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第22回原産年次大会総括プログラム

　　　　基調テーマ：原子力と人間社会一その融和をめざして

　　　　　　　平成元年4月12日（水）～14日（金）

　　　　　　　於東京郵便貯金ホール（東京都港区芝公園）

第　1　日

S月12日（水）

第’2　日

S月13日（木）

第　3　日

S月14日（金）

午
　
　
　
削

　謂ムセッション

蜑?準備委員長挨拶

ｴ産会長所信表明

ｴ子力委員長所感

　　セッション2

u社会のなかの原子力」

@（講演とパネル討論）

　　　　セッション4

uスウェーデンの脱原子力政策

�ﾟぐって」

@　（講演とパネル討論）

　セッション1（前）

u現代史における原子力：

@　　　　その使命と課題」

（昼休み） （昼休み）

セッション1（後）

　　　　　選

@　　通商産業大臣所感

@　　　〔特別講演〕

Eo●　o・9　●●・　D●●　●，■　●●■　の・・　o●・　●●●　o・q　o●g　o●，●●●　o・9

@　　原子力映画上映

セッション5

午
　
　
　
　
　
　
　
後

（講演） 　　セッション3

u原子力技術の新展開」

@　（映像と解説）

「原子燃料新時代へ向けて」

@　　　（講演）

レセプション
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4月12日（水）

開会セッション（9：30～10：20）

議長：　林　　政　義

　大会準備委員長挨拶

　　　　岸　田　純之助

　原産会長所信表明

　　　　圓城寺　次　郎

　原子力委員長所感

　　　　宮　崎　茂

動力炉・核燃料開発事業団理事長

（財）日本総合研究所会長

（社）日本原子力産業会議会長

原子力委員会委員長，科学技術庁長官

セッション1「現代史における原子力：その使命と課題」　（10：20～17：40）

議長：中　野　友　雄　　　　　北海道電力㈱会長

　「原子力開発の世界的意義と課題」

　　　H．ブリックス　　　　　国際原子力機関（IAEA）事務局長
　「原子力界への女性の参加」

　　　G．ド．プランク　　　　米国原子力学会（ANS）会長

　「エネルギー確保と原子力発電の役割」

　　　A．クルンニクル　　　　チェコスロバキア燃料・エネルギー大臣

議長：関　本　忠　弘　　　　　日本電気㈱社長

　「原子力開発の今日的な意義一原子力は人間社会に貢献できるか」

　　　那　須　　　翔　　　　　電気事業連合会会長，東京電力㈱社長

　「21世紀へ向けてのエネルギー確保と原子力の役割」

　　　J．D，レ　ビ　　　　　フランス工業省エネルギー資源庁長官

　「ソ連の軽水炉開発計画と安全性向上対策」

　　　A．L．ラプシン　　　　ソ連原子力発電省次官

議長：飯　田　庸太郎　　　　　三菱重工業㈱社長

　「パキスタンにおける原子力開発：政策、展望ならびに課題」

　　　M，A，カーン　　　　　パキスタン原子力委員会委員長

　「本格化する中国の原子力発電開発」

　　　黄　 斉陶　　中国原子力工業総公司副総経理
　「グラスノスチとソ連の原子力開発」

　　　V．S．グーバレフ　　　ソ連「プラウダ」紙科学部長

レセプション　18：00～19：30

於：東京プリンスホテル2階「鳳鳳の間」
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4月13日（木）

セッション2「社会のなかの原子力」（9：30～12：30）

議長：柳　瀬　丈　子

〈講　演〉
　「原子力論争この一年」
　　　田　原　総一朗
　「わが国の市民運動の特徴」
　　　田　中　靖　政

〈パネル討論〉
　パネリスト

郎
子
魏
朗
政

太
　
　
　
一

陽
智
　
総
靖

中
立
崎
原
中

小
犬
山
田
田

フリージャーナリスト

評論家

学習院大学法学部教授

作家
評論家
中部電力㈱副社長
評論家
学習院大学法学部教授

午餐会（12：50～14：50）　於：東京プリンスホテル2階「鳳風の間」

通商産業大臣所感
　三　塚　　　博　　　　　通商産業大臣
特別講演　　「現代人の生き方」

　曽野綾子　　 作家

原子．力映画上映（13：30～14：40）　於：東京郵便貯金ホール

・世界との対話　OSART
・原題サイクルと地域社会（フランスの実情）
・巨大地震に耐える（第3部）一BWR原子炉格納容器一

セッション3「原子力技術の新展開」　（15：10～18：00）

議長：長谷川　謙　浩　　　　　　　　　　　　　川崎重工業㈱会長
「燃料供給技術一ウラン濃縮と改良型乾式転換法」
　W．L．ウィルキンソン
「FBR燃料サイクル技術」
　佐々木　壽　康

イギリス原子燃料公社（BNFL）副社長

動力炉・核燃料開発事業団理事
「未来のための革新的設計の液体金属炉」
　B．ウォルフ

議長：玉　置　正　和

ゼネラル・エレクトリック社（GE）副社長

　　　　　　　　　　　　　千代田化工建設㈱社長
「原子燃料のリサイクル利用一技術革新への挑戦」
　R．ラルマン

　J．P．ルジョー
「原子力ロボット」

　井　元　一　彦

議長：原

フランス原子力庁（CEA）原子力研究開発計画
　局長
コジェマ社（フランス核燃料公社）副社長

極限作業ロボット技術研究組合技術委員会
　原子力部会長

　　　　　事事助
「クリーンな環境をつくる放射線」
　　　　　末　男　町

セイコー電子工業㈱社長

日本原子力研究所高崎研究所長
「がん治療での放射線の医学利用の最前線」
　柄　川　　　　　　　順 国立がんセンター病院放射線治療部長
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4月14日（金）

セッション4「スウェーデンの脱原子力政策をめぐって」（9＝30～12：30）

議長：　生　田　豊　朗 （財）日本エネルギー経済研究所理事長

〈講　演〉

　　「スウェーデンのエネルギー政策」

　　　　H．ローデ　　　　　　　スウェーデン・エネルギー庁長官

　　「産業および国際的視点からみたスウェーデンのエネルギー政策」

　　　　L，フォーゲルシュトローム　　　　ABBアトム社社長

　　「スウェーデンのエネルギーの将来：政策vs政治」

　　　　T．R．ヤールホルム　　ストックホルム大学教授

〈パネル討論〉

　　講演者ならびにつぎのパネリストによる

ス
ビ
彦
久

リ
レ
克
喜

ハ
D
次
山

B
J
末
秋

米国エネルギー啓発協議会（USCEA）副理事長

フランス工業省エネルギー資源庁長官

日本経済新聞論説委員

関西電力㈱専務取締役

〈議長まとめ〉

セッション5「原子燃料新時代へ向けて」　（14：00～17：00）

議長：小林庄一郎　　 関西電力㈱会長，㈲日本原子力産業会議副会長

　　「技術による世界の変容と燃料サイクル」

　　　　J．N，ヨーケルソン　　米国国際戦略問題研究所副理事長

　　「原子力産業の環境影響総合評価」

　　　　D．B．キーロック　　　米国バッテル・パシフィック・ノースウエスト研究所副所長

　　「科学技術としての原子燃料」

　　　　鈴木篤之　　 東京大学工学部教授

　　「原子力の人間論的展望一その思想論的位置づけの試論」

　　　　K．リーゼンフーバー　　上智大学哲学科教授

〈議長コメント〉

閉　会　挨　拶

小林庄一郎 関西電力㈱会長，㈲日本原子力産業会議副会長
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22ND JAIF ANNUAL

    PROGRAM

CONFERENCE

TOWARD HARMONY

   BASIC THEME

OF NUCLEAR ENERGY AND HUMAN SOCIETY

  12-14 April 1989
Tokyo Yubinchokin Hall

WEDNESDAY, APRIL 12

9:30am - 10:20am
OPENING SESSION

Chairman:
          Masayoshi Hayashi
          President
                                         '                                             '          Power Reactor and Nuclear Fuel Development Corporation
                                                            '
   Remarks by Chairman of Program Committee
          Junnosuke Kishida
          HonoraryChairman .
          Japan Research Inst, itute

             '                               '
   JAIF Chairman's Address
          Jiro Enjoji
          Chairman
          Japan Atomic Industrial Forum

   Remarks by Chairman of Atomic Energy Commission
          Moichi Miyazaki
          Chairman
          Atomic Energy Commission
          Minister of State for Science and Technology

- 9･-



1O:20am
SESSION 1

 12:20pm
: NUCLEAR ENERGY IN MODERN HISTORY: MISSIONS AND ISSUES

Chairman:
          Tomoo Nakano
          Chaicman
          The Hokkaido Electric Power Co., Inc.

    "The World's Needs for Nuclear Power"
          Hans Blix
          Director General
          International Atomic Energy Agency

    "Women's Entry into the Nuclear Community"
          Gail de Planque
          President
          American Nuclear Society

    "The Role of Nuclear Energy for Energy Security in CSSR"
          Antonin Krumnikl
          Minister of Fuel and Energy
          Czechoslovakia

Chairman:
          Tadahiro Sekimoto
          President
          NEC Corporation

    "Meaning of Nuclear Power Development in Today's World : Can
      Ener'gy Contribute to Society of Mankind ? "
          Shoh Nasu
          Chairman
          The Federation of Electric Power Companies
          President
          The Tokyo Electric Power Company., Inc.

    "Assurance of Energy Sources and the Role of Nuclear Power
      for the 21st Century"
          Jean- Daniel Levi
          Director General
          Energy and Raw Materials
          Ministry of Industry
          France

    "The Main Guideline and Technical Measures with the Purpose
      of Improvement of the Safety of Nuclear Power Plants with
      VVER-1000 Reactors"
          Alexandor L. Lapshin
          Deputy Minister
          Ministry of Nuclear Power

          USSR -lo-

Nuclear



Chairman:
          Yotaro Iida
          President
          Mitsubishi Heavy Industries, Ltd.

                                                         '                                    '   "Nuclear Energy Development in Pakistan --- Policy, Prospects

      andProblems" ･ '' ･ '                                                        /t                                  '                                       '          Munir A. Khan
          Chairman
          Pakistan Atomic Energy Commission

                '   "Starting the Development of China's Nuclear Power"
          Qi-Tao Huang
          Vice President
          China National Nuclear Corporation

   "Glasnost and Nuclear Power Development in the Soviet Union"
          Vradimir S. Guvalev
          Science Editor,
          "PRAVDA"
          USSR

6:OOpm - 7:30pm
JAIF CHAIMAN'S RECEPTION

             Room " HO-O "
2nd Floor, TOKYO PRINCE HOTEL,
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THURSDAY, APRIL 13

9:30am
SESSION

- 12
 2:

:30pm
NUCLEAR POWER AMONG SOCIETY (Lectures and Panel)

Chairwoman:
Takeko Yanase
Journalist

Lectures:
    "Nuclear Disputes in the
          Soichiro Tahara
          Critic

Past One Year"

tt Characteristics
     Yasumasa
     Professor
     Gakushuin

 of Current
Tanaka

University

Anti-Nuclear Protest Groups in Japan"

Panelists:
Yotaro
Writer

Konaka

Tornoko

Critic
Inukai

Takashi Ymazaki
Executive Vice
Chubu Electric

President
Power Co.

'
Inc.

Soichiro
Critic

Tahara

Yasumasa
Professor
Gakushuin

Tanaka

University

,

- 12 -



12:50pm - 2:50pm
LUNCHEON
                             Room "HO-O"
              2nd Floor,TOKYO PRINCE HOTEL

Remarks:
          Hiroshi Mitsuzuka
                                   '          Minister for International Trade
                   '                                    '
Special Lecture:
    "Life of Modern People"
          Ayako Sono
          Writer

and Industry

1:30pm - 2:
FILMS

Most recent

40pm

films on nuclear
CONFERNCE HALL
 power developmen't will be shown.

3:10pm - 6:
SESSION 3:

OOpm
NEW pRospEc-rs OF NUCLEAR TECHNOLOGIES

Chairman:
          Kenko Hasegawa
          Chairman
          Kawasaki Heavy Industries, Ltd.

    "Fuel Supply Technologies: Uranium Enrichment and
      Route"
          William L. Wilkinson
          Deputy Chief Executive
          British Nuclear Fuels plc

    "FBR Fuel Cycle Technology "
          Toshiyasu Sasaki
          Executive Director
          Power Reactor and Nuclear Fuel Development

                                           '    "An Innovative LMR Design for the Future"
                                            '       ' Bertram Wolfe
        . Vice President
          Nuclear Energy Operations
          General Electric Company

                      L
                               - 13 -

Integrated

Corporation

Dry



Chairman:
          Masakazu Tamaki
          President
          Chiyoda

    "Nuclear Materials Recycling: The Great Challenge"
          Robert Lallement
                                             '                                       '                                       '          Director for Nuclear R and D Programs
          Commissariat a 1'Energie Atomique
                                      '          Jean-PierreRougeau ''
          Vice President
          Compagnie Generale des Matieres Nucleaires
          France

    "Nuclear Power Robot"
          Kazuhiko Imoto
          Chairman
          Subcommittee on Nuclear Power Plant
          Technology Committee
          Advanced Robot Technology Research Association

Chairman:
          Reinosuke Hara
          President
          Seiko Instruments Inc.

    "Radiation Technology for Clean Environment"
          Sueo Machi
          Director General
          Takasaki Radiation Chemistry Research Establishment
          Japan Atomic Energy Research Institute

    "Recent Trend of Medical Use of Radiation in Cancer Therapy"
          Sunao Egawa
          Chief
          Dept. of Radiation Therapy
          National Cancer Center Hospital
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FRIDAY,' APRIL 14

9:30am
SESSION

- 12
 4:

:30pm
ON NUCLEAR PHASE-OUT POLICY OF SWEDEN (Lectures and Panel)

Chairman:
      ' Toyoakilkuta
          President
          Institute of Energy Economics, Japan

                                  '          '           '
    "Sweden's Energy Policy "
          Hans Rode
          DirectorGeneral .
          Swedish National Energy Administration

    "The Swedish Energy Policy in an Industrial and
      Context"
          Lennart Fogelstroem
          Presiden't,
          ABB Atom AB
          Sweden

    "Sweden's Energy Future--Policy vs Politics"
          Tor R. Gerholm
          Professor
          The University of Stockholm
          Sweden

           ( In addition to the above Speakers )Panelists:

          Bill Harris .
          Senior Vice President
          US Council for Energy Awareness

          Jean-- Daniel Levi
          Director General
          Energy and Raw Material
          Ministry of Industry, France

          Katsuhiko Suetsugu
          Editorial Writer
          The Nihon Keizai Shimbun
            '
          Yoshihisa Akiyama
          Senior Managing Director
          The Kansai Electric Power Co,, Inc.
                     '                           '

                         '
General Comments by Chairman
                ･ -15-

International



2:OOpm
SESSION

-- 5:OOpm
 5: TOWARD NEW ERA OF NUCLEAR FUEL

Chairman:
          Shoichiro Kobayasi
          Chairman
          The Kansai Electric Power Co,, Inc.
          Vice Chairman
          Japan Atomic Industrial Forum

Lectures:
    "The Nuclear Fuel Cycle and Global Technological Change"
          John N. Yochelson
          Vice President
                           '          Center for Strategi.c & International Studies
                                                    '                      '
                  '                                               '                                            t tt                              t/                                  '
                                 '    "Environmental Issues of the Nuclear Industry"

          DennisB.Cearlock ' ･
          Director
          Battele Pacific Northwest Laboratories
          USA

    "Nuclear Fuel Seen from the Aspect of Scientific Technology"
                                    '          Atsuyuki Suzuki ''
                      '          Professor
          The University of Tokyo

    '    "Atomic Energy in an Anthropological Perspective:
      Towards an Evaluative Understanding of the Place of Nuclear
                                                 '      Technology" ''          Klaus Riesenhuber
          Director .
          Institute of Medieval Thought
          Professor -
          Dept, of Philosophy ,
          Sophia University

General Comments by Chairman

CLOSING REMARKS:
Shoichiro Kobayashi
Chairman
The Kansai Electric Power Co., Inc.
Vice Chairman
Japan Atomic Industrial Forum

                    L 16 -
'



開会セッション
開
会
セ
ッ
シ
ョ
ン

　　大会準備委員長挨拶
（財）日本総合研究所会長
　　　　岸　田　純之助

　　　　　原産会長所信表明
（社）日本原子力産業会議会長
　　　　　　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
　　　　　　　　　　宮　崎　茂　一
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大会準備委員長挨拶

働日本総合研究所

会長　岸田純之助

　ご臨席の皆様、第22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を、大変光栄に存じます。

　本日は、国内から宮崎茂一国務大臣・原子力委員会委員長、また海外から

はブリックス国際原子力機関（IAEA）事務局長、ドプランク・アメリカ

原子力学会会長、クルンニクル・チェコスロバキア燃料・エネルギー大臣、

レビ・フランス平業省エネルギー資源庁長官、ラプシン・ソ連原子力発電省

次官、カーン・パキスタン原子巾委員会委員長、ローデ・スウェーデン・エ

ネルギー庁長官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深く慶んでおります。

　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

㌧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。
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　今年はスリーマイルアイランド事故から10年が経過し、チェルノブイリ

事故からまもなく3年目を迎えようとしております。その影響はいまも残

り、むしろ拡がりを増しているところもあるように思われます。わが国では

最近原子力反対運動がきわだった盛り上がりをみせております。また、海外

の一部の国では原子力発電からの撤退の動きも出始めるなど、原子力問題が

政治の場のみならず、女性や若い人々を含め一般の人々の間でもより活発に

議論されております。

　今日、原子力は単にエネルギー問題、技術の問題としてよりも、人間社会

と原子力は共存できるのかというところまでさかのぼって問題提起されてお

ります。原子力は人間性に適応しないとの指摘も一部にあります。　巨大先

端技術である原子力を人間はうまく使いこなすことができるのか、数千年、

数万年にも影響の及ぶ高レベル放射性廃棄物の処分はいま計画されている方

法でいいのか、等々の懸念や疑問が出されております。

　このように、日本のみならず世界の原子力開発をめぐる情勢は大きく動い

ており、人間社会および人類の生存（の歴史）の中で原子力をどのように位

置づけするのかについての問題を、原子力関係者は避けて通れなくなってお

ります。

　今大会の基調テーマを「原子力と人間社会一その融和をめざして」として

おりますのも、まさにそうした点を踏まえてのことでございます。毎年定期

的に開かれている年次大会として、従来からの継続性を十分念頭に置きなが
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ら、さらに、いま世界的に原子力が直面している課題を、鋭い感受性を持っ

て取り上げたいと考え、やや枠組みを拡げた形で、原子力以外の他の分野の

多くの人々の意見が反映されるような視点も入れて、プログラムの編成を行

ないました。

　本年次大会は、この開会セヅションに引き続き、3日間にわたる5つのセ

ッションのもとに、原子力開発が直面する諸問題とその対応について議論を

行なうことにしております。

　セッション1「現代史における原子力：その使命と課題」では、国際機関

をはじめ、アメリカ、チェコスロバキア、1フランス、ソ連、パキスタン、中

国そして日本の代表から、エネルギーおよび原子力の役割とそれぞれの国に

おける原子力政策について、見解を伺います。これらの講演を通じて、経

済、社会文明の発展に不可欠なエネルギー、およびその中での原子ヵの位置

付けが明らかにされると思います。ここではまた、最近クローズアップされ

てきた地球環境の問題への対応も含めて、あらためてエネルギー・原子力問

題について考えることになりました。

　最近原子力に対して、女性の関心が高まっていることを冒頭に述べまし

た。人口の半数を占める女性を抜きにして、いまや原子力というものは考え

られなくなっております。この面から自らも女性であるアメリカ原子力学会
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会長のドプランクさんからは、原子力と女性のかかわり、パブリックアクセ

プタンスと女性とのかかわりに焦点をあてて、きわめて示唆に富む講演が伺

えるものと期待いたしております。

　また、原子力開発当事者であるわが国の電気事業者を代表して、電気事業

連合会会長の那須さんからは「なぜ原子力か」についての見解が表明される

ものと思います。

　さらに、ソ連の原子力開発事情に詳しく、自らチェルノブイリ事故を取材

したプラウダ紙科学部長のグーバレフさんからは、最近のグラスノスチ（情

報公開）と原子力開発について興味ある講演が伺えるものと期待いたしてお

ります。

　次に、2日目のセッション2「社会のなかの原子力」では、現在非常に大

きな社会的関心事となっている’原子力について、原子力関係者以外の方々の

参加も得て、広く意見を伺いたいと考えております。

　電力会社や原子力関係の人々は、　「技術的には日本の原子力は良い」と思

っておられるようですが、原子力関係者と一般の人々の考えていることの間

にはかなり隔たりがあり、原子力に対する社会的なイメージには相当な幅が

あります。　さらに、一般の人々の原子力に対する不安や疑問に対して、原

子力関係者から必ずしも十分満足のいく回答が与えられてはいないのが実情

であると思います。
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　本セッションでは、最近のわが国における反対運動および原子力論争の実

態、一般の人々の認識を分析するとともに、原子力関係者と原子力関係者以

外の人々の主張がなぜかみ合わないのかについて討議していただき、社会の

なかでの原子力開発にたずさわる者が今後取り組むべき課題をさぐりたいと

考えております。　パネル討論に参加される有識者の方々から、原子力、お

よび原子力関係者に対して腹臓ない意見が出されることを期待しておりま

す。

　同日午後のセッション3「原子力技術の展開」では、原子力と関連先端技

術との組合せによる新しい展開、原子力関係者がたゆみなくつづけている開

発努力の姿が、映像と解説によって紹介されます。

　原子力は、人類の英知によって創り出した技術エネルギーであり、その技

術の進歩は、将来の原子力の利用分野を拡大し、産業の発展や国民生活に貢

献するだけでなく、科学技術全体の発展の索引車としても役割を果たすこと

が期待されております。

　本セッションでは、現在研究開発段階、実用化段階にある原子力技術の中

で、燃料サイクルおよび高速増殖炉関係、原子力ロボットの分野、また、日

常的に無意識にすごしておりますが、環境保全および医療面で貢献している

放射線利用の分野について、内外の発表者からそれぞれの最新の技術とその

将来展望が紹介されるでありましょう。
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　続いて3日目午前のセッション4「スウェーデンの脱原子力政策をめぐっ

て」では、スウェーデンの3人の代表が、それぞれ政府、産業、および学界

の立場から自国のエネルギー政策およびエネルギーの将来について見解の発

表を行い、その後でアメリカ、フランスおよび日本の代表を加えてパネル討

論を行います。

　わが国の原子力論争でもスウェーデンの例がよく引き合いに出されます。

これが「日本も原発なしでやっていくことができる」との主張のバックグラ

ウンドとして使われてもおります。そこで、本セッションでは、スウェーデ

ンにおける政策論争の過程や政策選択の背景をはじめ、工業先進国が将来の

エネルギー供給手段から原子力をとり除くことが実際に可能かどうか、その

ためにいかに苦労されているか、新たに生ずる課題は何か。経済社会的イン

パクト、代替エネルギー技術の評価など、スウェーデンで実際に行なわれて

いる議論が、より具体的、客観’的に再現されることと思います。さらに、直

接の当事国以外の幅広い立場の人々からの質問、コメントを通じて、一国の

エネルギー政策の枠を越えて、エネルギーの中の原子力の位置づけについ

て、地球規模であらためて吟味する機会となると思います。

　これまで原子力は軽水炉をはじめウラン235の利用による原子力発電に力

点がおかれてきました。いまでは、世界で400三余、3億キロワット余の発電施

設が動いているところまで発展してきました。さらに一歩を進めて、わが国
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でもいよいよ商業用燃料サイクル施設の建設に着手し、再処理のプルトニウ

ム利用が具体化していく、原子燃料新時代ともいうべき非常に重要な段階に

至ろうとしております。この時期に、原子燃料サイクルのもつ本質的な意義

や今日の文明における位置付け等について、あらためて考えてみることが技

術エネルギーとしての原子力の役割を再確認するためにも非常に時宣を得た

ものと思います。最後のセッション5では、こうした原子燃料新時代が社会

に定着し、成熟していくための筋道について、国際関係、地球環境、科学技

術、また、現代文明といった広範な視点に立って、4名の発表者から議論が

展開されます。

　以上、本大会の概要とねらいにつきまして概略をご説明いたしました。3

日間にわたる本年次大会を通して、大会基調テーマの趣旨に沿って、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

わが国および世界の原子力開発に役立つことを念願し、私の挨拶にかえさせ

ていただきます。

以　上
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                    Twenty-Second JAIF Annual Conference

                                  Address

                                     by

                            Chairman Jiro Enjoji

                                     of

                       Japan Atomic Industrial Forum

     Mr. Chairman, distinguished guests and participants, I am honored to have

the opportunity to open this 22nd Annual Conference with an address on behalf

of JAIF. .
                '                                                   '                      '                                    '                            '
     Exactly 50 years ago,, the discovery of nuclear fission reaction had so

great an impact as to affect our whole future. Since then, though it began

unfortunately with military applications with disastrous consequences, nuclear

energy has made history with progress in mankind's efforts to establish its

                                          'peacefuluses.. ' '･
                          '
                             '       '                      '   '     '                 '        '
     Now, as we approach the 21st century. international society seems to have

found a clue to nuclear disarmament Mankind has taken hold of nuclear power

technology and derived tremendous benefits from it as the evidence of its

peaceful applications.

     The world has 420 nuclear power units operating, with a total installed

capacity of 320,OOO MW, now supplying about one-sixth of total generated

electricity. The remarkable thing about nuclear power is that it has the

characteristic of producing vast amounts of energy vvithout polluting the

environment, if under proper management.

                         '
     Predictions of limited oil resources and lessons from two oil crises have

led industrialized countries to turn more and more to nuclear power. This

results in success of mankindts efforts to save vast amounts of fossil fuel.
       '                                           '
       '

     Nuclear power plants around the world now effect a saving of some 400

million tons of oil a year -- approximately twice the amout of oil production

in Saudi Arabia, OPEC's largest oil-producing country.

                                   O-2-(1)



     The fact that nuclear energy can replace one-third of the amount of oil

in world trade indicates how is contributes toward stabilizing international oil

prices. Massive nuclear developments have provided significant bargaining

power as a strategic counter to crude oil, making it possible for countries to

maintain their economic growth and raiser living standards without fear of

inflation from soaring crude oil prices,

                                   '
                                                      tt
     A good case in point is the steady economic growth of Japan. When the

first oil crisis occurred in 1973, the Japanese economy was dependent on

imported oil for 78? of its primary energy needs, Bringing energy conservation

to the highest level in the world by reducing specific energy consumption to

the minimum necessary for production, and letting nuclear power take the lead

in an active alternative energy policy., Japan has lowered its oil dependency to 56?.

     The Japanese nuclear industry has an installed capacity of some 29,OOO MW,

supplying about 30g of the nation's electricity needs. The reality is that

bold steps are necessary from the industry to handle all the tasks that go with

its scale of development to meet'the needs of the times,

                          '
              '                      '                         '
     The assurance of safety, among other things, must be given top priority.

Our operating records over the past several years are excellent enough for us

to be proud of this before the world. But it is advisable for our nuclear interests

withnoself-conceit,forthepreventionoftroubletoenforcefurtherself- '
discipline and continue building up high records for safety.

     A new phase has been reached in the effort to improve the reliability of

nuclear power plants world-wide, The major TMI and Chernobyl accidents that

unfortunately have occurred in the past ten years taught us all the grim lesson

that operating procedures and practices must be improved. After the Chernobyl
                                          'accident, it will be recalled, the International Atomic Energy Agency established

two conventions: on early notification of nuclear accidents and on emergency

assistance. In addition, it was proposed that the electric utilities build a network

of operational information, and at a world-wide level promote exchanges of

                            'operational and accident information so that preventive maintenance arrangements

can be made for nuclear power plants.
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     Japan's achievements have led to Japan being asked to play a greater role

in international cooperation. JAIF's International Nuclear Cooperation Center

is working as an operating agency for cooperation with developing countries,

as are also the Japan Electric Power Information Center, private companies, the

Japan Atomic Energy Research Institute and the Powe Reactor and Nuclear

Fuel Development Corporation. Acting through these organizations, Japan last

year received more than 600 trainees from developing countries to help in the

training of nuclear engineers, '
            '
    '
     We are endeavoring within both the technical and institutional frameworks

to ensure that no burden of radioactive waste from nuclear power plants will be

passed on to posterity. But carbon dioxide is now emerging as a source of concern

because the burning of fossil fuels in the past 100 years is believed to have

produced enough COz to effect posterity, as a serious byrden. In this respect,

people's relationships allow no one to cross the border to independence from

others. There is every reson to believe that the earth is a fate-$haring community

                                                                            'in which human beings must seek the best way to preserve the environment

and achieve and maintain an affluent life. At the same' time, I believe that the

day is not far off when our efforts for the disposal of radioactive waste, seen

in contrast with these circumstances, will be understood and appreciated,

     The anti--nuclear movement in Japan has expanded over the past few years.

Sensational publications,have led some people to join the grass-roots movement

in an unusual rush, as if to keep in fashion. Supplying unscientific grounds for

criticism of nuclear energy and the fear of radioactivity, this movement may be '

motivated by the logic of aestheticism, which we find it hard to endure and must

resolutely struggle to dispel. We need to supply the people with correct information

instead of anything "polluted" with fallacies and special intentions.

     Cries for 'tmore freedom of nuclear informationi' have been heard not only

from the opponents but from among the nuclear interests as well, I recognize

the desirability of freedom of information., and I see it has made some headway. .

If any problems remain,, it is with the way such information is treated and received.

The Ministry of International Trade and Industry has since last year undertaken

to let the news media have any report from the electric utilities even if about only .

some minor trouble which they are not required by law to report to the government

'

O-2-(3)



office, If this results in the general public feeling that nuclear plants often

have trouble these days, I would say it is up to those who supply the information

                                   'toreflectontheirassessmentofit. . '
                    '     At the same time, the nuclear interests are called on, under these stiff
                                                            '                                                                       'circumstances, to further enforce selfhdiscipline in their sustained primary efforts

to assure safety, So they should refrain from any action that may cause others

to doubt their attitude toward safety,

                                '              '

     Over the 30 years that have passed since the development of nuclear energy

began in Japan, it has taken on such universal, extensive dimensions as to pose

a problem to the people on a scale that goes beyond the limits of a single industry

or a single community, This means that the industry depends heavily on the will

of each member of the public. We must emphasize the need for nuclear energy to

ensure that the people ' exercise proper judgment in the choice of energy policies,

     I would like to tell you about the philosophy of the nuclear fuel cycle in

Japan. We have been with nuclear energy for the relatively short term of 50 years,

and mankind will be in need of energy for all the future years of existence.

As you well know, nuclear fuel cycle technology provides the possibility of

producing ten-times more energy from valuable uranium resources by the recycling

of plutonium, a man-made fuel, The reason why we undertake the commercialization

of this technology so keenly is not only because Japan is a resourcehscarce country;

it is our wish that Japan as a big energy consuming country will contribute to some

extent to future generations, The promotion of the prototype FBR Monju, and

proceeding with the building plan for a commercial reprocessing plant, are both

based on this philosophy. We expect that we will have the understanding and

cooperation of world nuclear interests in the application of this philosophy.

                                    '                  '
                                        '
     As you know, Japan adopted the principle of only the peaceful uses of nuclear

energy, and the principle of nuclear non-proliferation; that this country would

absolutely exclude military uses and promote only the peaceful uses of nuclear

energy, Japan will apply this principle not only in the domestic sphere but

also internationally.

