the plutonlum as MOX and the resXaual uranlum

ef a reprocessed reioad (24 tons2 ln a further reloed, wlll Save 50 to 60

tons of natura2 uranium out of ehe 150 tons nseded "tthout any recyc12ng,

thet is over J5 X,

At the ssne titne, recyciing the fissi2e materlals (residuai,-uraniunt and

flss2on･-produced p2utontumJ grestly opeirnizes the conattions of ehe flnal

geological storage of nuclear residues : no p2utonlum bur16d in the

ground. rhts can help the whoie nuc2ear iridustr)t to galn a bettar puOltc

understanding and acceptance.

Moreoyer, ehe consumpeion of p2utonium in reactovse as MOX fueis tn

presene LY-O?s, then later in FBRs, is a better afisyer eo the 2egltlmate

non-pro2iferaelon eoncerns thdn the storage of this a}atertal.

Flnally the economic efficiency of the )vhole nuciear power system ts

enhanced, when we cons±der the future development of Che reaceors types

and perforrnances, their fue2 management, the evo2ution of tha
ayailebtUex ef uranium, and Che future technologtcal tnnovaetons to be

lntroduced in ehe fue2 cyc2e.

Any peospective analMsis of ths nuc16ar k)vh cost, at ieast tts fuel cycle

portion, depends heavt2r on the speclfic conditions of the countrx "here

such anaiysts ls made. This ts the case in psrticuiar, fot ehe ,cost

cotnparlsons of the so--caUed open cycie tot ehtow-avay cyc2e) "here the

spent fuel 1$ dlspesea of as a waste, anct of Che closed cyc2e wien
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reproce$sing and recyc2ing, Se we conslder there ts not a unique,
uniyersai economlcal preference for one optlon or the QCher, Our vXew as

the tnaJot cormpany lnvolved tn tndustrlal reprocessing and rec.yc2Xng

aeeiyities, stmply reiies upon J remarks ;

                                           '"Xt is,a good thtng that sotne research and deyelopment be cv;tenC2y

  pursued in the open cyc2e : interim storage of spent fue2, preper finai

  conditioning and geologlcsl dtsposa2. In partlcular, there ts an

  lnteresting program in progress in Sweden, that Mtli bring va2uab2e

  informaeton and expertence on these quest2Qns,

   '-  At the presene titne, the c2osed cycle includlng spent fue2
  reprocessing, Nastes conditionlng, uranium transforrnationt ,reenrlchtnene

  and fabrication, and plutonium use in MOX fuels, ts a,)vhoilM
  demonserated actlvitr, both tecnnically end tndustria22y. In parttcular

  Japan, Belgiufn, the FRG, uK, and t'rance have accunxJlated vaiuab2e

  experience on each segrnent of the fuBl cycie back-end, eiher in ehe

  fue2 cycle iadusery (reprocessors, convertors, enrichers ena fuel

  fsbricators), or ln povet generatloo. veX fuels havB bean placed ln

 power p2ants for years and the operattons haye brought conftrmation of

  the va2idiey and 2nterest of recrcitnge

 Ftlay rve stress here the impressive dstevmlnatton of the CZapanese

 pluton2um uttllzation ptogram ? Zn JZapan, ehe plutonium use･ls cieady

 progranrned for FeRs, ArRs and the corrmereisi-scaie £ecyciing in L)VRs.
  Xn patticu2ar, the dep2oytnent of capanese MeX secyc2ing relles tipon a

 rnose reasonable scheduie, tnciuding demonstrat2on tests in a PWR and a

 g}-(R, then fuil sca2e utillzat2on.

"tn ehe condieions of an adyanced nuciear country such as france, we

 have tnade a thorough' examinaelon of the prospective evo;ut2on of the

  fue2 cycle components snd the resulting eyoiution of coses, Xn order to

 anaiyze the fue2 cycie cost pet klth, on e discouneed basis. rhe tneChod

  noe such ecoriomical calculatiens has been desccibed in the exceUent

  work published by OECD/NEA in 2S65 : "rhe economtcs of nuciear fue2

  cycle", Using ehis wtde2y recognked approach tre have made eur propet

 comparison of the fuei cyc2e costs associaeed with the twa opti,ofts
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avallable for the bdck-end, reprocessing!recycling on the one hand, ana

once-through on the oeher. For the tecxcUng route, we re2.y strong2y

upon our in-house iRdustrial and operat2ng expertence. In particulas bve

can conNdently announce sign2flcaUye reduc"ons in prtces for
reprocessing seryices, noX fuel fabricatlont and reprocessea urantum

reercling, £or the second part and ZaCe 9a's ; ,

･- Eor repro"cessing COGE7dA has already mentloned that after the present

  base--2oed period, ehat ts from 2SS9 onwardse a 30-40 Af deCrease in

  reprocesslng prices rvIU be orfered. Quite obviousiy these favourabls

  conditions wlll be offefed ftrst to the present base-load customers.

n- ln the t,fOX fabricatton fteld, CeGew hes started the construction of

  ehe MELOX fac221t)t (10e t!yearj ln Marcoule. The capacity of Chis

  plant, seyera2 times the present pZants capacityt vl12 entall a

  subseantta2 beneNt in production cost reductton.

- For enrichmene o£ Rep U, the 2esef enrichment tecnntgue )vLtli otrer a

  signlNcant econetntc itnprovement oyer the present condittons.

On the other stde, for the once-ehtough 'routet a nua)ber of
uncertainties remain associatea wlth the future cost evoluClon, due eo

ehe 2ack of actuei accumulated expertence. And 4t ls fact of history

ehat actual costs exceed the expe¢eed ones.

Sased on current flgures our econotnlc calculatlon shows a sUght

adyant6ge (4 pt2 in the discounted cost per k)vh of the fue2 crcle ror

ehe reprocesstng!recycUng 'route slnce, in our condZbions, the yaiue of

the recycZed tnaterla2s exceeds Che dlfferencs in cost betiveen

eeprocessing and ehe once-through back-end.

                                    '
ro sumerize, teptocessing and recycllng ls economica2iy cotiveCitive

with the ene-tthrough option, it keeps open ehe cheices for eha futura

progress of nuclear energy, te protects better the enylronment,

prevents more effectlvely from nucleat pro2iferation, and gains a more

favoursb2epublicacceptance. ,
Our responsibi2itM towards future generattons is to transu}it them a

safe and efftciene nuciear pover generet2on syseem, wlth aZ2 the

questiops properly answered, tnciuding the nnai disposal of "asees

inseead of Zeaving them with a problsm to handle. Preper separaeton and

condieioning of nuc2ear wastes from vaiuabie fissZie maeerta2s to

recyc2e, ts the rationa2 ansket for the 2ong eerm.
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Concluslon

                                                            '
The varlous actors ln the nuclear power industry haye responsibX2Xeies eo :

                                                                     '
-improvethesafetyofthenuciearin$taliations; ,
p- ensure competitiveness frith the alternate energr sources ;

e- obta2nacceptancefromthepubllci . t
- manage the nuclear energy srstem 'in a vax which tespects the environrnent,

sXntraetfteegytibUyCi:ear fUel CYC2e, CU(;Et'tA a5 a maJor company has a respenslble

              '            '

- pursalng an ecttve poUcr of deye2opment tn the yarious step$ oS ehe fuei

  cxcle to prepare the future, thanks to ehe large R a D prograns perforrned

  by the CeA ;

- geiying upon a high-tech engineer2ng expertise, ln particuiar vith its

  subsidiarySCN; -.
-iapiementing ehe titne2r investments in acco"dance iv:tth the tnetket needsp

  the most recent decision being the MELOX planC fer MOX fuel fabrlcatlon ;

-cooperae2on with ehe ueille2es Sn viev of reductng ehe nuclear kY-f? cose

  through optimization ef ehe fuel cycie expenses i

- maintalning a eonpetltiye market wtth as 2itt2e restriceions as pessib2ee

  co}mpatibie with the nen･-proUferetion concern ; '
- promoeing a reasonabie, sdfe and demonsttaeed so2utton for the back-end of

  the fuei cycZe, vhich ensures an opetfixJm condleloning of the nuc2ear

  blastes, ana sayes the preclous r2ssile materlais, keeplng open Ctie

  promising prospects of the future deye2optnene of nuclear energx.

Bexond the present turbulences occurring in the fuel cycie lndusery and

,,vezkee wui'2dwide, ,ye th.tnk thae boeh producers and utllit2es tnust teeal.2 the.v

Nork for the sarne objective : ensuring an lrnproved source of energy eo

msnkind fot now and ehe tlmes to come.
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原子燃料サイクル戦略ど課題

関西電力㈱副社長飯田孝三

（序言）

　只今ご紹介頂きました関西電力の飯田でございます。本日私に与えら

れましたテーマは、「原子燃料サイクル戦略と課題」ということでござ

いますが、先程、動燃事業団の林さんの方から、　「原子燃料利用体系の

展望」ということで、主として国の立場から、技術開発のあり方を中心

にお話がございましたので、私の方からは、ユーザーとしての電気事業

の立場から、お話を申し上げたいと思います。

　永野議長ざんからもご紹介がありましたように、私は、関西電力の副

社長でありますと同時に、わが国の電力会社の連合機関であります電気

事業連合会において、原子力に関する方針策定を行っております原子力

開発対策会議の委員長でもございますので、そういった観点からお話で

きることと存じます。

［1．基本的な考え方］

　きて、原子燃料サイクルについて考えます場合に、その前提となりま

すのは、「なぜ原子力を開発するのか」ということでこぎいますので、

まず、わが国が原子力を開発する必然性、必要性について、お話申し上

げなければなりません。とくにソ連のチェルノブイル事故を契機として、

国際的にも、国内的にも、原子力に対するパブリック・アクセプタンス

の問題の重要性がますます高まっており、私共電気事業者と致しまして

も、この問題、即ち原子力開発の基本的考え方をより広く一般に理解し

て頂くことが目下の最重要課題の1つと考えまして、積極的に取組んで

いるところでございます。

（エネルギーと原子力）

エネルギー問題という場合に想い出されるのは、今日あとでお話に
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なられる岸田純之助きんのご意見であります。先生によれば、現在は

第3次産業革命ということで、18世紀後半からの英国の鉄鋼業を中心

とする第1次産業革命、19世紀における近代工業社会の形成、即ち第2

次産業革命に対して、今始まりっっある第3次産業革命は、技術の複

合化、統合化、融合化等を特徴とするというもので、私も興味深く拝

聴したことがございます。第1次産業革命を支えたエネルギーは石炭、

第2次産業革命を支えたのが化石燃料による電気エネルギーというこ

とでこぎいますが、第3次産業革命を支えるエネルギ「について、先

生はとくにご指摘にはなっておられなかったように思いますが、私は、

「技術エネルギー」とくに原子力エネルギーが主な役割を担うべきで

はないかと考えております。

　エネルギー資源の有限性については、つとに指摘さ』れているところ

でありますが、太陽からの贈り物、あるいは遣産ともいうべき地下の

天然資源にエネルギーを依存している限り、私共は子孫の資源をも消

費してしまうことになりかねません。従いまして、浪費するだけでな

く新しいエネルギー資源を生み出していく、といった姿勢が必要であ

りまして、現在これを大規模に可能にしうるのは原子力をおいてない

と考えている次第でございます。

　、この原子力開発について申しますと、まず第1に国内に資源が賦存

する国と、そうでない国とでは、その取組み方におのずから差があっ

て当然かと存じます。たとえば、国内に石炭、石油資源を保有する米

国、石炭資源をもつ西ドイツ、石炭と共に北海に天然ガス油田をもつ

英国と、これらを殆ど持たないフランスやわが国とでは、原子力開発

に対する必要性には、差が生じるのはやむをえないところであろうか

と思います。

　エネルギーの海外依存度と並んで原子力開発に影響を及ぼす第2の

要因として挙げられるのは夫々の国のエネルギー消費の絶対量でござ

いまして、エネルギー多消費の国ほど在来型資源に大きく依存するこ

とは許されないということになって参ります。

　原子力開発に大きな影響を及ぼす第3の要因は、その国の工業的成
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熟度でございまして、これによって、原子力開発に取組みうるポテン

シャルに差が生じることになって参ります。原子力開発が社会に受入

れられるためには、安全性を絶対的な大前提とし、これに経済性と信

頼性が調和したものであらねばなりません。このような原子力開発の

姿を外国では「エクセレンス」と称しているようでありますが、「エ

クセレンス」と一口で申しましても、それを生み出すには、底辺に磨

大な産業力、技術力を蓄積していることが不可欠の要件でございます

ので、現時点で原子力を推進しうる国は限られてこざるを得ないと考

えます。

　このような理由から、原子力は「技術エネルギー」としてエネルギ

ー資源の制約を克服しうるグローバルなターゲットであるとはいえ、

実際の取組みに当っては、夫々の国におけるエネルギーの海外依存度、

エネルギーの消費水準、産業力や技術力の成熟度、という3っの要因

に応じて、原子力を推進していくのが現実的であろうかと存じます。

このようなニーズやポテンシャルが高い国にとっては、原子力を率先

して開発していくことにより、世界のエネルギー需給を緩和さ』せるこ

と、エネルギー価格が将来高騰する場合の潜在的抑止力となること、

石油やLNGを燃料としてではなく石油化学等の原料としてより付加

価値の高い利用方法で活用するという所謂ノーブル・ユース化、など

について、先駆的な役割を果していくことが義務づけられていると言っ

ても過言ではないと思います。

　また、昨年4月に発表きれました国連の「環境と開発に関する世界

委員会」の報告によりますと、世界全体のエネルギー消費水準が高ま

り、化石燃料の消費が増大して参りますと、酸性雨の問題が深刻化す

ることが予測されております他、発生する炭酸ガスによって、21世紀

後半には地球の表面が1．5～4．5。Cも温暖化したり、海水面が25～140センチ

も上昇するといった見通しが指摘されておりますので、これらの解決

についても、原子力発電は大きな意義のあることを私共は認識してお

く必要があろうか、と存じます。
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（枯渇しない技術エネルギーをめざして）

　ところで、原子力は「技術エネルギー」であり、化石燃料の消費抑

制に大きなインパクトを与えるとしても、真の意味での資源制約の克

服に貢献しうるためには、ウラン資源を枯渇の不安のないものにする

ことによって、はじめて必要にして、かっ十分な要件になると存じま

す。

　原子力と申しましても、軽水炉によるウラン資源の利用では、370

万トン程度とされているウランの確認資源及び推定追加資源はたかだ

か50年弱で消費してしまうことになり、石油資源の可採年数と大差は

ありません。軽水炉から出てきた使用済燃料を再処理し、プルトニウ

ムを軽水炉で利用すると致しましても、約2倍の80年程度に延びるだ

けであり、本質的な解決にはなりにくいと言わざるをえません。従っ

て、ウラン資源をFBRで利用することによって、増殖さ』せるという

方策をとることが不可欠となって参ります。このFBRにより、ウラ

ン資源は数10倍にもなり、半永久的な寿命をもっことになり、資源制

約を克服することができるわけであります。これは可採年数が30年強

の石油、60年弱の天然ガス、170年強の高品位石炭と比べまして桁違

いなものでございます。

　このような理由から、私共電気事業者と致しましても、軽水炉から

FBRへの移行を、できるだけ早く進めたいわけでございますが、軽

水炉と経済的に匹敵しうるFBRを実用化することは思いの外難しく、

2～3基の実証炉を建設することにより、ステップ・バイ・ステップで

新技術の導入を図り、実用炉技術と経済性向上を確立していくことが

実際的と考えざるを得ない見通しでございます。

　実証炉1号機については、電気事業者としての推進役を日本原子力

発電㈱さんにお願いし、動燃事業団きんをはじめとする関係者のご協

力をえながら推進していく所存でありますが、その運転開始は2000年

代初めになるものと考えられます。その後必要な技術開発とその実証

に10数年を要する他、実用炉の計画・建設に10年近くを見込まなけれ
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ばならず、そう致しますと、最初の実用FBRの運転開始は2030年

頃にならざる1をえないのではないか、と考えている次第でございま

す。勿論、このFBR実用化時期2030年頃というのは、現状からみ

た展望でありまして、技術上の大きなブレーク・スルーがあれば、

もっと早まることが期待されるわけでございます。

　このようにFBRの実用化はかなり先のことではありますが、先程

も申し上げましたように、エネルギーの海外依存度が極めて高く、エ

ネルギー・セキュリティーの確保が不可欠なわが国や欧州の一部諸国

にとっては、FBRによるウラン資源制約の克服を究極的に指向して

いくことは最も重要な戦略でございますので、FBRによるプルトニ

ウムの本格的リサイクル時代までの問、プルトニウム利用技術の確立

を図っていくことに全力を挙げたいと考えている次第でございます。

　FBR時代までのプルトニウム利用の方法としては色々なことが考

えられますが、私共電気事業者と致しましては、軽水炉での利用を中

心に考えているところでございます。この軽水炉という概念には、現

行タイプの軽水炉、近い将来の改良型軽水炉の他、21世紀には次世代

型の軽水炉も含まれることになろうかと思います。なお、次世代型に

ついては、まだ具体的な概念は固まっておりませんが、炉心をより高

機能にしたものをイメージしておりく転換率が高くプルトニウムの有

効利用、FBRへの円滑な移行という長所をもっと言われている高転

換型軽水炉（HCR）も1っのオプションになろうかと予測ざれます。

　いずれにせよ、私共電気事業者としましては、炉型開発、プルトニ

ウム利用の両面について、「軽水炉からFBRへ」という基本的な方

針の下に、少数炉型主義で対応したいと考えております。その理由は、

軽水炉1っをとりましても、その成熟化に30年という長期を要した

わけでございますので、安易に多数炉型主義をとりますと、安全性、

経済性、信頼性の3っを備えた「エクセレンス」な原子力開発を確立

しにくいこと、プルトニウム利用について国際的、国内的パブリック・

アクセプタンスをうるには、できるだけシンプルな路線をとった方が

よいこと、などが背景となっております。
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　とくに、プルトニウムの軽水炉や将来のFBRでのリサイクルにっ

きましては、世界的なエネルギー需給の一時的な緩和や核不拡散問題

の高まりの中で、かなり難しくなっておりまして、リサイクル路線を

とる国は、当面特定の国々に限定きれる見通しでございます。従いま

して、これらの国々が技術協力と核不拡散強化の両面で英知を出し合っ

ていかなければ、リサイクルによるエネルギー資源制約の克服という

将来の「灯」を消してしまうことになりかねません。このようなリサ

イクル方針が国内外で十分な同意が得られるよう、私共電気事業者と

致しましても、最善の努力を払っていく所存でございます。

［2．戦略と主な課題］

　以上のような基本的な考え方に立って、私共電気事業者として、ど

のような原子燃料サイクル戦略を考えているか、またそれをどのよう

に具体化しようとしているか、にっきまして、次にお話申し上げたい

と存じます。

（三二サイクル戦略）

　まず原子燃料サイクルに関する戦略についてでございますが、私共

電気事業者と致しましては、軽水炉主流時代の一層の長期化を前提と

しっっ、FBR時代への移行の円滑化を念頭において、エネルギー・

セキュリティーを飛躍的に高めていくことを目指して、柔軟で、しか

も弾力的な戦略を構築していきたいと考えている次第でございます。

　現在からFBR実用化時代の2030年頃までを長期的に展望致します

と、多くの不確実性が予測されますが、その中でリスクとして考えて

おかなければならないものは、石油やウランの供給における一時的な

中断や相当期間に亘る停止、きらにこれらに随伴したり、あるいは独

立的に生じる価格の高騰でございます。石油とウランの価格動向は必

ずしも一致しておりませず、石油の方がより政治的な影響を受けやす

いために、一時的な言行現象も生じるわけでありますが、長期的な趨

勢をみると、ウラン価格は、石油価格動向に引っ張られながら推移し
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ていくものと予想されます。石油価格にっきましては、現在は15～1

8防／舟協の低水準で推移しておりますが、長期的にみますと、「エ

ネルギー経済研究所」等の見通しにありますように、かなり上昇して

いくものと考えられ、ウラン価格も多少の上下を繰返しながらも、全

般的にはこれに追随して上昇トレンドを示す可能性が考えられます。

　従いまして、私共電気事業者としましては、ウラン価格動向への対

応をベースとし、これにウラン供給の中断・停止の可能性への対応を

加味した原子燃料サイクル戦略を組み立てる必要があるわけでござい

ます。

　後者のウラン供給の中断・停止、あるいは価格の一時的急騰といっ

た、主として政治的要因に起因する問題に対しては、原子燃料サイク

ル二段階におけるストック・パイルの活用によって直接的には対応す

ることとなりますが、間接的な対応としても、ウラン供給源の分散、

濃縮の国産化率の向上、プルトニウムや回収ウラン利用によるウラン

依存そのものの低減といった対策も考慮しなければならないと考えて

おります。

　一方、前者のウラン価格が上昇基調を辿る事態への対応としては、

プルトニウム及び回収ウランのリサイクル路線、即ち軽水炉からFB

Rに至る過程でのプルトニウム等の有効利用及び増殖サイクルの確立

という中長期的な対策が必要になってくると考えております。

（原燃サイクル上の課題）

　以上申し述べました原子燃料サイクル戦略を踏まえまして、私共電

気事業者が当面しております具体的課題について、次にお話致したい

と思います。

　原子燃料サイクルは各段階に亘りますが、その中でも私共は基本目

標として、商業的な原子燃料サイクル施設を建設することにより、エ

ネルギー・セキュリティーの技術的及び社会的基盤を確立すること、

それらの経済性を同時的に追求していくこと、ざらに、未確立である

高レベル廃棄物処分のシステムを確立して原子燃料サイクルに対する
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社会的な理解を高めていくこと、の3点を掲げ、これを重点的に推進

していくことに致したいと考えております。このような基本方針を踏

まえっっ、私共が考えております原子燃料サイクル上の課題について、

以下に個別に述べてみたいと存じます。

（ウラン精鉱）

　まずウラン精鉱にっきましては、わが国電気事業者は2000年頃ま

での必要量について、長期購入契約を中心として確保しております

が、エネルギー・セキュリティーのため、危機発生時においてそれ

に対応しうるウラン鉱山の新規開発が出来るだけの余力をもってお

く必要があろうかと思います。ウラン鉱山の新規開発には初期的な

探査段階から計算致しますと10－13年を要しますが、一定の探鉱段

階に達した鉱山であれば、8年間程度で生産に至ることができます

ので、これで危機に対応しうるだけのウラン精鉱のストック・パイ

ルの手当てと供給の多様化を進めたいと考えております。なお供給

の多様化に当っては、供給を受ける相手国の分散どいった水平的な

多様化を中心としっっ、長期購入契約、スポット契約、開発輸入と

いった供給方式の多様化一これは垂直的な多様化と言えるかもしれ

ませんがFこういつた考え方も取り入れたいと存じております。

　（濃縮）

　次にウラン濃縮に関しましては、当面1991年に遠心分離法により

青森県六ヶ所において1，500トンSWU／年の商業工場を運転開始き

せることに重点を置いております。この工場は当初はマルエージン

グ鋼による遠心機を採用する予定でありますが、経済性を高めるた

めに、1995年頃からはCFRPによる遠心機を採用致したいと考え

ているところでございます。これらの技術にっきましては、動燃事

業団ざんで培ってこられた技術開発の成果を積極的に反映して参る

所存でございます。この第1工場の他、同規模の工場も将来建設す

る考えでありまして、2000年代に入った頃には第1、第2工場を合

わせた供給能力3，000トンSWU／年によって、国内需要の1／3が自
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給できる見通しでございますが、この第2工場にレーザー濃縮法を