O-2-(4)
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     Promoting the utilization of nuclear energy is an important responsibility

that we have to fulfill to ensure the Japan overcomes its scarcity of resources

to maintain and develop its industrial and cultural activities and that mankind

lets no energy shortage bring confusion on contention into its peaceful living in

the 21st century. I earnestly hope that this JAIF annual conference will provide

an opportunity for frank discussions on bold challenges that may be put forward

andgrappledwithfortheyearsahead. '

     In concluding my address may I express special thanks to the members of

the organizing committee and the chairmen of the Conference sessions, as well

as those who have come from abroad to speak at this conference, the speakers

from within Japan and all other participants in the conference, '

r
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日本原子力産業会議大臣所感

　本日、第22回日本原子力産業会
議年次大会が、内外から多数の原子

力関係者の出席のもと、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、大

変嬉しく思っております。

　世界のエネルギー需要は、近年の

緩やかな経済成長などにより、その

伸びは鈍化する傾向にあります。

　一方、供給に関しても新規油田の

開発などにより供給能力に余裕があ
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ることなどから、石油をはじめとし

たエネルギー資源の価格は低水準で

推移しており、全体としては世界の

エネルギー需給は緩和基調にありま

す。このような中で、原子力に関し

ては、現在、世界全体で420基、

約3億3千万キロワットの原子力発

電所が運転中であり、世界全体の総

発電電力量に占める原子力の割合は、

毎年着実に増加してきており、電力

供給の主要な担い手としての地位を

築いてきております。

　今後、発展途上国を中心とした人

口増加や生活水準の向上等により、

世界のエネルギー需要は着実に伸び、

中長期的には、世界の石油需＝給は再

びひつ迫することが予想されており

ます。従って、今後とも石油依存度

を低減し、世界のエネルギー需給の

安定化を図るためには、引き続き原
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子力をはじめとした石油代替エネル

ギーの開発を積極的に推進していく

ことが重要であります。

　また、最近、二酸化炭素、窒素酸

化物等による温室効果や酸性雨など

の地球規模での環塊問題に対して、

世界的に関心が高まってきておりま

す。石油、石炭等の化石燃料は、そ

の燃焼に伴い、温室効果や酸性雨の

原因となる二酸化炭素、窒素酸化物

等を発生させることから、これらに

過度に依存することは好ましくあり

ません。

　一方、原子力に関しては、環境影

響の観点において、二酸化炭素、窒

素酸化物等を発生させないという優

れた特長を有していることから、地

球規模の環境澗題の解決に重要な役

割を果たすことが期待されておりま
す。
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　最近、我が国においては、原子力

に対する反対運動が、原子力施設立

地地域だけでなく、都市部の主婦層

や若年層をも含んで全国的に広がっ

ております。これらの中には、原子

力に対する漠然とした不安に基づく

ものや、原子力に関する誤解に基づ

くものなども多いのが現状であり、

誠に残念であります。　申し上げる

までもなく、原子力の開発利用を円

滑に推進していくためには、国民の

皆様の理解と協力を得ることが不可

欠であります。このため、今後とも、

安全確保により一層努力し、安全運

転の実績を積み重ねるとともに、政

府及び関係機関が一丸となって、従

来にも増して、国民の皆様の原子力

に対する正しい理解の促進に努めて

いくこととしております。

　その際、従来のような新聞、テレ
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ビ、ラジオ等のマスメディアを活用

した、ともすれば一方的になりがち

な広報だけではなく、対話形式など

により国民の皆様の疑問や不安に懇

切丁寧に答えていく草の根的な広報

活動にも力を入れていくこととして

おります。

　また、パブリック・アクセプタン

ス対策の推進に当たって、海外諸国

や国際原子力機関等との協力の強化

を図っていくこととしております。

　原子力をめぐるこの様な厳しい状

況において、自主的な核燃料サイク

ルの確立を目指し、現在、青森県六

ヶ所村において核燃料サイクル施設

計画が進展しております。政府とし

ても30年余にわたり蓄積された我

が国の研究開発の成果を最大限に活

用するための体制整備を図り、民間
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における核燃料サイクル事業化計画

が円滑に進められるよう、積極的な

支援を行っていくこととしておりま

す。また、先．月30日に日本原燃サ

ービス株式会社より再処理事業の指

定申請及び廃棄物管理事業の許可申

請が出されましたが、政府としても、

厳重な安全審査を行い、安全確保に

万全を期する所存であります。

　将来の原子力発電の本命の炉であ

る高速増殖炉については、21世紀

前半の実用化を目指して引き続き研

究開発を推進しております。その一

環として開発を行っている原型炉「

もんじゅ」については、1992年
の臨界を目指して建設を進めている

ところであり、現在の進捗率は65

％に至り、早期の完成が望まれると

ころであります。今後は長期的視点
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に立って、技術的基盤の強化等を図

ることが重要であります。

　一方、今後の原子力の研究開発に

ついては、創造的な科学技術の育成

が必要との観点から、技術革新の牽

引車としての先導的な役割を果して

いくことが期待されております。

　特に平成元年度においては、高い

固有の安全並等優れた特性を有する

高温工学試験研究炉の建設に着手す

るための予算が計上されたところで

あります。本原子炉は高温ガス炉技

術の基盤の確立・高度化及び高温工

学に関する先端的基礎研究を行うた

めの中核となる施設であり、熱エネ

ルギー供給による将来の原子力利用

分野の拡大を図るものとして産・学

・官の期待を担っております。

　また、人類の究極のエネルギー源

である核融合についても、日本原子
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力研究所の臨界プラズマ試験装置（

JT－60）が臨界プラズマ条件の
目標領域に到達したことを踏まえ、

現在、その高性能化のための改造等、

実用化に向けた研究開発が進められ

ております。

　このほか放射線利用の一層の普及

・拡大及び利用技術の高度化を図る

ため、放射線医学総合研究所におけ

る重粒子線がん治療装置の建設、日

本原子力研究所及び理化学研究所の

協力による大型放射光施設の建設計

画等も着実に進んでおり、放射線が

国民生活に益々身近なものとなりつ

つあります。

　原子力船の研究開発については、

将来の原子力利用の拡大を図る上で

重要であり、本年度は原子力船「む

つ」による出力上昇試験等を行い、

実験航海に向けての所要の準備を進

　　　　　　　0－3－8



めることとしております。

　さらに、材料、人工知能、レーザ

ー等に関する基盤技術の開発につい

ても産・学・官の研究交流の下に積

極的に行っていくこととしておりま

す。原子力を今後とも魅力あるもの

とするためには、原子力分野におけ

る優秀な人材の育成に努め、これま

で述べてきたような研究開発を積極

的に推進することが重要であります。

　原子力分野における我が国の国際

貢献については、我が国と地理的、

経済的に密接な関係にある近隣…アジ

ア地域と我が国を含めた地域ぐるみ

の’協力が有効であり、本地域全体の

原子力技術水準の向上に貢献するこ

ととしております。このため、本年

中には近隣地域の代表者が参加し、

情報交換を行う国際的な場を設ける
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等により地域協力についての具体的

な検討を進めていくこととしており

ます。　さらに、先進諸国との問に

おいても核融合、高速増殖炉及び高

レベル放射性廃棄物の処理処分等の

技術開発に関する研究協力を積極的

に進めていくこととしております。

　また、我が国における原子力開発

利用を推進していくうえで最も重要：

な基盤となる法律の一つとして「原

子力損害の賠償に関する法律」がご

ざいますが、今国会におきまして賠

償措置額の引き上げ等を内容とする

本法律の改正法案が、全会一致で可：

決しましたことは、私としても大変

嬉しく思っており、これも皆様方の

御協力の賜と認識しております。
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　以上、最近の私の所感を御披露致

しましたが、本日から三日間、　「原

子力と人間社会一その融和をめざし

て」という基調のテーマのもとで、

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。

国務大臣

科学技術庁長官　　宮崎　茂一

原子力委員会委員長
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will the world need more energy?

      Befere we cen discuss whether there is a need foy ;nore nucXear pewe:, we

rfiust ael(S:ess the broader issue of whether there i$ a need for more energy.

Twenty year$ aqo this was "ot e question, but an axicrm. [Ilie wetld i$ now using

a:Lrmost five tirltes more energy than in Z950t andi about eight times more than in

192S, AS!te: the Qii price $back in l973, events tock a draniatic new turn, the

p:ice increase$t the rece$$ion emd predictions about the future depletion ee

oii :e$ources hadi a profound Lrnpact. A more efficient use ef oil andi a switch

fron eil to eleetricity . often proelueed by nuelear powe: - ied in the

indns-l riftlizeS OEX D countries to a leveiling oEf ef the diemiandi for primery

energy. Xn sp-z'te of ak inc:ease in the g:oss diomestie prodiuet ei ever 30g

between i974 andi 1986, prirnavy ene:gy deme didi not inerease. However,

eXectrSeity diermdi increased Sn paraliel with ihcreaEses in GliP . nameiy by a

steady 3" Fxer year. Crhat inereaset however, was weaker than the 6 to 7" per

yeaf in:tteases which had prevailed in most of the Orm countries befove X973.

!!IH]E WORLbiS' NEED roR mm P(P)UEIR

             H. BXS,x
        Director (1;eneraX
Znternational Atomic Energy Agency

  Japan Atornt¢ rndiusttial Forum
      Tt)kye, 12 April 1989

                 -l
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     clhere are, of co"rset variatSons between individual eeuntries, but the

mein lessons are twe; firstr that there existedi a patential for energy saving$

･- er eongorvatinn as it lg nftien ealleds zand soeendi, thatr e].eetrieSty n" n

:efineca secondary ene:gy foa:in with a very hSgh efEiciency in end uses hel}ped te

aahieve those savings. , '
     :th the deveioping aountries the situation was very diffe:ent, Zn most of

them bot2i primarry energy amdi eleetriaity eonsumption increased even faster than

the gross donestic product. :n raany developing cQuntries the terrn demd Ss

not very TneeLningful, as the capaeity te supply energy is se eften ehe tacto:

                                                                 'deterrnining the "aamand",

     [[he $tagmation oE the p:ima:y ene:gy detnand in industriaXized eountries,

the awayeness of the finite naturre of oii and gas resoureest andi iately, the

fears for the envirorunental corasequences of an aecelerated use of fossU fpels

have 1ed tio some serious questioning of the eonventienal wisdion that increased

energy use rnust go hand in handi er ean ' even be ailowed te go han6 in hand with

Eurthereconemiedeveielmentandrisingstandard$ofliving,･ '

     Just about two year$ ago the Werld C)c)nuais$ion en EnvironnRnt and

bovelopment ptablishad a report entitl,ed "Our C)[}rr!mon Fvture't. rt ca11s for

"su$tainable deveZeiFment"t that Ss to "meet the needs of the pttesent with ut

eompromising. the abiiity of future gene:atiens to meet their ewn needs". :n

the Eieid ef energy it reeognizes chat "the risk fo: global war ning makes heavy

foture reliance upofi Eessil fue:s probXematid', :the Cxxrmissionis eurg)kion to

prcrmote developaent eErpeeielly in the Third World without an increased globetl
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vse ef fossil fueZs was not helped by a negative attituae towaras the use ei

nuclear power, which is said to be "onJy justifiable if there are solidi

solutions to the presently unsoXved p:obiems to which it gives rise". :n

passingi Z night reraark thet the nuclear eo:rmenity weuJd cenfidently held that

rn. any oE the "unsoived problems" which the C)ormission points to are not reaXZy

unseXved. The Cc}mission is ebliged to Undt its aelviee to the werZd te the

need to Eind a "lew energy path" and to the deve:oExrti2nh of renewable seurces eE

energy. Crhe "lew energy psth" is net traced. dne can only assume that it

mouldi eomprisg di:astic policy measures te promote energy con$ervation, rt

ceneluaes thett if such inea$ures were to be taken everywhere, priTnary energy

censumptien in industriaMzed countrieg by 2020 could be cnt to ene haZf oE

its p:esent ZeveL while st"1 providiSng essentially the sarfte ene:gy servieeE es

now. Zn develeptng ceuntries the per capita eonsLmption wouia inc:ea$e by 10

te iS" and the tota1 world consumptien ef prisnary energy wouZd increase by

                                              'about lOt ove: the preeent vaXue. -

     As thi,s scena:io is now being cSted extensiveZy and ha$ atteined a

certain status by being used by the Pee)rva Cbmmissiont there are good reasong to

subject it to amalysis, We have dione se in the ZAEA, and our cenelusiensf

whieh are eritieai, are being submitted to the United Nations.

                  '

     Fi`rstiy, it shouXd be $aiae ehe $cenerio is a theo:eticai ¢onstru¢tion of

whet couva be aehievedi under eertain $pec iai condkions. Even if sorne

countries were willing and able to ¢reate sueh comdition$, it is not Xikeiy

that allt er even a majorityv wouid be ready te de go,
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     The low energy scena:io does not really consider what is likely to happgn

between new ana that Euture year of 2020 when the goals wou2d be achieved. rf

we start by looking at what aetuaily has been haFsF)ening in the wvrZd of ene:gy

since t:he seenarie was worked out in Z984 emd what the short terTn plans are in

rtany countries, we find an energy path that is not sloping down ott :eveXe but

±s goir}g up. Eor the next few decadiest the plans in moeb countries are aimed
       '
at rneetr1ng an in¢:eased - not a eonstant ti Xevei of dernandi for both prirnatty

energy ev'td electLrieity. ifhis is particuXa:ly true oE dieveZoping count:Ses.

Let !re just quote a few figures by way of exarnple. (hina - whieh is aX:eady

the biggest aser ef ¢oal Sn the worZd andi where coai provides 78g of priirvary

energy ee plans te double its produetion oE eoal betweeri 1986 andi 2000. :ndia,

where eoal nQw yieXds 70" of the commereial primary ene:gyf pians to more than

triple its eoa1 use by 2000. By that tiriie these two eountries aZone, with more

than one thire of the morld's pepuiation, plmn to use mo:e coaX than all the

QE)C D ceuntries together ･- i,e. aU of Westettn Eure}re, the USA, Canada, Japan

                            '
andAustraiia. '

     The Werld Energy CorEerencee the rnternationaX Energy Agencty of the OECD,

the dar"rnission of the European Cbramunities ana ZntermatiomaL Institute ef

Alrplied System$ Analysis are ail unanj.irK)us in expeet±ng inc:eased giobal energy

demand e an increase of ebout SOg over i98S levels by 2000 is a typica:

ferecasti fot electricity an even £a$te: rate ef growth mu$t be expected. rn

the zrm we ¢ons±der an increase by 50 to 70$ ove: the sacte time period as

likely. :n ry further discussion, it is primar±ly this eZectri¢ity use that :

address. '-                '                                                            '
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me Role ef Meetricity.

     Eiectricity has bec er"e the most widely used seeondatty ferrn oE eneygy. zt

is easy to undierstmd wtty. Zt offers a very high degree e£ Mexibilieyf it is

extreme3.y eEficientt very safe Eor the consurner, andi it is enviren!nentally

benign in the end use. A:tho'ugh there ere eenversien losses Sn the produetiefi

of eiectricity in themmal pewer stations, the effieiency is high in the end

use. Ek) take an eymle, electric heating can be appiied exactZy whe:e it is

needed, which rnean$ little energy waste in various raetaZlurgieai prece$$es.

Ihi3 quality has enabZed electricity to bting almut savings in primary energy

in scrme prooesses where fossil fuel$ were used earlie:. '

                    '

     rt is notabZe that aZi eonservation scenarios reiy on an e>cpanaed use of

electriaity. Even the $cenario whieh the ncM relies en assumes a doublSng in

the world use o£ electricity betmeen 1980 andi 2020.

                                                    '

  ' Electricity has one major ai$adivantage, narneiy that the p:esencly

availabie storage systeT"$ a:e curnberseme and e)rpensive. [his is certainty the

main reason why we are not yet driving electric cars, :f there were to be a

techncrlogScai breakthsceugh in this rnatter - which i$ not exciBded - there wc}uLd

be an even faster expansion ef eZectricSty u$e, Even while we wait £o: this

eventi we can see some signs of mas$ tremsportation becoming inc:easingiy

eZeatrified. xt is not enly rail transpart that uses eiectrieityi troUey

buses are siowly corndng hack in the cities, and : arn toid that rRanufacturing

indu$t:ies are also pianning for a more generaZ :eturn of troXXey buses. :n rrel

view, there is a great petential fior increaseel elect:ieity demand in the a:ea

of publi¢ tiransport. C[his dieveiopawant ehould be welcoifned aXso fo:

environrrvental reasons.
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     IE we cun thus assurne that demmdi fer electticity wiU continue te

inc:ea$e andi dio so faste: than denEmd for primary energyt the question is: how

will it be produeedi?

Qptions for Produetion of More EleetrSc Energy.

     A re3ult oE the drop in the rate of inerease in eiectricity demand from

soTne 7g before L973 to Bome 3g after 1973 was that in Truany industrSalized

countries t:he plants whieh were on ordier or under construction at that time, in

respense to an assurrved high expansion :atet turned out to be suffieient to raeet

the actual lower than expec ted demanct for a long time - indeed, untii new,

Howevert in a nurmber of eountries capseity is now being outpaeed by dernancl and

new oreers fer power plants wiXl have to be piaeed, e.g.t in Finland, the

Netherlands, the zzS, the VK, Sweden and Italy. alie new erders have te be

plaoed in an entirely new eXimate, Econonie eonsiae:ations a:e

                                                                   '
only one aspect. Cioverrment$ are often infXueneed by envi:orimentaUy motivated

pablic pressLa:es as welX. Se farr this influenee has worked egainst the ehoice

of nueiear pewer in severaL ceuntries, but St aiso sorhetirnes work$ against the

use of ceal-£ired power statiens and, indieed, often against hydre pewer

P:O]ects.

     There are several possSble eXeetricity sources: fessil fueXs - coaX, oiX

and ges; hytElroeleetrie pewerl nuelear pewer; renewable sources sueh as windt

sun andi bioma$$l and geotherrnal powe:. AlL the$e sourees wiii be used but the

proportions in wMeh they eome into play are of iTTportance beth frern the,

econontc and environmE}ntal peint ef view, tet me b:iefiy survey the reXative

              '
lpotential irrrportance ei these va:ious options and then focus on the most

irfqpmrtant enes, narrely foBsU fuels and nucleat power.
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     Hycilroe2ectric pewer is the most impertant renewabZe reseurce. zn some

dieveieping co'utntrie$f eonsiderable hydro power i$ stilZ avaiZabXe and ±t wUl

surely be emploited where it is economica1, Zn rnost in6ustrialized eountries

there is not much rnore to exploit. Beside$r enviroruneptal considerations ofiten

create o]ppesition to a nurnber of coneeivable projectg. Projects on the river

panube ara cases in peint. Mini hyc3re power statiens are often talked about as

die$irably decenttalized and environmentaUy preferable to large instalXations,

I es!th not pe:sonalZy convinced that 10eO mini hixite power stat±ons ef X MPif ere

to be preferred on envirOnrnentaZ grounds tot say, one iOOO vaV nucZea: power

piaht.

     Zt is striking that although news about windi.generBted eiect:icity

attra¢ts a geod di.eaX of meaia coverage, nowhere de authorities reckon that this

renewable $Qllree wiM make any significanL eontribution to tt;e preduction oE

eiectrielty within a Eoreseeable ti:ne. Denrnark ±s oonsidered to have an

aJubit±ous propraTrrrtre fo: windi-generated eXecericity. :n 1987, windi generators

covered O.Sg ef the country's electricity requirement$. {thermal pos-tett plants,

praattcally eli ef thern coal.-fired, covered around 85&. Demark has decidied to

set up XO win5 power plant park$ end is counting on obtsining ZOO rw(e> frern

thefu by i990. rt may be mentioned by way ef eoTTparisen that in the same period

benrmark will obtain SOO twt firorn new aoal･-tired thRma1 pewe: pZeme$.

     Soiar eells supply eXectricity to satellites, cZocks and calcuiator$r

where oo$ts are not a majer faetort but diespite the p:og:ess which has been

made soiar eei:$ are not expe¢ted to previde signifieant euTu unts ef electticity

econemi{ alZy before well into che next century. Nevertheless soiar power has a

g:eat potential and it is a technology to which substantiaZ researeh andi

dieveXopanent resources shouid be ancrcated.
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     :n the ionget term, tmo other large scale sou:ces of ene:gy eoula beceme

o£ great intiexe$t, Hydregen as a secendary source of energy mouid be storabXe

and eou16 be vsed in transpert and heeting without any danaging enissions to

tihe atrrosphere. But a rieh primary souree wouLd be neeaed to produee the

hydirogen. Nuciear pawer eould be sueh a souree. The othe: seurce Z have in

mind i$ fusien, to whieh cen$iderable research and develo!Fanent efforts are

devetedt some of than under :AEA auspSces. Howevere eertTnereial u$e oE fivsien

tegenerateeiectricityisdeemedtobeseveraldecadeseway, .
      rn the world ef electrieity systern pianners, there is hardZy any divisien

of epinien that the real elternatives fer inereased Za:ge scale and ecemonie

electricity p:oduction at presenti are nuelear power irnd fe$sil fuelst atwe aU

coai. X propose ee exerrLne these main options siae by side irern a vattiety of

vievepoints sueh as eceneir"lt infrastruaLure reguirementsr reliabiZity, safietyt

waste andienviroruneneal consequences. '

     From the ecenomic point of viewt the alternatives of coaX emd nuclear

power are fair2y equal in rnany countries. Reasenable construction times ef

about six yea:s are as$umed in the eost calcuXatiens fo: nuelea: pewer pZants.

Zncluded aXso are the eosts of handiling nuclear waste frorn the plant and fosc

its diecerrFnissiening. Xn the case ef eoaZ-fi:ed plantst the aosts a:e included

for mcxiern systerns to abate enissions of clust, S02 and )Px, !t should be

aadad that in most - but not in ail - countries where nuelea: energy i$ used,

it has turned out to be extremeiy iirEpo:tant Eor generai econom±¢ deveXolpment.

rn Fh ancet where 70g of eiectricity is generated by nuclear power statiens andi

in SwecSen, where the figure is clQse to 50g, eheap nuclear power and oLd hydro

power have resulted in stable and 1ow costs for the p:oductien of elect:icity,
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cthis has undoubtedly been a cornpetkive advantage for the industry oi chese

countriees. Zn additiont it kept their eiX expenditutes low when the price of

oil went up. He:e in Japant nuclea: power is ncrw the biggest singXe

contributor to elect:icity productiont accounting fer about 30ts and, aeeerding

tQ a vecent $tatement by MT:t it is also the eheapest souree of kiZowatthou:s.

[the slreetaeulat " almo$t tenfoXd - increase in nuelear p:oduetion between :974

and 1987 has cextainZy been a diecisive faeto: in decreasing the nation's

dependienee on irflpsrted eil, lr} the cese ef Korea, the expansion ef nuciea:

power has hadi stratiegic k"portBnee for rapid indiustr±aZization,

     As to Snf:astrueture regt2irernents the differences are great between eoal

andi nualear pewer, rn rnany eountries withourt coal mines, it is necessary to

iocate coaX-Eired power pLants at sites on the eoast, where there are slreeial

harbour faeilkies so that the dettvery e.F. the eno:rnous ameunts ef eoal can

talce pZaee. rn ac)untries like China andi Xndia with cheir own eoal depesits in

the "wxor)g pZace"t $o to srpeak, the railways even now are overZoaaea wiCh the

transportation of coal. Nuelear fuelt on the other hand, is extrenely moc3est

tn veltyrve ane ean easily be transportedi, even by airc:aEt. On the eLher hand,

nueXear pewe: requSres a certain degree ef iridu$trial infrastructure and dM oE

course -- specialized and trained manpewer as operators,

     Gas can be trem$perted either eold in Xiquid forrn or in p±pelines. :n no

ea$e i$ the infrastructure probZem insuvaK)untabie, but the pipeXine$ reqvire

very iarge invest nents.

     Reliability of suppiy is an inrportant consideratSon in utiltties' choiee

of electzicity souree. Coal is p:odueed in rnany eountrie$ and t:he risk of a

metrket cut--eff i$ $maIX. The quantittes involved are se large, howevert that
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stecking is not praetica1 for any Zengthy production pe:iodsi any disruption

in szappZy can therefore eon$tituLe a risk. GRs cannot be stered Ecr any

app:eciabXe period of deirend either. The consumer at the end of the gas

pipeline is aependent en ¢ondiitions aiong the pipeline and at the sourees.

such dependenee may be reduced by relianae on twe o: more sou:ces and pSpe:ines.

     Nuclear fueL affords great assurance of supsply. Several preducers are

avatleble ane storage for many years' consulmptien is pessible. Fer nations

like Japari andi rt:ance, whieh have large industries but Zack sizeabZe indigenous

energy sources, nuclear powez offers a vaiuable degree of ene:gy independence.

                         '
                               '
     As regards ope:atienal :e"abilityr there are no signifieant etfferenees

between ¢oa1- and gas-Eired pZants ana nuclear pover p3.ants. In Western

E"ropet the operationa1 :eliability i$ about the sam in nucZear power plants

as in ece1- and oil-fired ones, rn Sapanf with 36 nuc:ear powe: pZaritsg, it has

proved pc)$sible to redu¢e unpZmnned operational shutdewns to fewar than one pe:

reacter year. :ndieed, there a:e reactors ±n Japan which have not experienced

any umplanned shudiown for several years. :n most ceuntries, the trend has

been in the direction of steediiy SmprovSng operational results in nueleatt

power plantsr with a routine availability o£ over 80g in count:ies Xike sweden,

Franee, eennadia and Finland. Seuth Koreat until reeengly a developing eeuntry,

tast year hae a reaetor with ar; extraordSnary aveilability of 99.6" and an

average ef 888 for aU the country's reaeters.

     C"3e three rnost eormn objec tions to nuciear lpower :eZate to saEety, wa$te

dispesaX and non-proliferation, r shall discuss these igsues ana eegnpare,
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ghe SaEety Requirernent

                     '

     our increasingiy urhanSzed soeieties are vulnerabie. Energy

installations which can have an inpact en the lives ana health of maiy peopie

must operate at e very high levei of safety- Zt is genera:ly unae:stood that

herc12.y any hwwn activSty can be tetaIZy without risk, but the:e seerRs te be

very reaZ dii£ficulLies in conveying to th,e pubXie a pereeptien of risk that

corresponds to the :eality.

                 '
     Even with the hanaicap of the pubiic's peo: unee:stanaing eE nucXear

problemgt o: perhap$ especiaLLy because of this herndicepr particular efforts

must be made in the infermatien sector to help the publie pXaee the zisks

connected with nueiear power inte a proper per$pective. One ean harcV.y alaim

that these efforts have been very successful as regards the ma and Chernobyi

aaaidents.

       '

     [the :lzree Mtle rslana aocidientt where no humn being was injuted and

whe:e the radiceetive endssions were in$igniEieant, had a proEeund iTrgpact.

peopZe didi not see the accident as it actuaXiy was, What they saw was e

eenfimetion e£ their own fear that a big aecident couXd oecur. the CiernebyZ

aacidentt in whi¢h 31 persons diied, a £ew hundred reeeSved high :adiatien do$e$

and $ignifi¢ant a:r)ounts of :adiQaetivity were released was probebly the most

publicSzed indu$triai aecident ±n history, and it is iTnp:inted in peopXe's

memory. Ety eontxast the narne o£ the oil platforrn in the North Sea which last

sumrfter experienced en aecident with 160 death$ has ruost likeXy been forgotten,

and the same is true ofi the narme of the coa1 mine in West Gemmy where eattlier

in the yea: S7 miners lost their lives.
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     rt is, oE ¢ourser difficult te Tnake precise ec7rTgparisons between rSsks in

diffe:ent fields ot activity. We know that hydre pewer has taken tho"sands e£

lives when darns have burstis we know that the bSg gas explosSens in Bareeiena

and bdexSce City eaeh eook hundireds oE lives, ana we frecluenay read acmoLmts of

aecidients in eeal rnines. A prope: eomparisen between the :isks te Ufe end

health in the p:ecSuction Qf elec tricity by gas, eoal ana nucXear energy

reErpeetively mouXd necessarily hesre to begin at the ntnes er the gas depDsitse

tt shouid foliou the transport of the taw materiaZt it$ eonversien, its use ens

a sou:ce oi energy and tt sheuld, lastXy, evzaLumte the heaith ba2ards f:orn the

waste. t[1)e risk of aecidentst oE coursee rmst be ineZuded, So:ne studies ef

t:his klnd have been made. Zt i$ rT!y conviction thet more comprehensive studies

ef the questien wili oonfirrn the results of Btudies aXreaay ca:ried out,

indicating that nuciear power, pe: emount of eieetriaity producxgd, has had very

little trpa¢t on life ancl heelth, r feel more unoertain as te whether such

eeneiusions wiZX aEfect peopie's Mttitude$, Most people are more afraid to fZy

than te rtae in automobiles, although the risks both per trip and even more per

kiloneter travelled are raueh greater in the ease of autamobiZe travel, Our

inteiieetuai capaeky seerns unabZe to p:evail over our feelings, Petthaps oaly

e)cper±ence over a longer period oE time Ss able te da so.

            '

     the coneZusion X went to draw for nucZear energy is by no meem$ that all

we have to de is wait ana see. [Wo types ef aetion are needed, We $heuld give

as ce:reet a pictu:e as pogsibZe oE :isks and ef dartage that has oceur:ed.

Etr)gineers, seientists, piamers and politieians shouXd eentribute faets whieh

can heZp the pab:ie make cerrpa isong between the adventages and risks ef

various types ef energy.
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     s"eefidXy, we raustt aetis,eLy gtrSve to tedue4a "he :igkc E-rthett ahdi take

step$ to ensure that the consequences pt radioactive releases, shouZdi they

oocurt a:e minim1, dentinuously increasSng safetyr of ceu:se, i$ reczuireel

also in the nining, transport and bu:ning of coai end the exploitatien ef gas

or oE hydiro power.

     A nurnber of inte:nationaX programmes have been introduced or expanded by

the ZAEA fo: the purpese of enhaneing the safety o£ nueXear power plants

throughout the world. Agreevnent has thus been reaehedi on eornprehensive revised

andi gtrengthened internetional nueZear eeEety standards (NUSS). A :ecent

cluestiennatre $ent to eur Mernber State$ shewed that inost countries censider

that their natiomaX $tandards are compatibie with NVSS, even it they often go

fu:ther in speeifie aspects,

     rmreugh the mm's :ntermationai Nuelear Safety Acilviso:y G:oup (ZNSAG>t a

systematlc and iJitegrated safiety conoept was presentedi :ast year andi from thi$

ceneept recemendations have been Eorrnulated whieh, if they are followedi by

diesignerst operating persennel and supervisory authoritiest w±ZZ with ttne lead

tc the further jJnprevement of safety. A new serviee for Mernbexs is that the

                  d[AEA, upen recluestt sends inte:nationaX teaTTs ef experts for a 1reriod of a few

weeks to review eperational safety at a nuclea: power pZant, heidi dise:ssions

with the staff end give adviee. Nearly aXl eur Mertioer States that have nuclear

powet pXemts make use of this service " and they pay fior it. tast yeart OSAfU7s

visited Japart, the USSR and Hnngary fe: the fi:Bt time. Fu:the: vSsits to the

USSR and may othe: aountries a:e envisaged. We wouZdi like to see this servSce

used routinely by I4emer eountriest with a frequency that is :e:ated to the

ntrrnber of nueXea: Fx)we: plants in the country,
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     r shall not prelong this account eE what is going en inte:nationaXly to

enhance sa£ety and gene:aXly reduee the risk ef accidents in nuelear power

pZants. Hc>weve:, one peint remains to be deaXt wit,h, nemely the questSen

whether new types of nuciear powtbr plant can be expeeted te be even safet than

these new in operaeien. The answe: to this is thatt in nucXear pewe: piants as

weU Sn airerafts and automobiles er any ether technologyt safety is never a

static eoncept. the new Tr xHels now prapesed fer pressurized-water and boiZing

water reactors are S"lprovedi and simplified versions and, frorn t)ie peint ot view

ef safetyt are a stage of dieveXopaent aheadi of thei: predeces$ers. A

eonside:able a:rx)unt ef werrk is eXso goSng Snte the oonstructien eE new types of

nuelear pewe: plemt with a greate: measure ef passive $afety. DSseussien

relatir)g to these types - e.g. the high-teTr4perature reaetort the Swedish pxus

and the rSER concept here in Japem - is eertain to be lively, Aii tsnpo:tant

questient hewever, is who in the p:esent-dey worXd is wilZing to meet the costs

of butlding the protetypes that will be reclui:ed before as yet umpxoven rrpcSeis

can be inarketed. ･
                                                            '

     ziet me turn now to a compar±son bettween nucXear pewer and the fossiZ fuei
                     '
                                                                         'alterrzeeive frorrt the viewpeint ef waste. !the tenn "aZtermative energy" has

been propagated fer a iong tiuwe, Ity the seurie token, one eeuld coin the

expressien "alternative waste", Whieh waste de we prete:? Srnall artounts et

:adioaetive waste ehat can be isoLated praaticaXZy iOOa frorn the btosphere, or

huge evtK)Lmt:s ef emigsions or waste on the ground when coa1, eil er gas a:e

used? : have ne he$StatSen what an$we: I would give. tt was the real±zation

that the damage,to lakes, fe:ests ana the land were related to the burning of

coai and oiZ that ied Tne eighteen years ago te suppert nueXea: energy,

                                 I-1-14



      c[1ie view is often expressed that t:he "nucieer waste issue is unsozved".