組み入れられるかどうかが重要な研究課題となっております。

（燃料加工）

　第3に燃料成型加工にっきましては、軽水炉でのウラン燃料につ

いては技術上の問題はほとんどございませんので、今後は経済性の

向上に重点を置きたいと考えております。また軽水炉でのプルトニ

ウム混合燃料やFBRの本格実用化までの混合燃料の成型加工にっ

きましては、動燃事業団きんの技術を活用しっっ、民間の活力を生

かす方向で進めたいと存じております。

（再処理）

　第4に再処理についてでございますが、これは原子燃料サイクル

上の要とも言うべきもので、わが国としましては、使用済燃料は再

処理し、プルトニウム及び回収ウランの利用を図ることを基本方針

としていることは、最初に申し述べた通りでございます。この一環

として、1990年代半ば頃に800トン／年の商業再処理工場と当面

3，000トンの貯蔵能力をもつ使用済燃料貯蔵施設を運転開始きせる

べく、現在フランス、英国等の協力も得て設計作業中でございます。

この工場から回収きれるプルトニウムは、FBR等の研究開発計画

用に用いる他、軽水炉での混合燃料に充当していく考えであります。

　この800トン工場によりまして、2000年頃には、国内で発生する

使用済燃料の1／2程度を国内で処理する体制が整うわけでござい

ます。この六ヶ所工場に次ぐ再処理計画としましては、プルトニウ

ム需要に応じて弾力的に再処理を行うということを基本に致しまし

て、再処理能力を上回る使用済燃料は、一時貯蔵のオプションを含

め、柔軟に対応していくことを考えております。第2工場にっきま

しては、使用済燃料の貯蔵状況、ウラン価格の動向、再処理経済性

の進み具合、燃料の高燃焼度化計画の推移などをみながら具体化を

図っていく考えでございますが、当面は2010年頃の運転開始を1っ

の目安と致しております。
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　　（廃棄物処分）

　第5は放射性廃棄物の処理・処分についてでございます。このう

ち原子力発電所から発生致します低レベルの廃棄物にっきましては、

青森県の六ヶ所における最終貯蔵施設におきまして、1991年頃から

処分を開始する予定でございます。

　一方、再処理工場から主として発生致します高レベルの廃棄物に

っきましては、ガラス固化し、再処理事業者が30～50年間一時貯蔵

した上で、地層処分することを基本シナリオとしております。この

処分が適切かっ確実に行われることについては国が責任をもっこと

ときれておりますが、この実施にかかわる必要な経費は、発生者で

あります電気事業者が負担することとなっております。

　高レベル廃棄物の処分そのものは技術的に可能なわけでございま

すが、必要となりますのは2030年頃からと、まだ時間的余裕がこぎ

います。その間、国民的合意形成の観点からも具体的な実施方策を

明確に示していく必要がございますので、今後、固化技術や貯蔵・

処分技術の開発について、動燃事業団きんを中心に促進して参ると

共に、処分の具体的なサイトについても、先行的に地点調査を行い、

将来設立きれます実施主体による処分予定地の選定へとつないで参

ることになっております。この他、処分に関する国及び実施主体の

責任の明確化を図るための法令の整備が必要になって参りますし、

処分費用の確保にっきましても、処分の具体的方法の確立を展望し

ながら、確度の高い必要額を算定し、これに基づいて積立方法など

の対策に取り組む必要がございます。

（技術開発の進め方）

　以上、原子燃料サイクルの確立のための具体的な課題について、

個別に申し上げて参りましたが、全般を通じて申せますことは、将

来のFBR実用化時代へ向けて原子燃料サイクルの自立化を図るこ

とが基本的なターゲッ・トであると申せるかと存じます。

　このためには、まず技術の確立を図ることが不可欠でございます

が、これにっきましては、動燃事業団さんを申心とする国の機関と
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私共電気事業者を中心とする民間とが役割分担を行っていくという

ことが、わが国の推進方針であろうかと思います。

　技術の開発には基礎段階、原型プラント段階、実証段階、実用化

段階の4つが考えられますが、このうち国においては原型プラント

までの段階に力を入れて頂きたいと存じております。この他、国は

規制に関する責任をもっておりますので、安全規制や基準化に関す

る技術の開発も併せ行って頂くことになります。一方、民間におき

ましては実証段階以降に重点を起きまして、ユーザーとしてのニー

ズを明確にした上で、大学や国で培ってこられた技術シーズの活用

を図っていくことになりますが、この場合、効率性や経済性が重要

な判断基準になるかと思います。

　このような役割分担を前提と致しますと、原型プラント段階から

実証段階に至る過程で、国から民間への技術移転という問題が生じ

て参ります。原子燃料サイクルにっきましても現在、濃縮、再処理

等多くの分野で、早急に技術移転を図っていくべき時期に至ってお

りまして、動燃事業団きんと民間事業者との問で、共同研究、技術

者のシフトなどに関する具体的なお話合いが行われているところで

ございます。

［3。国際協力の重要性］

　さて、これまで「基本的な考え方」、原子燃料サイクルに関する

　「戦略と主な課題」について、私共電気事業者の基本的な考え方を申

し上げて参りましたが、最後に原子燃料サイクルを推進していく上で

の「国際協力の重要性」にっきまして改めて付言きせて頂きたいと存

じます。

　最初にも申し上げましたが、エネルギー需給の国際的な緩和傾向の

下で、現在原子力開発に積極的な計画をもっている国は少なくなりっ

っあり、この中でもとくに原子燃料サイクルを行ってプルトニウム及

び回収ウランのリサイクルを実施しようとする国の数はさらに少なく

なっております。1973年と1979年に起こりました第1次及び第2次の石
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油危機の教訓も、それから長い年月を経るに従って忘れられようとし

ております。米国のスリー・マイル島での事故、2年前のソ連のチェ

ルノブイル事故によりまして、原子力開発意欲そのものが著しく弱ま

りっっある観すらみられるところでございます。とくに米国における

原子力開発の後退は、原子燃料のリサイクル路線に対して大きなマ・イ

ナスのインパクトとして働いていると申せましょう。

　このような厳しい国際環境の中で、国内に資源がなく、エネルギー

消費水準が高いために原子力開発、なかんずく原子燃料のリサイクル

を図っていかざるをえない国々は厳しい試練に立たされているわけで

ございます。これらの国々がこの試練を克服致しますためには安全性

の確保に最大限の努力を引続き行うことを大前畢としっっ、技術開発

や核不拡散強化にっきまして、自ら積極的な役割を果していくことが、

地道ではありますが基本的な進め方ではないか、と痛感している次第

でございます。

　たまたま2月に米国を訪問する機会がございまして、米国の原子力

関係者と親しくお話することができましたが、その折に感じましたこ

とは、「日米原子力協定」の改訂をめぐりまして、核不拡散問題に対

する厳しい見方が広がりっっある、ということでございます。核不拡

散の強化の必要性については、私共も全く同感でございまして、今回

の改訂も、包括承認問題とあわせて、核不拡散に対する積極的協力が

含まれておることを、もっと分り易く一般に理解きれねばなりません。

　こうした核不拡散といった世界平和を指向した問題は、個々の国々

において推進していくのは当然ではございますが、これでは国際的な

理解形成にとって限界がありますので、国際的なフレーム・ワークづ

くりを行い、その中で具体化を図っていくことを考えなければならな

いと存じます。

　原子力の安全面については、現在英国CEGB総裁マーシャル卿

の提案により、原子力を推進する世界の電気事業者が集まる原子力発

電事業者国際協会（WANO　World　Associati’on　of　Nuclear　Opera

tions）の組織づくりが行われておりますが、この他に核不拡散問題
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をも含む国際的なパブリック・アクセプタンスを増進していくための

組織づくりも必要ではないかと考えているところでございます。

　このようなフレーム・ワークづくりに際しましては、世界で唯一の

原爆被爆国であり、原子力は平和利用以外には絶対用いないことを世

界に向かって宣言しておりますわが国としても、官民一丸となって、

積極的な役割を果していかなければならない、と考えております。そ

の過程で私共電気事業者と致しましても、全面的な協力を惜しまない

覚悟でございます。このことを最後に申しまして、私の講演の締めく

くりとざせて頂きたいと存じます。ご静聴、誠に有難うございました。

（完）
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FU[IIURE PROSPECTS FOR THE NUCGEAR FUEL CYCLE

rNmRoDucTzoN

    ust WLWIk
Btlzl,SEIglLNyg;Lgglptg;Ls.}2!Lgt hN l F 1 l

1.

2.

The industrial scale nuclear fueZ cycle is about thirty
years old, the cornponent technologies having been
iargely inherited from earlier military plants. Early
developrnent was primarily 'technology-driven' by what
was considered to be technically feasibie within a
particular timescale and with little regard to costs.

As nuclear power and its fuel cycle have emerged into
the economic field, increasing attention has been paid
to the development of processes and plant which reduce
costs. Fuel cycle developrnent has now passed from
being primarily 'technology - driven', that is where
costs are of minor importance, to being tcost-driveni
whereby the principal incentive for technical
development is to reduce cost.

3. The desirability of cost reductions would be a driving
force for deveiopment even if nuclear generation were
to be considered in isolation. The economics of
nuclear electricity must however, be weighed against
competitive means of electricity generation in each
country, according to its energy policies. For
reprocessing and recycle, perhaps the most important
comparison is against the 'throwaway cycle', in which
unreprocessed spent fuel is disposed of perrnanently,

4. FUEL CYCLE COS[!?S

SLIDE 1

The principaZ parts of the fuei cycle and their
costs are shown in Slide 1 which refer to estimated
costs for a PWR, burn-up 49 GWd/tU to be commissioned
in the year 2000.
                     TABLE i

P/ wwh

U ore
       ,Convers:on
Enrichment
Fuei Fabrication
Spent Fuei Management
U Credits
Total

 O.22
 O.02
 O.14
 O.05
 O.05
.<-9.-9-IL)-

 O.47

These are life-time costs discounted at 5g with
reprocessing assumed to start 25 years after reactor
operation. rf reprocessing starts 5 years after
operation the baek end costs would be increased by a
factor of 2.5.
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SLIIE la

SLIDE 2

The sensitivity of prices to various factors is shown
inslidelat(eqit'7d.) '

A more realistic situation however is given in Slide 2.

        rmCEN!IIAGE ua FUEI[, CYC :IE CDST BREAKDC

    ,Uranlum Ore

Purification & oorrversion

Enrictmmt

IFUel Fabrication

Spent ]inel T)ransport

RecRipt & Storage

Fuel Iinreakdown & Dissolvrt ion

Chemical Separation

Uranium & Plutonium Finishing

rnterim Waste Storage

HAW Vitarification & Storage

ZrlV Erlcapsulation & Storage

Waste Disposal

Uranium & Plutoniurn Recycle

Spent ]FUel oonditioniruy/Disposal

mmS [NG
  overE

    ig

 40

 2

 27

 IO

 2

 2

 8

 8

 1

 2

 4

 3

 1,

-10

omos THRouGH

  ovCLE

    rg

   45

    2

   29

   11

    2

    8

    3

                                 IOO 100
NCY [ES

1. uranium ore levelised price of $32/]lo U30s.

2. Costs based on 25 years operation of fuel cycle faciiities

3. Major parameteis taken from NEA/OECD Report. The Economics

    of the NUclear Nel tye!e - ua Re£erence dase.
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5. Zt is easy to point to the high cost items from the
list and suggest that R&D must be done on these in
order to reduce the costs. However it is much more
difficult to identify known technology which should be
applied to the problern and even harder to select areas
where radically new technology could, with some
assurance, result in cost reduction. This is partly
because R&D is a risky undertaking and parUy because
development of new technology for replacing existing
facilities is extremely expensive. Nevertheless it is
worthwhile to consider each item in the fuel cycle
individually.

URAN:UM

SLIDE 3

6. A large contributor to cost is the uranium itself which
indludes exploration/mining, ore processing and
transport. Uraniurn is very wideZy distributed, but can
at present only be economically recovered where high
concentrations are found. Typically, wor)<ed ores
contain between O.1 and O.5rgU, although rare (and
usually small) deposits may be rnuch richer than this.
rt is unZikely that the unit cost of either open-cast
or underground mining raethods can be significantly
reduced.

7. Exploration for pranium resulted in new discoveries in
the late 1970's and eaTly 1980's just as did a simiiar
need for new oil resources after the OPEC price rise in
1973. Newly found deposits could reduce the cost, if
they were relatively high-grade and accessible for
transport. AlteTnatively radical new technologies
could contribute to uranium extra,ction from very low
concentrations e.g. from sea-water but this is
unlikely.

8e :raprovements in the existing technology of ore
processing and transport oE UOC is considered unlikely
to affect economics significantly. We are therefore
led to the conclusion that exploration is the key to
(?.seC{lvv le.Yr Uranium prices.

coNvERsroN

SLII]E 4

9o Costs of conversion comprise only a small fxaction of
the total and even a radical improvement in technology
will not affect fuel cycle costs significantly. This
stage is not therefore irnportant.

ENRTCHMENT

SLII]E 5

IO. Enrichment comprises about a quarter of fuel cycle
costs. Large quantities of material must be processed
and, ultimately disposed of as depleted uranium. !n
enrichment technology, probably more than in any other
part of the fueZ cycle, the effects of cost-driven
development can be ciearZy seen and have been very
successful.
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ll.

l2.

13.

14.

FUEL

Given a common cost of power, diffusion technology will
always lose out to more sophisticated ways of enriching
uranium e.g. using the                      centrifuge. The lowest power
consumption will come from the laser process AVUS
which expends energy on the U-235 atom only and not on
the other 142 unwanted atoms of uranium. Howeverr in
practice what is needed is a process providing a
product which is cheaper than competitive technologies
taking into account all the factors, including capital
cost, power consumption, power costr etc.

Whereas the AVLIS process is in energy terms the best,
engineering this on the industrial scale poses severe
difficulties - which are reniniscent of fusion plane
problems which are only now moving towards resolution,
after a vast expenditure over many years. Mhe
molecular route is much less energetically favourabie
but poses process engineering problems which are
significantly simpler but it does not appear to be as
proMising as the atonic route.

Numerous enrichment techniques have been developed in
theory and at laboratory-scale e.g. electromagnetic,
go.gkigfi,g･ Rsgiggi.2xeeg"gei,gag.e.r;,X": .se:x.g･ g2 ggxfi.,

namely diffusion and the centrifuge. Of these two,
diffusion represents a large proportion of global
capacity but has both higher capital and power
consumption than the centrifuge and can only be
competitive at very large scale and with cheap
electricity.

Current estimates of the SWU cost. of AVL:S are of the
order of 20 - 25rg less than those for diffusion and
the centrifuge. Timescale estimates are difficuit to
predict but an industrial--scaZe plant must be unlikely
befoTe the year 2000. Furthermore, it is unlikely that
the true development cost of AVLrS will be reflected in
product pricing, which is similar to diffusion process.
Only for centrifuge development has there been a close
relationship between development and engineering costs
and the product price.

FABRrcATroN

SLIIme 6

15. Fuel manufacture accounts for about 10rg of total costs.
Cost reduction attempts are beset by two ma±n prob!ems
- !t;iL!ls!Etytl , a significant impact on fuel cycle costs can
only be made through proportionately large savings in
fueZ manufacturing and, Es!gs!gpgszcondl , process inputs and
outputs are strictly defined and the manufacturing
technology is the best understood of all the fuel cycle
technologies. There are a number of caveats to this
tiXG gfirng:X･,20ggXegi ,.:hg.e2gigR"･ gn8,prg･ fie:s.fi.rap,g;yg,uF6

ways, each probabZy capabZe of some improvement. The
iaser process, if developed, will use U metal and the
ggg:･ fi,gO(g･ 2a.:gSt,2ii8.es,2･ ggc?･ gfi 2g.dx 2?gtx:;ing

ultimately not be that it is economic with respect to
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     the centrifuge or diffusion per se but that it provides
     a lower cost route from natural UOC to finished fuel).
    Major savings have already been achieved (-20ig) in
     converting UF6 to U02 by the invention o# the
     rntegrated Dry Route (IDR).                                 Further savzngs are
     foreseeable but by means of automation and scale
     rather than by revolutionary new processes.

16. However the main point is that fuel can be developed
     for higher burn-ups and ratings, thus reducing the
     contribution of fuel fabrication to unit electricity
     costs. This is the main development goal.

FUEL TRANSPORT

SLIInl 7

17. Fuel transport accounts a very small proportion
cycle costs and, although there are substantial
in absolute terms to be made, for instance, by
higher payload flasks, no significant effect on
cost is likely.

 of fuel
    , savlngs
building
 overall

SPENT FUEI, STOIUNGE

l8e Storage accounts for a very minor part of the cost of
the reprocessing cycle but substantially more the once
through cycle -- the difference being the length of
storage time, about five years for reprocessing and
about fifty years for the once--through cycle. Again
only marginal effects on the total costs can be
envisaged, whether storage is wet or dry; but
significantly greater space utilisation is undoubtedly
possible.

REPROCESSrNG

19.

20.

21.

                            OYLt' .ct V"
Reprocessing can account for netttrpEley 20rg of fuel cycle
costs this could well be an area capable of
considerable optimisation resulting in capital and
operating savings.

The fuel release technique exciusively used in oxide
reprocessing is shearing - generally whole element
shearing. There are rRany disadvantages; the rnechanical
equipment is buZky and cornplex, it requires frequent
maintenance/replacernent, it can lead to high fuel
losses and a large building is needed. Shearing and
dissolution is a costly process accounting for nearly
10rg of the fuel cycle costs.

There is considerable seope for simplifying the fuel
release/process e.g. by laser cutting which has been
demonst'rated for fast reactor sub-assemblies, rf
single--pin methods can be devised, capable of the high
throughput rates required in a large reprocessing plant
then a number of downstream benetits would accrue in
addition to reducing fuel losses and the building size
e.g. continuous dissolution would be rnade easier by
uniform fuel feeds and eli,mination of bulky components.
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22.

23.

Continuous fuel dissolution should need less space and,
hence, a smaller and cheaper building than batch
dissolution but it requires substantially greater
uniformity of feed in order to function optimally.
Current designs for continuous dissolvers lack
intrinsic reliability and development of
maintenance-free designs without moving parts is
recluired.

Clarification of dissolver liquor is necessary to
remove smalZ cZadding and insoluble fission product
fines. ence again the princ±pal method using a
centrifuge requires bulky equipment and
maintenance faciiities. rdeally development would
centre on a small maintenance free technique which
would be more robust, e.g. towards seismic design
criteria.

CHEMrCAL SEPARATION

24. The basic process employed throughout the world for
chemical separation is the PUREX process and it is very
likely that this will continue to be the case. There
is, however, still considerable scope for further
improvements leading to reduction in capital and in the
totaZ fuel cycle costs. Particularly important are
developments resulting in smaller, more reliable piants
and equipment, requiring simpler maintenance, and
giving iower effluent levels. There are many
possibilities but some examples might be
intensification, that is the development of smaller
equipment, improved and automated control systems and
new flowsheets for processing and co-processing high
burn-up, and plutonium - enriched thermal and fast
reactor fuels.

25. As uranium recycle, in particular, assumes greater
importance there is an optindsation to be achieved
between obtaining greater fission product
decontaminatibn factors in the solvent extraction
process and the extxa cost incurred in conversion to
UF. and fuel fabrication. With higher activity
reUycled uranium the requirement is chiefly for
containment and enhanced automation. rn principie, a
similar argument applies to enrichment plant, where
reprocessed uraniura may be re-enriched, but blending of
fresh and recycled material could avoid this stage.

PRODUCT FrN:SHTNG

26. Uranium and plutonium finishing contribute little to
     the fuel cycle cost. Tt is unlikely that a rival will
     be found for conversion of uranyl nitrate to UO. and it
     is considered that, at best, only marginal proc6ss
     improvements will be made with little effect on overall
     cost. Deveiopment in Pu finishing would also have
     littie effect on overall cost but could have an
     important contribution in improving the physical
    properties of the product, giving greater equipment
     reliability and reducing operator dose. rt should also
    be noted that the Pu in storage will almost
                         N-4- 6



certainly require a purification stage prior to
incorporation in fuel, because of the amounts of Am
grown-in, and development is necessary.

WASTE MANAGEMENT

SLII]"! 9

27. rnterim HA waste storage contributes only a minor
'back-end'cost, this i$ needed primarily for newly
separated HA liquors to decay to the levels required
for vitrification. NoveZ technology is not expected to
make a significant contribution to cost reduction.

28. However waste treatment is a significant contributor to
total fuel cycle costs. Much of the fundamental
process deveZopment work has been done in identifying
the processes for solidification of wastes, that is
vit:ification for HA liquors and encapsulation in
cement for intermediate level wastes. rt is unlikely
that a radically new technology or uaatrix will enable
significant cost savings to be made and most
development effort should be targeted towards lower
capital costs, better engineered maintenance free
systems and dose reduction. rt is to be noted that
the number of stores required for encapsulated and
vitrified material - and hence capital cost - depends
upon the date of final disposal.

FTNAL WASTE DISPOSAL

29. Zt is generaily agreed that the sooner a waste
repository for final disposal can be made available the
better. Although by itseif it contributes only minor
costs, early provision of facilities could reduce
interiva storage costs appreciably. Thus, urgent
development is required in parallel with the gaining of
public acceptance.

FUNCTrONAL ,DEVEImoPMENT
,

SLII]E] 10

30. rn addition to the detailed processes and their
associated plants and equipment, there are a
substantial number of generic engineering axeas which
affect ali technologies. Two major examples are
rnstrumentation and Control and Materials. rt is
considered that there is considerable scope for
improvement in these and other areas, for example
sirnulation and modelling, Remote Handling, Risk and
Safety Assessrnent and Vessel and Piping Engineering.

DTSCUSSTON AND CONC[USIONS

31e The first general point to be made is that whereas
improvernents to the front-end of the fuel cycle wili,
not have a great effect on overall costs they can be
retrofitted into existing plants without rnuch
difficulty, This cannot be achieved in many parts of
the back-end without enormous difficulty. Therefore,
the back-end plants have to be right first time.
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32.

33.

34.

35.

36.

The second general point is that reduction in the
overall nuclear fuel cycie costs - important in
competition with coal, oil, gas, etc - can best be
achieved by developments targeted on an integrated
view,, rather than one in which constituent parts of the
fuel cycle are developed in isolation.

The third general point is that the component costs
e.g. uranium price, are subject to large fluctuations.
The sensitivities of various factors to price changes
is illustrated at Fig. Z.

The very high capital cost of reprocessing plant and
its infra-structure means that relatively few wilZ be
built and that they will be operated over lengthy
periods - probably in excess of 30 years. BNFL is
currently building its Third Generation reprocessing
plant, having been in the business for nearly forty
years.

Reprocessing plant construction and operating costs can
be confidently forecast to increase in real terras
unless plant and equipment can be made smaUer, can be
operated with fewer people, and are not subject to
unnecessarily stringent safety standards.

Taken together, these arguments lead to the conclusion
that targeted development work should be cost effective
and must be done. The work should be done
continuously. A$ stop-start poiicy is wasteful of
resources and maY well be counter-productive.
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原子燃料新時代へ向け．て

財団法人　日本総合研究所

　会　長　岸　田　純之助

　日本の原子力発電は1987年，発電比率で総発電電力量の31．7％，j設備利用率も79．2

％と，これまでの最高を記録した。原子力平和利用の分野では，世界で第一纏の実績をあ

げる国になった。日本の原子力開発は，さらに一層の成熟を目指して，新た．な展開をつげ

る段階に達したといえる。

　1987年に作成した原子力開発利用長期計画も，こうした実績を背景にして，基軸エ

ネルギーとして原子力を位置付け，この分野でも国際社会への貢献を果たすべき役割を日

本が担っていることを指摘している。第一級の技術的，経済的能力を持つに到った日本は，

第二次大戦後遅れて出発した原子力の分野でも，ようやく遅れを取り返して，先発国と肩

を並べる段階に達したということである。

　今後は自主的に自前の技術の開発に努め，原子力利用が社会にますます定着していくよ

う努めなければならないのだが，そのためのこれからの具体策を決定するにあたり，以下

のような5つの視点が重要だと考える。

　第1は，原子力利用に専念する技術先進国として，常に平和利用の観点から原子力技術

の有り様を吟味する態度を堅持することである。

　周知のとおり，原子力開発はすでに半世紀に近い歴史を持っている。ただ先発諸国の多

くは，核兵器の実現という軍事目的から研究開発に着手した。初期の段階では，もっぱら

軍事開発に重点が置かれていた。その後，平和利用の技術も実現したが，全体の技術体系

を見ると今もなお軍事利用の“尻尾”をつけているという印象を否めない。高濃縮のウラ

ン235を確保し，高純度のプルトニウム239を実現して，性能の良い核兵器を作ることが最

優先され，それ以外の技術の開発については，それよりは低い優先度が置かれてきたと受

け取れるのである。

　核燃料サイクルのバッ．クエンドで特にその感が強い。今では世界で26の国が原子力発電

所を持ち，400基の原子力発電所が動くようになっている。しかし，諸外国の使用済燃料

再処理に強い規制を加えようとするアメリカの政策は，最近も変わっていない。それは原
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子力利用を核兵器開発の角度かちのみとらえる心理から抜け出せないでいることの一つの

現われといえよう。再処理後の廃液に高レベル廃棄物という名称が与えられているのも，

軍事用のプルトニウムを取り出した後の残りは，疑うことなく廃棄物として処分すべきだ

と考えたことからの命名だといえるのではないか。

　だが本当にそう考えていいのだろうか。全体として，これまでの廃棄物の処理処分まで

を含んだ原子力技術の開発課題のそれぞれに関して，平和利用に専念する国の立場から見

ると，まんべんなくバランスが取れ泥研究開発努力が行われてきたとは言いにくいように

思われる。

　もともと私は，一般的に平和利用の技術というものは，軍事利用の技術よりは遥かに難

しいと考えている。軍事利用の場合はザある点での性能要求は極めて厳しいσ必要な特定

の性能の実現に最夫の優先度が置かれる。それ以外の技術開発は二の次になる6コストが

かさむことはあまり問題にされない。安全性に関しても，国の安全係障という安全性が最

優先する。

　平和利用の場合はそうではない。平和利用の際必要な性能としては，安全性，信頼性，r

経済性，維持管理のしゃすさ，扱いやすさなどといった様々な憐能がバランスよく満たさ

れることが要求される。それによってその技術が社会的に受容性を痔てることが重視され

る。こうした開発における重点の相違があったためか，原子力技術ですでに半世紀の開発

の歴史を経ながら，技術開発が最近ようやく緒についたばかりという印象のある分野が残

っている。その最たるものが高レベル廃棄物の処理処分の技術だと思われる。

　高レベル廃棄物が高レベル廃棄物という名前を与えちれながら，その中には鉱物資源と

して極めて価値の高いロジウム，パラジウムなどの白金属元素が含まれている。仮に日本

で現在運転中の原子ヵ発電所の使用済燃料中からロジウムをすべて回収したとすると，日

本の年間のロジウム総需要の1200kgの四分の一に相当するロジウムがそこから得られるこ

とになる。

　ロジウムは貴重なレアメタルの山つで，自動車用の触媒や化学工業などに広く使われて

いる。使用済燃料中のロジウムは半減期が短かく多くの用途が期待されるが，もちろん今

のところ，これを経済的に取り出す技術は実現していない。廃棄物として処理処分の計画

がたでられることにならざるをえないのだが，これを確定した処理処分方策と考えていい

のかどうか。

　現在の高レベル放射性廃棄物の処分は，最終的には深い地層への処分という計画になつ
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ている。高レベル廃棄物の放射能による危険度は，既存の再処理プロセスではウラン鉱石

と大体同じ位になるまでに一万年位かかるため，：人間環境から隔離して，その放射性廃棄

物の危険の解決を，時間と自然に委ねる方策を取るということである。これまでの経験や

知識に基づいた確実な対策としては，こうした方策が選択されることになるということで

ある。・だが，一万年というのはいかにも長い年数である。これまでの入類の歴史から考え

ると，それは気の遠くなるような時間でもある。こうした処分になんとはない抵抗を感じ

たとしても，それは無理からぬことだといえるのではないか。

　高レベル廃棄物を人間環境から隔離して，自然に依存し時間をかけて危険がなくなるこ

とを期待するのは，基本的な選択として間違っていないにし．ても，その時間をもっと縮め

る方法がないか，少なくとも一桁縮めることはできないか，あるいは数百年のあたりにま

で縮めることはできないか，さらに進めて超ウラン元素の消滅処理をすることはできない

か。そのような技術的な方策がないかと期待することは，社会的な受容性，パブリック・

アクセプタンスといった平和利用の基本線からいって，ごく当然の要求だと考えないわけ

にはいカ、ない。

　これらを含め，原子力を平和利用に専念する立場から，既存の技術体系に不断の吟味を

加えることを怠らないようにしなければならない6

　第2の視点は，軽水炉時代が当初予想されたのよりも長くなるという現実に立脚し，そ

の後に残されている様々な課題，つまりバックエンドの諸技術なども含め，一層目配りの

きいた時間表付きの現実的な開発計画を作りあげる必要が大きくなっているということで

ある。

　原子力技術は，これまでいわば二段階に分けて開発されてきた。

　第一段階は，ウラン235の利用に力点を置く原子炉の実用化である。この段階はすでに

成熟の域に達したといえる。特に平和利用に専念してきた国々は，高い設備利用率で原子

炉を運転することができるようになっている。づまり原子力は，ひとまず実用段階に到達

しているわけだが，その後に第二段階の開発が残されている。

　第二段階とは，高速増殖炉の開発を含む核燃料サイクルの完成である。ところが，ζの

第二段階の成熟には，当初予想されたのよりは相当長い期間がかかりそうな見通しになっ

てきた。

　その理由としては色々あげられる。まずウラン資源量の見積りが変化しているというこ
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とがある。当初の予想よりは・世界のウラγ資源量は，相当大きそうだということがわか

ってきた。とすれば，ウラン資源のすべてを利角しよう’という高速増殖炉の実用化をある

程度遅らせても，原子力利用には事を欠かないことになる。

　実は，高速炉技術を実用段階にま・でもっていくには，従来の見通しよりは難しいという

こともわかってきた。高速炉技術の開発をスローダウンし，あるいはさしあたり高速炉技

術の開発は棚上げする国が増えてきている。これはプルトニウムの生産を基礎とした核拡

散の可能性に対する一部先発国の強い懸念もまた一つの理由になっているといえるだろう。

これは日本にとらて難しい時期を迎えたという意味でもある。

　日本は資源の極めて少ない技術大国として，高速炉は原子力利用の本命と考える立場に

ある。だから日本では，商業的な再処理にも積極的に取り組んでいる。他の先発諸国の多

くが高速増殖炉計画を中断あるいは遅らせるとすれば，’技術先進国として日本がこの第二

段階の諸技術の開発に大きな役割を担うということにならざるをえない。これは日本にと

っては困難な課題である。

　先発国を追いかけ追いつく段階では目標がはっきりしていた。できるだけ早く追いつく

ことが必要であり，開発のテンポを速めることは，それ自身が望ましいことであった。だ

が，今では開発のテンポを自身で決めなければならなくなった。先頭を切って走ろうとす

る国の難しさに初めて直面したといえる。

　軽水炉時代が長くなったから，軽水炉自身についても，様々な開発課題を進めなければ

ならない。軽水炉の改良標準化，設計の合理化，建設工期の短縮，購入方法の見直し，品

質管理の合理化などを進め，あるいはエレクトロニクスや新素材などの先端技術を活用し

て軽水炉の寿命を長くしゼまた定期検査の期間を短縮して設備利用率を高める，また定期

検査までの操業期間を延ばすなど，発電コストを下げ経済性を高める課題に一層力を入れ

なければならない。総発電電力量に占める原子力発電の割合も次第に増えるかち，計画的

な出力調整も必要になる。その間に生産されるプルトニウムを利用したプルサーマルの発

電技術も，実用的なものにしていかなければならない。

　そうした第一段階の原子力技術の一層の近代化，高度化への努力にもまして，技術先進

国としての日本の第二段階関連の技術開発への努力が，一一・層強く求められる時期に入って

いることを痛感しないわけにはいかない。

　軽水炉時代が長くなったということは，第二段階の技術開発について，以前予想されて

いたよりは長い時間を持つことになったという意味である。

W－5－4



　再処理一高速増殖炉路線は日本にとって不可欠なものなのだが，その内容について、持

つことができるようなった時間を活かして，よわ包活的な技術開発の描進が求められてい

るのである。例えば高速増殖炉の燃料の中に，従来は再処理後の廃液中に含まれていた超

ウラン元素も含めた混合燃料にし，これらの超ウラン元素の核分裂によって得られるエネ

ルギーも発電に利用し，短い半減期の元素に変えてしまう技術の開発に取り組むことは十

分に意義があると思われる6

　先発諸国が最初に手掛けた使用済燃料の再処理，すなわちプルトニウムの抽出は，可能

な限り高純度のプルトニウム239を取り出し，高性能の核兵器の実現に狙いが絞られてい

た。それは，濃縮ウランプラントが高濃縮のウランに目標が絞られていたのと同じである。

だが，平和利用に使う核燃料はそうではない。ウランといえば低濃縮であり，高速増殖炉

の場合も超ウラン元素が含まれていることは何らさしつかえないといえるのではないか。

もちろん，それに付随した技術的諸課題が出てくることは予想されるが，入類の超長期の

将来に負担を与えなくても済む方策が実現できるならば，それは望ましいことだといえる

のではないか。

　これらと関連して，第3の視点としては1’第1と第2の二つの視点と関連させながら，

第二段階すなわち再処理も含むバックエンドについて，考えられるフローの様々なバリエ

ーションを，時間の要素を入れて改めて考え直すことである。再び繰り返しになるが．1核

保有の先発国でこれまで確立されてきた再処理は，兵器用のプルトニウムの抽出を目的と

した技術から出発している。平和利用の立場から見て，それよりもっと賢明な接近法はな

いかといった疑問を持って当然である。

　「群分離」を再処理の過程の中に，僅かな費用超過で付け加える可能性を探求すること

は，第二段階の技術完成までに得られた時間が多くなっているという観点から十分に意味

のあることであり，むしろ必要な研究開発の課題だと考えなければならない。これらを考

え合せると，使用済燃料の再処理用のプロセスは，多くの複雑なバリエーションを持った

フローになると思われる。

　今では，少なからぬ国が，使用済燃料の直接処分を一つの路線として考えるようになっ

ている。再処理を当面考えない国が増えているということである。日本のように下野理一

高速増殖炉路線を不可欠と考える国の場合にも，．使用済燃料の全量を直ちに再処理するの

か，あるいは一時貯蔵することも必要再処理量といち観点から不可避になるのか。高速増

W－5－5



殖炉時代の到来が遅れるとすれば，下北第一工場以降の商業用再処理工場の建設の計画も

それに従って遅れることになるだろうが，再処埋工場の処理能力からもまた，一時貯蔵の

量が決定されることになる。群分離の過程を含めた改良型再処理のプロセスを開発すると

いう課題も出てくるだろう。群分離のあとでは，現在考えられている高レベル廃棄物処理

処分とは違うフローになる。これらの様々なフローの中のどれを基本的な路線とするかは，

いわば時間との競争といった性格を持つことになる。

　そこで第4の視点として，絶間の要素を入れた開発計画を作成することになるのだが，

当然のことながら，得られた時間に実現しうる技術進歩をつけ加えて，より高度な燃料サ

イクルの技術体系を目指さなければならないということになる。時間の要素についていえ

ば，一つは上述の軽水炉の長期但によって得られた時間という要素があるが，もう一つは，

高レベル廃棄物のガラス固化から地層への埋め戻し処分までにも，現実に長い時間が予定

されている事実にも着目しなければならない。

　どの分野の技術であろうと，不断の技術改善が期待されている。これは一つの技術シス

テムを完成したものとして確定しにくくさせるという問題点が伴ってもいる。しかし，少

しでも時間が持てるのなら，計画そのものを，その間の技術進歩を入れたシステム設計が

できるよう，柔軟性があるものにしておかなければならないと考えるのが当然である。そ

れに今日は，少なくとも先進諸国は，新たな技術革新期に入っていることにも注目しなけ

ればならない。それを技術史家は第三次産業革命期と唱えている。18世紀の最後の四分の

一世紀に始まった第一次産業革命期，・それから100年隔てて電気の技術の出現に特徴付け

られる第二次産業革命期が出現した。それが工業化社会の発展・成熟に大きな役割を果し

た。その後半の段階で人類は原子力技術も手に入れた。そして今、1970年代あたりか

ら入類は第三次産業革命期に入った。物質についての技術もエネルギーについての技術も，

また新たにつけ加わった情報関連の技術も，大きく発展することが期待されている新しい

技術革新期が，この第三次産業革命期である。とすれば，第二段階の原子力技術を完成す

るた・めに，得られた時間を可能な限り活用するという姿勢を堅持しなければなるまい。技

術開発についてむしろ野心的でなければならない時期なのである。

　もちろん第5の視点として，第4に挙げた技術進歩の繰り入れば，どの場合でもすでに

存在しているシステムとの両立性を，不可欠な前提としなければならない。新たな技術開

W－5－　6



発の可能性は常にあるとしても，その実現時期を正確に予定することはできない。ある程

度の長期計画を必要とする原子力利用では，差し当たり，確立した技術を前提とせざるを

えない。

　これは二つの要請があることを差し示すものと理解すべきであろう。’一つは，多くの技

術者，関係者が従来から長期間努力してきているのだから，新技術の開発計画は，その実

績が生かされるように留意したものでなければならないということである。もう一つは，

現在の計画は，新たな技術開発が実用化の可能性をもってきた場合，いつでもそれを容易

に取り入れるこ・とができるような柔軟性を持った内容にしておくことが肝要だということ

でもある。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　以　上
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The French nuclear programme is based on pressurized water reactors.
On lst January 1988, thirty four 900 MWe reactors and twelve
1,300 MWe reactors were in service. Eight other units of 1,300 MWe
and two of1450 MWe ofthe N4 series were under construction.

ln 1987, French nuclear power plants produced 251 million kilowatt
hours, 70% of France's electricity production. The mean availability in
energy terms of the thirty four 900 MWe pressurized water reactors was
80%, for an average age of 6.1 years on 1.1.88. The twelve 1,300 MWe
reactors in service, which are much younger (1.9 years on average) had
an availability of 70%. All these units appearto be pertectly safe, reliable

and economical. The 900 MWe units are used in load following and grid
following modes.

The research and development work is oriented in three main directions:

. construction of new reactorsi

. improvement of existing reactors;

. definition ofthe reactors which will replace the existing ones.

The programme for the replacement of conventional power plants by
nuclear plants is now finished in France and the rhythm of construction
adopted forthe new units over the next fifteen years will be determined
by electricity requirements, The oldest units in service at present will
have to be replaced at the beginning of the next century. Several
estimates have been made of the nuclear power to be installed, The
diagram indicates the development of nuclear power for a median
scenano.

The immediate future: the N4 series

The next reactors to be put into service, at the rate of 1 unit every two

years, will be of the N4 series which 1 presented at the 15th JAIF
Conference. This series could comprise aboutten units.

The N4 series represents a great advance as regards all the important
technological points. For example, the fabrication of the vessels has
been improved, and a new steam generator with an axial economizer
and using lnconel 690 has been developed, A new turbogenerator has
been tested. The control system will make use of the most modern
achievements in electronics and computers, Generally speaking, the
N4 seri'es embodies all that has been learnt from the TMI accident,
particularly as regards the man-machine interface. This improvement
involves:

. widescale integration of control and data display facilities, making
  intensive use of computers,
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. a life performance data processing system providing the operator with

  relevant, easily usable data, .
. excellent coordination of operation, maintenance and periodic tests.

The project results in a 5% reduction in the cost per installed kW
compared to the 1,300 units. The N4 series can thus be compared to the
most advanced PWRs on the drawing board, with the additional
advantage that this series is already under construction.

The advanced AFA assembly developed by Framatome uses zircaloy as
material forthe pin support grid and the instrumentation thimble guides
and is accompanied by a gain in the neutron balance. The upper and
lower end-pieces are removable, allowing damaged pins to be replaced.
Contamination in the primaty system is thus reduced.

The good holding power of the cladding allows the burn-up rate to be
increased from 33,OOO MWjltonne to 40,OOO MWjltonne, with a uranium
enrichment of 4.2%. The best strategy fortaking advantage of this is to
renew the fuel once a year, replacing a quarter of the core at a time. The

annual duration of shutdowns is thus reduced and better use is made of
the fuel due to an improvement in the flattening of the flux in the reactor.

The saving in the specific consumption of uranium reaches 5%,

The plutonium supplied by La Hague exceeds the current requirements
of the fast breeder reactors, Some of the French 900 MWe reactors can
take MOX fuel in which 5% plutonium oxide is mixed with depleted
uranium oxide. A reload consisting of 16 MOX assemblies was
introduced into the Saint Laurent Bt reactor in November1987, lt will be
fo"owed by a second one in 1988. Four or five similar reloads are
planned every yearfrom 1989 to 1993. This numbercould increase to
ten when the new MELOX factory tor the manufacture of MOX fuel,
currently under construction, comes into service. We will also study the
economic adVantages of recycling reprocessed uranium, In 1987 four
assemblies using this material were loaded into the Cruas Unit 4, a 900
MWe reactor.

The saving in the amount of natural uranium required to produce the
same quantity of electricity is approximately 20% overall as the following

table shows.
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Year ReactorDescription Burnup NaturalU
(MWptu) (t/TWh)

1967 Stainlesssteelcladfuelasusedinthe 28,500 42.0
Chooz300MWplant

1977 17x17fuelwithZirconiumcladdingand 33,300 24.9
guidethimbles

1983 17x17AFAdesign 34,OOO 24.4

1987 17x17design
4
2
,
O
O
O
'

23.2

1987 17x17AFAdesjgnwith300/oMOXreloads 34,OOO 20.2
(recycledonce)

SSCR-U02 45,OOO 17.0'

1995 PWR+SSCR(Pu) 45,OOO 10.0'
PWRwithX"uel 60,OOO 22.7'

' Predicted values.

After N4, advanced reactors:

For several years we have been studying the advantages of sub-
moderated reactors and spectrum change reactors. The basic studies
have been concerned with the core characteristics and their stability as a
function of the quantity of plutonium present and of the moder'ation ratio.

We considered using assemblies with uranium enriched to 5%, the
Eurodif enrichment limit, and also with MOX fuels. The saving on natural
uranium and enrjchment work could be as much as 20%, ln the coming
months the engineering studies will concentrate on the modifications to
the operating devices used torthe control rod clusters and the rods
designed to control the spectrum, the internal upper structures of the
reactors and the vessels which are adapted to the devices used to vary

the spectrum. Models of the mechanisms have already been
constructed.

A parallel study is currently under way on identification of the
requirements ofthe French grid in the next century in order to define the
reactor of the year 2000 which will replace the N4. All these studies are

geared towards a threefold objective: meeting safety requirements,
checking the feasibiiity of the proposed improvements and qvantifying
the economic advantages. I have already mentioned the control room
developed for N4. The studies are continuing with the aim of defining the
areas of application for artificial intelligence techniques and the Ievel of
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automation ofthe future plants. The concept of the intrinsically safe
reactor has not been adopted, However, the research and development
work is being carried on with the purpose of checking that the
possibilities of dangerous or unstable configurations have been
eliminated, along with those systems known as "intolerant" for which a
single failure would be liable to produce unacceptable consequences.

The reactors installed in France at the beginning of the next century will
have a lifetime of 30 to 40 years. They will still be in operation beyond
the year 2030, at a time when the depletion of world uranium reserves,
previously cheap and plentiful, may present a critical problem and it will

become necessary to have recourse to fast breeder reactors, Until that
time, pressurized water reactors will continue to supply the bulk of
France's electricity production.
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         L･VA.YS CIii ]iiUR[I?HER IINf.E)ROV[EIM[ENN OIEi [[!HE

         SA.[Ii;ETY AND RMIABILI{I)Y OF NUCLEAR

         POVV'ER STATIONS VVITH LIGHT-VVATER

         fiEACTORS OF BBDP (PVVR) TYPE A)jD

         OB,i[ECTIVES OF TH[E DEVE-[LCPIy;[ENT Ofii

         Il"TERNATIC])l.AL COCPE･RAa]ION rN THIS

         FIELD

                L.iv.. Voronin

    The long--term Energy Programme of the USSR provides

not only for the acceierated utilization of economicslly

efficient renewable energy resources, both conventional

(hydraulic energy) and non--conventional (geothermaZ, solar,

biologicai, wind energy), but also for the development of

nuclear power engineering the contribution of which is

considered as very iiirportant.

    However'dramatic accidents at Three-Ivttle Zsland and

Chernobyl nuclear power stations have required a new criti-

cai analysis of all aspects reiated to the construction and

ssf'ety of nuclear power stations.

    A thorough study of the causes of the above mentioned
                                                          s
and other accidents ss well as the implementation of a com--
                      '
prehensive prograimme to improve the safety of nuclear power

stations helped to retain posit±ve attitude towards the

development of the nuclear power engineentng in the Soviet

Union.

    Our plens concerning the construction of nuclear power
  '
stations have not suffered any significant changes, slthough
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certain modificetions h-gve been rrisde. All that resulted in

a certain slackening in the develo,".'･ment of the nuclear power

engineering for the nearest future and 2593 reduction in

comunissioning of new nuclear power units pZanned for the

period o£ 1986-1990.

    In 19B6 and 1987 7 new nuclear power units with a totaZ

capacity of 7.5 million kiiv" were coinmissioned.

    In 1987 the yearly quantity o£ energY generated by nuclear

p･ower stations arnounted to 187 billion kW/h which is about

1295 of the total quantity of poi-･ver generated in the country.

    By January 1 1988 the installed cEpacity of nuclear power

stations in the USSR was 34.4 million kW. About 509S of the

nuc2ear power stations employ light-water reactors of Piii'R

type. It is planned to increase the totsl capacity o£ nuclear

power stations by severai times by the year of 2000 (the, share

of power units with light-water reactoxs will be above 859o).

    The long-term plan of the develo.p.ment of nuclear power

engineering in the USSR gives preference to nuclear power

stations with BBbP-type (PWR) reactors.