This contrasts sharpiy with t;he views e£ the seientists ane experts aetive in

the fSeid, After 50 yea:$ of sto:age ee ground ieveZ, spent EueX w"Z have

only about one twentieth o£ ehe radiosctivity anct one twantyefifth efi the heat

                                                                            'generation which it had one year afte: discharge from the reaetor core. c[his

vety much Eacilitates design andi engineering of both che wasee container and

the depesitory. 71)e g:eatest prebZerfi the experts current Ly see tn the disposai

of highly radioaative waste is not technicaZt but one of pubMc and pelitica1

acc eptanee.

                                                                  '
      X weuid like te mentien al$o that wbile it is t:ue that radioaetive

wastes rnay be aangereus fer thousands of years and there£ere rnust be safely

isolatedt it rnust be remegnbered that part of the waste result±ng from the

burning ef coal, narmeXy the toxic heavy metaXg gueh as arsenie, cadmturnt Zedi,

vanadium andi roercLiry, remains diangerous fereve:. C[he toxicity eE t:heBe stabZe

eleTnents ctoes not deerease ever time as dees the toxicity o£ redieaetive

rnzaltarial"L Tha cL:antitieg oE koxia rfiatalg ralakgGuR i" ghe butning est eeai axa

net smaZi. The totel errpunt of spent fuel :esuLting from eivilian nuciear

pawer in Z987 waff about 6000 tons. rf coal had been used instead to produee

the gme amount of electrieity, at Xezast 90rOOO tons eE toxic heavy netals

would have been set freg - in addition te huge quantities of oo2, S02 and

rec)x. A ma)or diEference in ghe two energy s]rsteme is that the nueiear

wastes, but not the wastes ef coalt a:e fuZiy iseiated froTn the envi:ement.

Errvi:orunental C)onsiderations.

                                                                          '
      :n talking about the wagtes of nueXear Euel and oE fesBU fueZs, one ig

in fact talking ebout environmenta1 conseqeences, i.e., che extent to which any

wa$tes ure reieased into the envirenrnent. [here are -- as shown by e)qrerienoe
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here in Japan h very eEfiaient Tnetheds ter reducing Se2 and NOx in

enissions frern the eombugtien ef coa: and oil -though at a cest, tthere is no

economthcaUy feasible wey te re;nove or reduce the co2 from the burning of

fessil fueis.
                                                             '                                '
                                                    '                                      '
     E;cienti$ts ere mmSng ever more cenvineed about the senteusnes$ of the

threat of giobal waming and climate change E:om the inereasing endssion eS

so-caZled greenheuse gasest e.g., CFtt;s, methane and e02. Cicve:rrrtents have to

recognize that aetion wiil hexve te be taken even beio:e the fina1 xesults ef

seienkific researeh are in, Znte:national co-eperation is indispensable and

sorte is already underway in the riternatienai ]?aneX en erimate enange set zap by

the Unitad Natiens Envirornment ?rogrgrrane <UN P) and the Werldi Meteo:eZegical

                                                                'erganSzation (wmo).

      Tt is e$timated that about 25g ef the greenhouse effeet is due to

:hlorinated fXveroca:bons, or exs, Fortunately an inbernational agree;nent was

reached in 19S8 to reduee the preduetien o£ egCB in order to prevent further

diarnage to the ezone layer, emd the:e have been recent commStit)ents to aeeelerate

thts reductlon - zaiming at B zero ernissSon by 20ee. Crhere is thus a meehanism'

to reauce CFe emissiens and it seems to be working. .

     Methane is an irnportant and very e£feetive greenhouse gas, now e$timated

to acx eunt fot about 20i of the gXobal warTfting effe¢t. Ztg origins are

rumtnatSng eattXe, riee pacaies and wetZandst coa: ntning and :apping of

matural ga$ £ields. A large pa:t ef the enissiens will depend on the werLd's

pepslation size and no £easible, Zarge-scaZe Tnethods have been p:oiposed to

oontrol and Xinitthern. -
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     co2 is respc)n$ible for about haZf of the g:eenhouse effect. Xt cornes

metinly from the carubu$tien e£ £essii fueXs, but rnere than lets is estimabed te

oome from the deforestation which now is aecelerating in many aevelepirkg

eeuntrieS. co2 is ene greenhouse gas whSch eouXd be eont:eUed. :t is

eertainly de$i:al)Xe te stop deSorestatien and sta:t major teiorestation

progremse but even these weuld be too s:ow to produee significant effects on

the atnc,:rpherie oo2 eontent within.the eext. severeZ-decades. Evers-ncrw thsre

seems te be ag:eernent that there rnust be a iixnStation and even a reduction in

the worid'$ use ef fossil fuels. A cenference organized last snmr unde: the

Erponsership cf the ¢anadian Geverrtment :eaorrmended that totai ernis$ions of

co2 up to the year 2e05 should be reduced by 20g of the pregent ievel. The

eonference e££ered thz ee preEK riptions a$ to hcrw this shou:d eorne about:

States shoulsS; (1) Switch te fueZ ernitttng Zess co2s (2) Rffview strat;egies

for intreducing :enewab:e £uelss (3) Exanine the nuclea: pc)wer alternatSve

        -/onee aga'xn.

                                                                      '              '

      1 {ptmet aveid the coneZusion that a new andi highly signifieant a:gument

has emerged in favour oE the nuciear energy alternative. Nuclear enexgy cannot

bec{one a unive:sal reTaedy against the g:eenhouse effect, but the increesed use

of nueXeax energyt 3Ef2ssSth!lsg with a nunber ot ether meesurest can have a

moderat2ng effect en the £:ightening deveiolment we are nQw facing. Obviousiy,

use rnugt be madie ef aU means that are effective.

                                     '
      the measure that is universaliy rnentioned -･ andi aocepbed - is energy

fievSri-. rt is vmry imp:cbabie, houever, that sevinge aione ce:: recuXt in a

:edueecS giobaZ use of fessi: fuels, As : have aiready expiained, the

developing ceuntries will need to expand thei: use of fessil fuels because they
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sirgply have no alte:natives, and this expeinsion is going to be signiticant. rt

will faiZ mainLy on the industrializea countrie$ to reduee the co2 endssions

by all meetns availat)le, that is, energy eEtieiency and savings, deveZoping new

renewabZe ene gy soureeg like selar pewex, and using rno:e non-C02-emitting

sou:ces, mainly nucZear pewer.

     epponents of nvelear power today agsert that nuelear pewe: is sueh a

smaU part of the werldi's ene:gy belanee that the absenee of co2 in nuelear

pewer is of no significanoe in reZation to the eiforts to reduce the entssion

                                                              '
oE co2 emd the greenhouse e£fect. Censide:ing that nucZea: powe: ncrw

preduces S" ofi the werld's ene:gy and che coTTrrnercially usable :enewabZe

energies {exaepting hydiro power) eentribute lese than e,5ts, it is rather

curious to' maintaSn that nuelear powex is too smail a sou:ee of ene:gy te pley

any part and at the same time to insist that inereased use of the renewable

energy sources shouid be ene ef the rnain methods for redueing the emission ef

co2: Ati least within the next ten te twenty years, it wili cettainly be

eons±derably easier, with reasonable eeoncmEyt to increase the production o£

energy by nucZear neems than wkh renewable energy sources. 7!)at is not Le say

thest we sheuld negZeet the petentiaZ ef these energy sources, On the eontrary

- sAie shouldi intensSfy raseereh and aevelapmt work to make thern evailable on e

itxg¢ oetle in an eeononLes Eashien, b-t v"e cheuid nee be mis;ed by

oversimpZifiea statements about hew easy it wiU be te reach that geal.

     Even when we 1ook at con¢rete figurest it is difficult to understandi the

as$ertSon that p:esent-cSay nucXear pewer is too sma11 a facto: te be of

relevanee ag regardB co2 6rnissiens and the greenhouse effiect, C[he tota:L

e:nissien of co2 from the butning of fossii Euels is at present oparoxMnate:Ly
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                                            '                    1t
2o,oOO Mt per emnurn. C[he Terento Ck)nference p:epesed a reduetien of 201, er

sooo Mt. Zf the X6" of the world's eiectricity that was predueed with nuelea:

pes,rax ift Z9e7 haa heen generatica inotcad bv the bu=ning ef eeaZt that veza:a

have resuLted in some Z600 Mt ef co2. eompared with the 500e Mt whieh the

Toronte eonference wanted to eZirninate over a 17 year period, these 1600 Mt

co2 thae we do not release into the atmospt)ere weuld net seem to be '

insignificant. Nor dc}es it :equire any greet imaginatSen to realize that

increasSng nuelear pctwer ceuZd help us foxge a fair amount of coal-, gas- and

oil･"based eZeat:icity generating capacity, which emits C02.

Non-prolitferation

     Xt rernain$ Eoz me to disauss Lhe iBsue ef proMferatien.

                       '

      tt}e risk o£ the sp:ead of n"clear weapens te furthe: countries Ss

eerteinly reai. andi signifieanti effort$ are neadedi end are being made te redllce

St. Howevert that rSsk wouZdi net be redueed sign±ficantly by a morfttoriurn on

further nuclear power. Rathet, it should be notea that transfer of nucZear

technoiogy, ha:dwa:e andi fuel for the peaeetiul preduetion of eZeetrieity

through nuelear power has been and remains one of the principai meti)eds of

obtaining iega:Zy binding - and verified - tmt:ments te aza exaZusively

peecefuZ use. trt)e spread of eiviZian nueXea: pewe: has aZlewedt and prmptedt

the esteblishsTEBnt ef the wexZd'g first on"site inslpsactien system - the mm's

seEeguards systg:z. The proXiEeration risks which a:e couunenly peinted to are

not iri the mxin the result of the tranBfer of peacefu]. nuelea: techneXegng, but

of indigenous techneXogicel efforts of sorne eountr±es. fi]e shut aowr;

safegua:aed civilian nuelear pcvwer plants in order te reduce the risk ef
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p:eUSerationt as has been argued by $omet wouZd really inean elo$ing a branch

ef ihdustry whi¢h is "nique Sn the worZd in thest assu:anee oE its exelusively

peaceful use is given te tbe werld through the Agency's safeguardis. Euttber

reductien ofi the zisk of proliferation can be aehieved if there is Eurther

nueZeat disarrrament and further adhe:en¢e te the Non-prolife:a' tien Treaty. Tt

sheala be :errenberede lastiLyr thet a heavy giebal relianee on £ossil £ueis aZso

has security SinpUcations. It is the p:esenee of huge eU resources that has

maae the MiddXe Ea$t one of the most explesive areas in the worid.
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                            E. Gail de Planque
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                   376 Hudson Street, New York, NY 1oo14-3621

Introduction

    Since the end of the Second World War, the Japanese and American people have moved

closer together in their social and business lives, and yet the older Japanese and American

traditions are stM evident as the underlying fabric ofeach nation. The recent death and

funeral of Emperor Hirohtto represerrted a seam M the passage of time for both countries - a

period in which to pause and compare the changes that have taken place during his reign, It

has signaled an opportunity to examine and refiect on our differences and similarities,

                                  '
Japanese and American Perceptions of Each Other

    Polls taken in 1982 and 1988 in America by Louis Harris and Associates, Inc., and in

Japan by the newspaper Asahi Shimbun, have consistently shown that two of three Americans

and one of two Japanese think relations between their two countries are good overall. The

same would be true today.
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    Seven of every ten Americans have purchased a Japanese product. Half of all Americans

think Japanese products sell well because they are inexpensive, while the other half say the

reason is their htgh quality.

    Ten percent of Americans have visited Japan, and more thari 6096 of Americans feel the

Japanese govemment and people are friendly and cooperative toward the United States.

    A vast majority ofAmericans, 76%, believe Japanese parerrts are strtcter in the disctpline

of their children; only 5% thought Americans were stricter. On the other hand, Americans

think the United States is more advanced in science and technology by a 20% margin, and 58%

of Japanese agree.

    Japan is viewed by Americans as discrirninatory toward women, with 66% ofAmericans

stating that women are discriminated against more in Japan than in the United States; only

9(>6 ofAmericans feel women are discriminated against more in the United States. A slightly

greater percentage of Japanese than Americans believe Japan ts more discriminatory toward

women, 'Ihese figures were reported by the Asahi News Service tn theirjoint public opinion

poll conducted in both countries tn October 1986 by Asahi Shimbun and Louis Harris

                                                '                 'Assoelates, Inc.

Japanese Women in the Work Force

    Today almost 40% of the Japanese work force is made up of women - many of them

employed as teachers, nurses, or office workers. Many housewives are working at least part

time in light industry, chiefly to boost the family income. But, increasMgly, Japanese women

want to havejobs rather than being, as they were tn the past, confined to the home.
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    Because many ofthe better-paytngjobs are closed to them, women find it very difficult to

advance into posMons of real power. In all of Japan, only 120,OOC) women hold any kind of

managertal rank, mostly low. Women Ml only 5.3% ofJapanese managerial positions. Many

companies do not even tnteMew women for executive positions.

Japanese Women at Home

    Although, according to the Tlme-Life Book, Japan, more than 5096 of Japanese women

under 30 years of age would like to have careers, thcy also want marriage and would, on

balanee, forgo a career for a home and the ratsing of children. The maintenance of the

traditional role also derives in part from a conviction among Japanese women that runntng a

house and bringtng up children constitute a sufficient challenge.

    The Jopan book also reports that at home Japanese housewives are in charge, tn part

beeause their hard-working husbands are there so little. Today, these women are tough-

minded administrators who bring up the children, and manage not only the household, but the

entire budget.

The Arnerican Women's Movement

    The majority of American women were preoccupied with stmilar housetiold matters prior

to the 1970s. But the emergence of the women's liberation movement brought about a head-

spirming transition from their previous domestic world to the public world of business,

industry, and the･professions.

    By the i980s, as with the civil rights movement ofthe 1960s, changes had occurred that

could not be retracted. Women had made great strides in education, opened up new
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employment possibilities, and gained a new public tmage. Young women now assume

responsibility for their own future in a way that could not have been tmagined by their mothers

and grandmothers.

Decline in the U.S. Birthrate

    Today, a real demographic charige is taking place in America, presenting even greater

opportunMes for women in the workplace. Fertility rates have dropped from a high of 3.7

births per 1,Ooo females in 1957 to a stable low of 1.8 births. The result wi11 be a severe

shortage of talented, educated, competent indMduals. Even a few years ago, companies

recruittng from the top 10% of the best busMess schools in the country could hire all males.

Now a third ofthose men have been displaced by women graduates.

Increase of Women in the U.S. Work Force

    Research done for the U.S. Department of Labor clatms that women will make up about

three-fifths of new workers in the labor force between l985 and 200C), and that only 1596 of

new workers between now and the end of the century wil1 be native-born white men. By the

2lst century, approximately 47% of the work force wil1 be made up of women, and 61% of all

women will be in the paid labor market.

    In addition, the proportion ofwomen receiving higher academic degrees has been steadily

rising. In 1984, for the first ttme in htstory, the number of women exceeded the number of

men receiving doctorates in education. A stmilar shfi in male-female student ratios in law,

medical, and engineering schools is being mirrored in the declintng propordon of men to

women in those professions.
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Falling Enrollments in Science and Technology

    Not only is the proponion of men tn scientific and engineering programs shrinking, but

overall enrollments in these areas are declining, even thoughjobs are plentifu1, Freshmen

enrollment in engineering schools has fallen well below 95,Ooo, from a peak of 115,OOO in

1981.

    The reasons behind the fallmg enrollments in science and technology are varied and

complex. First, fewer children are growing up on farms with tractors and other machinery,

Fewer children are exposed to scientific toys and books, so that an interest tn science,

mathematics, or engineering does not come naturally to them. Now thcy grow up in suburbs

and with television, and go into marketing. Second, students have the perception that other

careers are easier, are more glamorous, and in the long run, pay better. And, to be honest,

hard work is involved, and students today have to learn a lot of new material along with all the

tradMonal skills. As technological advances make the world more complex, engineering and

science have become more difflcult. A third reason thesejobs are losing their appeal to young

people is that few educators or parents are doing anything significant to convince children that

leammg mathematics and science can indeed be pleasurable, and that in any case, it is vital to

their future success and well-being. Because of this lack of support from parents and

teachers, we are encountertng poor science and mathematics training in some of our schools,

leaving students il1-equipped to enter these fields.

Why Women Drop Out of Science and Mathematics

    America's falltng enrollments in science and technology courses is also due to society's

discouragement of girls and young women who would make good scientists and engineers.

Although Americans are committed to equality of opportunity, public attitudes perpetuate
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stereotypes that "girls don't really need that much math or science". As long as these

stereotypes persist, young women wil1 continue to drop these courses prematurely, thereby

losing opportunities for future careers.

    As elementary school students progress through the science and mathematics curriculum,

girls and boys show little dtfference in ability, effort, or interests until the adolescent years

when course and career choices begin influencing school effort. As social pressure increases

and career goals are forrned, girls' decisions to reduce effbrt in the study of science and

mathematics progressively cut women off from any professional careers in those fields. These

same attitudes wil1 tend to fo11ow the female scientist or engtneer throughout her career. Along

the way she may encounter stmilar obstacles.

    Overall, women receive apprommately one-third ofthe university degrees now being

granted in science and engineering. The highest percentages of women are found in those

sciences with the least mathematical prerequisites: psychology, biology, and sociology. 'Ilie

lowest percentages of women enter fields requiring the most mathematics, namely, physics,

engineetmg, economics, geoscience, and chemistry. One tmportant point about al1 this is that

people who do not understand how science works or know the meaning of a few fundamental

technical terms must take information on faith, often from politicians or spokespersons who

have vested interests, making citizens easy prey to the purveyors of sirnple solutions to

complex problems.

    A former president of the American Association for the Advancement of Science, Dr. Sheila

                         '
E. Widnall, recently commented, "...we should concern ourselves with the issue of future public

                                        '
support for science on the part of groups who perceive that they have been excluded from fu11

participation tn the scientMc enterprise. The years ahead may be troublesome for the support
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of scienee, and the image of science as a community accessible to all wil1 be important to

maintain public supporttt.

Women and the Antinuclear Movement

    In the eariy 1970s, the civil rights movement and the Vietnam War protests had made

conflict, reassessment, and change a part of all American 1ives. In this turbulent context, the

emergence of a polMcally organized women's movement, and the resultant backlash, did much

to define and alter the social fabric of everyday life.

    At the same ttme, the contrpversy over nuclear power development in the industrial

westem world was gaming momentum, 'Ihe antinuclear movement arose from public anxiety

over the environmental and health risks associated with the construction and operation of

nuclear power plants, the same anxieties now found in Japan. Despite the rapid growth of the

American nuclear industry during the 1960s, community preoccupation with other politically

senstrive issues, notably civi1 rights and the Vietnam War, may account for the relatively

dormant public involvement in nuclear matters, By 1968, however, a rapidly-growing

environmental consciousness was beginning to make itseif felt in the nuclear arena. This

movement moved beyond purely local and specdic environmental concerns to more generic

economic and philosophical issues by the early 1970s.

    During the 1970s and into the 1980s, as Joseph Camilleri in his book, The State and Nuclear

Power: Conj7ictand Control in the Western World, quoted a senior Westinghouse oMcial, "nuclear

power (came to represent) the ulttmate symbol of economic power, military power...in the

hands ofthe established institutions - the electric utilities, the large corporations, and

govemment agencies" - all hostile to any perception of dissent. This obviously white-male-
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dominated nuclear technocracy represented, then, for the ecological movement a fundamental

threat to individual freedom.

Women's Liberation and the Antinukes

    The rise of both the women's 1iberation and the antinuclear movements eoineided, and

thcy shared a mutual hostility toward most male power holders. Grass-roots actMty on both

fronts fostered a network of individual citizen action groups using peacefu1 as well as violent

demonstration tactics. The result was a new form of politics in which citizens were able to

participate in the public debate, to raise objections to govemment plarming, and, where

possible, to engage in a series of public demonstrations and court actions.

   .While public questions put to･voters in the United States have been consistently decided

in favor of nuclear power, polls taken regarding nuclear power often indicate more opposition

among women than men. For example, a recent poll taken by U.SA. Totiay indicated that

women, more than men, are more concerned about living near a nuclear power plant, and a

majority say it heightens the risk of cancer. Women are less familiar with the greenhouse effect

and they would oppose nuclear power growth to reduce its etfects.

    One cannot help but ask the question if women were as wen-educated in science as are

men, would there then be any differences in attitude toward nuclear power? We think there is

a high probability that the scientMcally literate woman wil1 be pronuclear, and in pursuit of

this concept, the American Nuclear Society is working to attract women to the nuclear field and

to educate them about the need for nuclear power in the United States energy mix.
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The Work of the American Nuclear Society

    In 1981, the American Nuclear Society (ANS) published the booklet "VVomen Projlassionals in

the Nuclear Industry" promoting the tndustry as a good career choice for a woman engineer or

scientist. Since then, a Professional Women in ANS Committee has been formed and today the

ANS Public Education Program (PEP) has produced a wide variety of programs airned at

communication with the educational community, the media, legislattve decision makers, and

the public.

    With the help of their local sections, ANS-sponsored teacher workshops provide the much

needed opportunity for educators at the elementary and high school levels - tradMonally

women - learn the facts about nuclear issues: radiation, risks, waste disposal, and

transportation. 'Ihese workshops also prtvi, de time for an exchange ofopinions and ideas with

other educators and a chance to participate in hands-on expertments that they can take back

to the classroom.

    In addition, the ANS publishes an information letter created explicitly for teachers,

distnhuted free ofcharge to more than 7,OOO teachers and librarians. Other materials

available include information booklets on nuclear-related careers, potential salartes, and

financial aid sources. 'Ihe ANS Audio Visual Lending Library now offers more than 70

Mmlvideo, slide, cassette, software, and curriculum guide resources for members and

educators to use.

    Thousands of other teachers are reached through ANS exhibits at professional educator

meetings, and many students have the opportunity to see.a nuclear exhibit while on a field trip

to their 1ocal science museum through an ANS exhibit loan program.
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    Children need to be exposed to science and scientific toys. 'Ihe ANS is workmg with

teachers' groups in distributing nuclear energy colotmg books airned at children tn

Kindergarten to Grade 3. At the other end of the spectrum, ANS has recently developed and

published materials to supplement a high school social studies curriculum.

    Future plans include more invobeemerit in teacher workshops, production ofvideos for use

in the classroom and 1ocal communities, and development ofcuMculum materials for lower

elementary grade levels.

The Women of the American Nuclear Society

    Ofthe 16,462 members o#he American Nuclear Society, 813 members, or - 4.9% - are

women. Reflecting the comparatively recent emergence ofwomen in the field, 74% ofthese

ANS women are under 40 years old. Only 41% of men ANS members are under 40 years of

age, 68% are under age 50.

The Emergence of Japanese Women as Antinuclear Activists

    Echoing the Western experience, some Japanese women have found a new role, as

grassroots leaders and participants in Japan's growing movement against nuclear power. This

revived national movement was largely trtggered by their anxiety about the contamination of

imported food by the fallout from the Chernobyl accident and their role as providers of food for

their children. Lectures and books by Jinzaburo Tadagi, a strong antinuclear scientist;

Takashi Hirose, a nonfiction writer; and Taeko Kansha, the mother of two, have been

instrumental in feeding these antinuclear sentiments.

I-2-1O



    In August and September of 1987, the Prime Mmister;s offlce polled 3,OOO Japanese adult

men and women. The nationwide survey found that 85.9% felt uneasy about nuclear power

plants. The high disapproval rate apparently reflected the increased concern following the

1986 Chernobyl accident, since a 1980 survey showed that 55.696 of Japanese were

apprehensive about nuclear power generation. In explaining the marked increase tn concern in

1987, the offictals conducting the survey pointed to the fact that 92.9(K) of those surveyed knew

about the accident at Chernobyl.

    In Apri1 1988, about 20,OOO people, many of them housewives with children, pardcipated

in the nation's biggest rally yet held against nuclear power generation. In an article titled

"Nuclear Power Loses Popularity in .lapan" in February 9, 1989 issue of ATat"re magazine, "The

number of antinuclear protest meetings has reached an all-ttme high in Japan, accordtng to

National Police Ageney figures released (earlier this year), and has more than doubled since

1987." "...Now surveys show supporters of nuclear construction are outnumbered two to one,

with opposition particularly strong in areas near proposed construction sites."

    As in the West, many in the nuclear industry believe that the public is being manipulated

with inflammatory and scientifically unsound asserdons. Accordtng to the Christian Science

Monitor, July 19, 1988 ardcle, "Foes ofNuclear Power Make Gains in Jlapan", the Japanese

government and the power industry have poured extra funds into pronuclear publicity

campaigns stressing the safety ofJapan's nuclear plants and the environmental pollution

caused by coal and oil fired plants. '"Ihe companies are even finding it necessary to run an

educational campaign for their own employees." It may be usefu1 to run a simtlar campaign for

the employees' wives and children.

    'Ihere is a general sense that broader participation by women tn scienee and engineering,

especially in the nuclear field where the percentage ofwomen is extremely low, wil1 lead to their
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increased acceptance of nuclear energy. Whether or not this theory is valid for the United

States - and whether or not it is applieable to other countries - only tme and experience wil1

tell. But the evidence accumulated thus ftrr suggests that the concept has merit.

    In the United States, until now, the role of minorities, people with disabilMes, and women

in science and engineering has been widely seen only as an equity issue rather than as the key

to future national strength in science and technology. In the United States at least, these

groups must be incorporated into our scientdic and engineering nfrastructure so that we may

retain our industrial and technical capacity.

A Formula for the Future

    To meet our future needs, we must cultivate scientiflc and engineertng personnel. We

need better, high quality science education programs. In the United States at least, industry

leaders need to become more aware of the irnmediate and long-term risks ereated by the

shonfall tn scientists and engineers and of the importance - to their own organizations as well

as the national interest - of recruittng and sustaining women in these fields.

    Many companies have become suffictently concerned about scientMc education to make

substantial financial donations to efforts to enhance school programs. In addition,

corporations have begun to donate personnel by providing release time and other incentives to

encourage individual scientists or engineers, both men and women, to wotk with schools,

museums, scout troops, and other youth groups.

    However, the scientific, engineering and industrial community also needs visible role

models and mentors to make young girls aware of the range of opportunities open to them and

to promote a more hospitable environment for women students and professionals, This same
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community also needs to assume a strong leadership role in enhancing the visibility of

accomplished women scientists and engineers. 9ualfied women often are not considered for

public recognition in the form of deserved authorship on scientdic papers, awards, and

invitations to speak at conferences or serve on editorial boards and technical committees,

recognition essential to career advancement.

    And last, we need a heightened consciousness on the part of all in our community, as well

as the general publie, to do away with discrimination, bigotry, and inapproprtate treatment

that can seriously interfere with women's selflesteem and productMty. For example, it is

professionally inappropriate to emphasize the scholar as a woman first and a scholar second.

These difficulties, often encountered in the labor force, are especially formidable in the male-

dominated science and engineering professions.

    A recent report by the Government-University-Industry-Research Roundtable summarizes

the situation very well. They concluded that "the advance of science and technology is

essenttal to the health ofthe nation-essential to quality oflife, to economic stability and

national security". 'Ihey went onto state that "human resources are key to advanctng science

and technology".

    We in science and engineering, particularly the nuclear field, can no longer afford to

ignore almost fifty percent ofour human resource. Women must be encouraged to not only

study science and engineering, but to become fu11 partners in the hi-tech community of

tomorrow. If we fail to ensure an adequate supply of scientists and engineers, then we

jeopardize the very future of civi1ization as we know it which is now crMcally dependent on our

application of science and technology. Further, tf we fail to tmpart scientiflc literacy to both the

men and women of tomorrow, we wiil have a citizenry incapable of making the scientMc choices

required for the very survival of our planet.
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PRESENTATZON BY DR W L WZLKrNSON,
    British Nuclear Fuels plc

                           Introduction to Video
                                                          r c-･t.tt''vllft.C:l.Lll'`.ltA'"")',',.-,:fi:)-'iv･t. ,.･..,"..,･･ SZt-:･"";"l,iir.)x.:'･"-;,;.'.ft':; ""t?/ku.f'`"V`'il/)i'S i".".'`i:"'' .z:.:l.1/1:il'::"t)""Ii['ll'."l-l'vi.::.:", '"L'LE...il,liii,ll!I:,-,..::.i"']-"

     BNFL has always put great importance on the need for technical

     innovation to support its nuclear fuei cycle activities. The

     Company is perhaps best known in Japan £or its activities at the
     back-end of the fuei cycle; that is for irradiated fuel
     transportt storage, reprocessing and waste management.. However,

     BNFLts operations extend over the whole nuclear fuel cycle. [Vhe
     video you are about to see, whilst reviewing briefly all the
     areas of the Company's application oE advanced technology,

     concentrates on two areas at the front-end of the fuel cycle.

     The two areas are the use of advanced centrifuge technology for
     the enrichrnent of uranium and the integrated dry route (rDR) for

     the conversion of enriched uranium hexafZuoride to ceramic grade

     uranium dioxide powder. '
lt':i]erL ti lor,'(f i..ect,tt..t,et::H'lk) tvc･(ci[Le )･･.tt ev7ttet .S?vvt･c-t7 oyit-`･"tl hb tIA7CL

   /The video"L'f""i: sCtti"'levVSe"ws the development of enrichment technology

     in the UK starting with the Diffusion Plants built in the 1950s,

     the estabiishment of the Urenco organisation to develop and
     exploit the centrifuge proeess, to the deve2opment of the iaser
     isotope enrichment process.

t

r "･ .s+S

The video then describes the single step integrated dry route
(IDR) to convert enriched uranium hexafluoride into ceramic grade

uranium dioxide powder and highlights the advantages this process

has over the alternative muiti-stage wet route, both in the
process itseZf and in the quaZity of the product produced.

                              I-2N



iv

                    VZDEO PRESENTAT:ON HERE

                             Summary

  '
The video you have just seen provided you with an insight into

two important areas of the fuel cycle which benefit from advanced

technology. '
:n the case of the :DR process BNFL has successfully developed an s
innovation of the early i970s and customers in io countries'")"

Msct'

 bsbeNt{Nrc".b

the process and recognise its reliability and versatility,

BNFL has nearly 20 years experience in the production o£ IDR
powder on a commercial scale and has refined the process to a

high degree.

       '                            'Since' the Springfields pZant began operations in the early 1970s
it has produced rnore than 6000 te U of which more than two-thirds

has been exported. The remaining one-third was u.sed to rneet

requirements of British AGR reactors and over 1500 te U of this

fuel has used uranium recovered from the reprocessing of Magnox

fuel. The IDR process therefore already has an impressive record
in dealing with reprocessed uranium.

The important advantages of the process are:-

     (i) it carries out the conversion process in one step;

    (ii) the exceptionally pure and consistent uranium dioxide
          powder can be used to meet the specific pellet
          requirements of the many fuel types required by

          different nuclear reactor systems;

   (iii) the ZDR process produces minimal effluents;

    (iv) it is the ideal technology for use in the.fabrication
          of fuel from recycled uranium and is better suited to
          this than the traditional wet routes.

                               I-2-W



rn the field of enrichment, major advances have been made

possible because of the considerabie R&D effort committed by the

Urenco partne=s to the centrifuge project. This has been a great
success, not only in technicai terms but also in the field of

international collaboration. The result is a low cost, flexible
and efficient process. rt has the important added advantage of
being able to handle recycled uranium.

Further develepment of the centxifuge is planned and a machine

will be available by the mid-･i990s which will have a unit output

some twenty-five times that of the machines running in the early

1970s.

WhiZst laser isotope separation rnay currently show little

economic advantages over these adyanced centxifuge machines, its

iong term potential is considerable. BNFL therefore intend to
exploit this exciting and promising new technology and we are

already engaged on a substantial programme oE deveiopmente
Znternational collaboration, so successfqi in thg centrifuge

process, could aiso offer significant advantages in this complex

and expensive field of work.

6 April 1989
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The

Prof. A.
(Minister
Socia1ist

role of nuclear energy for energy
    security in
Krumnik1
 of Fuel and Energy,
 Republic of Czechoslovakia)

Czechos1ovakia

Abstract

      The reason for Czechoslovakia to develop, improve and atttain a stable
position for nuclear power is to be found in the environmental safety, economic
efficiency and supply stability. At present nuclear power plants produced
about 23 TWh electricity in 1988 (it accounted for 27 % of the CSSR electricity
energy). Economic advantage of nuclear power over other thermal power sources
are at present obious. Czechoslovakia's record of rnaintaining safety of
nuclear power plants continues to be good. Efforts to gain public acceptance
for the nuclear power have resulted in a relative smooth licensing of the new
nuclear power plants in the country.

      Downward revision of the projected long-term energy demand and available
resources for the financing of the future nuclear power projects present a
major challenge for the next nuclear development in the country.

     The future development of nuclear energy in Czechoslovakia is based on the
long-term outlook on energy supply and demand.

     The estimated primary energy demand for 2000 (2005) is expected 110.9 (10
8) million tons in coal equivalent. In this content, the outlook for installecl
nuclear capacity 10,280 MW (14,OOO MW).

      At present about 9,280 MW in VVER-400 and VVER-100e are in operation or
under constrttction. It is expected the share of nuclear popoer generated
electricity accounts for 43 % by 1995. To reach the target figures for 2000
(2005) year, it is necessary to prepare the nuclear development plans for three
new sites during the next 5 years.

      As far as the reactor strategy is concerned, the advanced VVER-1000
reactor systems will be the workhorses of the Czechoslovak nuclear programrne.
Czechoslovakia is also deeply interested in the development of easy-to operate,
easy-to maintain medium and small size reactors of the so called "second
nuclear era" for steam and hot water supply, electricity generation, coal
gasification, chemical industry etc. Studies are conducted by national
institutions on the technological and economic feasibility of such reactors.

      R&D nuclear activities in CSSR are implemented within the joint
technological development on an international scale within the CMEA countries.

Introduction

      The reason for Czechoslovakia to develop, improve and attain a stable
position for nuclear power is to be found in the following advantages features

of nuclear power itself: '
      - environmental safety

     Nuclear power is one large-scale source of energy which does not give rise
to acid rain or any of the greenhouse gases. These features have a rapidly
growing importance not only for Czechoslovakia but for the whole grobe.
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     - economic efficiency

      In terrns of generating cost over the entire plant life withift the
Czechoslovak grid, nuclear power is less affected by price fluduations, because
fuel costs are only a small part of the entire cost (as compared with coal powe
r).

      - supply stability

     Nuclear power plants can operate for one year on a single loading of fuel,
it is easy to transport nuclear fuel for the nuclear power plants, uranium ore
is a domestic energy resource.

      - living standard of the people

     Through nuclear power, the electricity production can be raised rapidly in
the country. It enables to improve a living standard of the people and to
introduce the advanced technologies in the whole economy system.

Current status of nuclear energy development -
     Nuclear power in Czechoslovakia is based on the Soviet PWR reactor system
on a 440 MW power level (VVER 440-water-water type reactor).

      The nuclear power projects are implemented mainly by the Czechoslovak
companies. They cover about 85 % of the whole delivery contract value,
including start-up activities.

     There are at present 'two commercial nuclear power plants with eight VVER-
440 reactor units. Total net capacity is 3,207 MWe, total operating experience
(to 30 September 1988) accounts for about 42 years (1) .

     Total electricity generation by the Czechoslovak power industry was about
87.5 billion kWh in 1988 and the share of nuclear power rose to 27 %.

     Moreover, the nuclear power plant in Jalovske Bohunice started to deliver
the heat for the town Trnava (about 1.48 PJ of low-temperature heat for
community - public consumption).

     The operation of the Czechoslovak VVER-440 nuclear power plants (NPPs) is
analyzed using the following indicators mainly :

      - loacl factor
      - time utilization factor

     The mean value of the load factor of all VVER-440 units by the end of 1988
equals to 76%.

     Accordingly, the time utilization factor is about 82 %

      These figures prove a good level of the reliability of the Czechoslovak

VVER-440NPPs(2). ･ .
      The load factors are highly affected by planned outages for periodic
inspections and potential repairs, which are performed simultaneously with
refuelling opreations. Standardized time requirements for activities performed
during planned periodic inspections (each year) and extended periodic
inspections (each fourth year ) are 49 days and 84 days respectively. There is
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an effort to reduce this figures to 39 days and 70 days by 1990. Czechoslovaki
a's record of maintaining safety of nuclear power plants covers the follopoing :

       - the results of the nuclear power plants operation in Czechoslovakia are
       confirming the safety of the Czechoslovak VVER-440 units. There has
       been no accident in which radioactive substances have affected people in
        the vicinity of a nuclear power plant ;

       - the scram frequency for Czechoslovak nuclear reactors has decreased to
       about two per reactor year ;

      - the radiation exposure of the operational personnel is very lew and can
       be cornpared with that of the best NPPs worldwide. This statement can
       be supported by the analysis of the indicator "mean collective dose
       equivalent of the'personnel related to the produced energy ". The
       value of this indicator annualy varies between O.25 - 1 mSV per GWh. ;

       - efforts to maintain the possible lowest level of radioactive substances
       emitted from nuclear power plants during normal operation have held
       such emissions to ･levels well below those permitted by the regulation.

      For instance, in the site of Jaslovske Bohunice, the real emissions of
radioactive noble gases are about 5 % and emissions of radioactive aerosols
between O.02 - 1.3 % of the authorized limits. The total radioactive release
into the hydrosphere is under 20 % of the limits (3) .

       Czechoslovakia shares its operational 'and safety experience
internationally participating actively in the following IAEA systems : PRIS
(Power Reactor Information System).

      To evaluate the economy of power sources, three methods are usually used
in Czechoslovakia :

      - the initial year cost
      - the leveled cost method
      - the system cost method

      Using the system cost method, the present economic composition of the
Czechoslovak grid can be assessed as follows (4) .

      - nuclear generating cost (base load) 212.1 Cs crownslMWh
      -coalgeneratingcosts(baseload) 297.6CscrownslMWh
      -systemcosts ' 352.0CscrownslMWh
      The cost of nuclear power dose not include reprocessing cost. The reason
is that under present condition the spent fuel is transported back to the USSR
on cost-free basic. Also decommissioning costs are not includecl due to the lack
of realiable cost estimates.

     Referring to these figures, the economic superiority of nuclear power in
Czechoslovakia is obvious. We estimate that this superiority will last even in
the case the cost of nucl.ear power includes both reprocessing and
decommissioning costs.

                                                                       '
     The effort has started to confirm these results within the joint IAEA-OECB
report on electricity generation costs. Here the generating costs are analyzed
using the UNIPEDE methodology.

      In the nuclear fuel cycle Czechoslovakia closely cooperates with the USSR.
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  Enrichment services and fuel fabrication are provided by the Soviet
organizations. The spent fuel is transported back to the USSR. Efforts to gain
public acceptance for the nuclear power have resulted in a relatively smooth
licensing process of the new nuclear power plants in the country. The next
development of Czechoslovak nuclear power is challenged by the following;

      -'projected long-term energy demand outlook revised downward ;

     - the resources for the financing of the nuclear power projects are
       shrinking due to the two main reasons : the rising investment costs of
       nuclear power plants and the changing overall investment policy (as a
       result of the intention to change the overall structure of a national
       economy system).

Long- term energy outlook

terms
level

The primary energy forecast estimates that the total energy demand in
of coal equivalent (CE)' will increase to 113 MTCE by 1995 and then will
off ( 108 MTCE in 2005).

      The actual energy supply in 1985 was 106.6 MTCE. This forecast is
attributed to the expected radical conversion of the industrial structure of
Czechoslovakia which will mean reduced importance of heavy energy consuming
industries (fuel industry, iron and steel industry, heavy engineering and
chemical industries) and that energy - saving rneasures will be increased (5) .

      The industry is expected to have zero growth (till 1995) and then will
leveloff,theconsumerconsumptionwillgrowforthewholeperiod. `

      By power source, the most dynamic one is natural gas. Its cornposition
rate in the primary energy structure will increase from the actual figure 15 %
in 1985 by 20.4 % in 2000. Following this strategy natural gas will become very
important power source by the end of the century.

     The percentage of electricity is estimated to rise from 10.4 % in 1986 to
17.9 % by 2000.

     Depending on the nuclear power development, raising of import of a natural
gas and shrinking resources for the financing of the future coal industry
development, the supply of coal will decrease (both for thermal power
generation and for metallurgical coal) corresponding composition rates are 56 %
(in 1985) and 43.9 % (in 2000). The demand for oil also will decrease from the
actual figure of 19.1 % in 1985 to 16.1 % in 2000.

Long-term e1ectricity supp1y-demand out1ook

      Total electricity demand, estimated in consideration of changes in the
economic situation. Population increase and other factors is projected to grow
to 107 billion kWh in 1995 and 117 billion kWh in 2000 from the factual figllre
85 kWh in 1985 (this 1985 figure covers 4 billion kWh imported to Czechoslovakia
through the CMEA international grid).

     The average annual growth rate of power demand will be 2.3 % until 1995
and 1.8 % between 1995-2000. These rates are higher than the estimated growth
rate of total energy demand.

This will mean a shift toward electricity consumption in end-uses energy
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consumption structure, the electrification rate in this structure is expected
to reach 10 % by 2000.

      Clasified by the users, electricity demand from large-lot electric power
consumers will level off, because racionalization programme will be intensified
in industries consuming large quantities of electric power begining with the
iron and steel industry, fuel industry, chemical industry and heavey-engineering
industry, elctricity demands from the other sectors of economy are expected to

grow.

      As regards maximum power clemand, this is expected to grow higher rate than
growth rate of power consumption, because the percentage of daytime power
demand from the consuming public will grow, reflecting the raised living
standards of the people and progress in urbanization, although energy-saving
equipments are more widespread.

      As a result, maximum power dernand will rise to 16,OOO MW by 2000 from 12,
700 MW in 1985. The annual load factor is expected to continlle its downward
trend.

      In consideration of the characteristics of different electric-power
sources and taking into account above mentioned long-term electricity demand,
our outlook regards nuclear power, which is ecologically acceptable, excellent
in economic efficiency and stable in fuel supply, as the main power supply
source to meet base demand.

      It is followed by coal fired power generation, excellent in load following
and power output adjustment' functions, and pumped-up and pool types of
hydropower as power sources to meet peak demand.

      Taking these points into consideration, and in view of progress in the
other aspects of various power supply sources, the target capacity of installed
power generation at the end of 1995, 2000, 2010 are shown in tables 1 and 2.

     Non-public utility power generation and consumption is estimated to be
down on a long-term view from the existing 2,800 MW (10 billion kWh) to 2,240
MW (8"-9 billion kWh) in 2000 and 1,850 MW ( 5 billion kWh) in 2010.

      According to these tables, the installed nuclear capacity will be
increased from 1,700 MW at the end of 1985 (composition rate 16.8 %) to 7,300 MW
(31.9 %) at the end of 1995 and 10,300 MW (41.2 %) at the end of 2000.

      Further, nuclear electricity generation will reach 61.8 billion kWh in
2000, accounting for 69.7 % of total power generation by public utilities.

     By contrast, coal-fired thermal power generation will gradually go down in
importance declining to 32.8 % in 2000 from 77.2 % in 1985.

     Referring to power development and tasks for different power sources, it
is desirable that nuclear power should be developed positively as the basic
power supply sources.

      Future tasks are the assurance of public acceptance, sophistication of
light water reactors (VVER 1000), the sound nuclear fuel cycle management in
Czechoslovak conditions, establishment of methods of radioactive waste
treatement and disposal, and measures for reactor decommissioning.

Power resources development plans
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      The amount of power resources to be developed between 1985-2000 will be 10,
OOO MW of which nuclear power will account for 8,600 MW (86 %) and 1,400 MW (14
%) for hydropower generation (table 3).

      If these plans are carried out to schedule, nuclear power (10,300 MW) will
exceed in 2000 coal-fired installed capacity (10,OOO MW) and takes the largest
share (59.7 %) in electicity generation.

      This basic strategy does not imply "too" fast coal-fired power plants
decommissioning plan. These power plants will be retroffited or backfitted for
cogeneration within the large district heating systems.

      So far as nuclear power development is concerned, plants at two other
sitesarescheduledtocomeintooPeration: ･
                                                     '      - 1. site : Mochovce, four VVER-440 MW reactor units,
                  between1990-1994 '

       - 2. site : Temelin, four VVER-1100 MW reactor units,
                  between 1992-1998.

      To reach the target figures for 2000 (2010) year it is neccessary to
prepare the nuclear power development plans for additional three new sites

during the next5years. ' -'-x
                                                                         '
      As far as the reactor strategy is concerned, the advanced.VVER-1000
reactor systems will be the workhorses of the Czechoslovak nuclear programme. It
is expected the advanced VVER-1000 can reduce the exposure doses of operational
personnel and the quantity of low-level wastes, save the uranium ore, improve

the availability factor and reduce kWh cost. ･-

      As far as the nuclear fuel cycle strategy is concerned, the front-end part
(uranium resources, conversation, enrichment, reconversion, fabrication) is
implemented together with the USSR organizations.

     At present no majot changes are envisaged. In the back-end strategy, the
effort has started to store the spent fuel in dry and in high density inside the
country. There is no intention to develop domestic reprocessing capability.

                             '
' Czechoslovakiaisalsodeeplyinterestedinthedevelopmentofeasy-to
operate, easy-to maintain medium and small size reactors of the so called
"second nllclear era" for steam and hot water supply, electricity generation,
coal gasification, chemical and iron & steel industries.

     Special attention attracts a moclular high temperature gas-cooled reactor
(MHTGR). The MHTGR can solve the problems in improving the economy and
broadening the field of utilizing nuclear energy while maintaining safety, due
to its specific characteristics of high temperature heat, inherent safety, and
high burn-up. Considering the importance to use nuclear energy in non-electric
fields in the future, studies are being conducted by national institutions on
the technological and econornic feasibility of the HTGR perspective in the coal

gasificationandchemicalindustry. -

Technical development

     The present good safety record and economic efficiency of nuclear power in
Czechoslovakia is based in past technological deveiopment within the long-term
CMEA-Research and Bevelopment Programme. Efforts continue to improve both the
reliability and economic efficiency of the existing VVERs. Advanced VVER-1000
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are under development and will come into operation in the mid-1990s.

      New reactor systems of the so called "second nuclear era" are under
development (the next version of VVER in the power range between 500-1000 MW,
reactor systems for district heating, high-temperature gas-cooled reactors etc...
)
.

     Through its active participation in the above-mentioned CMEA-Nuclear R&D
programme Czechoslovakia is trying to make its contribution to maintaining the
good safety record and the economic advantage of nuclear power in the future.
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＿）訳。踵トト・R・Uシ。・；憲神垣｛竃ぜ碑め門戸e趣く量21底◎ト／＜騒e時

忌細運卓2楓麺価ゆ掴脚立ゐ襲£悩⊃訳簑’申eトぐ鼎饗羅洲ぜ聯邦

慰酬。トノゆ饗興’引く即く冨刃e認Qg2魯13トリ瑠ゐ如談＿）トノ興9悩価。

申e網崎戸’庫・」》るe鞠◎るむP＿）慧の楚冨心旨旨乙）’瞳1昏¶R鑑潔2

鱈禽ゆ博遡ぐ（∋環£夢判9’翻釦墜緒，寅レv冥ト宅3ゆ％心12田丸螺トノ饗

9桶宰く。

　粁廿楚’　1ぺ園川母e圃潮輿く㍑2碑むゆト・スひ寂Q卜・ヤ卸ハく心

トー十く道々慧％ゆ「優HrR誹川神：旺燈郡」灸心熟1蝦トノ川叔世皿思蜘訳

9悩価。月Q旨旨如撃剣9⊃トノ’廻腰上2鯉b悩⊃訳「瞳トトR麩潔Qく「

匝ε聴樋聯」昆○初悩」トノ’睡iNr・R刃く誕ノ魂％艇）貝柱R幻く霞組萌

e誕｛こ≦〉くロニe旧《～心ノζ津‡垣gQ取’・｝ぐ砲・田一⊃⊥1bトノゐ」口3幻田々二編価。
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〔＜懸刃H賛ミ等一〕

　禽冥£宴く露楚’粁避9慰昼円ぐQ経翻砲館Oトノ翼9悩価。ひい誕

冥ぜ襲樟租や昼ヰ必聴£玲枳螺鍾槍ゆるぜ鼻餌租や昼肺麺禽

魯迷姻麺畑贈e鯛餐’一uひ。｝」幻P総ゆ幻二eトノ吟P％3掲田麹3悩価。・

申．⊃トノ悩粕思｝」e｝」紺｝」申簑’＜謳寒く踵刈＿）トノ悼樹価ゆ10Q囎J

P槍9悩価。

　＜距固くh垣H’吟ミ等・一2％oト〆課曝賢蝋のトノ粕悩∂製。価や七輪’

廻く垣（∋課圃砲凄く，翼ゆe逆H婚ミ箸一巡聴舶’日賛ミ等一飽証細」埋旺

価ゆ堵縁和名ゆ’紺穎ひ翼％，e、灸刈田々二世価。

　申＿）トノ｝je期駆口凌題掲ぜ腿3趣迷砲言柄oo駆團2趙旺＿）槍3

謁く資（∋塔蝋課圃慰｛畑虹卜＿）トノ初悩＿）製。

　訳翻瀧圖思醒如刈冨楚’

　　　・層斜掛蛋罧娼魯3Pぜ、幽冥遜橿e耗｛墨・蕪帥e盛塩密や禧

　　　　旺右心’博｛冬一u申冥飽醒旺P粕ゆ誕恢鰹選e潔遡砲翠＿）柵⊃

　　　　訳。

　　　・申⊃ト撲脹日慧→く麟権i巡Q牌薄館￥2緯13トノ慧’露宿塩鱈トμ灘

　　　　ぐe霞旺巡腱e糎喪心’申冥如薫旺駒粕ゆ皿蔭斜｛ン三三齢H

　　　　飯南庶遡1掬宰悩の訳。

　　　・掩到2畔と結くh2興ニト’ぜ喩寂寂≒⊇博蓑糞巡腿掲’申告細

　　　　冨旺価ゆ三脚eH誉・ミ等一鱒縁’｛M“ハ・ト・ミゐll心く慰聴

　　　　掲申合砲合流の製踵8rR螂羅’狛心2鴬皿誕H賛ミ舞一如霞

　　　　旺＿）製廉H呼ミ等一再膿俗名峰打13囎・o遜如9層ミ讐一向ど

　　　　ぐ一U翻・ミ旨初トノ4♀9悩価。
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　｝je事如’やH婚ミ讐一傘縞巡聴螂縁120ニトノゆ’賢￥2

4♀±）ゆ糊部や嵐疑霞Eミ婚峯レ組ゆ｝」掲慧シ。・悩P肩）囎≦）悩字

・ミ。

〔H層ミ箸一掴踏罫〕

　皿［薫昧灸憩甦喫H賛ミ箸一憲確認雇旺価冥楚’申（∋潔蝶幻＿）トノ駆む

ゆス箒亦み刃匝蛍2’賦聴e‡9鰻掲灸遼蘇卑廼勾思％ゆ購翼ぐQ融蜘

廼勾Q了ト、スひ亦4鱒9潔粗二契＿）悩価。

　⊃製簑eトノ’期贈砲醒旺価ゆH賛ミ舞一垣羅e［田翁簑’　「巡駆る心

H賛・ミ箸一瞬二・C・スひ歩み砲P鞠，c・ゆ灸物9輪〉溢9壬iの’冨曜」潔

£。製槍刃e’｛嚥主君傘洲胆蹟鰍elト凶箒舷砲P鞠・弱る初9

亀やv極ゆ」｝」幻2槍｝Q｝」煮冷期葉者二3，翼慧頴誕e｝」刃駒槍9増価。

　唄粥e槍｝⑫酋罧’“る圖≧2興鞠悩⊃トノゆ’悩契翌e圃2卒～初悩～）トノ

ギP’ス＝・券ムei遇嘩（∋心2藁如……P暇槍悩9≧2’姻田卸仏噸砲鞭・k二

七蘇§e購鰹ぐe溢壬玉上2邦¢トノ’囎ゆ畠中｛田島昧2陣樹一⊃麺る。“簗

製麺§画e賭興ぐ（∋超…ヨ圭2％oトノ皿錠購罫’棚全2中洲胆踏甥悩汐

砲ψ騨翠粕宰ト乱）樋二’二£§ゆ《矧ロ産量砲課姻粕宰悩一）訳｝」掲楚’

紹攣≧2虚心製聴刃｝」面P癒9悩価簑’｝」宴慧出＿）トノ璽粥e｝」謁紺⊃トリ

晦冥粥ゆ｝」翁面旨旨縛二尾P（∋和槍9悩価。

　ψ＿）白く医2塩鱈傘恢e鰹ゐ眠草。紀‡ぎ面楚’ゆr・二¢製誕圃慧50

麺・ミ約鞠Pゆ型｝）9・c・ゆイP（∋P槍ゆ’刃3，c・ゆu砲認甥慧虞尼く巨乙）トノ

に薗の麺オ）冥楚簿」詠聴二“丈）旨槍≦〉燭価。

　＜（1匡e姻樟慧眠興三2趣樟⊃悩極。申Q｛枳P’・〈麗e悼樹樹〉く罫Q
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潔圃申冥｛ロ葦簑踏野飽渚懸一）’髄翠狛宰ゆ刃二・O掘「ロ術曄坦砲館。トン

興9樋価。申⊃ト’申e匝踏・Ke踏図逆’卑姻釧胆2壕榔麺H呼ミ箸一

運脚2癒㊨ノ舶130トノ頑刑期汐楚麺3“む和総9桶価簑’申，e、3“」

悩刀刃’博遡上2ぜ｛［ロ・」詠e予々・潔曝（∋訳£ノ｛1∬心e最四捨％oトノ購

野畑赴簑髄ξ⊃トノ：3v｝」掲砲台3翌£やむ冥楚野心誕y→く粕‡∫版下

簑櫓ゆ掲榊，kゆQ和槍9燭極。

〔一代ト螂題・u賭握〕

　四駅’暦齢鞘羅刈購轡三二，ol国灸’∫、廻蘇Q萎虞如必トノゐ悩価幻’日

OQ→く鞠よ唖＝躍簑四聖慰腿颪ど⊃OO槍ゆ％・C・上2田か寅価十・。

　即elO慧’略粗…日鯨92→く緬饗騰躍ね算。トノ興9価型押澄喰K慧

％ゆ噂｛酬最蝋距：黙黙鴬急）£碧繕緊箪e｛［巨不眠螺髄≒三e攣｛互P癒9悩価。

　ψ，010ぜ蜘一目早上2翼建）ゆ鰹‡ζ砲丑ρ・u極ゆ｛日給購郷戸≦饗・U’＜

ロ樋響響辻・C・卑蘇踏磐瞳翠e臣蝦和兎9外聞・。

　ゆ。・＿）製墜｛璽2寂⊃’ψ⊃尾P庫ン∫、Q蝦砲ψ需∂麺3簿一聯’傘簑トノ

慧・＜騒e娼棲申eψe如煙《～価岨鐘坦砲慧・」きやゆe一下繕価て粕P癒

ゆ紺田々二十価。

　｝」心～）製匝齪（∋型｝jOトノ舶製紅嚥慰楚’5ゆ二面e榔図簑遇如一）’

趙旺＿）旨3ゆQP槍9悩」愉。・簑’申（∋102’割駄（∋＜ロ（∋遡灸

H＼寸2瑠肋聴二駕網湘圃導碑：3ト〆郭駄（∋H賛・ミ箸一em＼寸砲翰

聖瓢＿y灸。申e踵樋思迎⊃トノ：3ゆ刈二・（・他門椥築畔引圃ぐQ一）Q％

宰謁＿）トノ邸冥OO槍ゆ’幻50トノ粗樫11】旧駒麺呼野掲牌，寅心罵性向。

　ゆ埠面・ミ’｝」罵悩PまR製湘圃簑誌齢榔野砲課曝掬宰トノ’翼くhe督蝋
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Q聡蕎柵弔やρトノ荊製｝」幻慧蹄罧P囎9’→〈前麺蕎騒和檜ゆ｝」刃楚麗

蝦二Q聴：3AJ｝ハQ和槍≦〉悩価。の灸のi櫓P’三三踏羅e顛硬如研冒区

汐靭ゆ圃刃申，e、P麺3圖掲Q箪綱簑悩価櫛価懐簑900槍ゆ｝」・u’価

麺Q魯申e誌齢垣奪§簑H層・ミ箸一饗勾e巡腿砲喩〉襲瓢価ゆり細三2％

oトノ斗ミ（∋鴇魚慧悩価悩価斗ミ9’申虞思被⊃トノ礪Q鴇虫楚悩価悩価灸

bゆ’申＿）ドく「亭’申冥簑悩価桶価革ミ増掬冥○○囎ゆ％・いしl心，寅ゆ（∋

旨楚や：3和＿）粥，oる。

　紺価冥楚’終罫e顧ξ駆厘砲価二唄薄ゆ艇£’禦製湘圃e皿撰幻種

廊2％ゆ’＜踵廻〈耳刈｛田錠購興・U如麗長i極即契£e蕪…叶‡さ羅e濫潔簑’

：3悩｝ハ》偶£憩冥トノニゆ刈鞠慧よ63掲田々・oQ和槍9秘価。

　申Q製£10楚’釈製湘圖簑｛田心騰蝦．⊃トノH賛・ミ祷一喩運瓢る瓶聴

輪迎瓢剣e！トヤトXヘヤ・ミ如諮柵＿）トノ§〉掲却ψ慧’三二圖e騨嵐・

凹くK誕躍上2標魚帽平門＿）麺築心’碧議緊遜PQ二丁麗齪慰鞍⊃トノψ’

隈照樹掲，⊃トノ灘躍密思’二三2刈9＞桑）て粕旨槍9悩価。

　ρ010慧’蝦剃下圖e回心壬三⊃製芝麺卵堵腔’紺怠禽むH膏ミ三一

e轟姻唄醒旺思認価ゆ坦羅（∋麩課幻樹皿肖｝」申ノ申Q畷ギP艇じR静管蝦P

槍9悩価。

〔誌紳嶺寒刃く誕〕

　製禦二悩岳⊃瑠で製｛脚荊螺トノ3v訳£e擢腿幻＿）トノ｝」｝」和く竃

廻く擁簑簗」：3葱紳垣寒慰較＿）トノ勾（∋％，6上2隠懐⊃トノ初製灸砲心トノ心悩

極掲’申Q癖【く（∋皐罧12楚’慧ellOe。く々・一ハ如ぬゆ｝」却簑P粕％

，c・灸掲田々5悩価。
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　｝oe。（燃一ハぜス⊃奏4ぐe§迦簑十（緬：3，」舶灸・∫、’1ト、スうあ

ムぐ（∋融繕築題3悩悩2’曇葦姪〉’組ゆ3慧葦用鞠冥トノ酬・く冥①冥

製三一！くP槍≦）悩極。

　｝」宴2寝」ト〆イP・c・io（∋。くヘーハ楚’隼ス笥寡ムぐeK・粥簑→く鞠

二｝」幻灸・」パ区ひ》ムぐe罧也三巴急）OOψ二巴旧懐（∋→く初灸。毅

赴一KP槍9悩価。

　嶽1（∋与一区幻3契⊃悩一）トノ煙’攣総トノ駆醒一門旺鰻e製≒i朴㍊昭

eQQ←傘ρ・Q的‡∫約2｝」冥如心ゆ｝」一Uる和鞠予価簑’｝」や」ぴ並申Q

灘2門田□躍る昇罫＿）トノi9梶帯9’申尼上2ξ£ゆψe簑曜門門＿）喫。ψ

覇沿ぐ’に釧ロ坦丁子眼狛冥ヰ～Qψど麹二階麗下狛冥製eゆ’刃ψ上2誌

卦鞘至上2％eトノP槍9四極。

　1櫓’嶽日e碁一rく・U3製」悩＿）トノ慧’魍恢傘鷲恢藻匪栂ド擾起H題

や勾門門，翼心冥悩価簑’申冥る謂冬＿）一三抽eK・肥州螂寒（∋課幽慰％

eトノ腰分」》冥ゆ】櫓’猷｝層2鮭藩P鞠ゆ醒鰺麺土2％oトノ楓肇麺冥’P

二32慧早く㍑2慧識2甑・く冥目冥ト宅3初悩⊃製。

　｝je螂くロ’勾・い＿）レ「旨蟹踵」刈ひe、う相皐2檸樹⊃丁丁坦2匪禽㊨

臣圃簑駐迎」トノニ。製灸砲％〉醸駕£トノ興v濠翻簑囎ゆ掲田鄭3悩価簑’

丁丁慧く（∋やるスひ亦ム如÷く鞠v鍾⊃’垢スひあム楚槍悩9樋⊃‡∫二

％・○思饗eトノ初製細舶’価曇£典「｝ぐ楓踵」簑「些尉塵」2翻禽ひトノ

廉一⊃二ψQe甑・く冥如葦三極ゆ「蟹や鍾」掲⊃ト弓葦叙eわヤへ・ミ2縣

。喫刃粕12’犀£トノ逼vお類畑二上2製椥＿）P二。毅刈：3翼ゆQ汐楚や

：3粒⊃％，c・灸。

　＜誼楚醐坦幻樋超幻砲如禽宰館。トノ翼9悩価。配9昼。喫如3枳如
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二製＿）悩極・U’國輩e鴇魚逆「需園」極聴禽魯スひ≧ム肩ト、X誉郭∴

P算壷⊃’適超e謡禽並「峯器」価拶£魯「嵐舶・慧3」簑贈霜e超

£皆ト謁縛ゆ’幻30ト＃P璽llllロP慧聴二3幻田々3聖日。蕪製聴芝凄ト螂蕪…Q

姻螂上2寝耳｝Q隠授慧＜＜ンU≦〉（）刃9刃＿）トノ頑’囎ゆ5楚極製謁軍畑葦

舶一）トノ穎「圏剥（∋悩粕e撃壇￥刃「樋剥簑悩掬¢訳館ど掲e誕飽

鰻重薗3トノ即製ノ細ψ二3蝦ゆQ粒楚や二P＿）％心耳。

　槍ゆ1製（∋芝卦踏羅ムてミ簑方角⊃製廻蘇と2刈。トノ廉端物田邸⊃

P＞ゆ芝珊‡怒i起ノ刈9禽む申Q営造ζQ廻くにe髄繕ムて・ミ如鋤｝ぐ製遜嚢

麺螂題囎ゆ3慧血i十（鞘逼慧’想々上2＿）トノ癬〈e昼照麟迎思鯉陶以榎三

鷹3Q慧期蓮砲槍9悩価。申絶俗製£ゆ毫酋一く謳eT幽剴e謡魚慰

瀞ぺ　1櫓駆主）ヤ串e竃並「石弓」e轟｝魚レ暖×覚）ゆ刃：3・o’増椅：密と2鼠

饗ゆn’〃嚇1お一寸鵬八e纏製尼聴¢トノニゆ｝」掲2筆ミ，｝ぐト戸Ψe護如

．尉£ゆ「鯉暴踵」簑来倦藻汐槍ゆ灸昭和楚廼3P＿）蝿・○灸。申＿）ト〆

申宴ぶ簑倦添i＿）トノ：3＞製£よ2翠湘‡∫与件幻‡溢題簑螢旨旨檜9’悩契％

9総冥土ψ（∋2⊃トノニv製鎗Qト←歯（∋熱・Rる戸口尽旨々ゆ｝」却慧’騨

錨イミ・」詠％v最心移トノニゆ掲｝」沁P組9桶価。

〔踵吟R却購翼〕

　切トズ蚕砂e％，c・や騒乱12桐Pトリゐ肩掲舶〆血埼く垣題’照姻緒膿掲

：3禽冥ゆ踵砧R20ニトノ慧ノ淘（∋％1い違週廻掌±）心冥ゆ（∋P⊃愉Oる。

　圏・蹄冨旺灸心Kへ一ム⊃製隆トト・R慧’即義（∋｝卦u掲＿）トプ降屡醒旺

掲のトノe歩くヘーム簑’　「申e罵映2％¢トプk簑12純理疑P紀ゆ凝

御壁§餌簑購瞥砲兆＿）トノ囲垂ξ切身や：3」幻：ン。｝」紺砲1眠1梛幻＿y申
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冥築首器旨槍ゆ一u二・6謬鯉v申冥如罧黙狛宰ゆ刃ひ○繧二患顯P恕

悩¢契刃二・（M」一u逆罰…薫P槍9悩極。
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   AssURANCE OF ENERGY SOURCES AND THE ROLE OF NUCLEAR
                     POWER FOR XXIst CENTURY

       J.D. LEVI -,- Director-General for !E!t!!g!g>! and Raw ML!{t!!g!!g!E.terials

                     ML4!!!!,s!I)ct gLf-ul!gyE-c,-dt FRANCE -

                                                          '
          '
      The supply of energy is a strategic issue. I won't go back to the
prehistoric era since I have no time to give you a detailed descripton of the

inventionoffireinoldEurope.Iwilljustgobacktoyear1973. .