    PresentZy the besic modification of the pressurized

vvater reactor BBNP is BBSP--1000. Mhis reactor plant has been

employed to design an irnproved nuclear power station with

units of 1 million k'vV capacity. "iajor characteristics of

a nuclear power unit with pressurized-vvater reector BBSP-1000

                                                'are tabulated beiow.
                                        '
   A.nuclear power stat±on vvith BBs?-1000dreactors employs

tne mQst advanced approaches to the safety of nutclear power
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stations: two independent reactivity control systerns, tight

protective containments.which confine (localize) radioactive

products in case of the maximum aecident, anti-seismic equip-

ment and other technical approaches characteristic of power

.crenerating units with pressurized water reactors.

    Power generating units with BBj.P-1000 reactors are designed

to ove:'come conseqyences of various sccidents including the

rriaxir"uin design accident which is considered as a spontaneous

lateral break in the inain coolant piping Dn=850 mm of reactor's

primary cooling circuit with two-way coolant escape under

conditions of complete deenergizing of the power grid and
                                                 '                    'seismic effects; Nuclear powe]r units with BBBP--1000 reactors

incorporate se±'ety s,>stems the grrangement of which is based

on the principle of three completely independent systems,

or channels, every one of which has s 100%･v capacity in terms

of protection functions (i.e. the structure 3xlO093 is used).

ChanneZs of safety systems have independent power supply

sources, diesel generators with a capacity of 5600 kW' and

independent eooling water sources, spray ponds the capaeity

of which is sufficient for continuous removal of residual hest

from the resctor.
                         '     '
    Tech-'ntcal approeches to the safety system o±' a power

unit with BB9P-1000 ]reactor are eimed at their high functional

reliability. `lhus under any ernergency conditions which bring

into action the safety systems remote control o±' the safety
                          t.system will be inhibited to exclude erroneous actions of the
                           '
operator. Remote control inhibition wiZl be cancelled only

upon completion of the funetions of this or that machinery
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(for exampZe: inhibition for remote tripping of sprincler

pump will be withdrawn autometically after pressure drpp

within the containment). To sinL..lify the circuit and ensure

a high reliabiiity of the power supply of sefety systems,

provisions are ni･ade in the discussed design of a nuclear

power station for standerdized loading of reiiable power

supply diesel genera･tors independently of the type and

cheracter of the sccident. Due to this appToech the prograt･.me
                                        '
o±' stage--wise dieseZ generator starting can be most simple

and reZiabJe, and contTol of water supply to the p]rimary or
        '                                 'secondary circuit or for other protective functions can be
                      '
excercized automaticaily by means of autornatic actustion

of respective valves, pump, etc., depending on the speeific
                                        '                                                     'patternofemergencyconditions. ' ,
    Sefetbr systems of BB)P-1000--based nuclear power stations

can be controlled both from the main and stand-by control

boards. The stand-by control board can provide control and

meintain the reactor and the entire power unit in safety
                     'even in case of a faUure of the main control board of the
                 '
nuclear power station. Provisions of the design of BBbP--1000

power unit actually correspond to Basic Principles of the

Saf'ety of Nuclear Power Stations for'muisted in the llrep.ox't

of Interncntional Consultative Group on nucieair ssfety'

(see IAEA report, JNSAG -3, iVo 75, Safety series, F'ebruary,

                                                       '1988). As we know, sirniiar approaches are being iniplemented

in power units with pressurized water reactors constructed
                                                       '
in other countries.
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    lv,uch effort is.also g±ven to minimize exposure doses

of personal and environment in the course of operation of

a nuclear power station.

    Nuclear power stations with .3B)P-1000 reactors eiliploy

priiEa-ry coolant cleaning system based on high--teinperature

niechanical fUters. F'ilters are installed on main coolant

punrp bypass of every of the 4 Zoops and operete under ope-

rating conditions of the primary circuit.

    Mhe total cE･pacity of the cleaning system is 4x125=500 m3/h;

the filters can handle in an hour a volume of coolant equaZ

to 1.5 voluines of the primary circuit. Granulated sponge-
                               '
metal titan with grsin size O.5 to 1.5 mm and bulk weight

of 1.4 kg/dm3 is used as sorbent.

    Experience accumulated in the course of operation of

Zaporozhskaya nuclear power station indicates that the high-

temperature fUters keep a high purity of the core surface

whereas the concentration of radionuclides of corrosion

origin, for example cobalt 60, in the coolant of operating
                                       'reactor i's much Zower than the rated value. '

    Mhe use of high-temperature filters for coolant cleaning

                                                           'improved radiation conditions during maintenance and inspec-

tion operations and reduced thereby the totsl exposure dose

of tlae power station's personnel. Thus, for example, at

Zaporozhskaya nuclear power station the collective ex.nosure

dose .of personnel operating presently four BBbP--1000 anits

does not exceed the level of 250 rem/year.

                                       '    The design of e power unit with BB)P-1000 incorporates
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an automatic process control systern which is very importsnt

in terms of power station's reliability and safety as weLl

as in accident consequence con£ining.

    The automatic process control system covers all systems

and equipn}ents of a power unit.

    The ebove nentioned auton'.atic systern per±'orms the

foliowing functions:

    - data acquisition and prirr;,ary processing;

    - data representation on coZour grapinic monitors in

      unit control rooms;

    - recording of paranieters and events under normal opera-

      ting and emergency conditions;

    - computation of nuclear--physical and process parariteters

      and technical and econornic characteristics;

    -- deta exchange with station-･service computer centre

      end other subsystems.

    Beside these conventional functions the automatic process

control system performs the following diagnostic functions:

    - automatic realtime identifieation of emergencies at

                                         '      the power unit; L
    - group signc"lling;

    -- diagnostics of mismatch between the status of actuators

      and commands issued by the major protections and int.er--

      lockings;

    - per±odic autornatic centralized testing of control

      systems of safeguards and and protections o£ vital

      equipment.
                                  '    Whe first two of the above mentioned functions provide
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operator with information on the controlled process in a

cornpact and easily comprehensible form.

    The second two functions help to maintain automatic
 '
control of the vitel machinery and se±'eguards at e high

availabUity level.

    A continuous automatic inonitoring of eonditions of pro--

tections and interlockings facUittates timely duplications

and necessary rrtaintenance of control circuits i.e. helps

to maintain safguards of E･ nuclear} powei7 station permanently

in working order and avaiiable fotr? operation.

    The possibUity of dlagnostics of individUsl controZ

channels combined with dialog operation make this function

of the automatic process control system especially useful

                                                      'for colnmissioning or maintenance operations.

    As noted above, a set of measu]res has been developed

pToceeding from the results of analysis of the serious acci-

dents at ChernobyX NPS, Three-rvi'ile rsland NaPS and othex}

stations in order to improve the sefety of all types of

nuclear :.ower stations. Mhese measures were reported by

Soviet experts in detail to International conference on

indices and ssfety of nuclear power engineering in Vienna

which took plece between September 28 and ectober 2 1987

under the sponsorship of XALA.

    As regards nuclear power units with light-vvater reactors

(EiiVR tsrpe), it should be noted that their safety level

corresponds to intermational requirements, but nevertheless

alZ safety provisions at ,operating, designed, and constructed
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nuciear power stations wre enalyzed critica12y anew and

a set of sa±`ety-improving nieasures was outlined to be im-･

plemented at operating nucXear power stantions and at power

statlons under construction,.'

     The top priorites included rneasures taken to improve

shell resistance to brittle failure (due to elimination of

the possibUity of comparatively coLd water's contact w±th

reactor shell surface and due to reduction of neutron flux

to the sheLl).

                                                         '    It is planned to improve further the nuclear and physi-
                                              'cal charecteristics of BBDPt-1000 ]'eactor's core and change-

over to a higher enrichment, 4.49b' instead of 3.3%, which

eliminates positive reactivity effects under aZl operating

conditions.

    It has been found necessary to improve the ef`ficiency

of mechanical reactivity control elements (for fuaranteed

suppression of reactivity temperature effect with the help

of eontrol rod system elements at eoolant temperature

drop below 1000C).

                                        '
    Additional provisions hsve been implemented to improve

safety under conditions of minor and medium cooZant leaks.

An additional hydros,en removai circuit has been pTovided
                                               '
to remove hydrogen which may accumulate under reactor's

roof end in headers of steam generators. First-generation

nuclesr power stations with BBbP-440 reactors ere being out--

fitted with additionaL passive and active core cooling sys--

tems and other additional measure are taken as discussed in

:tliAg"-!gi21iL"!zgRgz!2L:heUqQR ortee

")UESR fieport: Accident at Chernobyl NPS, a yeer afte:t.
  IAEA-C-48/63. Vienna, September 28 - October 2, 1987･
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    ilhe development and impleni,entstions of measures to reduce

probability of fuel dcn;maging in the course of accidents is

           'considered very important by the USSR experts.

    Thus we have started to impiement closed psssive circuits
                '
for removal of residuai heat from the core which reiisble

prevent nuclear fuel from being damaged for a period not less

than 24 hours under conditions of lon.g-time deenergizing

                                                        '                                                        'of sll power sources of the nuclear power station.

    'rhe system is based on en air hest exchanger with steam

and condensate connections with the steam generator. The
 'hest exchantt.er ]?emoves heet produced by steam condensetion

into atmospheric air. Under normal operating conditions

the system consisting of such heat exchangers is in a wait

                                         '
state and operates under disturbed normal operation condi-

tions accompanied by complete deenergizing. This system

can be also useds if required, under emergency conditions

without Zoss of power supply to safety system channeZs.

    In view of, possibZe arnbient temperature variations

between -300C and -400, to exclude spontaneous cooling,

provisions are mede to control air flow passing through

the heat exchanger. I]his control will be effectuated with

t}Le help of special gate valves. [ro exclude system's freez-

ing in winter, provisions are made for heating up with

minimum steam flowsi. For higher reliabUity the system

                                  'is arranged with 100% redundsncy.

    All nuclear power stations are outfitted with diagnostic/

          'monitoring systems to monitor the conditions of equipment,
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piping, and avsilsbUity of machinery of s.vstems vital

for sttfety.

    Beside the above provisions aimed at reduction of the

probabUity o£ fuel dcr"'maging at nuclear power stations with

BBSP-1000 reactor's, systern a]re being developed to ensure the

safety of a nuclear power station even in case of heavy acci-

dents when the fuel is demaged. In this case the melt should

be reliabiy confined within the eontainrnent.

    To evoid excessive pressure rise within the containment,

a passive hydrogen post--cornbustion system to burn hydrogen

produced in accidents aecompanied by fueZ damage will be

provided as well as devices for controlled' removal of steam/gas

medium from the containment via special filters.

    Presently s new generation of nuclear power stations

with p]ressu]rized wate]r i?eacto]?s is being designed i]n the USSR.

'Dhe design features a higher safety and takes into account

thei'ollowingunfavourablefailurecoinbinations: '

    - control rod system £aUure when its action is required;

    - failure of forced coolant circulation through the core

      or a part of the core;

    - Zong-time deenergizing o£ all power sources of the

      nuclear power station; . ,
    - complete failure of heat rernoval from the primary

      coolant via normal opercetion systems;

    -- Zoss of primary coolant under conditions of long-time

      denereizing. ' .
    Igew concepts of the so-called ultimately sefe reactors

are being developed..

            '
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    The requirements to the nvtclear power engineering ere

much higher than those for conventional power projects.

    The top priority is the ttbsolute safety of ope]ration of

                                 '
nuclear power stations.

    The eccuinu'lated expgrience indicates that the deveiopment

of nucZear power engineering requires a proper organization

of this complicated industry. The USSR is implementing a

comprehensive prograinme aiitt/ed at improvement of design,

construction, snd operation of nuclear power stations.

The prograinme incorporates provisions for personnel training,

strict control at ail stages of construction of nuclear

power stations and improved msnegement of the nuclear power

industry. For this purpose the )a'nistry of Nucl6ar Power

Industry was formed in the USSR in 1986 and the State

Committee for Supervision and eontrol of IL±i/uclear FLower

Engineering was reorganized.

    Safety probLems of nuciesr power stations are coir)mon for

aU countries developing the nuclear power engineering.

Therefore combined effort and lcnowledge of expeTts from

different countries couZd contribute to a f'aster and more

efficient solution of ell problems releted to the development

of a general approach to aspects of further iinprovement of

sa±'ety in nuclear power engineering.

    [ro create a new gene]?ation of nuciear power stations
                    'it necessary and expedient to promote international coope-

ration which could take advantage o£ experience in research

and development of equipment for nuclear power stations

accuinulated in different countries. We believe thst netions
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should combine their efforts first of all in the study of

heavy accidents at nuclear power stations with pressurized

water reactors in order to issue standa]rd internationaL

recomendations atuied at irnprovement of techn±cal epproaches

and systems which erisure the maximum safety of nuclear power

stations.
                            '
    The USSR, being one of the IAEA constitutors, ･is conti--
'

nously and actively psrticipating in wide-range and useful

activities including the irnpierr.entation of decisions con-

c¢rning the estabiishirient of internationaZ regulations for

the safe development of the nuclear power engineering. frhe

USSR wss one of the first countries to ratify the Convention

on Fast Warning about Nuclear accidents and the Convention

            'on Assistance in Case of ]ifuclear Accident or Emergency Radia-
                                                     '
tion Conditions at a ]ifucZear Power Station.

    The "ioviet Union takes part in the international nuclear

information system. Soviet representatives are active in the
                                       'International consultative group of experts developing

conceptual principles of safety in nuclear f)ower engineering

and take pert in operation of the international information

system of incidents at nuclear power stations. The USSR has

deeided to enter the 'iiorld Association of IJ,uelear Power'

Producing Orgsnizations.
                                                '
    A close and fruitful cooperation in the field of

safety in nuciear power engineering hes been established

between the rh,eritber-countries of the Council for A'lutual E'cony-

iiomic assistance (C),]EA).

                                  '
    Mhe USSR cooperates on tt bilateral basis with 34 countries
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including the USA (probabilistic safety anaZysis), FRG
                       .
(structure strength, monitoring systems, decontamination

of equipment, etc.) and with a number of companies and

organizations of Great Britain, France, and other western

countries.
     '    Finally, I would like to conclude that the nuclear

power engineering has a great potentia'1 to provide

hunianity with eZectric power and heat.
                                            '
    A successful implementation o£ the pTograrmne of improve-

rnent of the existing nuclear power stations end development

of new prototypes of reactor plants will render feasible

the solutions of problems related to the safe progress of

the nuclear power engineering.
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Basic specifications of updated

unit with BBDI?-1000 reactor

nuclear power

Reactor therrri･aZ power, ]･iW

Dimensions and weight of reactor shelZ:

                   length, mm

                   diameter, mm

                   weight, t

1ifurf-ber of circulation loops, pcs

Quantity of main coolant pumps, pcs

CooZant pressure in the primary circuit,

Coolant temperature at reactor inlet and

outlet, Oc ,
Quantity of steam generators, pcs

Saturated steam pressure in steam gene--

rators, r･,;･Pa '

`Dotal steam output of all steam genera-

tors, t/h ･
Dimensions of the reactor core, rnm:

                   diameter

                   height

Quentity of fuei-rod asse:,nblies in the

core, pcs
                 '
Qutentity of fuel rods in one fuel-trrod

assembly,pcs .
iu'.eterial of fuel rod sheU

                       '
Quantity of poison rod assemblieg' of

the control rod system, pcs

            '
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      3OOO--32OO

              '

      1O,9CO

       5260

        325

      4

   -4･
      15.9I'vlPa

      289/322

      4

      6.3

      5880

      3160

      3530

      163

      310

  zirconium and

  niobium alloy

      121



Efficient core operstion time between

                         'refuellings, h

Quantity of core ]fefuellings during en

operating period

Quantity of uranium dioxide loaded into

the core, t

)guclear fuel burn--up rate,

Iveke-up fuel enrichrcent, f:f･

Power consumption by unit auxtliaries, %

Unit operating conditions

7000

3

74.1

40,OOO

4.4

5.5

base-load and

flexibZe
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LWR PROGRA)4ME OF THE UK

Brian V. George

Project and Technical Director

Central Electricity Generating Board

United Kingdom

(Slide 1)

Introduction

Early last year, after a long Public Inquiry, the various authorisations

were given allowing the construction of Sizewell 'B' PWR Power Station

to go ahead.

We have just heard that the public inquiry for the next station, Hinkley

iC` will start in October of this year. Al so later this year we intend

to apply for consent for Britain's third PSAIR power s.tation. Before I

describe our strategy in more detail, I will describe the development

to date.

Sizewell 'B'

The NSSS itself is the proven Westinghouse four loop design, with an output

of 3425 MW(th). The layout is based on the SNUPPS plants built at Wolf

Creek and Callaway･

(Slide 2)

Changes have obviously been required to bring the design in line with UK

standards and operating practice. These include changes to reflect the

differen'ce in the electrical frequen'cy, from 60Hz in the USA to 50Hz here,

the provision of two turbines of 660 rvrw, as opposed to the American

practice of a large single unit, and modifications to adapt the SNUPPS

design for use on a station located on the coast.
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Changes from the basic SNUPPS design have also been required to meet the

very stringent UK safeby criteria. The area where UK safety regulations

have had most effect is the auxiliary systems.

(Slide 3)

Our design safety guidelines require that the overall probabiliby of an
unacceptable release of radioactivity is less than 10-6 per year. This

has generally resulted in 4 way redundancy for equipment necessary for
hot shutdown. For frequent faults (defined as greater than 10-3 per year>

the common-mode failure criteria demand that diverse as well as redundant

systems will be required to meet this target. I will now take you through

one example of the prac,tical implications of our reliability targets -the

reactor shutdown system.

                                         '(Slide 4)

Sizewell 'B', in common with international PWRs of the same size, has

a control system based on 53 control rod assemblies which fall under

gravity on a trip signal. On Sizewell 'B', however, two diverse reactor

protection systems - primary and secondary - are provided to trip the

control assemblies and to actuate the emergency safety features (including

cooling and containment isolation). Either system can interrupt the power

supply to the control assemblies causing them to fall. In both cases
                                                                       'a 2 out of 4 logic system is employed.

                                            '
                                                                      '                            '(Slide 5) '
Notwithstanding this, a diverse method of shutdown ･- the Emergency Boration

System - has been engineered on Sizewell 'B'. If.failure of the control

rod assemblies to insert is detected, the EBS injects 7000 ppm boric acid

into the system, using the pressure difference between the reactor coolant

pump outlet and inlet. Four systems are provided - one to each loop･

The system will still work even with loss of off-site power supplies,

due to the run down characteristics of the pumps. It can be automatically

or manually initiated to mitigate the consequences of failure to insert

control assernblies following reactor trip to limit 'ireturn to power'"

following steam line breaks. .
                                                           '
                                           '
                                                   '
                                                      JAPANVISIT/BVG

     '
        '
                               '                          '

                                             '
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Even with these diverse and redundant means of trip, we have additional

protection, an inherent characteristic of the PWR is that it has a negative

temperature coefficient. This means that power reduces if the fuel and

reactor coolant temperature increases. We expe' ct to show that the reaction

will shut itself down without exceeding pressure boundary failure

parameters.

(Slide 6)

An important factor in determining the dverall risk from Nuclear Power

Stations is human error. It must be demonstrated that the possibility

of human error will not significantly affect the overall reliability

of the safety functions. Much work has been carried out on the design

of the control room itself to ensure its ease of operation from an

ergonomic point of view to rninimise the chance of incorrect action and

maximise the chance of correct action.

Instrumentation and alarm systems are designed to minimise the possibiliby

of operator confusion or error. Where necessary and practicable, features

will be incorporated into the design to prevent potentially unsafe

incorrect operator action. Such features consist, for example, of

interlocks which prevent particular actions or disconnect certain controls

until a defined series of actions has been carried out.

To this end, a full scale mock-up has been built.

We carry out our own development work where the need is identified to

ensure that equipment of high quality is specified. A major problem on

(Slide7) alltypesofprocessplantisthecorrectoperationof
valves.BecauseofthistheCEGBhassetupthreetestrigsattheir ,
research laboratories in Marchwood, Southampton to test potential candidate

valves.

This slide shows one of the rigs.

JAPANVISITIBVG
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(Slide 8} .The increasing complexity' of design of nuclear power stations has been

matched, by the demanding requirements of quality assurance standards.

In the UK, compliance with British Standards has resulted in the

establishment of a QA progranmie whi'ch covers design through to

decommissioning to provide adequate assurance of quality.

(Slide 9)

The reactor pressure vessel is subjected to an extensive programme of

non-destructive examination to ensure it is free from defects of structural

concern and to confirm that the necessary high quality has been achieved.

In addition to the suppliers manual ultrasonic inspections automated

ultrasonic inspections are carried out on behalf of the CEGB on both base

materials and on welds at several stages of manufacture. Following the

hydrostatic test a further automated inspection is also carried out

utilising the in-,service inspection equipment.

                              '                     '
The overall programme involves detection and sizing of defects by redundant

and diverse techniques thereby ensuring high reliability of inspection.

All the ultrasonic inspections are independently validated. This programme

is an important part of our strategy to dernonstrate that components whose

failure is assumed to be incredible will not affect the overall risk

targets.

(Slide 10)

Follow-on Stations

                                                      '
Although it is still early days to judge the outcome of such a major

project, the progress of work to date is obviously a very welcome and

hopeful indicator of future progress. However, it is･not just Sizewell

which will concern us, but al so a number of follow-on stations.

JAPANVISIT/BVG
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New generating capacity is needed on the cEGB's system for two main

reasons: to replace old plant and to satisfy an increasing demand.

            '
This slide which shows a breakdown of the CEGBs generating capacity as

a function of fuel bype and one way in which this 'plant mix' might be

changed with timee

To have this capacity available by the year 2000 requires that the

application for consent for the last of these units be made no later than

about the end of 1990; given this time scale there is no practical

alternative to that of replicating Sizewell `B`.. In fact we have applied

for planning permission for Hinkley Point 'C`. A Public Inquiry is

scheduled to start on 4 October 1988.

Some changes will be required - the most obvious perhaps being those

resulting from different site conditions and local hazards.

(Slide ll)

A method of maximising the cost advantages of replication would be to

build two identical stations on one site, where this is possible.

Building two stations of the same type identical in all respects on the

same site clearly has a number of operational advantages. These include:

                                                           '
                                               '
- commonsparesholdings
- accesstoasinglesimulator-sothatoperatingstaffarecapable
       of switching from one half of the site to the other without further

       tra1nlng

- sharedmaintenancestaff
- sharedmaintenanceequipment

The first opportunity to do this in the UK will occur at Sizewell, where

it is planned to build a further station as part of the family of follow

on stations.

JAPANVISITIBVG
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(Slide 12)

Second Generation PWR

Assuming that Sizewell 'B' and the follow-on stations are built to cost

and time and that they operate satisfactorily, there are still incentives

to design and build a second generation of PWRs.

These are:

- Reduced generating costs

- Operating flexibility

- Increased Safety

(Slide 13)

International Cooperation

rnternational cooperation would be put to best effect where cost savings

can be achieved or improvements made in the technical database by the

exchange of information.

One area likely to be the focus of international attention is concern

over the effects of low level radiation. There is currently a range of

differing opinions worldwide regarding these effects, for example whether

low level radiation can cause leukaemia in young children. This focus

of attention will apply both to worker exposure and exposure of the general

population.

Feedback from the experience of the large numbers of staff in the world's

LWR utilities in a variety of exposure types, rates and total doses would

provide a good data base for future studies.