      Energy has always been a specific field. In France, the energy policy
is a mix of public and private policy, involving both the administration and
      .

      Till 1973, our main problem was to secure the supply. Energy policy
was mostly regarded as a problem of allocation of resources. The priority
was to match the demand.
                                                                    '
      With the oil shock of 1973, things have changed. That year opened a
new era of high prices due to both economic factors -- a scarce resource
and a too high level of consumption -- and political factors. An economist
would qualify those political factors as non rational since they make the
model much less simple to handle. But actually they have been dominant in
the 1973 crisis.

      Confronted to a vital risk of shortage orf high prices, we had to react
in the form of a policy which could influence both consumption behaviours
and suppiies. France, like Japan, is a country rather poor in primary energy
sources. There is a tradition in that country of high energy prices. So we
were rather we,11 prepared to elaborate a policy with the different aspects
needed to meet the crisis.
                                                          '
      These aspects are rather classical : the new policy emphasized the
supply dimension of the problem with the diversification of our resources.
This led to the setting of a strong nuclear program. We also focused the
attention on an ambitious conservation and energy saving policy. On one
hand our policy is achievedtiSil]rough .a small number of big producers ; on
the other hand it depends on responsqbility of almost everybody.

                                 '
      This two-fold policy upon producers and consumers, which has been
adhered to by all the successive governments, has been very efficient :

-･ In 1989, more than 70% of electricy come from nuclear power plants ;
fossil fuels have become of little importance in our electricity production

- We have diversified our sources of supply as much as possible, with

naturalgasforinstance. ･ ･
                               '
- We save each year some 17% of our energy consumption, the equivalent
of 34 TOE.
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     So, our dependency on energy imports has decreased from 78% in
1973 to 5296 last year.

      We went the right way as regards to our initiai goals but we must
still go on.

      What are the new determinants of an energy policy for the next
years in a developped country such as France ? Do these determinants
validate or modify the main lines we have followed without discontinuity for
15 years ? In the present debate on energy, we have to consider two
important issues that might infiuence our judgement on our policy : the
environmental debate and the opening of the European-market within the
next three years.

                        The !E!gl!}I}g{!!! !C.pgug!!ggh ll '

      In 1985, the 10 countries of the European Economic (llbmmunity - they

are now 12 - have decided to make a decisive step in the building of
Europe. It was the so-called "Acte Unique" (Single Act) and the decision of
the full opening of the market at the end of year 1992.

      Energy which was considered so far as apart from the free market,
will at that time be considered as other products.

      The free market of 1993 is a major issue for our sector. We can now
expect that we will be able to use at their best the resources of each
country. The new market organization and the increasing flow of exchanges
will allow to reduce the cost for energy production, and thus to improve the
competitiveness of the economy. As energy is a key ofee(momic
development, this will result in a better efficiency and a higher level of

employment. -
       If we consider in its diversity the European Community, there are
oil and gas producing countries, countries which rely on nuclear power and
other countries that rely on coal. There is a need for a better allocation of
these resources, in order to avoid a misuse of energy due to too separate
national policies.

      We estimate at about 10 billions $ the cost of the overequipment due
to the addition of national autarcic policies.

      The single market of energy will lead each country to reiy on its
partners' capacities for programming its own equipments. This will evidently
result both in investment and operating cost savings.

      The positive effects expected from the single energy market are
specially clear for the electricity system. We, in France, are in the case
where nuclear power is the cheapest source for electricy production as far
as nuclear plants are used on a full time basis. Of course coal or oil made
electricy is cheaper for the peak periods.
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      Our challenge in the new European market of 1993 will be to
optimize the uses of the different kinds of primary energies. Each country
will be offered an opportunity for importing the cheapest energy for its

      This optimization of the overall European production system would
undoubtedly save much money, around 5 billions dollars each year according
to our estlmate.

      What is the case for France in this new deal ? France has become in
few years a big energy producer although the country remains quite poor in
fossil energy sources. Thanks to a huge investment effort in a nuclear
progam which has become a reference in the world, we have pelitiealPoteA'i"{`L(

capacities of exporting nuclear electriciy. Of course, exportation implies the
opening of closed markets and there aremany obstacles to free trade. The
main obstacles are protectionist attitudes in countries that are organized to
protect their national coal production.

      This new European deal reinforces our previous choices : we can
match the big chailenge of the opening of the european market.

                         Environmental .issues

      The debate on environmental issues is more and more acute. The

green-house effect and the risk of a global clima¢tic change rather
reinforces both our nuclear orientation and our will of reducing our overall
consumption, and especially our consumption of fossil fuels.

      All these targets are not shared by all the countries of the European
Community. Nevertheless there is unanimity to recommend a strong
lncentlve m energy savlng.
      For France a･continuous energy consumption management has been
followed for the last 15 years, with specific measures adapted to each
sector :

- in the housing sector we have reached a high level of building standards.
For instance the new standard introduced at the beginning of this year,
leads to a consumption of energy for heating lower by 25% .Further efforts
are being made to reduce home appliances consumptions.

- in industrial processes we emphasize efficient uses of electricy.

- in the transportation sector, energy savings come mainly from low
consumptlon englnes.

      To achieve these targets, the Government has set a broad range of
incentives, most of them are managed by the French Energy Management
Agency which has proved to be a very efficient agency.

      This policy combined with the development of nuclear plants resulted
in a quiteiignificant reduction of emissions of S02, NOx and C02. This
means a sigificant contribution to the solution of the problems of acid rains
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and green-house effect. For instance)f6r C02 emissions, the figures are
rather impressive. In 1987, 360 Million tons (Mt) of                                              C02 have been produced
in France ; 600 Mt would have been produced with no nuclear Rgwer and
more than 700 Mt with no nuclear and no energy saving progams. The
figures for the reduction of air pollution by acids are similar.

     ･But of course, speaking of nuclear power, we must carefully consider
its acceptability. How do people match their anxiety on the risk of global
climatic change, and the risk of nuclear power ?

     We have to consider those factors which may not be always rational.

                      Towards the XXIst !}gep!2y-ct

      We believe in France that we have given the proper answer to our
problems through our present policy. There is no reason to change it
substantially.

      We are aware anyvway that this policy cannot be a universal answer.
In any given country, one actually has to meet a certain number of
conditions for its success. Among these conditions are the industrial and
technical capabilities of the country. Nuclear power needs a very high level
of technology and a high standard of quality insurance. Operating and
maintaining nuclear plants require a qualified manpower. Other conditions
are the financial resources of the country necessary for such a huge
investment, also the acceptability of nuclear power for public opinion.

      Then we might hope that the current debates on environmental issues
would lead to a rehabilitation of nuclear power among people whose hostility
is not always rationaL This supposes a permanent efforts in nuclear safety,
a permanent dialogue with the public at local and national levels.

h
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       OCHOBH[N[] HA[IPAB.I[EHV[A K 1iE7tH[XrlECKME KOHLIII]II[LIMIZ[ A3C

                   C IEEAKTOPAiV[ld BB3P--IOOO

      Z. BBeneHvae

      [[po6JIeMa o6ecueqeHuH 6e3orracHocTva A3C B HacTomqee BpeMH

･npzo6peTaeT oco6ylD aKTyaJ]bHocTb. OTcyTcTBMe npaKTIIgecKoti aJIb･-

Tel)HaTMBN MmpOKOMY Pa3BMTXro HJ[ePHOva 3HePreTvaKH 3aCTaBJIfleT

KageCTBeHHO nO HOBOb4Y B3rJIffHYT5 Ha III)06JIeMY 06eCnerle}IMH 6e30･-

uacHocTM, oco6eHHo yuHTLu3aJI nocJIegcTB"H aBapMil Ha A3C "[[tpM MatiJ!

AtiJieHJI" z rlepHo6HJ[E)cKota A3C.

      B oTHomeHvax AeC TMna BBOP, noJry'qmism] illMpoKoe pacrrpocTpa･-

HeHMe B MIIpe " KoTophle llomKmg cTaTb ocHoBHHMu no Kpaimefi Mepe zo

2000 rona, B nocJIeJIHee BpeMff npoBegeHo MHoro aHaJm3oB 6e3onac-

HocTlf, I[oKaBaBmvax B Z16noM, gTo eT" A3C c oJIHott cTopoHbl o6JIaJlaroT

TeXHOJIO]7IIileCKIIMM CBOtiCTBam, nO3BOJIH]OllIIIMZ CrlXTaTb nPMeMJ!eMli[M

gocTmrHyTIi[ll ypoBeHb 6e3onacHocTva; c J[pyroti cTopoHN cymecTByloT

peaJusHNe [[yn uoBNmeHzff zx HaJle}KHocTu va 6e3onacHocTva.

      HocJIe aBaprm Ha "[[tpx MatiJI AilJIeH[[" B pa3rmrlHNx cTpaHax

6HJllE mpoBeJ[eHhl oco6eHHo TIuaTem)HHe aHaJ[va3H 6e3onacHocTva AOC c

BBOP. g>al<T aBapMH npmBneK BH"MaHMe Me?KllQyHapoJ[Hoti o61uecTBeHHocTta

va ilOCJIYmaIJI TOneKOM i[[Jlff PaCLllXI)eHMjE[ HaY[IHO-TeXHIIileCKOrO nOMCKa

nyTeva coBepureHcTBoBaHMfi pemeHIIva no 6e3onacHocTII.

      B eTOM HanPaBJIeHMva 6Nrm JIOCT"rHYTH COOTBeTCTBYIOIIIne Pe3YJI]b-

TaTH, reIaCTb ICOTOPHX YXCe 9e]rOJifIH BHe2[PeHa Ha A3C B BMJZe TeX

xm MHHx Tex]Ilf[IecKzx pemeHmi M TeM ca"v!NM ,aocTMrHyTa 6oJIee BN-

coKafl c[ryneHb ypoBHff 6e3onacHoen coBpeMeHHHx A3C.
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     OCHONur HLtun?ABllEHvaH va [[[EXHV[(IE CIU4E MEPOIIPve{[EvaE[ llO

     nO]asilIEHVgO EEBOIIAC[EIOCTld A3C C PELAICTOPArM BB3P-IOOO

     Z. BBegeHze

    ][po6neMa o6ecnerleHma 6e3onacHocTli A3C B HacTomuee BpeDaH

npzo6peTaeT oco6ylD aK[ryaJIbHocTb. OTcyTcTBze npaKTvauecKoit aJIb--

TepHacvm3H mzpoEoMy pa3BzTmo anepHova eHepreTmm 3acTaBJmeT

KagecTBeHHo no HoBorvly BB]?nmlyTb Ha npo6nely[y o6ecnezleHma 6e3onac-

Hocm,oco6eHHo ygxTNBaH lloenexc[[ BzE. am Ha A3C "Tpz Maim

AimeHn" m gepHo6anscKoit AeC.

     B oTHollleHzM A3C Trma BB3P, noma m![poKoe pac[[pocT]paHemlE

B MXPe va KOTOPHe JXOJImaH CTaTb OCHOBHNMII nO Ki)aitHeit Mel)e J[O

2000 r., B nocJ:emlee BpeMH upoBegeHo MHoro aHaJI]z[3oB 6e3oliacHocTx,

IIOKa3aBurVIX B [[eJIOM, r!TO 3Tva A3C C OJLHOfi CTOI)OHH 06JIaJlatoT TeX-

HOJIO]7IIrleCmn CBOXCTBaMII, Z[03BOJIHICua!Mll CZIZTaTb III)vaeSVVIeMHM JOC--

TmrHyTIsit ypoBeHb 6e3ouacHocTva;C npyrort cTopoHH cyluecTBytoT peaJIE)-

HNe nyTx uoBHmeHua ]z[x Hanex"locTK x 6e3onacHocTu.

    TIOCJIe aBal)II][ Ha "[rPK Maim AimeHJI" B I)a3JI]ZFIHHX CTI)aHaX

6Lmva I[poBezeHH oco6eHHo TmaTenbHHe aHaJm3H 6e3onacHocTli AeC c

BBeP. QaKT aBal)2[E[ III)Z]BJIeK BHMMaHZe MemaYHal)OmaOii 06UeCTBeHHOCTM

x riocJIylKiz[Jl ToJrcmoM pmf! pacmmpeH]z[H Haytmo-TexHMrlecKoro IIozcKa

IIyTeva coBepmeHcTBoBaHza pemeHuttit no 6e3onacHocTta.

    B 3TOM HanPaBJreHII]I 6NJ]E[ AOCTvaV}IYTH COOTBeTCTBYH)ume Pe3YVIb-

TaTH, ilaCTb KOTOPI!X Y]Ke Ce]70JZHH BHeJ[I)eHa Ha ADC B Buae TeX

ww ruIEoc TexEIllr!eclc"x pemelmii x TeM caMHM JzocTml?HyTa 6oaee BHco--

scaH cTyffeHb ypoB}IH 6e3onaCHoc{m coBpeMeHHmc A3C.
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     Pe3yAbTaToM 3Toro Haymlo--TexHi!rlecKoro nozcKa m3anocb

TaKHIG Z BumeHvae IIYTeva naJI5HeimerO IIOBIilIleHZfl 6e30I[aCHOCTM.

     B CoBeTcscoM Com3e 2[MeeTcff Tpva [LoKoneHvaH H;[gepHHx eHeppeTx-

gecmx pealcTopoB Tgna BB3P: '
     -- OI]EITHO-IIPOumeHIIHe;

     - "epBHe cepzii}IHe peaKTopH (TKna BBeP-440);

     - coBpeMeHHHe cepzimHe (Trma BB3P-ZOOO).

     CepvaimHe A3C c peaKToparvza ]iBeP-440 uepBoTo uoKoJIeHma (Tana

B-230) Pa3Pa60TaHH IEO BBe LeHZ5I B llII!POKym MeXIJIYHaPOMIYIO mpaKTZKY

cnemMaJ!bHHx HopmaTiz[BoB no A3C x no eToil npMrluHe <l)opManbHo ]z[x

ypoBeHb 6e3ollacHocTz He eooTBeTcTByeT coBpeMeHHHM Tpe6oBaHMflM.

B HaCTOSIIIee BPema MH I>aCCMaTI)nBaeM IIYTva B03M02KHOva PeKOHCTI)Y]rmIZ

TaKzx AOC c y,xeToM Bcex KoHKpeTHbvc o6cToHTenbcTB va o.co6eHHocTeiit.

     AHaJiz3 6e3onacHocm cepKimLlx A3C c peaKTopaMu[ BB3E)-440

BToporo IloEcoJIeHma va BB3P--IOOO noKa3an, uTo mx 6e3ollacHocTb cooT-

BeTcTByeT MeMJIyHapomlHM TPe6oBaHzsM. B HeKoTopHx cJIyclaax I[oBe-

POTIHli[Z aHaJIva3 IIO nl)IIHfiTHM PerueHV[STV[ JlaBaJI JIazae 60JIee OnTmmCTXTI-

HHe Pe3YJIbTaTH LIeM Te, KOTOPHe 6ELMZ[ 3aJIOMeHN nPva Pa3Pa60TKe

IrpOeKTOB B KarleCTBe KPnve]PZeB. TaK BLUIOJIHeHHIti[tr aHaJ]vaTvarleCICOit

Tpylllloil pneuMaancToB MMHMcTepcTBa eHel)reTmxva CIIIA (rl)y]ma J[OE)

aHaJIx3 coBeTcKvax npoeKToB peaKTopoB Tvana BBeP IIoKa3HBaeT, Hanpzuvlep

rlTO CTPOXTeJI5HNe KOHCTPYKMM 3aumTHOii 060JIOrlKV[, CIrpOeKTZPOBaHHHe

vacxoZHva3aBapxncpa3]pmBoMJ]Y850 Hepa3pylllanvcHxBcvlygae

oKpyH£Ho]?o paBpEg3a Kol)]ryca peaKTopa B paiioHe alcTm3Hofi 3oHH M npe

    HecMoTpH Ha To, rlTo nocTwwTlsli ypoBeHb 6e3onacHocTm coBpe-

MeHHux A3C c BBeP MoxcGT crl]z[TaTbcfi yzoBneTBop"TeJIb}IHM, MH nl)MHma

pemeHze o IIovacKe nyTett [aJIbHeimero coBepmeHcTBoBaHvaH c ueJIblo
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o6eclleT"ITb MaKCmaJ[bHOe BHWKeHlie PMCKa, KaK OT J[eitCTBYKllIUIX, TaK

x cTpoffumxcfl A3Ce Halll)aBneHzH uo coBel)-eHcTBoBaHmo 6e3ol[acHocTva

6ypsrT upoamcTpvapoBaHH Ha IlpmAepe BBeP-XOO07

    GoBpeMeHHoe cocToHmle KoToporo oxapaKTepM3oBaHo Hzme.

1
,

L
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     2. KpaTrme cBene}mff o BB3P-IOOO

     TelvloBafi cxeMa A3C c BB3P-XOOO zMeeT 2 KoHTypa, peaKTop c

BoJ[ofi noq zaBJIeHneM ecopuycHo]ro Tuaa, geTHpexneTJreBoX, napolreHe-

paTopH ropva3oHTanbHHe.

     OcHoB}INe TexMoxo]mqecKme pemeHyLE[ ]zLMeloT TpamluzoHHNiS xapaK-

Tep.
                                                          '                                       '    3allMTHaff 060JIOilKa nOJIHO]?O JZaBJLeHtaH <5 aTa) ･- llym]U[HPPMTIeCmaff,

omHapHaH m3 npem3apnveJ]sHo-HanpfmeHHoro meJIe3o6eToHa, vaMeloruaH

repMeTzqHyEo cTanbHyEo o6JrzuoBIcy. 3naHvae peaKTopHoro oTneneHMfi

AeC pa3MepoM B nxaHe 66x66 M K BNcoTofi 66,6 MeTpoB oTHeceHo K

     e peile]pBoz IcaTeropxz cellcMocTozKocTz KaK coopy?Kemz[e, B KomopoM

pa3MeilleHN cvacTeMN, o6ecnermBaK)IIme 6e3QnacHocTb A3C. JZxfl yxytlll!eHz[fl

mHaMITcleclsxx xapaKTepzcT"K 3naHua peampELoro oTJ[eJreHnfl M cBe-

neH]zLE[ K muIHnMyMy paBHocTM neepopMa][nii evo pa3nxgHHx no MaccaM

gacTefi npld cevacmaecKu[x Bo3J[eficTB]z[Hx, oHo 3al[poeKmapoBaHo KaK

plaMMeTpzqHoe MecTHoe cooppseHlde, IIpld eToM o6oJIorlKa, o6cTpoiZIEca

va peaKTopHaff ycTaHoBKa pa3MellleHH Ha exuz[Hoit CasrHnaMeHTHova Kopo6ya--

Toit meJ!e3o6eToHHova KoHcTpylcu2[li, Hall6oJIee TflmeJIoe o6opyzoBaHvae z

6aKoBoe xoBHi&cTBo - Ha caMHx HzBIcnx oTMeTKax. TaKoe pemeHze

no3BoJIa[ao rroBHcuTb ycToiimlBocTb coopyzre,Iua, yupocTnvb pemeHvae

mp06JieMH B3allMOJIefiCTB]Z[E[ rPytITa C KOHCTPYI<l]Zeii tpYHJIaMeHTa, CHII3MTb

BnzzffHze cevacrmzle¢mx Bo3JzeficTBMva Ha cTpozTeJILHHe KoHcTpww va

o6opynoBaHme.

    CMcTeMa TexHnilecKoro BoJLocHa6MeHIIH peaKTopHoro oTJ[eJIeH2[H

ocylllecTBJIHeTcH no o6opoTHort cldcTeMe c xcnoxb3oBaHzeM 6pH3]ranbHEDc

6acceimoB.
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     OHep]7o6aoKIE AeC c peaETopaMII BB3P-XOOO paccrlnvaHH Ha

npeozoneHMe noenencTBnt pa3Jz2[rlHHx aBapvart, B ToM gvacne MaKcllMaAs-

Hova npoeKTHofi aBapmva -- urHDBeHHIth uonepeqHEti2t pa3pm3 rJIaBHoro

zmpKynff][2[oHHoro Tpy6onpoBo[a maMeTpoM 850 MM KoHTypa oxnaaeqe--

HMH peaKTopa c pByxcTopoHHvaM licTerleH]aeM TeanoHocMTeJ]LH B yono-

Bmx o6ecTovaaHma va npva HaJzziama certcMxclecKmK Bo3JxeficTBnk.

    A3C c BBeP-IOOO zMeroT cvacTeMH 6e3onacHocTva, nocTpoeHHHe

EO n]PmmIIY TI)eX nOJIHOCTbD He3aBXCZ[MID[ CvaCTeM, MI]Z[ KaHaJIOB,

ICauaHfi Z3 KOTOP!QC CnOC06eK IIOMIOCTbte BHIIOmmTb q>YHKr[U[]Z[ 3allUXTN,

(T.e. vacnoJIb3yeTcs cTpyKTypa 3xlOO%). KaHaJIH ctacTeMH 6e3onac-

HocTl ]]uaeroT He3aBvacl!MHe zcToqmz[Kz 3HeprQcHa6meHwl - Jua3eJIbreHe-h

PaTOI)H MOIIUIOCTbro nO 5600 EBT va He3aBvaC]Z[MEIe ncTOZIHIIIC]Z[ OXJ!aanaaneva

BopH - 6pH3raabHHe 6acceimH-I[pon3BomTeJ!bHocTbto, o6ecnerlp!BaK}--

IIIeti pmTeJl]5HHil OTBOJI OCTaTOZIHHX TeanOBHX[eJIeHMva PeaKTOI)a.

    TexHzgecKrz[e petlleHzH,no cxcTeMe 6e3onacHocm DHepvo6JIolca c

peaKTopoM Ill33P-IOOO HampaBneHH Ha o6ecuGgeHMe BHcoEoa CPyHKuplo--

HaJISHOit HaJ[eJKHOCTva. TaK r[pm B03HPIKHOBeHua JII060va aBal)MimOva Cva[VYa-

am, BN3Ell3auaefi CI)a6aTEll3aHvae CnCTeM 6e30IIaCHOCTX, aBTOMaTvarleCKEI

HaJIaraeTcJE[ 3anpeT Ha Juz[cTaH[uloHHoe ynpaBneHvae ee MexaHz3mm

pp!jE[ Mcrmgell![H oll12[6og]nvc JleticTBmh onepaTopoB. 3anpeT Ha pmcTaH--

1]MOHHOe YnPaBJIerme aBTOmaTINeCKZ CHi!MaeTCfi IIOCJIe BanOJIHeHXH

JXaHHLIM MeXaHII3MOM CBOeva CPYHum, Hanl)nmeP: 3allPeT Ha JMCTaHJUOH--

Hoe oTKnrogemae cnl)ImKJIepHo]7o Hacoca aBToMaTIIgecK]z[ cH]zLMaeTcH nocJze

CH]ZLJKeHMJI IIaBJIeHma B 3auzTHOva 060nOrllCe.

    C uenblo o6ecnegeH]zLfl BHcoecova HaJIeuaocTn czcTeDal 6e3onacHocTva

B upoeKTe ADC c BB3P-IOOO peann3oBaHa emaHaH IIporparvIMa HarpyrKemnA

aBapztm pm3eJIb-]?eHepaTopoB He3aBvactmo oT BvaJza va MaclllTa6a

aBapxva.,.
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     TaKoe pemeHze l[o3BonaeT cneJIaTb HaH6onee mpocTort va Hal[emHofi

rrpor]paMMy cTyneHqaToTo nycKa aBapztm p]z[3ems-reHepaTopoB;

ympaBJIemz[e noaageva Bopa B r-fi rm II-va KoHTyp zocT]zll?aeTcH aBToMa--

Tv[qecKrm Bo3JgertcTBvaeM Ha cooTBeTcTByK)u[yu) al)MaTypy B 3aBKc]ztDao¢Tva

oT ecouapeTHoro pa3BnTma aBapximoro [[poz[ecca. HanpxMep, upva

aBal)I[gZ C TerlbN llaPOmpOBOJIOB BHe llI)eJXeJIOB 3allPZ[THOir 060JIOrllCM

Baam Ha Ha"ope cnpxHrmepHmc HacocoB He oTxpowTcH, T.e. He

6YJIeT POCTa PaBJIeHl!S B 3auzTHOva 060JIOTIKe, XOTH C[[PXilMJZePHNe

HacocH 6ypyT aBToMaTxrlecrm 3anyllleHN x pa6omaTs Ha mau[!o

pemtrpwy7JzfiIzuz[l. '

     ClicTeMN 6e3onacHocTx A3C c BB3P-IOOO MMetoT pe3epBHHfi llvaT

ylipaBJIeHne, c KoToporoi Bo3MomeH KoHTpo7n} H noJ[nep2Kalme peaecTopa

ut OHel)]706JIOKa B [[eJIOM B 6eBOIIaCHOM COCTOSliZM J[axe B CJIYilae

Buxona M3 cTpofl ocHoBHoro uzTa yllpaBJreHua A3C.

     OcHoBHHe pemeHna no 6e3onacHocTz Ha oHepro6JIoKax A3C c

peaecTopaMII BB9P-IOOO cooTBeTcTByK)T mu nono6HH aHaxo]xvagHHM

I)eMeH]ZLff[M liI)]Z[HHTNM, Ha[[PI!MeP, B ¢Pr, ClllA, ¢PaHl]Z[II, flnOH]Z[va.

     OllHT DIccnnyaTauml A3C Tnna BB3P--IOOO c peaKTopoM B-320

noeca3aJr y[x HanermyK) va oKoHoMplrlHyH) pa6oTy.

     OcHoBHNe xa]palcTeprucTMIc]l BB3P-IOOO

MolilHocTb eJIeKTpllrlecKajE[/TerlJIoBaff ZOOO/3000 MBT

J[aBJre}Iu[e X KoHTypa (pa6ogee) X6,O Ivll[a

TeMllepaTypa Ha BHxoJ[e va3 peaKTopa 3220C

J[aBaeH]z[e II EoHTypa (pa6orlee) 6,4 M[Ia
                                        nap HachllIIeHHHX

                                        4'gucno neTenb

Trm Ila]pol?eHepaTopa ropz3oHTaJIbHIth
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C][oco6H Bo3neficTBma Ha peaKTMBHocTb

KaMuaHzE[ Tom]mu3a

rny6MHa BEsl?opaHma

06oraiqeHvae 235u

Tvan KoHTai8MeHTa

PacrleTHoe aBap]mbHoe zaBneHxe

KOHTaptMeHTa

PacveTHaH ceilcrmrlHocTb

pga2cTopHoro oTzaeJIeHnff va cxcTeM

6e3onacHocTx

IdcTogHMKIz[ HanejKHoro 3HeprocHa6MeHma

vaCTOrlHi[ECIf HaJIeJKHOrO TeXBO[COCHa6}KeHilH

T,gelfg.H,l,Ig88¥II5io!.C,H,C,Tg2gP)

- JKxasocTHaA czcTeMa

(BO BCeM 1]k!al[aBOHe

arermepaTyp)

3 rona

4DOOO wu
       [v

4,4%

oJmHapHaH o6onorma

noJmoro zaBJreHua

o s rvE][a
 '

go 7 6aJmoB
no lvltS'K

He3aBlicMtv[Ne Juz[3ens-

?eHepaTopH

He3aBHCIIMhle 6PH3"aJIb--

HHe 6accefimx
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3. 0cHOBHHe Hal[PaBJIeHV[fl nO nOBNIIIeHrm

   HaneMNocTx M 6e3onacHocTz AOC c BB3P-IOOO

     CoBeTcm!fi Coro3 Hal)Hpg co c[npaHafinv[--ytacTHnKaM]I rvIA]7ATe

   '
cmz[TaeT, gTo ocNoBHum uyTmar no naJrbHevaurervfy cHmKeHzzR) pncKa

OTA3C HBJILffE)rCH Cq)OPMYmpOBaHHISI¢BOTrleTeMeJKJIY--
Ha]pomlova KoHcyJxbTaTMBHoii rl)ylmll rlo anepHofi 6e3o][acHocTm

"OcHoBHNe ][I)]z[}Inv 6e3onacHocTx aToMHux e,z[eKTpocTaHumi"

(JNSAG ･-3)

     cJIepyroIlule ocHoBHHe }lanpaBneHma:

     - rllY60KO 3MeJEOHIrpOBaHHaH 3allMTa;

     - aHarm3 M KOHTPOnb YIIPaBJIeHZH THI£eaHMU[ aBaPrz[SMIf;

     - napxTeTHocTb q>ymuzth npoq)zJIaKTnm n 3alluaTH;

     -Kynbmpa6e3ouacHocmammp. .
     PeaJIZBallptH IIQJIHOVO KOMI]JIeKCa YKa3aHHbEK HampaBJIeHMfi CBH3aHa

c IIpoBeAeHxeM 6onbmoro KoJ]zgecTBa HIIOI"?, eKcnepnMeHToB K llo

:.,Haareva olleHKe z[pQuaTcfl no Kpaimefi baepe lqo 2000 r. B sT]nx

ycJzoBmx B Hameil cTpaHe 6onsmoe 3Hagerme npvauaeTcH TeM TexHva-

TIeCKrm Z OI)]raHl[3aanOHHHM MePO]II)ZHTIIflM, KOTOPNe YVKe B HaCTOffllIee

BPeua MOryT BNeCTva CymeCTBeHHHit Bmaall B nHruKeH]Ee PZCKa OT A3C

maK nO HanPaBJIeHmn llPe[[OTBPallleHma TffElemx aBaPMil, TaK X ITO

cpezcTBanf aBapvaimeva 3aumTH x noKa.nzE[3a]uzul.