JAPANVISITIBVG
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Another area of interest is computer code development. There is of course

already significant involvement from many countries in the assessment

of codes such as TRAC PFI/MODI and RELAP5/MOD2 through ICAP (Znternational

Code Assessment and Applications Programme). This programme has revealed

strengths and weaknesses in these codes. Generally the codes used for

licensing purposes (such as NOTRVMP or WCOBRA-TRAC) date from the early

1970's and are simplified models giving bounding conditions.

Thus the emphasis is likely to change to the development of these codes,

also with significant involvement from many countries. rn some instances

this will involve manpower or financial contributions, in others it may

involve output of the kind received from experiments such as the LOFT

reactor at the Idaho National Engineering Laboratories in recent years.

As you are all aware there is a well developed series of networks for

operating experience feedback including for example, UNIPEDE, eECD, IAEA

and EPRI. As a result we have found, in general, that operational

experience is readily available from a large number of nuclear reactors.

This willingness to cooperate, which has been shown by utilities worldwide,

makes a significant contribution to improving the safety and performance

of nuclear reactors. There may be scope to further strengthen these links

in the future.

It is also possible that exchanges of information could be used to

establish methods of minimising construction times.

Information exchange of this kind could improve the performance of LWR's

both in construction and operation and would promote even higher standards

of safety. International cooperation will also assist in demonstrating

to the public that the benefits of nuclear power far outweigh the risks.

JAPANVISITIBVG
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Presentation for the Panel Session by H.J.Schenk, F.R.G.

Present and Future Endeavours in Germany to rmprove the

of LWRs

Safety

      April 1988

and Reliabi1ity

Mister Chairman, ,Ladies and Gentlemen,

First of all I would like to thank the organizers of this conference who have

honoured me again with the invitation to participate in this panel discussion '

group. It is a pleasure for me to be in Japan and join your annual conference.

The topic of our discussion should cover efforts for further increase in relia-

bility of LWRs. - '. ･ ' '                                                   '
                                '

I like to start with the status of reliability and safety of the nuclear power

plants in Germany and then I will describe our efforts for further improvements

                                                       '
          '

A: Present Characteristics of PlaAt Reliability and Safety. ･

At the end of March '88, there were 12 PWRs, 7 BWRs and 1 THTR

a total capacity of more than 21 OOO MWe (Fig. 1).
                                                    '

The first of three Konvoi units was handed over to the utility

operation at the beginning of April. The construction time

equivalent of "rock inspection" to commercial operation was

far shorter than for previous plants and could be achieved

provements in German licensing procedure since 1980.

Electricity production by nuclear power plants has grown very

years, from 1970 to 1985 the average annual growth rate was

gy accounted for 36.6 % of total electricity production in

                         '
In four German utilities nuclear power makes up more than 65

tion. Therefore sorne units have been operating in the "load

mode" for several years. The possibility of frequency control

successfully demonstrated. .
                                                   '
              '           '                      t ..t             '                                         '
The time availability of nuclear power plants continues to

average for the past 3 years was about 86 % (85 % for'PWRs

                                V-4- 1

                   .

    in operation with

' forcommercial
from the Gerrnan

 61 months which is

partially due to im-

               '

   rapidly. Over 15

 22 %. Nuclear ener-

1987 (Fig. 2).

  % of their produc-

  follow operation

    has also been

be high (Fig. 3). The

and 88 % for BWRs).

          eee



In 1987

caused

Ktir1ich

been in

 the average capacity factor was about

by the "load follow operation mode" in

 (PWR) and the gas-cooled THTR-are not

 operation for less than one year.

79 X. This lower value waS mainly

several plants. The plants MUIheim

included in this data aS they have

About 9-13

spection,

per plant

amounts to

 % of annual down tirne are accounted for by refuelling and annual in-

approximately 1 % is due to malfunctions. We experienced about 1 scram

and year. The number of additional shutdowns caused by malfunctions

 about 1-2 per year and plant (Fig. 4).

About 2 %

and about

of the

3% by

additional

mechanical

shutdowns

defects;

(Fig. 5) were caused by electrical defects

In the next

sowte typical

three figures

 values:

the safety status of the plants is characterized by

First the number
     '
per plant. None

rious accident in

 of'incidentS

of these had

 our nuclear

 to report to the Authority in

high safety related importance.

plants (Fig. 6).

1987 was about 17

  There was no se-

The average release rates of radioactivity was very low in recent years

(Fig. 7). As an example the 1350 eVIW PWR in Philippsburg (KKP II) released 20 Ci

of noble gases and less than 1m Ci of Iodine in the year 1987. The licensed

limits are 30 OOO Cila noble gases. This is a clear indication of the high qua-

lity of fuel elements, the tightness of the ptessure systems and of the filter

systems.

The annual radiation exposure of the operating personnel has been drastically

reduced to about 50 manrem per year in newer plants by optimization of water

chemistry, employment of lower Co-base alloys and plant design for easy

maintenance and repair(Fig. 8). In KKP II'the annual personnel exposure was 39

manrem in 1987, the 3rd year of operation.

We

be

are confident that such

realized in the Konvoi

 low figures can

plants as well.

be rnaintained in the future and will
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The higher values for the BWR plants are due to the fact that Co-alloys have so

far not been eliminated and that the feedwater is not pumped through a filter

system in some BWR plants completely.

To conclude this short report on plant reliability 1 would like to point out the

main reason for the high safety and reliability status of our plants, as r see

them (Fig. 9):･

                                                                            '
                                       '
Our plants are designed taking into account a broad spectrum of design accidents

according to the defence-in-･depth principle and using rnany failure-･tolerant fea-

tures.Thedegreeofautomationisdeterminedby: ---.

                                                                 '

- the requirement that safety actions of the operators should not be nesseccary

  during the first 30 minutes following an accident and - the requirement to en-

  sure a reliable operation of complex components by the operator even in case

  of defects.

                                                     '

High quality of components is assured by stringent quality control during the

manufacturing process and by repeated in-service inspection (ISI) during the

lifetime of the plants. The qualification of the operators is an important

factor also.

             '                    tt
Good accessibility t'o components facilitate maintenance and repair as well as

ISI work. Our PWRs are designed in a way which allows the exchange of heavy com-

ponents easily. By an optimized chemical treatment we have reduced personnel ex-

posure values and th'e corrosion rate in the components considerably.

        '
     '

B: Further Improvernents of Plant Safety and Reliability.

Although the Safety status of our nuclear plants is very high, and this is con-

firmed by the licensing authorities, the discussion of possibilities for a fur-=

ther reduction of the risk of hypothetical severe-accident is going on (Fig.

10). ･                                        '
                  tt

                                   V-4- 3



The probabSlity of a severe core meltdown accident is acceptably low, even tae

king into account only the safety systems to prevent such a severe accident.

Therefore, the use of all available systems to cope with an accident was up to

now not included in the training of operators and not described in procedures in

the past.

                                                                      '                                                 '

        tt t
Some time ago it was decided to prepare accident management (A.M.) procedures

gOarfetayn :lfsetg:lle USe Of all SYStemS available in case of an accident with failed

                                     '
Accident management procedures have to consider the different events leading to

severe accidents. It is also necessary to distinguish between measures available

early enough to cope with severe accidents and measures which only mitigate the

results of severe accidents. -
            '
In the course of this discussion, it turned out that with a few, but particular

additional systems the effectiveness of accident management rneasures would be

much higher and complete. ' It was therefore decided to install some new compo-

nents.

Before I give some examples of such new installation, I would like to describe

the logic diagramm the operator has to follow in case of a plant accident
                                                                            '

                                                '

                '

                                                         '
                     '                             ttlf the operator is successful in identifying the type of accident, the plant is

brought into the long-term safe conditien by means of event-oriented procedures

according to step-by-step programs contained in the operating manual.

In case an accident cannot clearly be associated with one of the above-mentioned
                                               .levent-oriented procedures, then the operator has to follow the

symptom-Oriented" procedures.

                      '

                     '
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lf, for example, one or more plant parameters assigned to safety objectives run

outside their limits, they have to be brought back into the safe range by taking

symptorn-oriented measures, thus ensuring that the plant is put into the long

term safe condition.

If the safety goals cannot be fulfilled with symptom-oriented procedures be-

cause of failed safety systems, then accident management procedures have to be

taken to fulfill safety goals by utilizing relevant possibilities of the plant.

In this case, it will be considered perrnissible:

- to select configurations and operating modes which have not been scheduled

  originally for plant operation,

- to intervene in engineered safety features (e.g. in the reactor pretection

  system) and .                   '

- to ensure that the rnain safety goals, i.e. to keep the fuel cooled and to

  maintain the containment integrity, are fulfilled. In order to achieve such

  goals, it may be unavoidable to start the depressurization of the contain･-

  mentusingaspecialfiltersystem. -

The detailed conditions for accident management (Aeasures are derived from reali-

stic assumptions for system effectiveness and best-estimate analyses of acci-

dents into core rneltdown events. .

!n order to explain this concept some examples of accident measures presently
                                                         'under discussion are briefly described (Fig. 12): ･

!n our plants we have a highly redundant back-up emergency power supply

- Auxiliary power from the Turbine Generator

- Auxiliary power from pt least two independent grids

･- two independant emergency diesel sets of 4 diesels each.

     '                                         '
                                '
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rn addition, we

blackout after

moved.

 are preparing possibilities which enable

2 hours at least .and to enable long-term

 us to stop a

residual heat

station

to be ree

Battery power supply required for providing the necessary information, communie

cations and emergency lighting must be ensured continously as a supporting meaq

sure. This raeasure is an indispensable prerequisite for all further A.M. ac-

tions in case of station blackout. Solutions for this problem are

- battery capacity for at least 2e3 hours,

･- switching off unnecessary consumers,

- possibility of external supply.

A further additional

A.M. procedures for

 measure

  .prlmary

 to

side

prevent

 "b1eed

a- severe

and feed"

accident is

e

the possibi1ity of

In PWR's secondary

lure of the nuclear

der to prevent the

side "bleed and feed" will be initiated in

 feedwater systems while the primary system

high pressure core meltdown path.

case

 is

 of total

intact in

fai-

Or-

Steam generator feed

feedwater supply.

has to start within 1.6 h in case of failure of the regular

The "bleed" is performed by the fo11owing manual actions

- depressurization of

  into the feedwater

 two

tank

steam

(up to

generators

 ca. 6 bar)

 .wa
.

the preheating pipes by blowing

- blowdown

  the steam

via the steam generator blowdown

 generator below feedwater tank

 control

pressure.

valves to reduce          ,pressure ln

Feeding is done by

tank (max. 350 m3)

for nearly 4 h, the

injecting feedwater

into the free-blown

 decay heat will be

                          'tout of the pressure charged feedwater

steam generator. By maintaining the

removed out of the primary system.

feed
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After depressurization of the feedwater tank the further feedwater supply can be

provided by mobile pumps, for example by fire fighting pumps which can inject

water out of additional water resources via flexible hoses into the feedwater

supply system.

                                           '
For all events with an intact primary system the secondary bleed and feed is

sufficient to prevent high pressure core melt,down. This shows that the seconda-

ry bleed and feed is of absolute priority to us, although the necessary measures

are rather complicated, numerous have to be performed within a time of between

45 min and 1 h only.

                            '
In PWRs primary side bleed and feed measures have to be taken in case of a small

leak in the primary system and an additional failure of those systems or system

functions respectively which are necessary to cope with such an accident. The

prevention of a high pressure core meltdown can be achieved in such extrerne ca-

ses with primary bleed and feed.

For example the depressurization of the prirnary system has to be initiated in

less than 1 h depending on the dimension of the leak in case of

- failure of the automatic 100 OC/h shutdown system

- failure of the pressurizer spraying system

- unavailability of the steam generator heat sink

- unavailability of the high pressure safety injection system

    '
The objective is to reduce the pressure in the primary system below the coolant

injection pressure of the high pressure injection system, the accumulator inJ'ec-

tion pressure or the low pressure injection system in order to be able to use
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their water inventory and to keep the primary system at a sufficiently low pres.

sure. We think that additional feed measures, such as the injection of water

directly to the primary system, are not required as long as the accumulator in.

ventory is able to cool the core with water until power supply and!or the low-

pressure safety injection systems are available again. Tn several of our pwR

nuclear power plants, primary-side bleed and feed measures will be possible by

retrofitting additional pilot lines for the individual pressurizer valves only,

rf it is not possible to stop the course of a severe accident, procedures should

be pn hand to mitigate the consequences of the accident (Fig. 13).

lf progress of core meltdown cannot be stopped, the energy of the molten core

will produce a pressure rise in the containment. The pressure design limit of

the containment will be reached after approxirnately 4-5 days.

In order to preserve containment integrity, depressurization should be made pos-

sible. A valve system could be used for discharging the steam/airlhydrogen mix-

ture of the containment atmosphere through a filter unit to the vent stack. The

retention factor for aerosols is in a range of 99.9 %. The filter equipment

will be available at the plants and could be coupled on demand, er will be intb

stalled permanently. The system is designed to reduce the pressure in the

containment vessel to half of the design pressure within 2 days. The compensa-

tion of the water Joss in the containment should be provided. Such depressuri-

zation measures have been realized already or are under construction.

As a second example r would like to mention the inertization of the BWR-

containment with nitrogen. This was decided as a permanent measure in our BWRs

because of the fast production of hydrogen by a core rneltdown.

This hydrogen problem probably does not require any additional measures in our

PWR containments because of their size and their design. Nevertheless,.diffe-

rent possibilities to solve this problem, for exant' ple by electrical ignition de-

vices in the containment or by catalytic material,s in contact with the contain-

ment atmosphere have been investigated.

                               '
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After this description of the accident managernent measures I would like to make

some remarks on development trends for nuclear power plants (Fig. 14).

The improvement of LWR economy continues to be an important goal. rn Germany we

are trying to reach it by the development of high burn-up fuel and reprocessing.

rn addition, the further development of the high temperature reactor will be im･-

                                                       '

Very important also, I think, are further improvements in failure tolerant fea-

tures of the safety-related components in nuclear plants. In this connection,

possible improvernents in the man-machine interface should be rnentioned. In

highly complex autornatic systems, the possibility to control the systern by an

              ,operator, has to be rnaintained in case of defects in the system. There is still

amplepotentialforapplicationsofcomputersinnuclearplants. '

In Germany a number of monitoring systems have been developed to detect faults'

in the plant at a very early stage so that severe damage can be avoided. Exampl-

es are the "Loose part monitoring system", the `'Vibration monitoring system" and

the "Leak monitoring system". (See Nuclear Engineering rnternational March

1988). The fatigue monitoring system is designed to monitor on-line events and

transients during plant operation and the resulting structural loads induced by

thermal and pressure loads thus indicating to what degree design margins have

been used up by plant operation, Extension of plant lifetime is possible by on･-

line monitoring of design margins, preventive rnaintenance as well as exchange of

components.

With respect to development trends for the future (Fig. 15) the following can be

said: a realistic possibility for higher economy could be tbe high conversion

reactor, which is presently being developed. Basic feasibility of this new re-.

actor system is expected to be demonstrated in the near future. There is an in-

terest in reactor systems for special applications such as small and inherent

safe systems for heat production and last but not least in the usage of intelli-

gent computers in connection with digitalized 1&C. Certainly, the further re･n
duction of '`the risk of severe accidents will remain in the center of discussion

on safety and reliability of nuclear power plants in Germany.
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Fig1

Capacity of nuclear plants in Germany
at the end of March 1988
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Fig3

Time availabilities of NPPs in 1985 -1987
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Fig5

Main reasons for non-availability
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 Fig7

Average reiease rates of radioactMty (1982-1986)
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Typical radiation dose in a 1300 MW plant
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Fig9
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Figll

          'Emergency-procedure guidelines
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Fig13

Examples of additionae measures to
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Fig15
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1.

       ANALYSIS Oii SOME SAIPETY A]b<FD'RE[LIA[BZ]]IMY

CHA[RACTERISTICS OIi CZ[ECHOSLOVAK NUCI,EAR [E)OWER PI[iANMS

"--v--.-ny-v----'iny--"e.r-'

--k'--L-V-'h-----,eny'---"-ny---r.e-----".---'v-.e---v'-ne-"---L-h-.--t-.----.-.--

                       S. Have1

CheiTman, CzeehosZovak Atomic Energy Commision Prague,

                     Czeehoslovakia -

                                              '
                               '

THIE NUCLEAR POWER DEVIE[LOF･MIINT ZN THE CSS[R,

      Structural changes in the ut-tilizatiolt oif eneTgy soui7-･

ces in Czechoslovakia atr7e cha]facte]rized by a marked decrease

of the consumption of Ziquid fuel and coaZ and, by an increase

in the consutnption of gaseous fueZ and p[roductiolt of nucZear

power. This development is not only owing to economy but it

is also an ecol,ogicel necessity. [Dhe eosts ozf the coal mining

allre growing and the quality of the coel deteyioretes so that large

emission of sulphull? dioxide should be expected when burnt undezr

comtr:on conditionor.

      Czechoslovakia is therefore oriented on intensive const--

ruction of nucleane powei? plants (NPPfi) which are now used mainly

for covering the gTowing demandtt of el,ectx,icity. In the near

futuye the nuclear,ecLa2℃es wUl supply a growing amount of

heat into centralized district heating networks. The develop･-

meBt tU]. 20C5 is shown in Figure 1.

Figure l: Pyoduction of eZectifici,ty and heat from nuclear

          souueces in Czechcslovakia till 2005"

      The deveZopment of nucleair poweT in Czechosl,ovakia is

based on the ecnstTuction and operation o±' the Soviet PWR-

]feactoxis--VVER. At presGnt 8 VVEI?-440 (440 ww(e)) units ere
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2.

in operation at two si.tes (JaE[bvske Bohuniee and Dukovany),

4 others VVER-440 are now undeif constTuction (N?P Mochovce).

They should be put into opeTation stepwise by 1992. Thus the

development of the 440 ]IMAi (e) units should be finished und the

alternate IOOO ]VrvV(e) units wUl be constTucted. The eonstruc-d

tion of 4 VVER-IOOO units was started since 1984 at the site

of NI'P Memelin, which should go into operation stepwise from

about 1992 to l998. Two othe:x" sites have been selected fotr7

2xVVIER 1000 with expected constTuction start afteif 2000.

      On the basi,s of Soviet documGntations the Czechoslovak

manufaeturieTs e[re pToduciny heavs7- compoltents of NPIPs (in accoriden--

ce with the CSSR standards) sueh as reactoT pTessuzie vessels

with inteynal struetuxtes and safety systems, pyimeTy circuit

pipes, st'eam generators and pi?essurizers, turbogeneTatoTs and

other seeondai7y circuit components. PaTt of them are expor-bed

to some ot'heT countries, empoZying the WER N]?I's.

                                         '
      Mhe fuel assemblies are,deZivered by the USSR and the

spent fuel is neeturned to the USSR aftey tseveral yeaxs coolingp-

- period. OnZy Erpeeial equipments ere impo]?ted, and assemblied,

under the sv,pervision o±' the suppliers' experts (mainly from

the USSR). [DhG pe.nition of foTeign deliventes decreaffed firom

41 % for the fiTst･two VVER-440 to l6 % for the otheT units
                                    'of the ssme power. It shouZd decTease to about ZO % for the

VVER-olOOO NPPs. - Start-･up, operation and maintenance are

carried out by C2'e"choslovak oTganizations. (l)

SA[I]iEMY OPERATZON ZINDICATO[RS OIi TillE VV-ER 440 UN'MiS

      AII VVER 440s' have six loops, isolatiolt vaZves on

each Zoop, horizontal steam generatoxts, rack and pinion type

ccnt]rol rod drives, hexagonal fuel assemblies containing
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126 fuei rods and hermeticaly sealed low ine,rtia pumps. Each

steam generatoxi pxtoduces 450 t/h steam 4,6 Mlra and they are

suppZying'2x220 MVVe steam turbines. The average core power
is rather low, i,e. 84 kW.1"'i ? what gives this reactoT e fair-

ly high DNBR (departure from nucZea,te boUing. ll?atio) of the

                                         'value of'about 2. -

      [Dhe gToss electric efficiency depending on the tempeiraq-

ture of water in the eooling towers ranges within 30 -- 32 %.

The selfconsumption of electricity produced at the NPP was
                                                    '
about 7,6 %; as a Tesult of rationalization this value was

decreased within last year? by about 1 %.
                   ,
      The VVER 440 NPPs aye used in the national gTids in the

base load.

      The indicators of the Czechoslovek N[E'Ps operated for more

than 1 yeaT, expTessed by the most common used coefficients,

i.ee the load factor (IF) end the titne utilization factor (MUF)

foT individual years, aTe'shown in Mgures 2 and 3. (1)

 Figure 2: Load factors of the Czechoslovek VVER-440 NPPs
 FSgure 3: Mime utilizstion fector of the CzechosZovek VVER
            440 NPPs

       The mean value of the load factor of elZ VVER 440 units
 during the period fTom the start of commercial operation by
 the end of Z986 (i.e. reactors opereted more or at leest Z yeer)

 equels to O,75. AccoTdingly is the tirne utiZizetion fector of

 these reactoTs O,82. Both these figures pTove a good Zevel of
 the re'liability of the Czechoslovak VVER 440 NPPs.(2)

       The load feetorsere highly affected by pZenned outages

 fo)i pei7iodic inspectiQns end potential repairs, which are per-･

 formed simuLtaneousZy with refuelling opeTations. Mhe progremme
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of plenned periodic inspections encompasses mainZy the in--serviee

inspection of some 80 peifts of primary snd secondaTy ciTcuit

equipments with She pe]7iodicity differing from 1 year (exeepme

tionaly) to 4, 5, 6 and 8 yea]fs. As an exempZe the ptrressure

vesselinspeetioneanbeintroduced,withabesicfouT-･yeairs `

check-up cycZe: eveyy year 113 of inserted fuel, is to be repla--

ced by a "fresh poytion", the rest being ]festructured according

to the needs of neut[ron flux adjustment. [Dhis outage time is

49 days and it coveirs some 5000 NDT and in--service

opei?ations. Each fourth yeaT the so caUed itextended periodie

inspectiontt takes plaee with a planned outage of 84 days, when

not onZy alZ fuel assembZies but also aU the internal stTuctuTes

are to be removed and afteT about 9000 ]>IDt and inspeetion op6-

Tetions agein reassetnbZed.

      Table l shows stendardized time･-requiTements (in dasrs)

for opeyations peTformed d,uring planned periodi.c inspections

(PPI) and extended periodic inspeetions (EPZ) on equipments of

the pyimary ciyeuit of the VVER"-440 (l). Mhese figuzies are in

geneyel about twofoZd highey compared to planned outege times

foT Westeuropean PWRs because of higher extent of the tests'

being peTformed. Mhi"s the mean yearly Zosts of the pToduction

weTe up to' now about l4 %. '
Table Z: Standardized titne requirements (iit days) for operations

          pecrformed dutring plenned periodic inspections on equip-

          ments of the primary eireuit of the VVER-440

 ' FoTplennedperiodicinspectionsabout90%ofthetime
requiyements scheduled in Table 1 aTe usueiy spent wheyeas in

the ease of' extended inspections the TeeZ timG egvee's with that

scheduled. As also shown in Table 1, a decrease of prescribed
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t±me is envigaged foy individuel opeyations and thus for the

whole inspection as a result o±i the growth of the skiU end

expe]fience of the peTsonn,el end as a consequence of impiroved

teehnies, development of sophisticated measuring device･s and

maintenaitce eqUipMents etc. (1)

      UnpZanned outages cauaed loy technicaZ faUures, expres--

sed in the percentage of losts of the load faetoT,reached 3,3 %

                                                             'for the whole period o±' the V-VER-440 NPPs operation. Sirnilar

vaZue fo]r Zosts due to maintenance was 2,7 % what is even lowey

than the figuxie foreseen by the CSSR standards (i.e..-3,8 %).