     B ueJ]nx pa3pa6oTKpl Hald6oJIee 3q><l>eKT2[BHHx MepoJIpmaTzit JvLfl

BHempeHua B 6J]veKaie[Uee BPeMjE[ 6IVIII nPOaHaJlt!3taPOBaHH OCHOBEIHe

nyTnl rll)xBoJxmL[xe K cepbe3Hotvcy [[oBpexuceHvaIo TorvlzBa, a u[MeHHo:

     - Hell[poelcTHoe npoTelcaHMe rlpoeKTHLIx aBapvait;

     - MaCIIITa6 aBal)IIU[, III)eBLrualOl!PIil MaKCIIDvTaJIbHYU) II]POeKTHYIO

aBapmo;

                            I-6-16



    -- COrleTaHvae YKa3aHHNX BHIIIe nPldrlllH.

    B Pe3YJIbTaTe amaM3a BLIHBJIeHH HaZ60JIee BePOflTHHe HYTva,

np]z[BouaIme K TmKeaHM aBapmx, Hanp]amep:

     - ZCrle3HOBeHvae Ha pmTeJI5HOe BI)eMff BCeX vaCTOZIHI!KOB

3Hep]7ocHa6meHua (KaK B corleTaH2ul c Terlblo, TaK z npva ee oTcyTcTBvava>･

     - OTKa3 OTJIeJI5mx 17I)ym OPraHOB PerYrmI)OBaHma ovBi

    - BHarlZTeJIbHaH TeZIb II3 X KOHTYPa BO I[, I!PMBOJIAMaH K nOTePe

CPepmOxuaxJ[eHMHaKTMBHOX30HHZJ[I). '

    [DaKzrA o6pa3oM, oJ[peneJIanncs IIyTn noBHmeH]z[H 6e3oUacHocTm

A3C c BB3P-IOOO m npaKTIifgecKp!G MepollpnaTma. (cM. Ta6Jm!ly 2 ).

,
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OCHOBHIIe HanPaBJTeHIIH nO IIOBEglleHZM

HaJemaocm z 6e3ouacHocTz A3C c
BBep-rooo

lleJI z 6e3oEacHocTz･ !llYTva llOBHIlle}IXH

!6e3onacHocm A3C
!
!

!fipaKTIIrlecKze Mepollp]aH-
!TMH no noB-lleHrm
!6eBollacHocTn AeC c BBeP-
!IOOO

]IPeAOTBI)allleHlde
aBapzfi

rJIY60KaE
6apbepoB

3aunTa

IIOBHIUeH]Z[e BHYTPeHHeit
6e3onacHocTz peaKTopa

][oBaneHxe Hazeff[HocTz
cxcTeM va o6opylloBaHma

CoBepmeHcTBoBa}me
ACY TI[ va xHepopMallMoH-･
Horo o6ecuegeHzH

CoBepmeHcTBoBaHIIe･
JIOKaJIPIBYIOMIIX 6aI)bePOB

 VIcnoJIbBoBaHvae Cll],ocHoB--
aHHLIX'Ha [[aCCvaBHIIX nPKH-
  I[PIIIaX JVIH BauzTN 6al)b-
  epoB-

YJry-tl!llemle flzepHo--
g)va3ngecKvax cBoitcTB

peaKTopa, ero MogepH]a3ai.'
IMZ:
- X2Z CYB
-- 60J[ee HaJ[eMHIIe IIPva-
Bora CY3

- rmarHocTxKa cocToHHzfl
MeTaJvza z o6opyzoBaanff

- zopa6oTKa o6opyzoBaanH

- coBepmeHcTBoBaHile
BHyTpzpeaKTopHopo KoH-
T[P.OJIH,

- cvacTeMLI nomepxu
onepaTopa B nepexomlHx
va HemTaTHI[x peamax

- JIOKaJ[Z3ama TeTIva Z3
Z KoHTypa Bo U-ii

- cldcTeMa cJKp!raHna Bo,zo-
pona;
- cKcTeMa c6poca JIaBJIe-
Hma ua OTIZCTKII aBaPvaimL[X
BH6pocoB

- cnoT

- CBBE

CoBeprueHcTBoBaHue ACY
C[B va vaHepopMaul[oHHoro
o6ecnegeHMfi

- cvacTema ]roToBHocTz
C6

I-6-18



’

壌
O
二
臼
O
O
工
叫
O
臼
Q
臼
題
δ
臼
O
鵠
Q
i

　
　
　
　
　
　
　
　
　
　
　
国
隅
国
①
7
①
口
O
O
℃
0
8
建
①
。
晶
謎
。
。
鯛
爽
㎝
藷
鵬
。
い

　
．
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
。
d
α
8
q
コ
駁
O
O
国
　
O
自
O
q
臼
O
謁
つ
塾
O
酬
O
国
O
一
　
　
　
　
　
　
　
　
　
可
『
口
Φ
臼
　
句
訂
C
口
白
O
　
　
　
　
O
R
O
＝
m
【
漏
O
O
鳴
口
　
偲
Σ
0
申
O
口
O
一

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
語
賓
凄
Φ
q
　
　
　
属
「
自
肖
臼
邸
臼
ヨ
Φ
＝
　
呂
　
×
田
q
O
×
①
q
①
口
　
口
吋
q
O
臼
ω
α
①
口
O
　
霞
更
q
①
冒
畔
「
O
員
　
更
ω
臼
O
鼠
Q
I
　
　
　
　
　
　
頃
弓
O
q
白
＝
O
属
　
O
臼
O
＝
q
O
臼
題
Φ
q
　
　
一
類
q
臼
b
門
国
　
Φ
寓
コ
謡
O
の
臼
O
＝
①
ヨ
q
Φ
口
O
O
一

　
　
　
　
　
　
　
　
　
　
　
雪
｛
＝
Φ
7
Φ
口
O
①
℃
O
曼
。
く
Φ
。
論
餌
。
。
鵬
墾
①
q
謎
醇
＆

　
　
　
　
口
O
q
①
の
q
σ
O
コ
白
試
訂
①
舞
　
萄
口
謁
ヨ
胸
国
q
口
　
勇
噛
口
国
O
O
而
口
　
司
鵠
　
　
　
　
　
　
　
　
　
　
璽
菖
肖
｝
碍
口
O
踏
O
O
　
国
』
O
O
軍
O
而
口
O
ρ
噛
Φ
O
　
　
　
タ
「
①
臼
0
5
0
　
①
3
一
当
田
口
O
o
り
の
『
O
目
O
て
【

　
　
　
　
　
F
　
　
　
　
　
　
　
　
　
　
　
　
I
　
　
　
　
　
　
　
　
　
　
　
　
．
　
　
　
　
　
　
　
　
　
　
　
　
　
「
　
　
　
　
　
国
o
q
Φ
幽
q
8
⑪
臼
鼠
訂
ω
σ
①
雪
毘
o
O
貯
角

頃
罠
門
田
0
巨
あ
q
O
り
0
6
域
臼
O
℃
の
q
O
屯
－
国
藪
肖
雷
O
巨
あ
q
O
O
O
国
O
§
臼
①
署
　
畏
田
O
臼
O
O
O
　
塁
丼
B
O
O
工
融
口
く
一寒

器
口
O
く
あ
q
O
℃
O
隅
Σ
①
臼
O
国
O
　
臨
臼
O
O
塁
0
冨
罵
Φ
誠
甲
δ
ヨ
議
円
O
＝

笛
o
q
①
幽
q
“
℃
葺
民
の
国
5
選
Q
『
　
　
　
　
①
口
韻
…
［
O
国
臼
O
頃
Φ
ヨ
α
「
①
口
O
O

1
瓢
一
．

、
。
つ
き
昌
。
雲
曾
Φ
国
翼
ゆ
冨
剛
肖
Φ
貫
Q
？
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
望
O
H
α
H
一
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
’
　
　
　
　
　
　
　
　
　
　
　
　
　
　
ヨ
｛
冨
e
o
口
寓
α
Φ
吋
O
峯
　
　
　
　
　
　
　
O
角
①
隔
q
J
q
O
臼
濤
ω
q
口
臼
O
疑
O
国
O
養
首
①
誓
σ
り
蒼
7
。
エ
q
①
巨
Φ
畢
Φ
ヨ
窪
あ

oゴ
曹
n
臼
港
Φ
q
鼠
臼
O
O
寓
O
⑪
頃
O
σ
り
Φ
O
国
①
エ
＝
Φ
q
白
貯
口
①
昌
＝
Φ
ヨ
記
O
口

　
　
　
　
　
　
　
峯
鼠
ω
爲
　
　
　
　
　
　
　
，
9
噂
・
ω
葺
岡
α
a
卸
O
蟹
①
q
＝

　
　
　
　
　
　
　
　
　
　
，
8
0
H
出
の
。
q
口
0
　
　
　
　
　
　
　
0
の
く
雪
臼
O
O
躍
O
邸
属
O
o
り
Φ
O
　
　
　
　
　
Q
鑓
雪
Φ
舅
凶
O
目
　
O
目
　
霞
臼
呪
↓
a
口
O
q
Φ
琵
Φ
鼠
呂
8
ゲ
識
臼
灘
q
口

8
野
器
鵬
。
。
閑
口
臨
認

鼠
臼
0
9
肖
O
匿
Q
O
り
ω
P
誠
『
Φ
冒 　

　
　
　
　
　
　
　
　
O
O
O
］
［
1
角
の
開
口
O
O
の
く
禺
白
O
O
嵩
O
邸
属
O
の
①
℃
　
Q
中
門
＝
Φ
ヨ
轟
O
口
　
O
q
霞
農
a
【
δ
q
①
Σ
Φ
爵
8
誓
F
詣
q
口

O
の
く
　
瓢
8
0
Q
寓
O
弼
口
O
の
Φ
O
　
　
憲
国
①
ヨ
召
。
鳴
唄
匿
、
口

国
臼
O
O
工
O
ω
喘
O
O
Φ
℃
．
頴
『
①
ゴ
．

α
邸
口
凶
事
O
。
3
日

O
O
O
H
遠
雷
ρ
q
o
8
＜
壽
。
。
愛
糞
8
8
国
議
8
轟
魯
塁
羅
雷
目
声
呂
8
霞
器
冨
Φ
含
。
d
出
．
①
国
毒
○
き
O

1

1－6－19



     4. npaKTvaTIecKlde MeponpmaT]z[H IIo noBlilueHvaro

       6e3onacHocma A3C c BB3P-IOOO

     4.X. MoJ[epHM3almH I)eaKTopa

    MogepHta3auMH peaKTopa npepsrcMaTpvaBaeT yJryquleHvae HJxepHo-

3KclzvryaTanzoHHLIx xapaKTepxcTzK, ycoBepmeHcTBoBaHvae KoHcTpyKmb

peaKTopa z mp. c qeJrbK) noBH[lleHma anepHofi 6e3onacHocTva A3C
                                                     e
JIJxH peaJIMBal] [va nocTaeneHHoti ][eJ]z B MoJ[epHva3zpoBaHHoM peaKTope

npellycMaTpvaBaeTcH cJIe.l[yK)rqee:
                                                     t.
     4.X.Z. t9BeJIzrleHu[e eCPCPeKTthBHocTva MexaHMrcleclcoii cutcpt'eMH Bo3-

getlcTB]z[fi Ha peaKTvaBHocTb nyTeM yBenzgemaErKoJIplqecTBa opraHoB

perymfpoBaHml CYB c 6X llo I2r pmff a6eclregeHma nepeBoza peaKTopa

B ![omcpnvldTIecKoe cocToHHxe npz TeMllepaType zo ZOOOC 6e3 ,qolloJmva-

TeJr5HO]?O BBOJ[a mmJ[I{O]rO [[O]rJIOTvaTeJIH; CJIeJISreT OTMeTnvb, ilTO B

COOTBeTCTBvaU[ C TI)e60BaHvaMV[E[ K CvaCTeMaM B03,neiiCTBua Ha PeEll<TIIB-

HocTb Ha coBeTcKoM peaKTope rmeeTcH m3e cllcTeMH; 6HcTpoJzeticTBylo-

maff MexaHurlecKaH cvacTeMa, 3CP<PelcT]aBHaH B 3oHe pa6ogzx TeMuepaTyp

va xcanKocTHaH, 3Cpd)eKTIIBHaff Bo BceM mz[aita3oHe TeMnepaTyp. Heo6xo-

,amOCTb 06H3aTeJIbHO]70 IICIZLOJIb30BaH]IH JKvaasOCTHOii CvaCTeMh[ B03J[eit--

CTBIIA Ha PeaKT]nBHOCTb OIIPelleJIHeT TPe60BaHIIH K C]aCTeMaM BBOJIa

60Pa va YCJTOmaHeT enCTema 6e30IIaCHOCTPI. C IIeJIblO nOBNIIIeHua
             TPeEK:)?)tX""" K MeX4AHwweCKc" c"CIeMe
HaJxemaocTva ta 6e3ollacHocriinytfi5o3getrcTBpm Ha peaKTxBHocTb pacmvapeHN

Ha BeCb TeMIIePaTYI)HLgii J[vaa"a30H.

    TaKV[M 06Pa30M,vaCKJIB)geH HJIePHOOIIaCHLIii I)e2KPIM nPva He[UTaTHLIX

CIITYaMaHX, CBfiBaHHE[X C VI3MeHeHMeM TeDV!IlePaTYPII TennOHOCIITeJIH.

     4.X 2. C [[eJIbro ,IXOCT:t!JKeHICjl[ rJIY601az[x OTI)IauaTeJZ]5HEDC 06PaTHHX

        .
CBff3eli TIO BCeM llaPaMe[DPaM O[DHOCilTeJIbHO PeaKTvaBHOC[DII, a [VaKJKe B

                                 '
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ecoHez!HoM cgeTe pmH yMeHbrueHma I[oBpeuaeHma ToamBa B mu[poKoM

cllelCTI)e I)eme[MOB J[I)OBeJXeHO COBePMeHCTBOBaHlde aKTvaBHOil 30HLI I)eaKTOPa;

-- YMeHbMeHa HePaBHOMePHOCTb 3Hel)rOBN,qeJIeHvaH aKTvaBHOti 30HH 3a CgeT

yBennzleHua rmcxa op17aHoB peryJ]plpoBaHua CYB va cTe]meeit CBII.
                                                       '
     ･- ycoBepmeHcTBoBaHa CXCTeMa BHYTI)mpeaKTopHoro KoHTpona - npva-

MeHeHN BHoBb pa3pa6oTaHHHe c6opKva maHaJloB BRK, o6ecnegull3aroIIule

llPV[ 3KCJ[J]YaTaUMva PeaKTOPa HellI)el)HBHHii KOHTPOJrb HeitTPOHHOTO IIOTOKa

no o6seMy aKTMBHova 3oHH va TervmepaTypH TennoHocnveJzff Ha Bxone va

BIs[><oze u TBC;

     - va3MeHeHa KoHc[vl)yKzlxfi naTpy6KoB BepxHevo 6nowa Jmfl yJIyrllueHua

,eTo o6cJIymnBaHrzLf! B npollecce 3KcnJryaTaam - rraTpy6-I ･CY3 coBMemeHH

C rleXJIaMZ rll)KBO,qOB, TeM CaMNM tiCKJIIOZIeHEEiCptIaHJ[eBHe COe,anHeHua UO

naTpy6KaM;

     naTpy61cpl BEgBoJ[oB c6opoK KaHaJIoB BPI{ pa3MetqeHN Ha nepvaq)epvava

ICI)LlllIICII, rlTO YnPOI!laeT ilX 06CJIY}K]ZllBaHvae va KOHTPOJIb;

     -- B KOHCTI)Yua1to I)eaKTOPa BBeJ[eH HOBE[tit Y3eJI - DJIeMeHTH ICI)ell-

J!eHvaH MaXTN ttI)va ee 06Pl[Be, nl)emaa3HaTIeHHHe JV]Lff XC!CJIroqeHua 60KOBO-

rO CMelqeHua aKTvaBHOtt 30HN va Bh[XOJIa ])OJIOBOK KaCeeT M3 3alXenneE[vaH C

HIImaefi nAvylD" B3[D. TaKIIM o6pa3oM, HoBHe eJIeMeHTLI KoHcTI)yzEclaava o6ec-

neilllBaK)T B03M02KHOCTb HaJIeJKHOrO OXJIa?ICJLeHI[H aKTXBHOii 30HN va C6POC

OI)]raHOB Pe]7YJ!llPOBaHZfl CYB nPII aBal)vava C 06PNBOM 1llaXTN IIO JII060MY

uoiteperlHoMy cegeHzre.
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4.2. CzcTeMa naccvaBHovo oTBoJ[a TenJIa (CnOT)

    npva nonHoti noTepe vacTorlHzl<oB eHeprocHa6MeHylH

     CMcTeMa naccvaBHoro oTBolla Teana (CnO[V) II]pepJIa3HaqeHa

us pmTeJZbHO]70 OTBOJIa OCTaTOrlHux TeE[JIOBHJIeJ!eHlijZ OT I)eaKTOPa

III)va IIOJIHOii rlOTePe 3HePVOCHa6:KeHIIE[, B!CJ]rorla5E[ aBaPtai8HHe vaCTOrlHlfKIi,

     'nPva ]?ePMeTvarlHOM nePBOM va BTOPOM KOHTYI)aX PY va IIPeJ[CTaBJIJE[eT

co6ofi 3aMlcHyTyto cncTeMy c ecTBecTBeHHoti ]z[ilpKyJmaneti no X v[

!I KOHTypaM. OTBOJ[ TerVIa OC}rlUeCTBJIHeTCS HellOCI)eJgCTBeHHO Hal)Y)K--

HH"ff B03JYXOM, vaMelOllleM TeDVI[LePaTYPY B maaUa30He E500C; TellJIO06-

MeHHvaXld CPICTeMH I)aCIIOJIaTalOTCH B HaJ[CTI)allBaeMliDC nOMellleHvaffX

BwueoTpvleTKva 45,6.

     CIIcTeMa cocTonv n3 qeTNpex noJ[HocTslo He3aBzcrz[Mh[x KoHTypoB,

                                                          'lcaxg[Nia va3 IcoTopl[x nom£JIK)gaeTcH Ic cooTBeTcTByrollle"ry naporeHepaTopy

M cooTBeTcTBylolqei8 lieTne ]rJzaBHoTo mlpKyuroHHo]ro KoHTypa

peaKTopHoti ycTaHoBKz[.

    ICOHCTPYKMIff I)ealCTOPHOil YCTaHOBICII MOJKeT 06eCIIeTl]nTb OTBOA

ocTaToTIHux TeanoBaneJIeHzti ecTecTBeHHoti ImplcyJlffmaefi Ha ypoBHe

  IO% HoAQIHanbHoti MouuocTx pealcTopa. KoHTyp ecTecTBeHHota mp-

KyJ!mgava co cTopoHEI n KoHTyl)a cnpoeKTIIpoBaH IacxoJ[fl z3 Heo6xo-

MdMOCTII OTBOJ[a 80 ivlBT OCTaTOgHOrO TellJIa Ha 3-X neTJ]LAX

(xv2,7% HoMzHaJIbHoti MolllHocTva) npva pa6ogzx napaMeTpax PY.

    B pemme HopMaJIbHoti 3KcmlyaTaanva ctacTeMa HaxomTcfi B

npoypeToM cocToHHpma, gTo no3BoJmeT B aBapvliaHoia curyalJplz[

J[OCTaTOrlHO 6NCTI)O BNI"ITII Ha rlPOel{THYIO MOLUHOC[Db OTBOlla OCTaTOil--

HOrO Te[[JIa. 3Tva Pe3YJIbTaTN nO,llTBepstneHLI 31CCIIeP]Z[DileHTOM,

npldueM BpeMff B!ixoza Ha Mou-ocTb cocTaBvaxo MeHee X DutHyTH.
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     CnCTeMa OTBOJIa OCTaTOr]Hux TeIIJIOBIIJ[eJIeHMj2t HBJZEeTCSI

naccvaBHoti. nl)II ee 3anycKe va q)yHIclmoHvapoBaHvaII He Tpe6yeTcA

I)a60Ta KaK]aK-Jlva60 MeXaHva3MOB va rz[CTOilZEIvaKOB DJIeKTPOIIrz[TaHua.

PeryJuapoBaHxe MollmocTblo CnOT npova3BomlTcA no Bo3qyllIHorvly TpaKTy

EIYTeM OTKPNTvaff vann 3aKPHTvaH uz6ePa C 110MOIqbro E[aCCKBHOVO

I)eryJIHTOPa III)flMO]70 JEetiCTBid5I, Pa60TalOLIIe]?O OT [[aBJIeH]Z[ff n XOHTYI)a.

    ･B naporeHepaTope Tefmo Z KoHTypa I[epegaeTcH cpelle

II ICOHTYPa; nOJ!Y[IeHHHrt B I)e3YJIbTaTe eTOJ70 IIaP [[ KOHTYPa nOCTY-

naeT B Tennoo6MeHHvama C[[OT (Tpa!cT Typ6zHH oTcerleH), ])ze

npva oxuamJgeH]z[va Hapy}IcHHM Bo3JIyxoM EoHgeHcvapyeTcH z nog ,zaBJIeHxeM

CTOJI6a KOHJIeHCaT CTeKaeT B rlaPOJreHePaTOI). JIJIH OPTaHva3alMva

Heo6xoJanMoro pacxo.za oxnamzaanenc BQ3zyxa npe.llycMoTpeHa THvoBaA

Tpy6a, B wmeil gacT]z[ Ko[ropei2t.pacnoJromemiE:-Telmoo6MeHHzan

                                           'cldcTeMH.

    noMelueHne TeJwloo6MeHHxKoB ItrvleeT m"6epHoe ycTpoiicTBo, pe--

ryJ]vapyu)Iqee cegeHtae pmfl npoxo,na Bo3,IIyxa. B HopmaJ!bHoM peamMe

OICCIIJIYaTauz]rr 6JIOKa Mva6eP BaKPNT. nPva vaCTIe3HOBeHvava BeeX vaCTOrlCIIIKOI

IIePeMeHHOrO TOKa Ha A3C, BKJIIOgaH aBal)vaiiHHe, IIO UOBNIEIeHvaIO

J[aBJIeHua II ICOHTYI)a un6eP OTKPLil3aeTCff Ha BeJIMilPIHY, .UOCTaTOZIHYH)

pmH o6ecnegeHMH Heo6xopmMoro pacxone Bo3J[yxa. [[pva cHnJKeHvaII

1[aBJIeHma B nal)OreHePaTOPe llII16eP [[PIIKPNBaeTCH, TalcuCDA 06Pa30M

o6eclierlllBaeTcH nacczBHoe pe]rympoBaHze pacxoza Bo3pyxa va,

1<aK cJIellcTBvae, pacxolla cpera B KoHType CIIOT va TaKIiM o6pa3oM

ocy[qecTBJxHeTcH peryJIplpoBaHze MoIIulocTv[ TenJIooTBo,ua C[[OT,

o6cnemllBaff oTBo,a ocTaTogHHx TerwloBImeJIeHvtta peaKTopa.

    B03MOJKHO TalVKe vaCnOJIb30BaHlle CnOT 6e3 PeVYJIIIPOBaHZfl eg

MOUIHOCTII, ZITO [[PV[BO,MIT I< PaCXOJIa?K]nBaHIIK) I)eaKTOPHOL"i YCTaHOBIC]Z[.
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    CvaCTeMa, rlPenea3HarleHHafl pmfi OTBOJva OCTaTOZIHIti[>C TelLJIOBH-

J[eJleHXva IIPva rmOTHhlX OCHOBHE[X TeXHOJIOTvarleCKZ[X KOHTYI)aXJ ]Z[MeeT

gOCTaTOrlHO BHCOKYIO 3<IXI>eKTIIBHOCTb [[Pva CPemaIIX va MaJIHX TeTIaX

I KoHTypa va coxpaHHeT pa6oTocnoco6HocTb TIpn Icll]z[eHv[ld B ]roparlu[x

HIITICaX X KOHTYPa, rlTO vaMeeT MeCTO IiPld CHIIOKeHldva YPOBHH B

Kopnyce peal<Topa. I[p]1 Mamx va cpemmx Terlax, Bmarorlaff Tegb

eKBxBaJIeHTHhma 1]MaMeTpoM J]y XOO, zcllonb3oBaHlde CnOT ffo3BoJLAeT

3HarltaTeJIbHO YBeJl]EXIPITb BI)ertasI[ OCYIIIeHIIH alCTvaBHOii 30HLI.

    CH]ZLsceHvae J[aBJIeHIIH I KOHTyp,a , ta, KaK CJIeJZCTBva9 YMeHbllleHPIe

pacxol[a Teilil va 6onee I[oJmoe ]acnoJIb3oBaHute BopE! rvazpoerv[EcocTeit,

a Ta]mace Bo3BpaT KoHzeHcaTa X KoHTypa .B alcTzBHyto 3oHy,

(gTo I:MeeT MecTo npva cHmxeHHoM ypoBE[e B JzgE[¥Jyce peaKTopa) ito3Bonj

loT 3a crleT pa6ow CnOT 6oJIee pamzoHanbHo ucnoJIb3oBaTb 3anaceH-

Hylo oxnajKJIatollrylo cpe,py.

    TaK HanP]nmeP, nl)va Teuz 3KBvaBaJIeHTHam nPla"tleTI)OM IY 80,

conpoBoJKpaloueticfi r[oJIHoii noTepeil Bcex v[cTorlmaKoB 3Hel)]rocHa6:,T£eHplH

6e3 I!cnoJIb3oBaHvaff CnOT Bpema J[ocT]maeHvaff o6oJIoTIIcaMil TB3JI

ouacHL{x TervmepaTyp (yBepeHHhtS pocT TeMrlepaTypN B-lle X2000C)

coc[DaBJIfleT MeHee gaca. vacuoJIs3oBamle CllO[D npll eToii aBapilveO {oii

curyaJmva 3aTnvIIBaeT yl<a3aHHIdi npouecc ,llo 6 gacoB II 6oJIee.

CTOJIb JIJ]vaTeJIbHOe BI)eMH YBeJIINIIBaeT B03MOJKHOCTII nPvaHHT]ZLfl

He06XO,IMME[X Mel) ILJIff BOCCTaHOPJIeHXH 9HePrOCHa6JKeHIIfi va nPeJIOT--

BPal!ZeHlle TH2KeJIOrO I)a3PIYUIeHua aKTilBHOit 30HLI.

    CZCTeMa IIaCCvaBHOVO OTBOJIa TellJIa HBJIHeTCfi D<P<PelCTIIBHOil U

BhlcoKoHa.lleJKHova cvacTeMoit, ee upevaDvlyll[ecTBa oqeBI!uahl:

B OCHOBe IIeiiCTBYIjl 3aJIOJKeHN ttaCCvaBHHe I[[PZHuaH, OTBOI[ TenJIa

OCymeCTBJIHeTCH HelTOCI)e.ILCTBeHHO nO ICOHeTIHO!VIY nO]?JIOTilTeJIiO -

B03.JIYXY, BNCOICaH MOIIglOCTb CIICTeMN n03BOJIHeT OCYIIIeCTBPITb ee

                           I-6-25



epyHKmllo najKe mpva ee gacTmrtlHbDc oTlca3ax (Hanp]z[rAep, oTKa3

2 neTeJIb).

    CJIeJ[YeT CKa3aTb, TITO B03M02KHOCTva CIIOT He MCrlePnE[BalOTCfl

OrmCaHHam BNIIIe CBOttCTBaM]Z[. B HaCTOffUiee BPeMfi BeJIYTCH III)O-

pa6oTKII TexHIIgecKoro petueHua o6 oTKa3e oT cvacTeMH AIIH va

BPY-A B cBH3va c KcnoJIbBoBaHvaeM CIIOT, a TaK?Ice BoBMomxocTva

I!JIaHOB5[K Onel)auzt8 I)aCXOJIa?KIIBaHvaH 9HePV06JIOKa C llOMOIIIbro

C[[IOT. TaKIIM o6pa3oM, cldcTeMa naccxBHoro oTBoJIa TellJIa m3JIAeTcsl

BHcoecoeq>CPeKTzBHoil c Bo3MoJKHocTam bx[HoroepyHKmz[oHaJIbHoro vacuoJIb-

3oBaHIIfi cxcTeMoift.

    BHeJrpeHZe eTOX CvaCTeMH n03BOJIHeT 3HauzTeJIbHO nOBNCIITb

ypoBeHb 6e3onacHocTil A3C. ･
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     4.3. CzcTeMa 6HcTpoTo BBo.qa 6opa

     CvacTeMa 6hlcTporo BBoza 6opa B nepBHjZt IcoHTyp (CSIms), npemaa3-

HageHa ww 6HcTporo npxBelxeHzH peaKTopa B noJuzpnvzrlHoe cocTomivae

KocpexcTBoM no,llar"z[ I<oHKeHTpzpoBaHHoro I)acTBopa 6opHoit }cv[cJ;oTN

B peoKlz[Max c oTKa3oM cncTeMEI yrlpaBJreHua z 3aumTN pealcTopa (CY5)

BrvloTs go noJmoro oTKa3a.

     CvaCTeMa CDCTOliT ZB rleTirpeX He3BBtaC]ZUvlliM KaHaJIOB,,nOJXKJIIOileHHux

K "XOJIOJ])IHM" HIITKaM neTeJIb rJIaBHO]rO Z]taPKYJIffUXOHHOrO ICOHTYPa.

KaanNit KaHaJI COCTOZT II3 MJ[]POeMKOCTva C BHCOKOKOHI[eHTPIIPOBaHHI£M

pacTBopoM 6opHoth ancnoTH, coeJmHeHHoti Tpy6onpoBogarm c HanopoM

II BcacoM ma[ va apMaTypH Ha eTvax TpydQu]?QBQnax.

    B HaCTOffUIee BPeMH mpOBOMITdff-QI[[[MU!2E3al]2[JI Xal)aKTePvaCTux

C6BB, Hanl)IIMeP, PaCCMaTI)IIBaH)TC5I TaKV[e Bal)]Z[aHTH:

     - o6seM ep,viisocwr 2,5 M3

                                     '     - KoHr[eHTpamafi 6opHoei IcvacnoTH I60 r/JI

     -- o6seM eMKocTva 8 M3

     - KOHZIeHTPauzjl 60PHOX KIICJIOTLI 40 T/JI.

    PaeCMaT]PZBalOTCH TaKjKe Pa3JrllilHNe KOHCTPY]yma]a aPMaTYI)H, CIIO-

C06H nOJILZepsaH2Lfl B Pd6oq2M COCTOHHZld emxOCTva Id PIP.

    B HacTomqeM x[olznax[e oTpameHalrJIaBHHrvl o6pa3oM,caMa vaJzeH

3Toi6 Emc[veMN.

     CvacTeMa 6NcTpoJlo BBona 6opa no 6HcTponeilcTBvaK) ycTyllaeT

MeXaHYIgeCecOti CvaCTeMe B03J[eiiCTBMH Ha I)eaKTMBHOCTb I13-･3a HeB03MOM--

HoeTlz[ col<palKeHv[H BpeMeHva TpaHcuopTa 6opHol?o pacTBopa 6opa.

OJUIaKO, eq>CPel£TIIBHOCTb CEBB n03BOJIHeT 3HaUITeJIbHO CHII3nvb, a B

60JISIi[PIHCTBe CJIY[IaeB ncICJIroTI]Z[Tb SCbCPeKTN PeaKTIIBHOCTZ B CJIY-[Iae rlOJI-

Ho]?o DTKa3a ovB Ha Tpe6oBamle pa6DTH.
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     CnvHaJI Ha CPa6aTEIBaHvae CvaCTeMH IIOCTYrlaeT III)va COgeTaHII]1

 ptByx cvarHaJIoB:

     - cxrHan A3

     -- OTCYTCTBZe CHIIIKeHua HevaT]POHHOrO J[OTOKa rlePe3 2 CeKYHJIH

 nocae czrHaJIa A3.

     ICOMaHJ[a Ha 3anYCK CvaCTeMH OCyneCTBJIJE[eTCH OTKPHTvaeM 6HCTPO-

 Jgei5cTByTolqett apMaTypN Ha 6aimace ruH.

     3a BI)eAasI Bhl6e]7a r[Eai[ BHCOKOKOHIIeHTI)vaI)OBaHHh[tit PaCTBOP 60PHOii

 KIiCJIOTN IIOCTYIIaeT B KOHTYI), TeM CaMNM OCymeCTBJZfleTCH BBeJ[eHvae

MZ,ITKOIiO nO17JIOTnveJIff.

     Talmm o6pa3oM, neticTBxe caMoi8 ctacTeMH ocHoBaHo Ha uaocxBHopA

 nplz[Huzne (zcnoJIb3yeTcfl 3HeprxH MHepanva [[pva BH6e]re ]rlJH). DJIelcTpo--

rrvaTaH]ne He06XOMZMO JIITIIIb 1"LH CIaYHaJIa Ha 3allYCK CP!CTema.

     CJIe,ryeT OTMeTIZ[Tb, Ta1tiKe,rlTO 3CEKi)eICTvaBHOCTb CSIillS TaKOBa,

 ZITO rXPva ee ZCIIOJIb30BaHIIva Ha J[eiiCTBYK)LLenX A3C MO>KHO OTKa3aTbC5I

 oT BaMeHN BepxHero 6JloKa peaKTopa, T.e. Hann-fe

 Pe]7YJIvaPOBaHlifl CYB B COTIeTaHPIM C 3TOii CIiCTeMOva II03BOJIHK)T IICmaIOiaPITb

 anel)HOOIIaCHNti I)eam III)va He!IITaTHh[X CIITYamx, CBfi3aHHNX C

 va3MeHeH]aeM TermepaTypN TenJloHoclaTeJIfi.
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     4.4. CidCTeMa ICOHTI)OJIE TOTOBHOCTil CvaCTeM

         6e3onacHocTz (la7C[B)

             '                         '
     CncTeMa IcoHTpoJIH ]?oToBHocTII cvacTeM 6e3ollacHocTz npepHa3-

HageHa ma HellpepEil3HoTo KoHTpoJzH ancKpeTHoro uonomeHua eJIeMeHToB

cvacTeM 6e3ouacHocTva c BE[BogoM o6o6-eHHoro czvHana Ha 6llIY.

    KaHaJIN C}ICTeMH 6e30naCHOCTva B PeMZMe HOI)MaJIbHOit DICCIWIYaTa--

uJax 6noKa MolluiocTva MovyT HaxonzTbcH:

    - B Pemme OJKIIJ[aHua,

     - B pexvifvle onpo6oBaHua,

    - B peMoHTe (He 6oJIee 2 cMeH, 3aTeM 6JIoK [[omKeH diurb

                 ocTaHoeneH).

    [[I)va BE[BOne KaHaJ[a C6 B PeMOHT JU3a J[PYrnX KaHaJla llOJIOICHN

6NTb Orrp060BaHLI C ]LeJIbK) BNHBJIeHvaH CKPNTux OTKa30B.

     CllCTeMa KQHTI)OJIfl lrOTOBHOCTI! CB I)eaJlnBYeTCff C IIOMOLqbK) YBC ll

pa6oTaeT uo zByM nporpaMraaM:

                                  '
    JmH peJKvaMa omaqaHua va peonuma onpo6oBaHua. B cJry-(Iae HeulTaT-

HOrO I[OJIOMeHua 3JreMeHTa C6 IIOvaCIC eTO]?O 3JIeMeHTa OCYIIIeCTI3JIHeTCH

MallIIaHOti, BNfiBJI5IeTCA jlPvarlrz[Ha Hel?OTOBHOCTZ va IIPvaH]Z[MalOTCH COOTBeTCT-

ByK)Illrz[e MepEl K ee ycTpaHeH]z[Io.

    vaCrlOJIb30BaHvae CvaCTe,fV[H KOHTPOJIH ]?OTOBHOCTII CIICTeM 6e30naC-

HOCT]Z[ nO3BOJIHeT:

     - CBeCTva K MMHvaMYMY CnY[IaimNe Oum6Klif llel)COHaJIa,

    - nmeTb Ha SLllY HeupepE[BHy!o taHCPopMamlu) no roToBHocTva Kanc-

,qovo va3 Tpex KaHanoB CS B ueJ[oM K BanoJIHeHldIo cBoilx <PyHwwit,

     -- KoHTponxpoBhTb va cBoeBpeMeHHo ycTpaHHTb HeroToBHocTb

3JIeMeH[DOB C[6.
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     4,6. CvacTeMa c6poca zaBneHvaff va o-IcTIcrz[

          aBapvaimLlx BN6pocoB

     CvacTeMa c6poca zaBxeHvaff z ozlvacTK]z[ aBapldtiHIi[x BN6pocoB va3

3allMTHOti 060JIOrlKII IIPeJ[Ha3HaZIeHa JVIff nPeJLOTBPailleHua [[OBEM!eHma

vaB6HTOr[EIOI?O i[[aBJIeHU[fi CBel)X JIOrlYCT]aMO]10, KOTOPOe M02KeT B03HZKHYTb

'rlpx cBepxHopMaTvaBHIgx aBapzmc il fipzBecTII Ic ][oTepe o6oJIogKoii CPyHK--

[IZOHaJTbHh[X CBOvaCTB.

     B KaTleCTBe PaCZIeTHOil HarPY3Kva Ha <PveIbTP UPvaHSITH IIPeneJIbHHe

3HarleHvaH alCTvaBHOCTva, COOTBeTeTBYncEIPIe ' PaelV!aBY ascTIIBHOth 30HN.

     KoHcTpymH <PrmbTpa nplaHHTa aHaAo] vavHoti CPzllbTpy

npova3BoJ[cTBa CPIIpMN ABB (llI]Be[uz[H).

     ¢Mv!bTp ycTaHaBJmBaeTcH Ha Imolqa,mce ADC y ocva 5-iP o6cTpotip;va

peaKTopHoro oTgeJIeHua.
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    4.6. CncTeMa JIoKaJIrz[3alltziK Terlli vaB 1 KoHTypa

         Bo n-fi (B napoTeHepaTopax)

    CvacTeMa npeJula3HageHa Jv!fl vac]wnogeHvaff BN6I)oca aKTvaBHoit

cpegN B aTMocCPepy npx pa3pNBe Tennoo6MeHHoti Tpy6KE[ vaJIva pa3ynnoT-

HeHMII KOJVIeKTO]Pa IIaPO]7eHel)aTOPa nO X KOHTYI),Y 3HaTIZPITeJIbHNM

cegeHldeM.

    B CJIYTIae, eCJIva va,qeHTva<InnUvaPOBaHa 3HaZIZTeJIbHaH Tegb va3

Z ecoHTypa Bo n To npeutcxomT cpa6aTusaHne cvacTeMH n Bo3BpaT
             '
aKTvaBHOti CI)ema B 3alqZTHYIO 060JIOiXKY.
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J4 7. CvaCTeMa YJIaBJllZ[BaHvaH Z OXJIa2KJIeHma

 .
     PaCIVIaBJIeHHOva aKTZBHOit 30HH S,>.

     npezeJIaMil Kopuyca peaETopa ("noByulKa")

     B COOTBeTCTBvaX C PffJ[OM HaY[IHO-TeXHIIileCKux 3aJKarl B COBeT-

CKOM COI03e I)aCCMaTP?ll3alOTCH B03MOJKHOCTZ YJIaBJIZZBaHvaH PaCllJIaBa,

3a llpenenarv[va KoplJyca peaKTopa, HecMoTpg Ha MaJIyw BepoffTHocTs

ec Bli[XOPY PaCnJIaBJIeHHOit alCTIIBHOti 30HN va3 KOI)IIYCa PeaKTOPa. B

HaeTOHIIIee BI)eMff B Harueti CTPaHe, KaK X 60JIblllvaHCTBe CTPaH, I)a3Bia-

Baloulrz[x anepHylo gHepTeTmxy, va3y[IalDTeff-ycTpoticTBaznyTva

YJ!aBJIE[BaHma PaCIIJIaBJZeHHOtl aKTvaBHOit 30HH, a TaK)Ke COUYTCTBYK)Mvae

3TOMY BOnl)OCY nl)06JIeMH. Ha CerOJUInvHiljZt JIeHb 9Tva Pa60TN He BaBeP--

meHN va rloeToMy Hz opHa va3 cyluecTBylouuz[x KoHcTI)ylcuMti JIoBylllKva

He MO]ICeT 6htTb YBePeHHO PeKOMeHJ[OBaHa K BHe,mpeHvaIO. '

    nO Pe3YJI5TaTaM Pana aHaJM30B CvaCTeMa YV!aBJIPIBaHILE PaCIIJIaB-

JIeHHOti alCTZBHOit 30HH MaJI03<P<Pe!CTvaBHa J[O BICJIa.ay B IIOBEi[lleHZe

ypoBHH 6e3onacHocTva. OnHaKo, ycoBepmeHcTBoBaHxe c]ncTeMH

JIOICaJIva3aam, IIPOeKTHhle OCHOBLI KOTOPOti BKJIK)ilaJlZ 6bl B Ce651[

JIOKaJIva3al PIIO aBaPvait C PaCIVIaBJIeHIIeM aKTPTBHOil 30HH Iif BHXOJ[OM e.e

3a fiPeJleJIN KOPITYCa I)eaKTOI)a, HBJIHeTCff BeCbMa 3aMaHZIIIBliasA.

    COBreHIIe TaKOit CvaCTeMH JIOKaJI[13a[anva n03BOJIPVIO 6hl nl)eJ[OTBPa--

TlaTb BHXOJ[ Pa,JMOaKTvaBHE[X nPOrwKTOB B OICPY}KalOlllYEO el)e[[Y HPII

rlPeJ[eJIbHOM COCTOHHZII TOnJImaa Ia,TaKIIM 06Pa30M, 06eCIIerlilTb

npeqeJlbHyK) 6e3onacHocTs aTor･vlHoil DJIeKTpocTaHanva HecMoTpff Ha
             r`xKc va ct5cXP"va･ f{O)TOMSI HAsll,tx c1Pex"cx
mpe3Bli[rlatiHo :vlaJITyu) BePoHTHoc'}TiTIX-Hb IIpoqoJIoKaeT II3y-tlaTb 3Ty rll)06JIeM]l}

llpmHIIDvlaeT y[IacTvae B Me}KpyHapomaHx nporpaA･TMax, nocBnveHHIDc

eTOIUI TeMe (H--P, III)OITI)aDADAa ACE).
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    ][ocne 3aBep-eHua Heo6xoJuz[MEDc HvaOKP B cJIygae lloJIojKv[TeJzb-

HOrO I)e3YJIbTaTa, T.e. J[OCTaTOYHO 060CHOBaHHOI?O II IIHIKeHel)HO-

nPIIeM]ri,eMOrO I)ellleHua, CZCTeMa YJIaBJI]Z[BaHma I)aCIZ[JIaEPIeHHOil aETZBHOtt

3oHH 3a IIpeqeJIarvM Kopnyca peaKTopa 6ylleT BHezpeHa Ha nocJIepmo-

umx cTagvaax coBepmeHcTBoBaHma eHel)]?o6JIolcoB A3C,
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    5 3awrEogeHne
     .

    C qeJ!bro oupel[eneHxH sqXPeKTm3Hocm oT BHempeHxH npepmaTaeMHx
  '
clcTeM 6LIJI BIMOJIHeH BePOHTHOCTHHit aHaJI]Z[3 6e30naCHOCma YE[U[ma-

poBaHHoro gpoeKTa BEBP--ZOOO 6e3 JxolloJmnTexsHHx MepompmaTwh va c ]ax

YileTOM.

    B KarleCTBe BePOHTHOC[[[EIHX IIOKa3aTeJ[efi 6hMZ BN6I)aHH Bel)OHTHOCTva

(UaCtuOTH) nnaBJ:eHMH aKTMBHOva 30HH M BePOHTHOCTIZL (vaCTOTH) nPeBH-

meHEE vaHpmBMJ[yanbHova zo3H, HopMv[pyeMova CI[ A3C-79 Ha TpaHane 3oHH

pamycoM 25 KM.

    npM or[peJzeJreH]lz BeposTHocTHE[x noKa3aTeneii 6e3ol[acHocTva A3C

vaCXOmaNe J[aHHHe nO ilaCTOTaM UCXQma-C0611Tldva X, IIHTeHCtaBHOCTva

oTKa3oB o6opyl[oBaHvaH npzHzMaJrE[cb Ha GcHoBe IIMeumcH cTaTzcTvaTIee--

Kv[x zaHH!i[K, a Ta]x Ke naHHH)c ][I)]IBezeHHHx B. TexHir[IecKoa lloKyMeHTamz[u[

             lHa o6o]pyJzoBaaue (TY).

                                             '    CJ[e]YeT OTMeTXTb, r!TO nP]EHHTHe TaKITM 06I)a30M vaCXOJ[HNe J[aHHHe

                                                     'zocTaTorlHo KoHcepBaTMBHH z 3anac no a6comDTHofi BemaHe BepoHT-

HOCTva MOMeT 6HTb 3HailllTeJI5HEnE.

    OJ[HalCO Ha OTHOCnvej:bHYIO BemavaHY IIOBIilIeH]IH ypOBHH 6e30naC-

                 'HOCTva 9TO 06CTOHTeJIbCTBO BJIIIHH2[A He OTKa31g3aeT.

    O:eHKa BJ]xfiHua pa3Juz[rlHh[x ldcxoJulHx co6HTi[tit Ha BepogTHocTHHe

noKa3aTem 6e3onacHocTra Bam3]Ena rpymy KpllTmecmax llcxomaux co-

6LITZii, Bmaa] ICOTOI)HX B BePOHTHOCTb IVIaBJIeH]Z[fi alCTutBHOit 30HH M

rlaCTOTY EPeBIillleHma HOPMIIPYeMOfi J[03E[ COCTaBJIHeT 98-99%.

    IK xx sczc,ny oTHocsLTcs:

    - Hapyrue}me TennooTBolla no n KoHTypy,

    - o6ecTogeHne,

    -- TerllE) ne M Bo n-il,

    - ManHe ta cpellHple Terlz
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    OIIeHwa BJIM[HE{vaH J[I)]Z[HHTNX B HaCTOfiIII]Z[X llPeMIQJKeH![HX EOIZEOJIHU[Teu6h

Hmc Mepoupmamni no 6e3onacHocTva Ha KpurzzlecKy-K) vpyuny vaexo;llHli[x

co6HTzit z,KaK cJIeJxcTBvae, BepofiTHocTHHe noma3aTeJiE! 6e3onacHocTz

A3C B lleJroM noKa3HBaeT enepymrqee: '

    5.X. IIO ][OKa3aTeJIiD BePOHTHOCTth llJIa]3JZeHma aKTIIBHOfi 30HH

IIOBHIlleHvae YI)OBHH 6e30IIaCHOCTZ COCTaBJ]LffeT ]10 40 I)a3 .

    5.2. rlO nOKa3aTeJIIO BePOHTHOCTva IlpeBbl[lleH]Z[e umBldJryaJIbHOii

J[o3N, HoprvmpyeMoit n,3.r7 CIIA3C Ha TpaHMue 3oHH pamycoM 25 KM

noBIimeH2[e ypoBHff 6e3onacHocm cocTaBxHeT no ZOO pa3,

    5.3. BllllleYICa3aHHNe Pe3YJIbTaTH OgeHKZ IIOBHMeH]Z[H YPOBHff

6e3onacHocma HocHT IrpemeapnTeabHHd2t xapaKTep g nopmemaT yTogHeHvaIo

He cTapnva pa3pa6oTKva IxpoeKTa. B To Me Bpeua, JxaHHzle pe3yJIbTaTN

n03BOJXffIOT OI;eHIITb 3CIX#)eKTvaBHOCTb nOIIOJIE[IITeJIbH･HX CvaCTeM va HaMeTZTb

IIYTX J[aJIbHeimlerO nOB!ilIleHutfi 6e30rlaCHOCTva AeC, B TIaCTHOeTva, BePOHT-

HOCTHHe OZ[eHreCII KPnTliftleCKE!X vaCXOMILIX C06NTvail gOKa3aJIE[, gTO pmH

]IaJZbHejinlleVO nOBLaneHua ypOBHH 6e30IIaCHOCTZ (BIWIOTb llO YI)OBHH

H]zEme, TeM XO-6 B roJ[) . Heo6xoJufMa nopa6oTKa o6opyJloBaHzff (HanpMM2p,

nOBIsuIeHne HaJXemaOCTZ IIal)OC6POCHLIX YCTI)OvaCTB Ha 3aKI)HTne, YI[JIOT-

HeHnirUIX ),aTawKepa3pa6oTKaclletuaJIsHovamamocTzKn

(H--I), KOJLnelcTopa ][[').

    TaKzM o6pa3oM, MeTollaMz Bel)oHTHocTHoTo aHaJ!va3a 6e3onacHocTva

nOJ[TBelpaI[eHa BHCOKaJI eCEXI)eKTrzllBHOCTb OT BHePIPeHua YICa3aHHHX MePO-

                               'I[IPutHTXfi.

    npn 3ToM ocHoBHova BmaaJ[ B noBHllleHMe 6e3onacHocTz BHocaT

TaKlde Mel)OIII)XHTrz[H KaK:

    - MOJIePHI13aanfi I)eaKTOPa,

    - cvacTema nacc]zil3Horo oTBona Tenna

    - cxcTeMa nolcamfBalmM Tegll x3 I KoHTypa Bo II va nlp.
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     CnerweT oTMeTzTb, gTo paccMaTpzBaeM}ge TermvagecKIIe peLueHua

flBnaroTCfl YHV[Bel)CaJIbHau IV!fl BHePIPeH]Z[fl KaK Ha BHOBb CTI)OffLIMXCJi,

TaK z Ha JleitcTByloluz[x A3C. TaKzM o6pa3oM, BHeg[peH][e yKa3aHHHx

MepompIIHrnj2t uoBBoJllz[T 3HarmTenbHo noBHcvaTb o6Imlil ypoBeHb 6e3ouac-

HocTx aToMHoth eHel)]?eTmm B ueJxoM.

     B 3a]rmDgemae xoTeJzocb 6H cKa3aTb HecKoJzbKo cnoB o nepclleK-

maBax pa3Bnvma aToMHofi eHepTe[[[mcu. B nocaemee BpeMH BonpocH

6e3onacHocTz DTo]ro clloco6a eHepToupota3BoJEcTBa ml!poKo o6cymamTcs

Ml[poBova o6mecTBeHHocTbro.. ilpva 3ToM, npoq>eccvaoHaxbHHe Hay-tlHo-

TexHzrlecKne npo6JIeMH JcanbHeimero pa3BmTma aTorv[Hoth 3Hep]reTzKil

npemaonaraan npoBeJgeHxe ray6oKe[x pacge[[Elo--TeopeTxqecmx z 3Kc"epm]/

HTaJIbHE9C ZCCJIeJIOBaHZii, nPOBeJ[eHZe 60JIbMOVO 065eMa OUHTHO-KOH-

cTI)yKTopcmlx pa6oT, a TalcKe ocBoeHze HoBoro o6opynoBa]![zfi npoMLgu-

                                            'JIeHHOCTbroMJ[P. '･
     Yrl]ETNBaff, BHCOI<vae MaTePuaJIbHHe Z BPeMeHIIHe 3aTPaTN M]LE[

PerueHIIE Yeca3aHHHX nP06JIeM, HaZ60JIee OZ[T]Z[MaJIbHlilVT BHXOJEOM fiBJ!HeTCfi

axmaAo, m]z[poKaH Koonepallma, coTpynmgecTBo va o6MeH onHToM Ha

B3aZMOBE[170JIHOth OCHOBe.

     B CBH3Z C DTI!M COBeTCKIIti CoK)3 C IIHTel)eCOM BCTPeTnv [[I)epmO--

zaeHne, IIO COTI)Y7IH2[TIeCTBY B Pa3JIZPIilHEDC 06JIaCTAX P7IH COBMeCTHO]70

 pemeHzA yKa3aHHHx npo6neM.
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           BA,SIC DESZGINS [I)O I},illPROVE VVIrlIR･-1000 "TUCLEAR

                        POi,VER PLA[i/)[rTS

                                 '                             '

       1. rntroduction

                                      '                       '                  '                          '       [ghe prob!ern of en$vt]ring the, safety of nuelear power stations

  is nowadays aequErtng specia! impor'tance. CDhe absence of any prEre-

  tical alternative to large-tscaLe development of rmclear power en-

, gineextng adds ari qntirely nevv dimension to the problem of safe-

  ty, particulLarly in vLevv of the grave consequences of the disqs-

  ters al the Thireg Mile Islqnd and ChemobyX Nuclear Power Staticrs.

       VVIL7R-1000 nuclear power･ plants (NPP) which are currrently

  used worl,dNvLde and vvill conUnue to be the basic mode! till the

                                                 ,  year 2000, have been suLbjected .late!y to a lai7ge number of safety.

  tests, The tests, essentially, have shown that these power plants

               /t popsess charactertstics indicat±ng that the pTesent level of safe-

  ty is adequate; on the other hand, there a]re ways to irnprove the

  relLabUity and safety of rmclear power plants.

      Urmsually thorcugh safety tests of VVER-TOOO nuclear power

 plants were launched in vartQus countries, follos,Adng the Three

 Mile Island accident. [[he accident alerted the intemational com-

 munity and triggered a i,vi.der search for scientific and technical

 means to improve' the existing safety desigrris.

      Although the present level of safety of modem VVER-type

 N]?Ps may be conside]red sat±sfactory, v,re have chosen to search for

 nevv ways of further safety irrrprovement v,ith a vtew to mini!nizing

  the hazard posed by nuclear power stations, both existing and these

 undgr construction..'VVrdi-･1000 model, whose state-of-the-art is dis-

 cussed below, x･vill be used to illustrate ways of safety irrrprcvement.

                               I-6-(3)



     2. Brief !nSomnatian on VVIE/R-100o

                                   '     A heat generation-and-di.F.trtbution arrmgement of a nuclear

                                                            '
power statton using; a VVIEtR-1000 reactor installation has a pri-

                                    '
mar'y and secondary systerns. a 4-loop shell-type reactor tedth wa-

ter under pressure, hortzontaM steam generators.

     Basic designs ineorpovated in the mQdel are traditiona!.

     A fLzll-prtessure contaimment (5 kg f/cm2) is singlLe, of a cy-

lind] ilea]L shape, made of pre-stressed reinforced eoncrete, and

                                                        'is prcvided vvith a leaktight steel facing. [Vhe reactor ha]l btrtld-

ing o£ the nnelear power station is 66 x 66 m (plaii view) and

66.6 m high. The buil(ling comes under the lst categofy of seis-
mbc stability. beding a structure , housing the systems intdnded

                          N
ta ensure the safety of the nnclear power stattcm. To imrprove the

dynamic cinaraetertstics of the Teaetor haLl biui]ding and even out

the de£ormati!ons Qf its ecmponent parts diLffer'±ng by mass,. vvhen

these are suLbjected to seismic impaets,. the building is designed

as a l.oeak symetrieak stmcture, the contatment, ancU!ary

structures and reactor installation being erected on a single-

piece box-type fmmdation made of tginforced concrete. The heavi-

est items of equtpment and the tanks are positioned at the lower--

most elevations. Sueh a desig.n has irrrparted a greater' stability

to the bui Lding and reduqed the effect of sei.wic imp. acts on

sttuctures and e(iuEpment.

     XrwSR-1000 rmclear power plants are desigmed to vnLthstand

accidents o£ all descrtptions, includinp,' a rnecdmum design fai--

lure, vi.z. an instantaneous cross--wLse tupturte of the dia 850 mm

main circulation pipeline of the reactor coolLng system , v'･ith

a double-side coo!ant release,, under the conditions s,vhere the

I-6-(4)
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plant is de-energized and the effe¢ts of seismic activ±ty are tan-
                                                     '

     i7VEtR-TOOQ rmclear power plants featurre safety systems based

on a prtncip!e of three absolutely independent systerns, or safe-

ty channels. each capable of perfoming ful,ly the functions of

pxvtection (i.e. a 5×100% struefur-e is used),. [[thte safety system

chamels have independent sourees of power supply: 5,6eO kW die-

sel generators, as well as independent souJrces of cooling water:

spray ponds, whose capacity ensures a eontinuous remova]- of resi-

dual heat re!ease by the reactor.

    '
     Safety sfstems destgns of a V-VER-1000 nuclea]f p. ower plant

are intended to prcvide for a high fymctional reliability. For

extarrrple, in any ernergency, actuating the safety, systems,. rernote

contrc1 of the mechanisms is automatically inhtbited to ]rule out

the operatorts mistakes. The inhibition of rernote conti?ol is auto-

matically caneellLed after a parti¢uLar mechanism has per£o]rrned

its ftmction, e.g. inhibition of a spray purrrp cut-off by remote

contro1 is automatieally released when the pressure in the con-

taiLnirient goes down.

     To guarantee a high reliability of the safety systen, the

VVFR-1000 nuclear power ple[nt projeet inco]fporates a standard

prograrrrrne of !oading emergency diesel generators, rett.ardless of

the k±nd and the scale o£ the accident.
                                                           '                -     A detgi.gri like thts facilitates and enhances the reiiability

of phased selection of povver of eme]rgency diese! generators; con-

trDl of water feed to the prtmary of seconda]ry systern by automa-

t±cally actuating the app. rcpriate piece of hardware, depending

On the progress of the ao,cident. Fone exarnple, r-,hould an accident

                              I-6-(8)
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s

occur, involving a leak in the steam 1±nes outside the contatn-

ment, the spray punrp gate valves w±ll never open as there vJill

be no increase of presErure wtthin the containment, though the

spray pumps will automatically be started to ser'vice the rec±r-

culLation line.

     The safety systems of VVEb7R-'1000 lut?Ps are provided whth a

standb･y controi panel, enabl,ing the operator to monttor the per-

£ormance and rnaintain overall safety of the reactor and power

unit, ever} if there is a failure in the main contrci board of

the rmclear power stati(m. '
     limdamental designs relating to the safety of a VVER--1000

rmclea]7 power plant are consonant wtth or simiiar to the des±gris

adopted elsewhere, e.g. in BRG, U.S.A., Frmee, Japan.

     Operation of VVER-1000 nuclear power plants, using a B-520

.reactor, prcved their` reliable and economical perforrnance.

     5. Fundarnental Trends in VVER-1OOa NPP Reliability
        and Safety Improvement

                                      '
     In a k)id to develop.most efficient rneasu[res for ea]rly adop-

tion, rnajor causes of sertous fue] damage were analysed, narnely:

    (a) unschedu2ed progress of failures;

    (b) scale of f. ailure exccedj.ng that of a ma.xtmtun d.esign
        failure;
       '
    (c) combination of above-stated causes.

     The analysis has rnade it possible to identifY 'i og.t g.rave

err}'ergencles:

    (a) ?,,,R.,llRt.ra.C,t,,,,e..gh.f.alig:'ie,gift)?i± sources of power sutppiy

    (b) a fa±lure of particu!ar controls of RCPS;

                                                           x'
                                              '

                              I-.6-ao)
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     (c) a ma,3or leak from the prtmary to the secondary system,
         leading to the Iogs of the cooltng med.tum of the fuel
         core.

        t
     ':,ihus, we have been able to establish fLmdamental trends of

irrrprovLng the safety of WER-1000 nuelear p. ower p. Iants ' and to

elaborate practical rneasures (see Table 2).

                               ,

     4. Practical Measures to Improve
        V`VIBt -loOO NPP Safe'ty

     4.1. Reactor Upgrading

     ReaQtor upgradir7Lg envtsages improvement of nuclear/perfor-

marxce charactertstics, improvenen.t of reactor designs wtth a vieAi

to enhaneing the safety of nuclear power stations. To achieve thiis

objective, reactor upgi7acling includes the follovimg:

     4.1.1. RaLsin.cr the efficiency of the mechantcal system of

reactivity contarol by increasing the nuinber of RC[PS controls frcm

61 to 121 to ensure a shift of the reactor '/i"i, a svtb-critical state

at a terrrperature of up to 1000C without adding an exi ra arnount of

a liquj.d absorber;' it is to be pointed out that in confoirrnity with

the requirements imposed on the systems of reactivtty contro1, a

USSR-made reactor has t:No systems: a fa$t-acting rnechaLr!tcal L.ys--

tern effective in the operatin.s temperiature zone, and a liquid sys-
                                                    '                                         '
tem, effective th]7oughout the enti]re teprperature raknge. The need

for compulsory use of the liquid systern of reactivity contro1 im-

poses the requLrements on the boron injection sys･ tems Emd makes

the safety systems'ever more complicated. In order to improve the

reliability and safety, the requm'.rements to the mechanical system

of reactivlty control have been made to encom.pass the entire tem-

pe]rature rurlge.

I-6-(12)



     Thi$ has rnade it possible to ]rule out nuclear hazard condi-

tians assoc±ated vvith coolant temperaVare vax'iation.

     4el.2. in oirder to obtaim deeper negative feedbacks on all

pararneters relative to reactivity and, ultimately, to mintmize

darnage caused to fuel in a wide spectre of conditions, e£forts

ltave been made to irrrp]rove the reactor fuel core, namely:

     - power emission by the fuel core has been made more uniform

by adcttng more RCPS controls and more cores;

 ..

     - an in-core monitoriyrg system has been irrrproved by using

newly-developed assemblies of in-core monitortng' chEumels, whi.ch

are capable of ensutrtng,. ttmughout reactor operation, a conti--

nutous monttortng of the flow of r]eutTons based on both the vo -

lume of the fuelL core ajkd the inlet anct outlet temDexature of the

                               'cookant, and

     "- the design of upper mit branch pipes has been modified

to allovv easter servicing in the course of operatior}: RPPS branch

pipes are made to mm along the drtve covers. there being no need

for fLange connections o£ the bTanch pipes;
                                                          '
     - the brunch pipes of in-core monitorLng systern assembly

outlets have been positioned on the periphe)fy of the coveT, faci-

litating service and inspection.

     4.2b Passi-ve Heat Remova!' System N,x･ilth ALl Poi,aier Supply
          Sources Cut Off

     The passive heat rernoval system is intended fotr7 a protracted

remova} of residua± heat released by reactor, i,vhen all, including

emerigenc:; power supply f:ourees are cut off, tr:;hii.]-e k･.he prtrnar'y and

secondary systems are leakt.iig, hJ t. PHRS is a closed sy.stem v,nith na-

I-6-a3)



　
　
　
　
　
　
鴛
O
H
H
C
臼
の
q
O
O
一
』
O
℃
q
，
「
［
』
Q
　
O
咽
H
5
⑪
角
℃
、
団

　
　
　
　
　
　
　
　
　
　
　
　
　
q
O
臼
艮
臼
Φ
q
l
費
寓
隅
目
R
口
O
費
呂
臼
．
H
H

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
◎
委
－
［
ご
〉
　
Φ
斜
G
3
0

珂　

@
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
q
Φ
P
隅
ヨ
．
O
H

｛
O
呂
Φ
　
9
⇔
①
【
｛
　
嘗
¢
苧
切
h
ロ
肇
　
，
［
d
＞
O
霞
¢
臼
　
ρ
⇔
O
謂
　
Φ
〉
州
競
読
ご
山

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
臼
O
H
国
）
　
呂
鼠
二
二
①
一
≧
℃
O
O
に
H
［
①
臼
。
①

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
）
ぢ
艇
石
“
口
①
＞

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
8
盈
臼
器
口
。
自
貞
．
。
D

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
Φ
b
－
［
q
3
書
置
舶
O
一
や
つ
O

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
甲
記
ロ
0
5
肖
唱
。
臣
8
臼
O
．
卜

⑩

レへ1

の

寸

、
＼

卜1

O
H

111’

＼

　
　
　
　
　
　
！

＼
／

・、

@
　
／！／！1

　
　
　
　
　
　
、

凹
目＼

　　

@＼

　
　
＼

　
　
、

r
－
i
」

＼

ノ
　

　
　
　
①

．

　
　
　
　
　
　
　
　
q
§
偶
℃
8
角

o
o
8
出
醤
唱
ρ
器
器
皇
口
。
⑩

　
　
　
　
　
　
　
　
　
’
H
O
口
d
門
ω
」
℃
督
O
鴎
U

　
　
　
　
　
　
　
q
o
聴
。
器
冨
。
呂
．
の

h
O
慧
乞
き
い
．
き
お
角
づ
臼

　
　
　
　
q
o
器
q
窪
Φ
R
8
負
臼
．
寸

　　

縺
B
φ
留
認
勝
醜
瀞
㏄
劉
『
σ
っ

q
寮
づ
9
　
　
や
d
巳
H
O
O
O
　
d
【
州
O
…
、
嗣

　
　
　
　
　
　
　
　
　
　
　
　
　
　
邑
自
．
σ
壱

　
　
　
　
　
　
　
　
　
　
・
H
O
ρ
O
d
ω
一
漸

　
　
　
　
　
　
　
　
　
　
q
o
日
語
£
．
H

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
難
¢
望
㎏
≧
ン
，
［
．
に
レ
○
裳
①
臼
官
δ
．
ぶ
。
＞
唄
硫
磁
d
“

毒
§
曾
σ
d
吾
碧
。
9
§
愛
。
壁
｛
雪
①
×
。
器
溶
器
鼠
§
冨
鼠
巖

1－6一ω



tiural circuJLation in the prtmary and s.econdary fystems. [ffhe heat

is removed by amb±ent air, having a termperature Ttiithin the + 50%
                                                          -
range; the systam's heat exchagers are arranged in superstiruc-

tu]res above the elevation of 45.6.