                     '
      Outages ceused by technieaZ EaiZures during operation atr7e

assessed and analyzed in details by the so called, t'Failure cotn-･

mittee!' established at each operated NPP. These commitees aTe

not only Tecomrnendi,ng Temedial eetions, they also have to ideri--

tify basic ceUses of' eaeh fail.ure. So was foT instance found--out

in Z986 at the･NPP JasZovske Bohunice that the human factor shgtre

on t'echnieaZ faiZures was ebout Z % with eqUz'vaZent Zost of ener-

gy output O,04 % on untts I and II. In the seme time fipan the

human factox, shared 13,3 % on technical feiZuTes o±' units ZIZ

and IV of the same NPP, with corresponding output losts of 33,4 93.

The relevent "failurJe ccdtnmiteet' found the reason foxt such a big

diffeTence quite eafiy because it was caused by a yepeated

repaiT of a ErtJeam geneTatoT tube by en outsi,de supplieT.

      FoxL the same peTiod aff mentioned above the humen factoT

share on technical failuTes on units Z and ZI of tine Dukovany

NPP was 7,2 % with equivalent energy output lofit of 3,2 %e

Mhe analysis for the whole peTiod of corrimeTciaZ opevation of

the fou]f units o±' the Jaslovske Bohunice )gPP led to a conclusion

that the human factoy she]re on technicaL failures did not exceeded

5 %, whet is e very favourable value.
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      Anot'hetr7 chca]racteristic used foir assessi)n.g the opell?atio･.

                               'nal Teliability of Czechoslovak NPPs is the numbeT of' scrams

o[f the units du]ring the comtnerciel opEr-ation due to the action

of so called fest emergency pTotection systems. Following spe--

cified equipment feilures o'rupon violationff of setpoints by

critieal plant paratneters, the etneTgency system respOnds by

llreduction of pomreir ozaby complete shutdown (scifatn) o[f the [reac-･

tox･. Depending on the degTee o£ hazei7d xepresented by the emer--

gency signaZ, the emergency eystem perfoTms its protective fun-

                                                      'ctions wi,th various levels of intensity. '

      [Dable 2 shows the nu mbe]r of reactox, scrams on the commeT-･

ciaZy opeTated VV[ER--440 Lnits, ceused by the action of the fast'

emeygency protection systems; figures in parenthesis show the

patrit of them ca'used by the secondaTy circuit. Xt ean be eeen

that this part is representing more than 65 % of the totaZe

             In most pxievalent paTt of them (94 %) - the

protective function of emergency pTotection systems was preceded

by the closing of the fast -･ aeting tuTbine vq]vefi. Mhis logie,

common fo]r all VVI]R--440, is used es a conse]7vative approach to

the assuranee of units' safety. " As it can be iseen from the

table, the mean number of reactor screms due to the action of

fast eme]fgency protection systems is about3,7ZyeaT and after

3 yeaTs of operetion of the untts I end II. of the Bohunice NPP

this value was about 2/yeaT, what is a vex`y satisfactoxiy figvree

Meble 2: ]>lumber oi' emergency scrams of ccmmerciaZy opereted

                                              '          Czechoslovak VVER-440 units.

V-5- 6



3.

      [Dhe ifesults of the ope)fation of the Czechofibl,ovak NI'[Ps

characterized by theiy reli.ability, prepaTedness and safety,

are fully eotnpai7eble with the worZdwide figures(3). StabiZized

realiability figux'es aTe achieved already in the. 2nd year

of corntneTciel operation. [Dhe share of individueZ perts of

the stations on failuTes is very simi,lay to figures yepo]fted

                                                        'by other countries for PWRs,i.e.

    -- primary ciifeuit equipments l5 - 20 %

    -･ seeondary circuit equipments 25 - 30 %
    -- electric equiPments, artmatures, pipes 35 -- 45 %

    - auxiZiatrry heat equipments Z5 - 20 %.

      Even if the oper'ationeZ results eTe very positive fTom

the view of Teliability, e high att,ention is paid to questions

such as good functioning, service life control and safety in-

dicators of impoxttant ]>gPP components, Zn addition to own in-･

ternaz anaiysis tnade by the s'tation's an inteTnationa9i<i12eexrcilila}Cnege

is assuzied by active participation in the ZAEA Systems IPRIS

(Powe[lf ReaotoxL In[formation System) end IRS (]ncident Reporting

DATA BASE OBi MHIE VVER-v440 NPP OPERAMZ'ODgA]] DATA

      An itnportant prerequisite for the assuranee of TeZiabi--

lity of NI'P equipments is a good database of operational data,

theiT evaZuation and the feedback of these analysis on the

improvement of equiptnent design, pToduction and operational

utilization. A good co-opeTation is necessaTy between the

pyoducers end operatox+s.
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      An analyticai dEta base system was for+med in the CSSR

in earZy 70's £)xi the clessic steam power plants. Using these

experience a simi,lar systetn was established foT VVER DifPPs

(foTmerly called "Reliability Infoymetion Systemt' - SIS,

recently inovated as ISIS). ISIS takes fulZy ipto consideiretion

the uniform standardized characterization in design documenta--

tion, the CSSR standards afi well as intezrnationel recetnmend,a-

tions by CMEA, InteTetomeneTgo, IAEA and ISO. The ZSIS hcris a

legi"s].ative fotr7ce in the CSSR beceuse there are Z4 eoncerns

                    'teking pe)?t on the design and produetion of eq.uipments of NPPs

what means abotmb :20 estebli,s hments an.d factories (3,4).

  '

      Primary infommations fxsom the DIPPs eneompass

    -･ faUures

    - defects

    -･ maintenance

    -- testSof safety systems

    . opex;ation and outages of Jreactor and tuTboaggTegates

    -･ operation end outages o±' equipment assembZiefi

    - operationel Zoads of the prtmary eiTcuit compcnents

    -" opeTational Zoads of the turboaggregates

    - operational loads of the secondaTy ciTcuit cornponents

    -- meteriel chracteristics of important eomponent etc.

      The ISIS is now in the development stage; the autonornous

subsystems are foTmed which are intetrrconnected. With view to

trendfi of nucleaT poweT development in the CSSR, the comple-

tion and irnpZementation of the fully functionizg lSIS is o£ a big

inteTest and theTefore the woTk on it' is highly fevouTed.
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4･ ]LrFE EXPECTANCY OF NPP COMPO]IENTS ASSESSMENIi AND PREI]:MIINARY

STUDY O[Fi NP[E) I[jl[EiE E[><ITENSION' ]])g CSSR

      Mhe conception of residual life expectancy identifieation

of the components o±' the VVER unitff is besed on these main
                          'issues (3)':

li) Mhe developtnent and itnplementation of a computerized data

   base system CISZS ) of data tseeded for calculations of the

   )residual Zife expectancy of the reactotc components.

                                                 '          '
2) The developrnent of methods, elgorithm's end coniputer pitog--

   gi?amtnes for deteTmining strains, damages and residual life

   expectaney oi' ]gPP eomponents and continual improvement in

   accordance vL;ith fuyther development of scientifj.c fjndings.

3) Systematic evaluation of Tesidual life expectancy of eriti-

   cal nodal points off seZeeted DIPP components, opevative eva-

   xuation of influence of nontypical opbyation eharacteristies

                                   '
   on the Tesidual 1ife expectancy and the incidence of mate･-

   riaZ dGfects.

      The question of the data base was already di.seussed in

the previoUs chaptey. Mhe reZevant tnethods, algorithmis and

computer' pTogremtnes weTe de･veloped stepwise. Teking into

account the operational conditions of seleeted NPP eompone'kts

(pipe - networks and the pressure componen'trs of the pyimaTy

and pertialy also the seco`ndaTy･circuit), attention is paid

to Zife assessmcnt at low-cycle fatigue, defects' ineidence

and g2fowth and the atteining of statie stx･ength crite]fia. To

enabZe calculation of thte chaTacter it is necessaxiy to gein,

within others, also figures of the component strains.
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      Even if it is not eesy to have data Zike these avaUable
                                                              '
sorne,very promissing assessments of this kind were already pGr..

foTmed by itnplementing the spEici.fic deveZoped, pJrog]Tamrnes on ana..

Iysi,s of impor,tant N?'P eomponents. As an exampZe an analysis

of the main･-cZosing valve body can be introdu{ced, with veMsy

high demands olt safety and reliebility with view to eomponent

stx･ain and low-cycle fatigue. Another impoirtant exeercise was

the assessment' of ther 1in,itation of the waU. thiekness [reduetion

of heat-exchanger pipes of theWER-440 steem geneTators. Both

these essessments gave impoTtant Tesv,lts foT the detevrni,nation

of the residual Zife expeetancy. The descTibed methodfl are

1abo]fious, thG:i]r ]TesuILts give, hovL'eve]r, imr)ozit;a"nt support [eoT

the assessment and assuTance df reZiability･of sensitive NPP

components.

      The first Czechos].ovak VVER-440 units will come to the

end of their planned Zife ve2fy shoytly aftei? the yeer 2000,

The eonstruetion of' new fossil power plants is not planned,

so the onZy aZternative is to extend the power production on

nucleaT sources. This means, of ccuTse, that not onZy th6 lost

part of energy due to oZd plent decornmissi.oning shc,vld be cove-

red but the foTeseen demand as welL. Without the life extensi,on

of the first generation of NPPs, the construction of new･ NI'?'s

should be considerabZy expanded, to coveT CSSR national econoMY

demens. A few vaTiants of the )iucZeaT I'ower Progremme DeveZop-

ment' were therefoTe analysed (5) to essess the impect of NucleaY

Power Plant life Extension (]xuPLEX) by applying the eennomic

cTiteria used in the:･ country with t'centreZ planning econotny"e
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      Three seenarios were analysed 'in a reeent study (5), iee:

                                  '
Scenario 1. The decotnmissioned NPPs should be replsced by new

             units of a higher cepaei,ty.

Seenario 2. After the 25 yeays of operation, the NPPs of this

             first generation slLouZd be shut down foT Tefurbish--

             ment for a period of three yeaTs. One ex±xa 1000 MW

             (VVER--IOOO) must be available to replaee conse-

             cutively the eapeeities of NPPs shut down fox' re-
               '                                                          '                                                  '             furbishment.

Scena]rio 3. [Dhe 25 sreaTs opeTation pellriod should be extended

             to 30 years without refur'bishment. Aftey these

             30 years the yefurbishtnent takes pZace and another

             ZO-20 yeaTs life extension is conside!'ed individue･-

             Zy foT each unit with respeet to its techni,caZ con-

                        '             ditions.

                                               '
      UndeT specified cond,itions the flow of expenses and ineo--･

mes were assessed foxt each of the above scenaTio. As the eom-ny

parative basis the scenerio )go. 1 was taken and optimization

criterie were analyzed foT each of the three variant. Differen-

ces wexie cho.aen between the discounted operational expenses of

the basie end the otheT scenaTios.

      Fozi the besic scenario the specifie investment eostS of

new plents (i: [crowns/MW]) ere the main charecteristic, the

other two being characterized by the specific cost of 37efur-

bishment (ig [cTowns/IV[Wj ).
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      Cornpa]fative calculations heve shown that, in the sc6ne-b

vio 2, the shoTter life extension (10 years) can be efficient

                          -up to the yatio of iaZ : ig =1: l,2 - l,ls wheTeas by 20 years

                                                .Iife exteneion this ratio is Lower, i.e.: i:, : ig = 1 : 1,2-1,1.

[Dhus the ef[ficieney o±' the longeT Zife extension was confiTmed.

-- SimilaT Tesults were obtained for the comparision of the sce-

naTio 3 with the basic variant: The ZongeT the tim.e of Zife

extension, the moi?e effective it is, if-･of coui?se - the refuT--

bishtnent expenses do not increase eonsiderabZy due to ext;ended

opeTation without refui?bishment.

      [Vhe described study (5) eonfirmed that the ]ffIPP life ex･-

tension is a way to an effective eZeetrtcj.ty produetion that

must be seriou,sly consideyed in the Zong range planning end

relevant suppoTt should be gz'ven to this prograrnme in the near

future.

      In the context o±' the life extension enalysi,s also some

assessment were made (6) concerning the yefuTbishment of obsoe-
                                                     '
lete components et the Czechoslovak NPPs. rf the fo]feseen refuT-･
                                                         '
  bishment is technicaly viabZe, the economic effectiveness

can be assessed by anelyging the retio of specific investment

costs of the new plant and the specific investment costs of

the Tefurbi,shment. FurtheT fectoz}s which heve to be taken into

conffideTation aMe -- withi,n others- the time of the shut - down

and the higheve meintenance expenses of the re[fuTbished souTce,

if any. Any assessment of the Zife extension involves a deep

anaZysis of the technicel eonditions of the equipmgnt and

the detetr?minetion of the nodal points which eould be of the

highest importanee foT such a deeission.
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      Details of the above shown study can be found in the

ife[ference (6), here onZy sotne resuZts wUl be shox･t y dificussed:

Based on thEt figui]fes given. by EiPRI (7) the diziect and undiirect

eosts of the pressure vesseZ xee£urbishment weye assed to be

about 80 mU. US $ (in US $ 1979-80). For fuyther eslculations

a 50 % ]reserve wes add to this figure what brounght the totaZ

oosts to a sum of 123 mil US $. In l,980 cost of an installed

kW foT a 1000 MW NPP was 10Z7 US $ . kwta1, so the eosts of

the pressuTe vessel refuabishment cc･uld arrcutit about 12 % of

the investment costs. Frorri these about Z6 % represents costs

of the coZ]ective dose, thus with deduction of this psrt the

eosts of the yefurbishment work itself shouZ be roughly equiva-

lent to the costs of e new pz･essure vessel. Compaixied with the

figures from the construction of the JasZovske Bohuniee NPP,

the costs of the pyessurevessel delivery and
assembling couZd 13e about 9.4 % of the investtnent eosts

(or 6,6 % of the total costs),

      For the assesstnent of the steam geneTator refuribishment

no relevant figures were found as in the case of the pressure

vessel. Therefore a eonseTvative pxesumption was mende that the

]replaeement of the old steam geneTatozi by e new one under "ra--

dioaetive" eonditions couZd be iO times moTe expensive thetn

the altaZogcus operation on the new station. Under these circutn-･

stanccs the costs of the steam generator TefuTbishvnent could

reach about 3,8 % of the investment costs of a typicsZ WER--440

(o[r about 2,7 %of its totaZ costs). .

      In the csse that the pressuTe vessel flhouZd be refurtbis--

he:･d and alZ the six steam generators as weU, the costs could

amount about 13,8 % of the investMement cos±fi of the VVER-440 NPP.
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5･

 If also all other irnportant nodal sys'tems should be replaeed
                                                            '
 the eosts of such a "cornplete refuTbishrnenVt should z;each,

 about 27 - 30 % of the NPP investment costs. In this pesimis-

 tic cese the specific investment costs of the NPP refuTbishtnent

 axJe about 3500 K6s.kW'"1 (this gives the ratio iaZ/ig = 4,286 (6).

 The eosts are acceptable and aZso in this csse tk.e 20 yea:rs

life plent extention wouZd be economicaly favour'able.

                                   '
THE ZMFiACM OIt NPP OPERATION' ON TIillIl] PERSONIN'EZ AIN'D T[E[E]

                                                  '                  'ENVIRONMENT .

      GeneTal trends to decrease the radiation exposuir`e oE

the personneZ during routine work et the NPP ts not only a

result of Tecomrnendations of the ZCRP and the effoTt of the

supeTviso2ry goveTnmental body to keep the radiation doses as

low es trreasonably aehievable (A]]ARA), it is aZso irnportant

from thG view of eccnomy. At suffiei,ent'ly low collective dosesi

the highly qualified peMsonneZ ean be ufl'ed for some additior:).al

woTk which ean be pe]ffortned without eny oveTexposition of the in-

dividuals. Zn the oposite cese some additional peTsonnel is ne-

cessa]?y, what can always cause some eomplications and highez7

expenses.

      The coUective dose differs not' only with the type of

yeactoM･ but also in individual eovntTies. Concerning the type

of reactoTs, es a rule the dosis eTe usu.eZy higher at BWRs

.compa]red to PWRs.

      On the basis of data eollected fveom diffexent souTces

a compayison was made of the ooUective dose equivalents of
the pe]fsonnez Telated to the produced eneTgy CrnsveGw"1.h-lll

on the NPPs vvith VV[ERs in diffeTent countTies (8).
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Table 3: Comparison of the mean coUective dose equivalents

         of the peirsonn.el ireZated to the. pyoduced eneifgy

         [msv.Gw'"1.h-1) on the Npps with VVERs in di.ffe[rent

          countTies.

       The highest values were repoxited fTom the Bulga]rian NPP-b

Kozloduj, the lowest from the Czechofil,ovak NPP ･- Jas].ov'gke Bo-

hunice and the ntnish NPP -･ Loviisa, of couTse, these figures

aife di,ffering in years. It couZd be in generel expected that

the eolective dose equivalents would grow w'ith the Zength of
                                                    'the NPP ope]fation Zife due to increasing eontemination of the

internal, suxifaees and theTe might' be al.cto expected a sizable

influence of the maintenance and repeiT,wGMks. On the other
                                                'side the growth of the skUl .eitd expeyience of the pex･sonnel

appZieation of remote cont'roleddevices etc., can contribute to

coUective dose equivalent reduction. Zt can be deducted from

the figuTes in Table 3 that the ifadiation Zpad of the peifsonnel

of the Czechoslovak NI'Ps with VVER-440 is on the ievel of the

best NPPs woz'ldwide.

      Another indicator of the quality of the IVPP operation,

which is supervized very' strongZy in the CSSR is the releese

of radioactive emissiQi into the environment. Zt can be genei7aly

seid that these reZeases ere very low fTotn aU operated VVrER-･440

uni,ts (9,l).

      ffox' instenc6 in the site of Jasl,ovske Bohunice where 4

VVER--440 units ere in operetion the Tadioactivity Telease into

the environment in 1986 represented 6Z TBq in the fortn of gases,

aetrfosols and low-eetive water. Mhe comperison of ireal emission

with aut'hoxiized limits is very positive: so weTe 'tte TeeZ emissi,onS

of radioective noble gases max. 4 % and emissions of radioaet･ive
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6.

aerosiol,s O,02-l,3 % of the authoirized Zimits. Mean annual re･-

leases of tritium into the hydx'ospheTe fTom untts Z and I: of

 the JasZovskG Bohunice N}'P achieved Z5,7 % of the authox'ized

limit and 60 - 80 9Zi fx"om units IIM and IV where much stTonger

limits were designated. [Dhe totel reZeases into the hy'dr`osphere

from aU four units were under 20 % of the authorized 1imits.

The total sum of releases from these uni,ts into the enviTonment

in Z986 wes 42 GBq. For the Dukovany si,te (whexe, of ecursG,

the last unit was put into opeTation only in 1987) the totaZ

radioactivity emissiolts weTe loweT. - a]he achieved,levels of

                    'this indicato]r aTe very satisfacto]fy and they a]fe a good evi-
                                                           '
dence cf ca]feful peTformance and responsibZe opeTation of the

Czecho.ev･lovak VVER-440 units.

MANAGEMENT OF RADIOACNV[E WASTE [I]iROIVI' OIPIERAMZON' O]li NIPPs

WIM]iJ WER

                         '
      Mhe first CzechosZovak NPP were put'into seTviee without

loetng eq.uipped with e compirehGnsive iiedioact±ve weste (RAW)

menagetnent system. The liquid waste treetment was limited to

the concentTation through eveporation. [Dhe concentrates and

spent ion-exchange Tesins were stroz;ed at the ]ifPP si.te in

steel tanks, the solid waste in concueete storage bins. The

cepacity of tanks was detertni.ned for the 5 yeeTs's opeTation

of power pZant, Zn the couyse of this period the Czechoslovek

potiey of a safe manegement of RAW f!tom DifI'P was foi･med gradual--

Zy. GTeat netion--wide importance attached to th,is px'oblem is.

well documented by the fact, that it was seveTal times on the

agenda of the government, whieh also decided on ways Xt wUl

be settZed.
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      The philosophy of the accepted poZicy is a comprehensive

treatment of all RAW types sct out to reduce the waste volume

and to txiansfortn it in an optimum form fTom the viewpoint of

safety duxjing t2featment, tTansport, and final storege of dispo-･

sal.

     The Czechoslovak policy ec･tnprizes the £ollowing enginee･-

ring approeches:

   - eoneentTated liquid RAW ate solidified by a suitabZe method

right at the power plant site and packeged into 200 1 steel

drums (bitumini,zation wi,th the application of bitumen or emul-

sified bitumen; caleination connected with bituminizetion or

cement solidifieation; cement' solidification);

   - soZid wastes are classified; non-･ccmbustible wthstes ar-e

piressed into dtrfums and eornbustible westes arG incineTated,

ash residues and fly ashes mixed with suitable bondi.ng agent

and peekeged into dx,ums,

   - drums with soZid and immobUized liquid waste aTe tempora-

Ty stoTed at the site of NPPs after the regional RAW Teposito･-･

ries wtll be aveilabZe (now in eonstTuction), the dxiutns wi,ll

be transpo]7ted in shielded transpopt containeTs ovey there.

               '
      [ehe regioneZ repositories which ere now in constTuction

azie of the shal]ow-･g]round type. Pozi the si,te seleetion, desi.gn,

constTuction, and operation of a repository of this type, the

IAEA Tecommendations wexte widel,y aceepted, With Tespect to the

location of our NPPs two regional repositoyies were selected,

being a pebrt of )IPP Dukovany and Mochovce.

V-5-17



      Although liquid vv'ast'e is so fa]c transported in rr//any

counttrries, e.g. in USSR oT GDR, a philosophy was adopted

in ouT country, aceox'ding to which the liquid, RAW transport

fTom the TgP]P to the repostto]ry on publie cernmunications Te･-･

pregents unnecessary h'ezaTd altd wiZl not be carried out.

Rightness o±' this decision is suppoTted by the Zast IAEA

recommendations eliminatiitg trauaport of Zow--･ end inteymediate･ny,

level RAW in the li,quid foTm.

      Although the teehnological processes necessa3fy for safe
                 'menagement of RAW fnyo,m NPP operetion ave at present evailable

in CSSR and the respeotive equipaent is menufactuTed, reseeTch

and deveZopment woTk on new proeGsses is continuinge

      Zn,the regi.oit of liquid RAW immobilization which is eon-

sideTed as being the most impozftant, supercalci,nation and vi--

trification pxioeesses for Zowny and intex"medj.ate･-Zevel RAW ere

under deveZopment.

      Out of severel alternative sehemes tested, e px･ocess

was seleeted consisting in adding inexpensi,ve gless-forming

admixtures (as, e.g. some aZumosiiicates end sili.ca) in the

liquid concentTate, homogenizing and dosing s].urry thus foT'med

in a continuous fux'nqee with a dix･ect electTical heating (Joule

heat). Neayly the entire pztocess is managed already with the

exception of the final opezration, wheTte a decision is to be

made on the form of the finsl product.

     Projeet of a p2ant with a capecity of appToximetely i ton

glass a day is expected to be finished within 2 years.
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7. CONCLVSZON

          Experienees and x'esu].ts of the VV[ER-･440 NI'P opex4ation

    aTe confirrning the reliabUity and safety of the Czechos].o-j

    vak VVER-440 units. ]lairly Zow fTequeney of failures did

    not develop in any case int'o a dangey of potentieZ ]7adio--

    activity release into the environment. A very important

    factox' of safety was the thermohydr,elic stability of the

    reactoys of this type. AnaZysis of the operationaZ expe-

                                       '   'yience a]re ufied [fo]r improvrnent of the equipment and of

                           '
    the opeTation itself.

         The CzeehosZovak nucleexJ sefety pc･li.ey as appZied on

   the NI'Ps takes three main deteTmining components as e basts:

       -- quality of the equipment,

       - quality of the pejrsonneZ,

       - quality of the operetion.

         The safety TequiTements foz' aZl these thTee items are

   set down s'batutory by Televant laws which must' be strictZy

   respected. Mhe Czeehoslovak Atomic Energy Commtssion (CsAEC)

   was authorized to supervise the nucleaT safety by a lem: entx'ed

   into force in 1984 when the State reguZatory body for Nuclea]f

   Safety of DifucZear Facilities at the CsAEC was constituted.

   This State regulatoTy body foT nueleer Safety together with

   the PubZic health seTvice and the State technieal inspecti.on

   for safety of woTk end technicel facUities ax･e reaZizing

   independent pTofesionel infipeetions aimed to the mein comtnon

   interest to pTotect the hutnan heelth and lifes.
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                      Mable 1

Standardized time Tequirernents (in d,ays) for operations

peTformed during planned periodic inspec･tioyis on eqvipments

                                                      '
       of the priMary circuit of WER-440 NPPs

"-teny--4-'--tr-------te-"---.v-----"kp-t"timee-v-'

                        - i------ ---t----

  0peration standard
                           ---n"･
                          PPZ
--taI----L--inyIiny-im---r-"----l-t------.)l--t"-nt---e-----tt------

 1.Reactoyccoldown 4
 2.Reactordismantling 8,5

 3, RefueUing 19
 4. Fuel carry--out ny'
 5. Disassembling of

    reactorinternals "
 6.Piressu]revesselNDT -

 7. ReassembZing of

    reaetoyinterneZs -

 8. Fuel fiZl-up -
 9.Reactoi7reassembling 8,5

10.HYdx`ostatictest 4

ZZ. Pressure buUd-e･up test Z

Z2. Start-up 4
--- -- - - kny- -l -M -- - -- --- -v te- --} n ny - --- - --' - --p - - -e- -!' -- - -t -- et -p - tr - --

---c---------.-v-r-L'{nyr-e---m---e-e-l-----t-

     Nme Tequirements
     i-L".h."an---.-V--s-- hr"- -" t--pt".---'-

  ･- l986
--"-r--"----'--4t

 EPZ
"Ar - -- -e" --- --

   4

   8,5

   ta

  12,5

   4,5

  Z9

 4,5

l2,5

 8,5

4

 2

4

  pt

ts -n -

-- - t-r "d -- --F --V -T- --V -

            .-- -.. -l- --" e". .e- .-

            " "mu Sh.pter-

  Envisaged - 1990
tr-T -S--"".-ny--r't-t-..--. --.N

  PPZ EPZ.
s--'--"L---tw.' -n--F+----T.tny---e--t--v-

    22
    88
   12 .-
    -･ 10

    -3
    -･ 16

    -4
    - zo
    88
    33
    33
    33
  -r--.-r--s-.i--･"-e--en-w---ev--e-
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                             Table 3

                                                           '
     Cotnparison o±' the meen colleetive dose equivalents of the
     pextsonnel releted to the pToduced energy [msv.w-1.h"'17

              on the NPPs with VVERs in different ccuntTies

-------------p-"-----t"---lt---------ny----v--plt.h--".-----Lpt.---M--r-"--e.-eL--t---------1-----ts-"--.--t't-hp-ny"-t--T'et-e--e---.-"--"---.--

            CSSR                                  GDR USSR USSR                      Bu1garia     NPP                                                            Finland
           JasZovske                                 Bruno Novo-                      Koz1odui                                 LeusehneTvoyonezh KO:a Loviisa･yeaTs Bohunice
e- ""s -- e- - -ny --p - - - --. r - "'  s-r- - -r'  -- -- "L - k -ri  - - -hv -- v ny -1- - - -- --'  "e- -- q ny- - ts' -- -V. ---. --- --t -. --- -" ---i - V -"- ". N sp- JV- --- -- --v - o-v -- --o --h i-- -tF - " -.-

 1974 .0,39 O,22
                                                     '
                       O,92 O,52 1976                                                      l,2                                            O,9

 Z977 O,50 O,26 O,6 O,9 O
 Z978                       2,IZ O,49 O,8                                                               O,3Z                                                      O,9.

                                         '                                                          ' 1979 O,OZ8 1,50 O,79 O,8 O,9 O,49
        ' 1980 O,25 1,08 O,46 O,6 O,7 1,46
 Z98Z O,32 O,54 O,7 O,Z O,25
 l983

 1986 O,26
-l--tskPn-l--V----v.-------e-k-t.---ny"-r-s-v'J----,-nl-------'g--ltr--I--.------------p----r--------r-N-q-ny.t----r----t.-----dl--d"e"""-"fP--l--
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            LONG RANGE PROSPECTS AND SHORT RANGE OPPORTUNITIES

                     Commissioner Kenneth C. Rogers

                   U.S. Nuclear Regulatory Commission

                              PRESENTED A.T

                        21ST JAIF ANNUAL MEETING

                                               '                              TOKYO, JAPAN

                             APRIL 15, 1988

             '
Good afternoon, ladies and gentlemen. rt is a pleasure to be with you.

today and participate in this important international dialogue on nuclear

                                                                      '
r came to my position as Cormissioner less than one year ago after thirty

years as a research physicist and engineering educater, chief executive of

a technological university, and a member of the Board of Directors of a

nuclear utility. While I am new to the world of government regulation, !

have been involved quite closely, for a number of years, with nuclear

technology and the challenges of operating both pressurized water reactors

and boiling water reactors by a commercial electric utility. It is from

those vantage points that r project what will be happening in the US in the

near term as part of the transition to the next generation of nuclear power

plants.
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At this time k there are 110 nuclear power plants licensed for operation

in the US, and 9 plants remain under active construction. In 1987, US

operating nuclear plants generated 455 thousand giq.a-watt hours

representing 17.7 percent of the electrical generation in the US, Thus,

although there are no new orders, there is an inventory of reactors - in

fact, the world's largest inventory (approaching a half trillion dollars

investment) - which will be operational for several decades. For the

longer term, the US has an ongoing development program on Advanced Light

Water Reactor (ALWR) designs and continuing research efforts on Liquid

Metal Fast Reactors (LMFRs) and Gas Cooled Reactors (GCRs). The US nuclear

power situation has both similarities to and distinctions from those of

other nuclear countries. The similarities suggest that the US and other

nuclear nations may learn from each otheris technological initiatives and

experiences; the differences relate to the US need to chart a somewhat

different regulatory course. Among the impertant factors which I think

will shape the US future are t.he following:

                                               '

    ･O TheUShasveryfewpowerplantsstillunderconstructionand

          none planned. Thus, regulatory and utility management attention

          is being devoted to operations. Utility and'regulatory attention

          to the problems of operating reactors will permit improvements

          and solutions to operational problems that have occurred in the

          US nuclear program. .

     O TheUShasanoldernuclearplantinventory,ontheaverage,than

          does the rest of the world. Whereas nearly two thirds of the

          power plants in the rest of the world are under 10 years old, in
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o

o

the US, about two thirds are over 10 years old. Thus, the US is

now beginning to face problems of aging reactor systems and

components, decisions on extending or renewing existing operating

1icenses, and decisions on decornmissioninq.
                                       v
                              '
                                      '

The US nuclear industry has included several vendors, numerous

architect-engineers and engineer censtructors, and many utilities.

This diversity has resulted in a large number of design variations.

We lack the design standardization that some other countries have

achieved, and therefore effective regulation is more difficult

The performance of US nuclear power plants in recent years has

lagged behind that of other nations, most notably Japan'
.

However, reviews of a limited number of safety-related

performance measures in US reactors for 1984 through 1987 by the

Nuclear Regulatory Comm' ission (NRC) and a larger number of

general performance indicators by the Institute of Nuclear Power

Operations (INPO), show a steady improvement in many measures,

including scram rates, safety system ac' tuations and personnel

exposures. Zn addition NRC reports analyzing significant events

indicate a downward trend in the number of serious event

precursors over the same period. These data and other

qualitative measures demonstrate that the overall performance of

nuclear plants in the US is improving. These trends must

continue. As they do, both the safety and economics of nuclear

                          V-6- 3



          power plants will improve. The capacity factors achieved in

          Japanese nuclear power stations are approximately 20 percentage

          points higher than average US practice. This differentiol

          translated to an equivalent electrical capacity would represent a

          US investment of conservatively $50 billion.

                                              '
                                               '

     O The US has the good fortune of relatively abundant supplies of a

          variety of energy resources, including both uranium and fossil

          fuels. Until now, these indigenous fuel supplies have allowed us

          to defer long term decisions about nuclear power. Nevertheless,

         US energy resources are not unlimited; in fact, recent findings

         of the US Geological Survey suggest that our fossil reserves

         might be 40 percent less than previously believed. The, US may

          never have to rely heavily on any one resource, but we will soon

         need to address the question of building or not building a next

         generation of nuclear power plants. At that time, the option of

         a nuclear commitment will depend, not only on our resources, but

         also on environmental, health and safetY and economic

         performance. As electric demand increases, additional pressures

         for nuclear generatjon in the US may well develop.

                                     '

Other speakers in this session have referred to new plants options

incorporating advances in technology and operational concepts. Since the

US will not be building new plants in the near term, our present regulatory

agenda does not emphasize regulatory issues regarding siting approvals,

design approvals, and construction inspections. We do, of course, share an
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interest in efforts mentioned to improve existing reactors. Emphasis on

operating reactors will remain the central theme of the US regulatory

process.

In describing my view of the evolving US nuclear future, I will address

three areas I think important: first, the way US regulatory activity is

evolving to meet the requirements of operating reactors; second, the

management and operational changes the US industry will need to make, and

third, the modifications that could be made to existing reactors to improve

their safety and performance. We can draw on both the new ideas developing

in nuclear plant design and existing technologies not yet applied to the

nuclear industry. Then, finally, ! will outline where I see the US going

in terms of the next generation of nuclear power plants.

                     AN EVOLV!NG REGULATORY APPROACH

The regulatory activities required for the monitoring of day-by-day

operations are quite different from those necessary to establish and verify

that a plant has been designed and constructed properly. As the immediate

future in the US evolves with an almost total emphasis on operations rather

than on design and construction, our regulatory reactors practice is

changing.

One important element of this change is that the NRC must establish safety

performance standards (that is, outcomes) that all licensees understand and
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are required to meet. Such standards are currently being explored both

inside and outside the NRC. Within the NRC the requirements t'or

plantd-referenced simulation facilities for licensed operator testing and

requalification in new NRC regulations are an example. These requirements

represent less prescriptive regulation for utilities with acceptable

simulation t'acilities and training programs accredited by the TNPO. The

NRC no longer specifies training program content and instructor

qualifications. Moreover, operators are now tested, observed, graded, and

evaluated by both utility and NRC personnel. NRC judges the INPO

accreditation process and criteria to be of high standards; therefore we

can satisfy our safety responsibilities by reviewing testinq. results rather

than by prescribing specific training requirements,

Other initiatives are going on eutside the NRC. The' Massachusetts

Institute of Technology (MIT), for example, has examined how the industry

might coptply with a regulation for loss-･of-offsite-power that specifies an

expected frequency of core damage rather than spec.ific hardware

requirements or allowable outage duration. Such approaches require

confidence in the data base and the probabilistic models. If current

studies prove positive, they can lead to performance standards that r.equire

a common high level of safety, while encouraging innovation which takes

into account particular characteristics of the plant. This approach would

allow individual licensees to deHne the most appropriate way to achieve

these requirements. NRC could approve the approach, make it part of the

license, and hold the licensee accountable for achievinq. the required

outcomes by way of the procedures and plans that they themselves have

developed.
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The NRC must avoid the pitfall of overly simplistic quantification of

licensee performance measures. It is tempting to set' up scoring systems

and check lists. However, these may generate meaningless numerical ratings

in lieu of the essential factor of experienced human judgment. For

example, Probabilistic Risk Assessment provides numerical results, but does

not take into account the quality of plant management, the single most

important factor in achieving performance excellence.

                                       '

And finally, the NRC must foster a point of view that emphasizes a total

systems concern. The greatest overall safety sometimes requires balancing

competing special technical requirements and then making the best systems

engineering judgment. Optimal overall balance may require accepting

suboptimal performance for certain components of the system, viewed in

isolation. Thus, the rendering of systems level judgments can be

misinterpreted or misconstrued by those whose area of special concern

cannot be totally satisfied il the safest possible overall situation is to

be achieved. -
This systems approach is particularly evident in the severe accident area.

Following the Three Mile Island Accident in 1979, the NRC initiated a major

effort to review existing US plant designs and establish possible risks to

the public. These efforts have led,' over the years, to nuraerous changes in

NRC regulation, and recently, to the Commissionis Severe Accident Policy

Statement in 1985, subsequent policy implementation plan in 1986, and the

Commission's Safety Goals in 1986. These initiatives have been guided by

the agency's Severe Accident Research Plan (NUREG-0900), and supporting

program elements such as the Source Term Reassessment Effort (NUREG-0956)
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and the Reactor Risk Ret'erence Document (NUREG-1150) issued in draft form

in February 1987. The final version ot' NUREG-!150, scheduled for Coramission

consideration later in 1988, is expected to constitute a key technical

base and methodology for implementation of Commission severe accident and

safety goal policies. The Commission intends to require its utility

licensees to examine their plants in accordance with its Severe Accident

Policy statement within an Individual Plant Examination (;PE) program using

either an Industry Degraded Core (rDCOR) methodology approved by the NRC or

                                                  '
conventional state of the art probabilistic risk assessment techniques.

The IPE program is scheduled to begin this year and extend for an

approximate two to three year period. This systems level review will

identify possible risk contributors for each plant so that eventually all

plants can be modified if necessary to conform to the Commission's Safety

Goals. At the conclusion of this program we expect to finally achieve

closure of the severe accident issues.

                      KEY AREAS FOR TNDUSTRY EMPHASIS

The safe operation of a nuclear plant requires a management commitment at

the highest levels, a disciplined and thoroughly professional approach, a

carefully constructed and competently staffed organization, and continuous

training of all key players. The importance of the managerial contribution

to safety and what that centribution must include, are emphasized in the

final draft of the IAEA Tnternational Sat'ety Advisory Group (INSAG)

document, "Basic Safety Principles for Nuclear Power Plants," which was

released a few weeks ago. I'd like to quote some of their key

observations:
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     The phrase 'safety culture` refers to a very general matter, the

     personal dedication and accountability of all individuals engaged in

     any activity which has a bearing on the safety of nuclear power

     plants. The starting point for the necessary full attention to safety

    matters is with the senior management of all organizations concerned.

     Policies are est,ablished and implemented which ensure correct

     practices, with the recognition that their importance lie's not just in

     the practices themselves, but also in the environment of safety

     consciousness which they create. Clear lines of responsibility and

    communication are established; sound procedures are developed; strict

    adherencetotheseproceduresisdemanded;internalreviewsare '

     performed of safety related activities; above all, staff training and

    education emphasize the reasons behind the safety practices

    established, together with the consequences for safety of shortfalls

     in personal performance.

rn addition, the INSAG report concludes:

                          '
           '

    Open attitudes are required in such staff to ensure that information

     relevant to plant safety is freely communicated; when errors of

     practice are comTtiitted, their admission is particularly encouraged.

     By these means, an all pervading safety thinking is achieved, allowing

     an inherently questioning attitude, the prevention of complacency, a

    commitment to excellence, and the fostering of both personaT

     accountability and corporate self-regulation in safety matters.
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In the US, recognition of these truths will require significant

organizational changes in some utilities. A nuclear power plant cannot be

treated as just another electricity generator in the utility's inventory.

Recent actions within the industry indicate that this fact is generally

becoming recognized. Greater responsibility for nuclear operations will

have to move to the very top levels of the management structure.

Management at all levels will have to evidence a commitment to the highest

standards of excellence and professionalism, an unflagging attention to

procedure and detail, and the strictest concern for safety matters.

Ultimately such commitments will ensure economic benefits for the utility

aswellassafetytothegeneralpublic. -

                                                             '
A related area whichi needs additional industry emphasis is that of

maintenance. The NRC has found plant maintenance to be far more critical

to overall safety, as well as to achieving high reliability and capacity

factors, than we had previously thought. In addition, plant material

readiness offers one of the very best measures of overall management

effectiveness and commitment to excellence. Lack of a comprehensive

maintenance plan is evidence of a lack of in-depth thinking about the plant

and a careless attitude towards safety. Good maintenance programs include

attention to correctiv'e, predictive, and preventative activities and ways

of allocating resources sensibly to each of these.

The NRC is currently developing a new regulatory framework for maintenance.

At the same time, US utilities are engag.ed in a major effort to upgrade

their maintenance programs. These efforts are being led by efforts of the

utility-sponsored groups, Nuclear Utility Management and Resources
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Committee (NUMARC), and INPO, to define good maintenance practices, to

develop mechanisms for self assessment, and to provide assistance to

individual utilities in developing and assessing their programs. This

strong industry initiative may demonstrate that NRC leadership in this area

is not required. The existence of 110 different plants in the US requires

customization of maintenance procedures and is best addressed through a

nonprescriptive, outcome oriented approach to regulation. However, the

importance of maintenance is such that if a nonprescriptive approach is

taken, then it must be accompanied by strong regulatory oversight and

formal rules for measuring outcomes, with penalties for nonperformance.

                        '

Another key to safe and reliable plant operations is the routine monitoring

and use by the licensee 'of real-time data on all aspect" 'sf plant status,

including parameters which provide immediate and cont'inuous information on

the current condition and performance of the plant. While the US nuclear

power industry, does monitor plant status, the use of modern instrumentation,

control and information systems technology is limited. blithout in any way

minimizing the importance of the human being in nuclear operations, or the

importance of strict attention to procedures and detail, I do think there

is more opportunity for the use of high technology in supporting functions.

The introduction of more creative and innovative applications of existing

and readily available technology to monitoring and control can significantly

enhance safety. Comprehensive monitoring during reactor operation of the

acoustical noise and vibration spectra emitted by the plant's components

can benefit both safety and availability, by using the information these

signals provide about the condition of critical components.
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A number of successful uses of such measurements have been achieved. One

recent example is that of a utility for which NRC accepted neutron noise

measurements as evidence of the condition of thermal shield supports, thus

allowing the plant to continue operating until the next scheduled

inspection outage. Also, improved monitoring, control, and understanding

of the relationship between water chemistry and materials properties can

have very important effects on leng-term reactor performance and

reliability. Finally, more extensive in-situ monitoring of reactor

components in-service can help to better identify materials degradation so

that action can be taken in a timely manner. .

Another change already taking place is a g"' e' ater emphasis on simulation.

Simulation is, of course, valuable for training; it is also becoming more

and more useful for diagnosing certain kinds of events and conditions, for

generating data for human factors applications, and for testing alternative

designs. The capabilities of simulators have improved significantly in

recent years, and some utilities will need to upgrade their facilities, to

maintain physical and functional fidelity, and to expand the range of

situations for which the simulator can be used. In the US some utilities

are using their plant simulators to conduct the annual emergency response

exercise: this can provide a high degree of plant realism, since accident

conditions do not have to be simulated in the main control room while the

plant is operating at full power.
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           OPPORTUNITIES FOR APPLICATIONS OF ADVANCED TECHNOLOGY

Research and development related to improved reactor components, to

technological questions connected with plant lifetimes, and to advanced LWR

designs can identify useful improvements for incorporation into existing

reactors. While, of course, some of the more advanced design concepts

represent fundamental changes that could not be introduced directly into an

existing system, others might be usable in currently operating reactors.

It is well worth looking at such possibilities to take advantage in the

near term of selected advanced technologies and designs which might improve

operational safety, reliability or efficiency. Certainly, advanced designs

for discrete components or systems ought to be considered whenever an

existing component system is to be replaced for any reason. For example,

steam generator replacements can take advantage of the higher reliability

that is likely to derive from the use of modern developments in materials

science and thermo-hydraulics modelling technio,ues,.and replacements for

defective valves in the primary system can benefit from new valve designs

incorporating advanced materials. Replacements of major elements of

control rooms can take advantage of advances in 'solid state electronics and

digital systems, and of advanced computer capabilities, as well as of new

knowledge about human factors. The introduction of artificial intelligence

and expert systems technology clearly could assist operators and help to

prevent hurnan error. Advanced logic systems and beards can be retrofitted

to perform better, and automated surveillance of their functionality can be

incorporatede
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                           THE NEXT GENERATION

ln looking ahead, I see an opportunity for the US to make significant

changes in the next generation of plants to correct or reduce some of the

problems that have plagued our programs. The most important will be a

strong move toward greater standardization and design simplification. The

US program has suffered particularly because of the multiplicity of reacter

designs in use. The NRC is presently developing policies and rules

appropriate for the review and licensing of standardized designs.

I believe there will be far fewer design variations in the next generation

of US reactors than there have been in the past. Beyond those designs,

advanced.reactors may be smaller in size and therefore able to incorporate

passive safety features. There are fairly clear safety advantages to

having systems that do not depend as much on mechanical components or human

performance.

Another significant change likely in advanced designs is a move toward

modularity. Modularity appears to have several advantages, which include

greater opportunities for factory fabrication of systems, control of

construction costs, improved quality of construction, and easier regulatory

oversight of these activities. Modularity also enables the utilities to

match their growth in capacity more closely to the growt.h in demand.
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                         SUMMARY AND CONCLUSION

                                 '                  '
In conclusion, I see the US, in common with other nations, engaq.ing in a

variety of management, regulatory, and facility improvements in the near

term to improve and sustain the nuclear option. For the US, this activity

will almost exclusively involve existing reactors; for other nations, both

existing and future reactors may be involved. r see all the nuclear nations

moving toward a more uniformly high level of performance, although a more

internatio'nally consistent approach to operations and regulation is much

more problematical. rn every nation the particular natienal culture and

current nuclear status will dictate different approaches. Nevertheless,

I see, in common with others in this session, a strong benefit to greater

international cooperation and exchange of information, particularly on
                                                                       '
matters relating to safety. Therefore, I appreciate the opportunity I have

had today to hear of the plans of other nations and to address you on what

I see as near term US nuclear power prospects. Thank you.
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               Endeavors to lmprove the Safet･y and Reliabi1ity

                                     of

                            Korean Nuclear Units

                        . by
                                                   '

                               Dong Jc>o Kim
                   Vice President,, Techno1ogy Deve1oprnent;
                      Korea Electric Power Corporation,

                                                                        '

  The development oi! Korean nuclear power projects was accelerated due to the

oil crises in the 1970s to substitute itnpo}'ted o, ", which was a major energy

source for electricity at that time. Now we are proud of supporttng the dome-

sttc econotny throug,h cheap and stable supply of electricity.

  At present, seven nuclear units are in operation with totai capacity of 5,716

trIW. The overalI capacity factor of nuclear units in 1987 was 79.9 ;X, whidh is

very high considering. the relatively sbort eperating experiences. The nuclear

share in t,otal electricity was 53.1 %. Three Korean units were included in the

top 25 nuclear units in the world for their hitgh･ capacity factor in 1987.

  In additian to the seven operatin.g units, Ulchin Nuclear Units 1 and :Lt are

under startup test to begin their conrmet℃ial operation this year anci in 1989.

Construction work for Yoni.gwang Nuclear Unit 3 and 4 kvil1 start this year for

compietion in 1995 and 1996, respectively.

[l[le,"?g:ll[iAttll[i 2",C,k[lill) 7,O,Wli[t,1:,50"ea Wiii piay an [ncreased roie for the sound

                                        '

  Although stable supply of electricjty at reasonable price can be definitely

assured with the nuclear units, Koreans tend to become more critical of the

nuclear option due possibly to their ambiguous fear for and confusion with

nuclear !･veabons. Such a trend has become more evident since the Chernobyl

:[iilCtiei!llla![lentehf CUrrent dernOCratiZatjon process taking place in the Korean
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  ln spitLe of the remarkable growth, our nuclear capabi1ity is sti1l limi`L'ed

when compared to advanced countries. Since commercial application of fast

breeder technology is 1ikely to be postponed in spite of the concentrated

ef"forts in many advanced countries, Korea has no choice but to rely on t･he LW'R

technology with improved version even in the eariy part of the 21st centur>t.

  In brcier to advance the LWR technoiogy, leading nuclear countries placed great

etnphasis on standardization of nuclear power plants, to satisfy regulatory

requirements on nuclear safe+.y and to incorporate more safety margins in design

anLi ol)e.rat,ion. Innovative ciesign such as ttticrocomputer-based controi and

instr"mentation, human engineerin,g and robotics are positively applied.

  Before explaining the Korean ef"lrorts to upgrade the LWR reliability, 1 would

Iike to mention the domestic situation involving nuclear energy.

  Firstly, we have two types of water reactor, PWR and CANDU. The NSSS suppliers

include ,gXECL of Canada, Framatome of France, and Wes'binghouse and Cotnbustion

Engineering of U.S.A. The diversiby in reactor bypes and suppliers has brought

much difficulty in est,ablishing our own regulatory terms on reactor safe+.y and

in fnanaging nuclear projects. Also, manpower trainjn.a- and systematic buildup of

domestic capability have been adversely affectJed･

  Secondly, we rely on the import of energy resources. In case of an unexpected

future energy crsis, energy supply in Korea may be jeopardi2ed, thus disturbing

the overal1 economic structure.

  Thirdly, although the majority of the general public sti1l stands for nuc!ear

energy, criticism and suspicion are growing to threaten.the strong acceptance

basisofnucleardevelopment. . - -'
  Therefore, aiming at achieving the energy indepehdence through nuclear option,

the Korean strategy is not only to absorb advanced reactor technoiogy but +.o

secure public acceptance.

                                  '                                            '
                                                           '        '
                       '
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  Nos･v, let me describe our efforts to }naxitni2e the uti1ization of the opera-

tin,g･ units.

  Several years a,cr.o, KEPCIO developecl a special plan to itnprove the ca,paci±y

factor to 75 I,Y or above by 1991` To achieve this goal, we have adopted high

burnup fuel to extenfl the refueling interval to 15 mont,hs or so to ra[se S.he

capacity factor by 3 P,'. Preventjve tnaintenance and fortified surveHlapce is

emphasized to reduce the forced outa,ges and to reduce annual refuejtn.v r,)eriod.

  In order to raise the safety level and to provide post-acctdent capaniltt>,

TMI action items have been incorporat･ed into our units eit,her in operat-ion or

underconstruction. AfewremainingitemssuchasSafetyParamet.erbispla>,t

S"y'sl,etn. Emerg'enc`F.i Response F'acili+.>,, anti F･'os't･ jXc(-tifleni,, .{Sasnpiin:)i t:>･steiH are

currently under desi,u.n.' '
  As an end.eavor to identi-fy and correct the deficiencies of the equipment,

plant control syst,ettis and operating procedures in terms of reliability anci

safety, we have get iip tihe niethodologies of probabi1istic reliability a'nal>,sis

t･o perform analysis of any level. For Mstance, tnaj(:)r safety systems including

the shutdown systefns # i and 2 of Wolsong Unit 1 is being assessed t,his tv:ear.

These analyses wi11 k]e applied to P{VR units al$o in 1989 to finci the shQrt,-

cominfbss of t,he safe.ty systetns.

  Kori Unit 1, the first power reactor in Korea, once suffered the fuel damage

due to flow-induced vibration, which has been solved by upflow modification of

reactor internals.The tinit has also experien¢ed the problem of water chemistry

which has resulted in plug.qing of tubes of stearn ,u.enerators and main condenser.

In order to rehabi1itate the perforrnance of the unit, steatn generator tubes are

sleeved and condenser tubes are replaced durin,g the extensive overhaul of this

   .
                                           '
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  Another major effort to in!prove and aciVance the LWR performance in Korea is' a

'project to st,andardize a 1,OOO trIWe P!ijR for the future nuclear upt t,s.

  Four-year long Phases 1 and 2 studies ended last year to analyze domestic and

foreitgn e,x'periences and tLo formulate an overal1 project plan. Reference to the

stanciardizing unit is Yon.u,gwang Units 3 and 4. Designs of the reference units

wi1l be lart.-'ely aijoptefrl in st,andardizing units. Major ecluipment including t,he

NSSS and T/G wi1l be the same as those of the reference to uti1i2e the fabrica-

tion capabi1ity and the buildtip of experience to tLhe snaxiniutn content･

  Phase 3 began this spring to develop design requirernents of the ulititLy and

to drafi stanflard safebye analysis report･s. Phase 4 and 5 wi1l p.erforra £he basic

and detaiI desi.gns of the Korea Nuclear Units 13 and 14, which wiI1 be put into

cotnmercial {)peration at' the end o.f 1990s.

  Noyv let tne "balk about the public acceptance in Korea.

  From tthe beg,inning of the nuclearage, concerned govli]rnment;al aut,horitiies,

social ortLanizations and KEPCO have per'(!ortned many public relations activities.

The act･ivities include plant t,ours, operad;ion of exhibition centers, sym,posium

on nttclear energ>i,publica,tion (i)f booklets and films and others, which have been

effective for securing stt"ong support of the general pubiic. Severai recent

surveys have revealed that about 80% of Koreans acknowledge and suppor"t the

necessity of nuclear power.

                            '
  The Chernobyl accident, however, has given tnuch impact to t･he general public

in spite of the geographical distance. In addition,as the standard of living is

improved,the general public has become more keen to the biased critical reports

by several journalists in the rnass media.
                                                                       '
  in order to keep the public acceptance on nuclear option,we feel it necessary

                                                                           '
to or,cr.antze and systemize the on-gojng public relations activities in a single

tone and to develop new activities and methodologies.Therefore, a comprehensive

                    '
program is being drafted through active co-participation of concerned parties･

                                                                       '                                                                    '
                                                 '
                                                '
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   '
                                                       '                                            s

  ln conclusion, we are trying to emprove the performance of LWRs through .

various ways including the 'standardization project. Yet, it is true that s"e are

stil1 at the beginning stage in this field, which means the necessity of inter-

national cooperation･ We wil1 wi11ingly share our experiences with other

countries and will participate in international efforts to improve the safety

and re"abi1ity of LWRs.
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セッション5「日本における軽水炉信頼性向上への努力」キーノニト

　　　　　　　　　　　　　　　　　東京電力㈱常務取締役　池　亀　亮

　軽水炉の先駆けとして、日本原子力発電の敦賀1号炉が運開して約20年た

っております・昨今の情勢から・今後も馨水炉時代が長期化することについて

は岡部議長の紹介にあった通りと考えております。今日までの推移は、米国軽

水炉技術の導入から始まりその定着を図った前半約10年間、信頼性向上のた

めに技術改良に取り組んだ後半約10年間の一連の努力の結果と言うことがで

きます。この約20年間の努力を振返りつつ、現在および今後の計画を論議す

ることは有意義であると考えております。なぜならば、信頼性向上のために行

われている努力を明確にすることによって、人々の原子力に対する正しい理解

を深めることができると考えるからです。

　本日はこのような観点から1信頼性向上を含むいくつかの項目について、今

まで努力してきたこと、今取り組んでいることなどについて、順を追って紹介

させていただきます。

　始めに、今までの努力の結果、成果が明らかになった項目のうち4点につい

て紹介させていただきます。

　第1回目は安定運転の確保に関してです。日本の原子力発電所の設備利用率

を見てみると、年々上昇傾向にあり、SCC対策あるいはSG対策で利用率の

落ちた1977年度の約42％から、1982年度に約68％になり、198

6年度には約76％に、1988年度では約77％に上昇しました。この要因

には、運転期間の長期化やロボット利用などによる定検期間の短縮、事故停止

の低減（特に1986、1987年において、事故停止率は0．3回／炉年程

度と低水準に保たれています。）並びに、計画的な機器の保守点検等が上げら
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れると思います。これらの良好な実績をもとに、長期的な連続運転が可能なよ

うに条件整備も進めているところであります。

　第2点は、教育訓練です。運転員については、運転訓練センターにおけるフ

ルスコープシミュレータを利用した各種訓練のほか、．各発電所に設置する学習

用小形シミュレータによる基本操作の学習を計画しています。また、保修員に

ついては、技能訓練センターにおける研修などにより、教育訓練を行っていま

す。

　第3点は、ひばく低減対策です。低コバルト材の採用・クラッド発生抑制対

策・自動化機器の採用、作業員への放射線管理の指導助言、、モックアップ訓練

等の教育によりひばく低減化を図ってきています。この結果、柏崎刈羽1号機

の第1回定検では、20マン・レム以下という、極めて低い線量を達成するこ

とができました。

　第4点は、放射性固体廃棄物管理です。発生面では、廃棄物となるイオン交

換樹脂を必要としない非プリコート型フィルタを採用したり、焼却処理・プラ

スチック固化等で容積を減らす等の対策を採っています。

　また、貯蔵面では、青森県の下北地区に低レベル放射性廃棄物の貯蔵施設が

設置され、1991年より操業開始の予定となっております。

次に、現在、取り組んでいることについて述べます。

　初めに、改良型軽水炉の開発ですが、従来型軽水炉に比べ、より一層の安全

性、信頼性向上と同時に設備利用率向上、作業員ひばく低減、コスト低減を目
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指しました。これちの目標のため、運転経験、国内の自主技術並びに国際的協

力を柱に、メーカと電力が共同してこの開発を進めました。

　改良型BWRについて述べますと、既に、東京電力の柏崎刈羽6、7号機に

採用が決まっておりまして、1996年、1998年運転開始を目指し、この

4月から設置許可申請手続きに入る予定でございます。インターナルポンプの

採用により、外部原子炉再循環系配管がなくなり、原子炉格納容器がコンパク

トになり、耐震性および経済性が向上しました。改良型制御棒駆動機構の採用

により、水圧駆動に加えて、電動駆動方式も採用されたため、制御棒駆動源の

多様化が図られました。鉄筋コンクリート製格納容器の採用により原子炉建屋

がコンパクトになり、耐震性が向上しました。さらに、電気出力は1356MWと

従来型BWRに比べー回り大きくなっております。設備利用率86％、ひばく

線量：50人・レム／炉年以下、建設単価は従来型に比べ約20％安い等の優れ

た性能を有しております。

　この様に、多くの関係者の協力のもと開発された改良型軽水炉は、信頼性の

より高い軽水炉として、今後の我が国の原子力発電の主役となるものと考えて

おります。

　第2点は、燃料の改良についてです。ここでは、高調制度化とプルサーマル

計画について述べます。

　まず、高燃焼度化ですが、BWRでは、集合体最高燃焼度40，000MW

D／Tの燃料を去年の秋から装荷し始めており、さらに50，000MWD／

Tの燃料を1991年後半を目標に実用化する予定となっています。

　PWRでは、現在の39，000MWD／Tを48，000MWD／Tにす
る計画が1989年後半に実用化を目標に進行中です。
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　もうひとつは、プルサーマル計画です。BWRでは、　MOX燃料体2体を1

986年度に敦賀1号炉に装荷し、その特性等を確認中であり、PWRではM

OX燃料体2体を美浜1号炉に装荷する予定となっています。

　また今後の計画として、1990年代前半を目途≧した実用規模実証計画を

経て、1990年代後半の本格利用に移行することとしています。

　第3点は、長寿命化です。原子力発電所の長寿命化研究が1985年から8

年計画で進められています。研究では機器などの重要度を分類したり、監視す

べき機器を明らかにすることから始め、評価手法の確立、監視装置の開発、経

済評価が検討されています。

　第4点は、マン・マシン・インターフェイスです。2月のIAEAの会議で

も確認された様な、機械を使う人間の側に立ったシステム設計、人と機械の役

割分担、運転と共に保守作業におけるヒューマン・ファクターの重要性あるい

はマン・マン・インターフェイスの重要性等の課題について、現在、電中研な

どの機関で検討しているところです。

　次に日本で話題になっている出力調整運転について紹介します。現在のとこ

ろ、日本ではフランスの様に出力調整運転を日常的に行う計画はありません。

しかし、将来に備えて段階的に試験を実施し、こうした運転を円滑におこなえ

るように諸準備を進めていくことは、運転の信頼性を求めちれる原子力発電に

とって重要なことであると考えております。実施された試験はいずれも良好な

結果を得ていますが、最近、これら試験をチェルノブイルと同等の試験である

とした反対運動が展開されました。この反対運動を通じて、チェルノブイル事

故が正しく公衆に理解されていないこと、即ち、低出力、試験、人為ミスとい
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う3つの言葉がチェルノブイルのキーワードとなって、事実と遊離した形で、

人々の心の中に焼付いてしまっているということを痛感した次第です。このよ

うな経験に基づき、原子力に対する一般公衆の正しい理解を得るにはどうした

ちよいか、電力側の一層の努力が必要と考えられます。

　最後に、国際協力について述べます。

　日本では、電力会社間あるいは電力・メーカ間で、各レベル毎に設計、運転、

保守に関し、多くの情報交換の場が設定されております。電力会社毎の考え方、

実行の方法について相違点があり、他社の情報は自社の改善に非常に役立って

おり、これが日本の原子力発電の実績が優れている大きな要因となっていると

考えております。原子力発電所の運転者の間で、国際的な情報交換を行うこと

は、多くの利益を相互に与えるものと考えております。

　このような意味で、IAEAの活動を補完するものとして、CEGBマーシ

ャル総裁提案の「国際原子力発電事業者協会地域センター構想」に対し、日本

の電気事業者は積極的に賛同しております。第1回アジア地域の意見交換会を

東京で2月に開催し、韓国電力・台湾電力・パキスタン原子力委員会・日本の

電気事業者が出席して、アジア地域センターの設立に向けての努力を確認した

ところであります。

　以上いろいろな点について述べてきましたが、軽水炉の信頼性向上のために

は、いずれも重要なテーマであり、今後とも我が国が、国際的な協力をしっっ、

一層の努力を傾けていく必要があるものと思っております。
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SESSION 5 Keynote Speech

Efforts for Further Enhancement of Reliability of LWR

Ryo Ikegame

    I am Ryo Il<egame of Tokyo Electric Power Co.

    It is about 20 years since Tsuruga-1 reactor of Japan Atomic Power Co. came

into operation as the first coramercial light water reactor <Lts"R) in Japan. In

view of the present situation, the era of light water reactors is expected to

continue for a long time in future, as Chairman Okabe has noted. The past 20-

year period up to the present may be divided into the first decade of years pohen

technology for LWRs introduced from the United States was established in Japan

and the second decade in which energeti,c effor,ts were made for technical

improvement for a further enhancement og the reliability of LWRs. It poould be

meaningful to discuss present and future plans, looking back on our efforts

made in the past 20 years. I believe that the public may deepen their correct

understanding of nuclear power, by being informed our efforts made for

re1iabi1ity irnprovement.

    From this standpoint, today I would like to discuss our past and present

efforts in regard to reliability improvement and other area$.

    First, I would like to give explanations on four items in which successful

results have been obtained so far through our efforts.

     The first is the securing of steady operation. The capacity factor of

nuclear power plants in Japan has been yearly on the increase. The capacity

factor, which dipped to about 42% in fiscal 1977 due to counter measures for

SCC or SG problems, rose to about 68% in fiscal 1982 to about 76% in fiscal 1986,

and to about 77% in fiscal 1988. The main reasons for this increase are extended

operating cycles, the reduction of refueling outage due to the utilization of

robots, reduction of forced outage (particularly, the rate of forced outage was
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reduced to O.3 timeslreactor year in l986 and 1987), and planned maintenance

and inspection of equipment. At present, efforts are being made on the basis of

this favorable performa'nce to create conditions'for long-term continuous

operation.

    The second concerns education and training. As for operators, they are

trained in various necessary training items using large-scale simulaters at

operation training centers. Furthermore basic plant operation training with the

use of small simu!ators for education is planned at each nuclear power station.

Maintenance staff are trained according to their training programs at tech-

                         'nicaltrainingcenters. . '
    The third point concerns measures against radiation exposure reduction.

Efforts have been made for this purpose by introducing materials with less

cobalt content, decreasing the crud, adopting various automation equipment,

giving assistance to subcontractors in regard to radiation protection and

training with mock-ups. As a result, a very low exposure of 20 manrem of the

first periodical inspection was attainecl at Kashiwazaki Kariwa-1.

    The fourth point is related to solid radioactive waste management. The

volume of radioactive waste is reduced through adopting non-precoated type

filters to stop generating radioactive resin waste, introducing incineration

treatment and plastic solidification, etc.

    For the storage of radioactive waste, it is planned to build a iow level

waste storage facility in the Shimokita district in Aomori Prefecture, which is

expected to start operation in April 1991.

    Next, let me explain some items we are tackling at present.

    First, I will give explanations on the development of an advanced light
  '

water reactor, which is designed to be improved in safety and reliability,

capacity factor, reduction of radiation exposure and construction cost as

compared with the conventional LWRs. In order to achieve these purposes,

nuclear reactor manufacturers.and electric power utilities jointly promoted this
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development work on the basis of operational experience, technologies

accumulatedinJapanandinternationalcooperation. ' '

    As for advanced BWRs, Tokyo Electric Poteer Co. has already decided to adopt

them as its Kashiwazaki Kariwa-6 and -7 units, which are planned to go into

comrnercial operation in 1996 and 1998, respective!y. eur company will file the

application of the nuclear reactor establishment permit to the government in

April this year. The adoption of reactor internal pumps (RIPs) will eliminate

the external recirculation piping, and enable to rnake reactor containment

vessel compact, resulting in improvement of their aseismic characteristics and

economic parameters. Futhermore, control rod driving power sources will be

diversified through adoption of an electric drive, in addition to a hydraulic

piston drive. The adoption of a reinforced concrete containment vessel (RCCV)

will make the reactor building compact and improve its aseismic characteristics.

The electric output of the units is planned to be 1,356 ML,) each, which is larger

than that of conventional BWRs. The capacity factor and the radiation exposure

are expected to be more than 86% and less than 50 manremlyear, respectively, and

the construction cost, dollars per kpo, is expected to be 20% less than that of

                           'conventiona1 BWRs.

     In this way, advanced LWRs pohich have been developed through the

cooperation of all parties concerned, are expected to play a leading role in

future in Japan's nuclear power generation.

     The second item concerns the improvement of fuel. I will explain this

matter with special reference to high burnup fuel and utilization of Pu in LWRs.

   ' As for BIAIRs, we started to load high burnup fuel with a maximum assembly

burnup of 40,OOO MWDIT in the autumn of last year, and plan to load a high

burnup fuel with a maximum exposure of 50,OOO MtAID/T in the latter half of 1991.

     As for PWRs, a plan is under way to increase maximum burnup from the

present 39,OOO MWDIT to 48,OOO MWDIT in the latter half of 1989,

    Regarding the utilization of Pu in BWRs, two mixed-oxide fuel assemblies
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were loaded in Tsuruga-1 in fiscal 1986 to study their characteristics. As for

                                                   'utilization of Pu in PWRs, two mixed-oxide fuel assemblies are planned to be

loaded in Mihama-l.

    Full-scale Pll utilization is expected to start in the late 1990s after a

large-scale demonstration project which is planned to start in the first half of

the 1990s.

                     '
    The third point is the life extension of nuclear power stations. An eight-

year plan for the life extension of nuclear power stations started in 1985.

This study program covers a wide area, beginning with the classification of

equipment and parts according to their importance and clear definition of

equipment which should be put under s"rveillance, and including the tasl< of

establishing evaluation methodologies of life extension, development of
  '
                                           'surveillance equipment and economic evaluation.

    The fourth point is man-machine interface. The Central Research Institute

of Electric Power Industry and other organization are doing research work on

user-oriented system design, clear definition of the roles of a man and a

machine, and the importance of human factors in maintenance as well as in

operation, and the importance of man-man interface, whose importance was

confirmed by the February meeting of IAEA.

    Next, let me speak a few words about load following operation, which is now

a hot issue in Japan. As the matter stands at present, Japan does not have a

plan to carry out a lead following operation on a day-to-day basis as it is done

in France. However, we consider it important for nuclear power generation,

which is required to be reliable in operation, to conduct tests for the purpose

step by step in case of future need so that we may be able to carry out such

operation smoothly. All the tests so far conducted have shown favorable results.

However, recently an opposition movement was developed, with its leaders

charging us with conducting the same tests at Chernobyl. i"e were made keenly

aware through the opposition movement that the Chernobyl accident was not
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correctly understood by the public, namely the three key words of the Chernobyl

accident -- Iow output power, tests and human mistake -- were implanted in the

minds of the public as fixed ideas divorced from the facts. In view of the

above experience, I think it is required of the power utilities to make

increased efforts to win public acceptance of nuclear power plants.

    Lastly, I will briefly outline our international cooperation efforts.

    In Japan, there are many meetings and vehicles of information exchange on

design, operation and maintenance between electric power utilities, between

electric power lltilities and makers on various levels of positions. Different

electrical power utilities have different policies and methods of practice, and

information on other utilities is useful for mutual improvement. I consider

this to be one of the factors for the excellent performance of nuclear power

plants in Japan. I also think that international exchange of information among

the operators of nuclear power plants will bring great mutual benefits to them.

In this sense, Japanese electric power utilities positively support the idea of

regional centers of the World Association of Nuclear Operators proposed by Lord

Marshall, Chairman of CEGB. Then the first meeting to exchange views on

establishing and operating the Asia Regional Center of the World Association of

                                                      'Nuclear Operators was already held in February in Tokyo.

    Beside Japanese utilities, the Korea Power Corporation, the Taiwan Power

Company, and the Pakistan Atomic Energy Commission attended the meeting, and

recognized the need to make efforts for the establishment of the Asian regional

center.

    The items I discussed above are all important ones for the reliability

improvement of LWRs. I think it is necessary for us to make increased efforts

                               '
for the solution of these problems in future, too, while promoting international

cooperation.
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