     The system compnts,es four absolute!y independent loops, ea(h

eonnected to an appropriate steatn generator and ioop of the mas--

                                                      '
ter rec±i?culation systern of the reactor installation.

     Reactor insta] Lation design may ensure a removal o£ residn--

al heat releases by natural circuJLation at the level of 10% of

the reactor rated power. The natLural circulation loop, when

vLewed from the side of the secondary system, has been des±gned

to rernove 80 mW of residuai heat availlable in the three ,loops

(arount 2.79S of rated power), using the wotking paratneters of

the reactor installation.

     Under noxxL)al operating condittons, the system ts xniarmed up,

whLch, in an emergency, makes it possibl,e to achieve fairly fast

the design capaeity of residual heat removal. [Dhese results have

beF.n confirmed experitrnentally: in fact ±t took the system less

than nn･,iinute to gain the desigri capacity,.

, [Vhesystemofresidualheatremovalispassive,Tequirtng

no mechanLsms or sourees of power s.upply for start-up and ope--

ration. PHRS capacity ig. controlled throug;h the medium of an air

tract, by opening or closimg a gate t.xath the aid of a passtve

direct-ac.tion re.qulato2ft actuated by the pregsure of the secon-

dary system.
              '
     in a steam generator', the heat of the prtmary systern is im-

parted to the mediu:n of the secondary system; the iresultimg steam

from the secondar:y systern goes to PI{RS heat exchangers (the tur-

bine tract is cut off), where it is cooled by outsi' de air, con-
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densed, and the condensate flows by gravity to the steam genera-

tor. To ensure requi]2ed input of the coolinnrr- air, a vent stack is

prevLded, t,vhose bottom part houses the systernts heat exchang. ers.

     The heat exchanger rcorn is prov±ded v,ci-th a gate whLch con-

trols the opffning for air passage. Under nornial operating condi-

                                .tions of the plant, the ,gate is closed. 'vfiingn all AC sources of

the nuclear power station, including emergency ones, are cut off,

the pressure i,vithi.n the secondary s'.tstem increases, and the gate

epens to allow requi]7ed passage of air. As the pressure in the

steam generator goes down, the gate cZoses. [[hus, it rnakes pos-

sible to contrcl the consumption of air and, as a consequence,

of the medium iit the PHRS loop; it aX.so allows one to controI

PHRS eapacity b･y monttorr!ng the removalE of Teactor residual heat

     ?HRS may also be used vn'Lthout reg.ulLating its capacity, which

leads to the cooMng of the reactor installation.

     A system designed to remove residual heat releases, the ma--

jor proeess loops being tight, PHRS is rather efficient in the

case of moderate and srnall leaks in the priinary f:"ystem, irernain-

ing servie,eable, xthen the hot lines of the prirnax:y system are

boilimg , whiLch occurs vihen the level ±n the reactor shell gpes

aown. In the case of smallL and moderate leaks, inc±uding equiva-

lent to dia 100, the use of PHRS helps to r.a.duce cong,iderably the

time requi]red for fuel coire drainirtg.

     A drop of pres,sure in the prima]f:y system and a reEwtlttng

retA..uction of the leak and a better use of the water in the aceu-

:'nulators, plus the retu]fn of condensate of the prirnary system to
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the fuel core (which occurs at a reduced level in the reactor

shell) make it possible to utilize, i,v:'Lth the a±d of PHRS, the

procured cooling medium in a more rational manner.

     For exainp!e, in the case of a leak equivalent to dia 80, ac}-

companied by a cut--off of all the sources of power suppiy, the

time of FRX contaimments daiigercus heating (i.e. a steady

rise of temperatuTe beyond 1,2000C) is v･ntthin one hour. if PHRS

is not used. The use of PHRS in this kind of emergency delays

the process to 6 hours and rnore. This length of time affo]?ds

moiee opportmities for taktng the necessary measures toward re-

stortng power suLpply and preventing a heavy darnage of the fuel
                                                        tt
                        'aO]fte'

The passive heat removal s,ystem is effective and highIY re'-

liable, its advaritages being obvious: it is based on passive

princ,±ples, the heat is removed by an ultimate absorb･er, viz.

auibj ent air', the systemts hi.'-gh power tnakes it possj-ble to rely

on its functioning even in case of paytial fatlures, e.,g. f.ai-

lure of two loops.

     Mt shoutld be st]ressed that P!if.S's capabx'lity is ,not confi-

ned to the properties just des･cri-bed. AN dec:j-;ra' .is being deve±oped

wLnereby an erne':egency feed pump system and a r7ast-ac'ting steanr

dump red.ucing station-A vvT"LII be made -redimdant due to the use

of PHRS. The new des±gn v[Lll also allow a scheduled IIPP cooMng

dov,n !iyi.th the aid of PHRS. This, again, ,t,.oes to prove that P}IRS

is a hJLghly effective rrrulti-functiona] system.

     Adoption of the systern makes it poss±ble to improve the

safety level of nuclear p, ower sta' tx' ons conside]rably.

        x          puR -- fuel rod
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     4.5. Boron rnjection System

               '
     B:S, ensu]frixxg borcn injection in the p]rtmary system, is de -

signed to bLrtng the reactor to a sub-cni-tical state fast by sup-

plytng a concentrated boric acid solution undeT the conditions

of RCPS or x'eactor complete failu]re.
                                                     '                                 .                                     '                                                ,     BIS comprises four independent charinels connected to "coldtt

lines of the loops in the main cireulation systern. Each channeZ

consists of an aecum!ator containing a hrgh3y-concentrated so-

lution of bortc acid, Xinked L,lr" the pipelines vttth the rnain

coelant plant head and suction. 'Dhe pipelines are prov±ded vitth

all the neeessary f±ttin,E.se ,
     At present, BIS characteristics are being optimized, -bij,rG

of the wotkable options gisrerrt below:

     - plant holding capacity - 2.s m5 .,
                                           '     - bo=Lc'acid concentration - 160 g/1

     -plant holding capacity-sm5 .
     -bontcacidconcentratn.'-on-40g/Z[- .

     Also under consideration are various defJ･ii gns of fittings,

methods ensurtng plant serviceabUity, etc.

     T}i±s report, esgentiall,y, dwells on the idea ixnderlying the

system.

     [Dhe boron injection system is not as fast acttin,[.7 as the m.e-

c.handcal sy'stem of ]reactivtty contro1 as it is i.m.possible to

shorteri the time of bontc acid delivery. Horiiever, BIS is effici-･

ent enough to allow, a considerable reduetion of occu]?rence a`nd

eliminate most of )reaativity e'Cfavcts in the case of a complete

RCPS failure.

     A system response :-i,ge/; ial is p℃oduced by a conibi ation of

                                            '
                                                           '
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two indieators:

     -- P5 sigrtal;

     - no reduction in the flow of neutrons 2 seconds after

A5 si,gnal is given.

     System trtgge]riLng comrnarxd is generated by the opening of

fast--acting valves in the main coolant pkant by-pass.

     Durtng" the main coolant plant warm-up, boric acid solution

of high concentTation reaches the loop, signifytng the introduc--

tion of a liqutd absorber.
                                               '
     Thns, the action of the system prcper is based on a pass-

ive: pzinciple (using the energ..y of inertia during the main cool-

ant plaltt warm--up). Power supply is only requ±red to prcduce the

system trtgtLering command.

                     '

                                                    '
     4.4. MonjLtortng System for Sai6ty System Availability

     This system is intended for continuous monitoring of dis--

crete position of safety system elernents xi,ctth a display of a com-

bine(ustgnaX on the contrc) partgl., .

     Safuty system chEumels :･nay be in the foll-ovrtng mode.L･, provi-

ded the power unit operating c.ondi:tions are nomal:

     v- standby mode;

     - test-mm mode;,

     -- under repair (for 2 shifts, r･i]axi.rn,,urn, 'f･,rhereupon the mit

must 'oe cut off･)･

     Before proceeding wci-th safety sy'stem channel repair, test

the other two chamiel,s for possi: ble failures.

     [ehe monitorir･].g system for safet: system avati.lability ope]ea-

tes x'･iit.h. the aid of CCSiEin the standby and test--mn modes. In tZhe

        X CCS - computer control system
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ease of a rxon･-stationary position of a safety system element,

the 'tPLement is located by a computer, the caxxse o£ its unavaila-

bility is established and approprtate measur'es are taken to eli-

     The use of the monito!ing system for･ safety systern availa-

bjLlityaffordsthefollQwing: ' '' . ･
     -minimizing rmdom ermrs bf personneX; .
                                                           '
     - havLng contirmous supp]y o£ information displayed on the

control panel as to the availability of each of the three safety

system ehannels, and their abiltty to perform their functions;

     - monttorrtng and ttmely elimination of safety system ele-

                                             'mentshmavailabi[Ltty. ･ ･ .
     Thus, adoption of the monitoning s: stem for safety system

availabil±ty makes a considerable ,contrtbution to reducing the

prcbabz' lity of non-stationary conditions i:n ernergencies.

                                                  '
        '

   ' 4.5. System forPressux'e Suppression and Aceidental
           ReleaseVenting .
                                               '

      The systern £or pressu]re suppressicn and acci:dental ]release

venting from the containinent is designed to orevent excgss press-

ure goitng beyond the pe]rmissible value :,;ihich may be the case in ･a

clLs'as+urousi eri;･ergenc,y v,fhere the contaimnent loses its functional

properties.

      The filter design ±oad is assumed to be equivalent to maxi---

mum va±ues of activity, cor'respondii'Lg to the melt of the fuel core.

      The filter design used is sirnilar to that of the fUter ma--

nufactured by ABB Company (Sweden).
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     The fi].ter is e]rected at the IJPP site, near the ancUla)ry

structures of the reaator installation.

                                  '
     4.6. Localization of Leak from Primary Sytem
          withZn Secondary System (in Stearn Generator's)

     The localization system is designed to prevent ejeetion of

the active medium into the atrnosphere resutE.ting from a rmptur'e

of the heat exchanger pipe orstearn generator eol!ector failure

in the ptmary system, where a sizeable section develol)s.

     If a eonsiderable leak is established from the primary sys-

tem withim the seconadry system, then the localization system is

actuated and the active medi.um retums to the contairment.

          '                      '

     4.7. Systern for Recovery and Cool-･Do"n of Molten
          Active Section outstde Reacto]7 Shell (i,trap,,)

     Althoug;h it is urtl-ikely that the rnolten aetive gection xKrtll

ever leave the reactoT sheZl, a number of r'esearch and technical

pToblems currently being resolved in the Soviet Union are associa-

ted with possibUities of recovering the rnel.t outside the reactor

shell. Scholar's in this country as vsel! as in most nat±ons develop-

ing mmclear power engineentng study the devices and rnethods of re--

covertng; the molten active section, and exarr)ine the rela`ved prob--

lems. As of to-day, the studies have not been completed and for

th[-s reason, none of the extsting deg.iigms of a tttraptt can be safe-

ly recommended for commencial use.
                                                     '

' Find±ngsofsorneanalysesindicatethatasysternforreco-
verirp3' the reolten active section is not effective e.n-ough to en--
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hance the level of safety. Howeve]r, an improvemerit of the loca-

1±zation system, whtch would incorporate, desigri--wise, locali-

zEitiorx of fai]Lu]res involving the melting of the active section

and its release outside the reactor shell, appears rather pro-

                                   t.                                     '                                             '                                  '                                 ' --
                               ,     The building of a localization system, such as, this, 'would

                                        '                                              '                                      'make it possi.'-ble to preverrt radioactive pollution of the envi-

ronment s,nn'.th fuel in a limit state, and thns to ensrllre maximum

safety o£ a nuclear power plant even though the probabi}ity of
                                        '                                                           'such an accident is exceedingly small. g]herefore, we continne

                                                           'research into this problem, taking part in intemational prc-

gramrnesdevotedtothis-subjeet(e.g. ACE Prcgrame). ' -

     After we cornplete the requi]?ed research and development

wotks, and if positive results are obtained, i.e.. a fairly well

grounded enginnering-wise acceptable solution, a systern for reco-

ventng the molten active seetion outside the reactor shell wtll

be adopted at sutbsequent stages of rifPP in)provement.

      5. Conclusion

      To deterynine the effic±ency of adoption of proposed :-ys-

tems, a probab±listic analysis of the sa:[fiety of a V'Ima-TOOO stan-

dard project (wtth and without additional mea.s.uxes) was undertLak-

en.

      Used as prcbabilistic indicators '"ere the probability va-

lue$ (frequency of occurrence) of the acttve section rnelting and

of individual radiation dose excess, rated i-'n conformity xnith the

        --79 standard on the border of affected zone of 25 km ra -
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dius.

     VVhen estabLishing the probabilistic parameters,of INll?P safety,

the initia! data of the frequency rate of anticipated events and

of equipment failure rate were based on the statistics availabXe

as well as crn the techmcal specificatj-ons for particular itenis

                                                               'ofequtpment. ･ ･ ', ,
     It MvLst bte noted th･at the initial data thns arr'tved at are

fairly conservative, and the safety margin by absolute value of

probability may be quitte considerable.

     {PhLs, however', rrEoes not affect the relatEve value of the

safety level ±mprovement.

     Evaluation of the ef£ect of varilous inttia} events on the

probabilistic param･eters of safe.by has revealed- a set of critical

inttial events,, whose aontTibution tQ the probability of active

section melting and ocaurrence of rated wdose exccesses amounts

                                        'to 98-･99%.

     These events include:

     - disturbance of heat removal in the secondary sy. stem;

     - plant de-energ:zing;

     - lear from ptmary system i."iithLn the seconda]ry systern;

                                                      '     - rninor and moderate leaks.

     Evaluation of the effect of the extra safety neasures (ae-

cepted in these proposa]-s) on the crttical set of initiaX events

and, as a consequence, on the probabilistia parameters of !glPP

safety in general, is indtcative of the follo"dng:
                  L   '           '   tt     5.1. Based on the probabUity of the active section melting
               '
the safety level increases 40-fold.
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     5.2. Based on the probability of individual dose excess,

Tated by para. 5.17 of NPP ssX , measLxr'ed on the border of af-

fected zone of 25 km radius, the safety level increase 100-fold.

     5.3. The above results of safety level impToyement evalua-

tion are tentative are are subject to specification at a stage

of project report elaboiration. This notwtthstaxxding, the re-

sults enable one to assess the efficieney of extra safety sysd-

tems and to plan further ways of NPP safety irnprovernent. in par-

ticuLar, the prob:abilistic evalua#ions of critica! events indi-

cated･ that fuiether enliartcernent of the safety level is unthink-

able vrtthout improving the equipment (e.g. making stearn-release

devtees and main eoolant p!ant gaskets rnore reliable) or devglop-

ment of a special diagmostics procedure (e.g. for a stearn gene-

ratorcollector)., . .
     Thns, it has become possible, using methods of prcbabilis-

tic analysis of safety, to confirm the hi.gh efficiency of adop't-

ing the ab+ove measures. The safety, essentially, is improved

drie to the introdnction of the folloxJi.ng measures:

     - Teactor upgrading;

     - passive heat removal system;

     - systeni of localizing leak frorn prtmary system v,,ithin

+uhe F.econdary system, ete.
                                                     ..
     Xt should be noted that designs under consideration are ap-

elicable to both the existing nuclear power stations and those .
L

being bLtlt. In our opinton, the adoption of above mea$ures "iill

e]table us to improve considerably the general level of safe' ty of

r!uLclear power stations in our country, both extsting and those

under construction.

       X NPP SS - nuclear power plant sguaitory system
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NUCMAR ENI]RGY DEVELOPMENT IN PAKISTAN -
                   POLICY PROSPECTS AND PROBLIIMS

             '                       By: Murifr Ahmad Khan,
            .Chairman, Pakistan Atomic Energy Commission
          '

Introduction:･ ･ .                                          /t
                          '
                                                        '                 '
           Pakistan is a developing country with a population of over

100 million people (80% of that of Japan) but with a very low annual

per capita income of $ 380 (vs $ 20,OOO for Japan). It is basically

an agricultural country with limited resources of conventional fuels

and minerals. Its merchanadise exports comprise over 80% of primary

commodities and agrobased products. A literacy rate of barely 26%

severely limits the opti'mal util±zation of its considerable human
                                                         tt

                                                         '                                           '
                                                                  '   '                                                    '                                                        '
           Pakistan's interest in nuclear energy is essentially for

accelerating its overall economic development. Pakistan is anxious to

utilize nuclear technology for:-
                                                     '                                             '
            (a) Generation of nuclear power to overcome serious
                energy shortages.

                                 tt            (b) Application of nuclear techniques to enhance
                agricultural production.

            (C) USheeraOpfy.iSOtOPeS and radiation for diagnosis and

            (d) Utilization of nuclear techniques and standards for
                improving industrial output in quality and quantity.

            (e) Use of nuclear sciences and technology for raising
                the general scientific and technical level in the
                country.
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Need for Nuclear Power:
                                      ..     '

                                                 tt

            Pakistan is'one of the poorest countries in the

availability of indigenous energy resources. Its low consumption

level of about 3oo KS"hs per capita is just one-seventh of the world

average and has retarded the process of industrialisation(Figure 1).

Due to shortage of electric power, many major industrial units remain

ynder-utilized. Over the last 10 years, the economy has been growing

at an average rate of about 7% per annum, and the Planning Commission

envisages an annual growth of 69Z for the next ten years. Based on

this proJ'ected economic growtti, which implies a 9% increase in

electricity generation, it is estimated that ,t.he current installed

capacity of 7000 MW would xncrease to about 22,OOO MW by the year 2000

(Figure 2).
                   '                                   '                                       '
           '                                                                     '                                                                 '                                                  '                                       '
      . Inordertotneettheestimateddemandmaximumemphasisis
                                                   '
being placed on the utilizatjon of tindigenous hydro and fossil fuel

resources. The maximum contribution fiom hydro is, however, unlikely

to exceed 9000 MW, leaving a gap of 13,OOO MiJ to be met by

conventional thermal or nuclear plants. The' availability of fossil

fuel is also severely limited; the proven reserves correspond to 4 [[DE

per capita compared to the world average of 130 TOE. Indeed Pakistan

has to import about 75% of its total oil needs from abroad. This

imposes a major drain on its limited foreign exchange earnings. [[he

'recent increase in oil prices by about 5 dollars per barrel would put

an additional foreign exchange burden of 250 million dollars per year･
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As for coal, the local deposits are mostly lignite with high sulphur

                           '                       '
content inhlbiting the construction of coal-fired plants for reasons

of pollution and high cost of desulphurization. Gas reserves

                'amounting to a mere 350 million [[DE are too meagre to be dedjcated

to power generation in preference to domestic and petrochemical uses.

The power plants based upon gas and indigenous coal would not be able

to contribute more than 5000 itvlW. This would leave a shortfall of 8000
                                 '                            '
nv to be bridged either by imported coal and oil or by uranium power.

Cctst comp.ari:son between conventional thermal and nuclear plants

indicate that nuclear power is competitive (Figure 3). Taking all

these factors into account, it is estimated that nuclear power plants

should contribute at least 5000 MW to the country's electricity supply

                           'iby the turn of the century. There are thus compelling technical,'

economic and environmental considerations for Pakistan to embark on a

vigorous nuclear power programme during the 1990's.

                             '                                                         '
Pakistan's Ex er･ience in Nuclear Power:

            Among the developing countries, Pakistan took a relatively
         ' '                                       '
early start in the establishment of a nuclear power plant,' and a 137

MW pressurized heavy water reactor caUed Karachi Nuclear Power Plant

(KANUPP) was commissioned in 1972 with the help of Lanada. Th±s

plant has been in operation for the last 17 years and has contributed

significantly towards rneeting the power needs of Karachi. In 1976,

Canada unilaterally terminated all technical cooperation and thereby

withdrew from the trilateral arrangement to which IAEA was also a
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party. Supp].y of materials and spare parts was stoppe"d even though

KANUPP was and still Ss under Agency safeguards which Pakistan has

fully respected. The shipment o:- equipment for ' a fi;el fabr.ication

facility for which a contract has been signed was also stopped. This

caused considerable difficulties for Pakistan which was compelled to

fall back upon its own limited techical resources and develop

necessary materials and technology for the continued operation of

Y.ANUPP. Pakistan, therefore, had Ro choice but to develop its own

fuel, and materials, an unerak manufacture of essential spare

par'L's. .                                               Ji
                            '                                                    '                      '                                                          '                                                       '          '       '            In :he operation of KANUPP, it is essential to give

highest priority to safety. Therefore, the Pakistan.Atomic Energy

'eommission is doing everything possible to maintain and ･sticengthen the

safety of this reactor which is already 17 years old. In thts

connection it has sought the help of the IAEA and the international
                                                     '
nuclear community. It was among the first countries to invite an

OSART Mission which came in January 1985 and made valuable

recommendations regarding its operation. We nevertheless continued to

face great difficulty in obtaining safety--related technical data and

information about power plants. Recently some positive trends have

emerged. The Agency succeeded in bringiRg various countries together

in September 1988 for an informal meeting focussiRg on''basic safet:

and operational aspects of nuclear power plants. In January 1988, the

second OSART Mission to Pakistan visited KANUPP. In February, safety

of PHWR plants was discussed at a technical meeting sponsored by IAEA
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in Vienna-.

             Through the IAEA, it has thus b.ecome possible to enlist

the support of many countri･es f.or seeking advice including thpt of

Canadian experts. Pakistan has been invited to join Candu Operators

                                                                   '
Group (COG) which will help to exchange information and provide

valuable inputs. In addition, Pakistan is a member of the Tokyo

Chapter of WANO which will help interchange experience with other

countries in Asia and elsewhere, PAEC is anxious to continue to

operate this plant safely and upgrade its safety standards in the

light of the post-Chernobyl guidelines. In this connection, it seeks

the help of utilities and organizations of other countries. It ±s

willing to share its operating experience w±th others and benefit from

the large reservoir of knowledge and expertise a,vailable in the

advanced countries. ･'･
                                         '         '

                                  i
,N!!ug,!,glgu:yg!,-E!g,!gl-1 F1Cle

            Paldstan has made some progress in the nuclear fuel cycle

and has acquired a degree of self-reliance in the front end of the

                                                              '                                                     tt t                              'fuel cycle. ･ .                                                                  '
                                                '                                                               '                                    '
                 '
            Pakistan has gained experience in the exploration, mining

and refining of uranium. According to the surveys made by PAEC,,

Pakistan has a considerable potential for uran±um in its sandstone

rocks which cover 15% of its land area. SufficieRt uranium has
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already been located to meet the near-term requirements. It plans to

use ].atest exploration techniques i:ncluding satellite imagery for
                                                                  '              '                                                            'locating more promising deposits for meeting its long--run needs,

                                  '
Uraniurp mining is currently being carried out at Baghalchur and

a uranium mill is in operat±on to meet local needs. The yellow-cakre

produced in Paki･Rtan is refined and converte into u'aRi.um oxide irt a

                                                  '                                                               'nearby plant. Over the last IS years, Pakistan has acquired some

experience in Lhe production of nuclear grade uranium oxide.

                                                                     '
            A fuel fabrication plant is located at Kundian where fuel

                                              '
bundles fcr KANUPP have been manufactured since 1978. So far seve.ral

thousand fuel bundles have been loaded into KANUPP and''' the overall

   'performance of locally manufactured fuel has been satis' f'

actory.
                                         '                   '

            Pakistan has sizeable deposits oE zirconium bearing sand

                                  '
along its Baluchistan coast, west of Karachi. A pilot plant for the

                                           '                                                         '                                                                      '                   '   'production of zirconium from local ore has been in operation for the

last 10 years; Pakistan has been able to produce zirconium sponge and

         ' '
ingots and it is expected that it will be able to make its own
                                                            '
zircolay tubes in the fcreseeable future. Pak±stan has also started a

                                          'modest research and development programme in uranium enrichment in

order to meet it･3 anti'cipated needs of fuel for light water reactors.

                         'For this purpose the necessary facilities for the production of

urapium hexafloride including production of IIF have been in operati-on

                                   'forsometime. '
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            Coming to the back-end of the fuel cycle, Pakistan's

programme is still in the early stages. In 1976, Pal<istan signed an

      '
agreement with France for the construction of a small reprocessing

plant under IAEA safeguards. However, this agreement has not been

implemented by the contractor. Pakistan has establlshed a small

facility for the post-irradiation examination and processing so that

it can evaluate the safety and beh4viour of locally manufactured

fuel. Similarly, some work has been initiated in waste management.

At the present time Pakistan is storing all its irradiated fuel from

                     '  '
KANUPP at the plant which is kept under IAEA safeguards.

                            '
!L:g!}g=!gluLvep!s-!glLm!xllg,!,s2a!-!glt!gzE-o [rer PlansforNuclearPower

                                                     ./                                                      '
                 '

                                                           '            As indicated earl'ier Pakistan desperately needs nuclear

power to overcome its serious shortage of electricity. Based on
           '
purely economic reasons it can use at least 5000 }g" of nuclear

capacity by the year 2000 and there is need for several thousands
    '
megawatts more in the ensuj.ng decade, There is no doubt that nuclear

power will become the mainstay of Pakistan's electric power generation

system in the years to come. In order to realize the antictpated

share of nuclear power in the futuxe eriergy supply mix of the country,

Pakistan has evolved a policy, based on international cooperation as

well as an increasing commitment of indigenoi!s effort. As far.as thp

former is concerned, Pakistan is anxious to cooperate with any

advanced country in building nuclear power plants in Pakistan using

light water or heavy water reactors. It is willing to accept IAEA
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 safeRuards on Lhe construntion of such pl,ants. In the long run

 Pakistan would lil<e to develop indigenous capability in the desz'gn,

                                             '                                           ' engineering and construction of nL,clear power plants so as to reduce

                            '                                '
 the foreign exchange burden for the importatiop of these plants. In

 this connection, it. has initiated a programme for developing local

 engineen'ng and design facilit'ies, collaboration with local industry

 for the manufacture of components and construction and installation

             '
 of heavy comDonents. [[his cooperation is aimed primarily at improving

 quality assurance procedures in manufacturing so that componenL's

meeting nuclear specificaticns can he made and the industrial

 potential of the country is also enhanced, Precision eng±neering
                                   'concepts are being introduced for making higher value added products

and facilitatirig the indigeni:sation of nuclear power.

,R!s!sgg!s2g-egg-!e)Lg,!,gpg!giu!.E-h dDei t

             Among the major inputs necessary for a program,".'.e of
  '

nuclear science and technology, research and development occupies an

                                      '
important place. Even in transfer of well established techp.ologies
                                   '                                 'many problems arise which must be overconie by highly trained
                    '                           ',personnel. In order to keep "lip with the ever-expanding technological

                                                               'horizons and to at'tract talented scientists and engi.neers, a core of

 bas±c research must be supported which would also help to train high
                                               '                                     '                               '                  'quality manpower. With this view, a large multidiscipline institute
                           '                             '                                          '    'has been established near Islamabad, called the Pakistan Institute of

Nuclear Science and Te6hnology (P]NS[DECH). !t houses a 5 MSV research
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reactor usi.ng highly enriched uranium. This reactor is now being re-

designed for 20% enrichment. A small training reactor is also under

constructioii. Research activities being pursued at PINSTECH include

    '
Analytical Chemistry, Nuclear Materials, Metallurgy, Fuel Development,

Digital Electronics and Control ].nstrumentation and Computational

Physics.

       '

            For the development oE technically, .trained manpower

several facilities have been established. The Centre for Nuclear

Studies (CNS) at PINSTECH offers a Matitei's Course in Nuclear
                                      '                       '
Engineering and also caters to training requirements in health

physics, nuclear fftedicince, instrumentation and basic nuclear
                                                                   '
orientation. For the training of niiclear ow"r onerators and
                                      '
engineers,r the Karachi Nuclear Power Training Centre runs regular

courses.' A Computer Trainip.g Centre has also been established in

                    s'collaboration with a consortium of univer,q.itfes..In fhct, all of our

basic research facilities are open to scientists and engineers from

universitics as well as other research organisations in the country.

The Coinmission also providAs safety related services for its own
                                                                    '
installations as well as for other institutions where radiat±on and
                                              '                                 '                                                         ''radio-isotopes are used.

                                                               '                              '
            Pakistan would'like to cooperate in all research and
       '
development work with advanced nations like Japan ash well as countries

in the Third World. The PAEC is tha largegt R&D organization in the

country and its interactton with universities and other research
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institutions has been very fruitful. The succesF achieved by PAEC has

                                                                  '
helped encourage R&D work in other research organization. Indeed the

nuclear programme of Pakistan has servpd to st±mulate interest in

science and technology w±thin the country and we would like to

strengthen our scientific base with the help of international

collaboration.

!A!gll,g!21,!lu!zgi-ric lt re

                       '
            The economy of Pakistan is agro-･based and the agriculture

              '
sector directly or indirectly contribuces a,s much as two-thirds of the

           '
GDP. The productivity of this sector is, however, very low both on

the basis of per worker ana per uni,t ar'ea. It,is, therefore,

essefitial to introduce improved maRagement, new technology and better
            '
crop varieties. The Commission has played a pioneering ,rol-e iR

promoting the application of nuclear and other advanced teGhniques in

                                        'agriculture. It runs three nuclear agricultural research institutes

in different eeoloRical zones of the country. The emphasis of work is

           '
on practical objectives related to the soil conditions and climate of

the different regions. The main areas of activity include evo]ution

of improved varieties of crops through radiation-.nd ce. mutation,

              '
reduction of post-harvest losses through nuclear' anrl chemical

techniques, biological reclaniation of saline soil, microbial

degrad-ation of biomass for energy production etc. The Commission has

been entrustecl with the responsibility of setting up the National

Institute of Biotechnology and Genetic Engineering to help bring new
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technologies within the field of agriculture and medicine.

                                                  '
            '                                                            '
                   '
             Recently a breakthrough has been achjeved in evolving a

          '
high yie]ding mutant of' coLton which has increased production

dramatically over the last few ypars.. In the latest season about 6.9

million bale: out of the total cotton production of 8.5 mill on was

attributable to this variety. Over the past five years its average

yield as compared tQ other varieties has been about 25 to 30% moxe.

This has resulted in an additional inc'ome of $ 20t) to .R.OO millioii peL,'

year for the farmers. It has also put the textile industry on a sound

footing and thus contributed to higher foreign exchange earnings,

                 '
                          '
             '               '

                          '                                                    .tt                                                            '

                                                     '                           1,                                   '                                                        '
       . Nine medical centres are being run in different parts of

the country; these specialize in the use of radioisotopes and
                                 '
radiation sources for diagnosis and therapy of such diseases as

cancer, glandular disorder and organ malfunctiop. Besides providing

services to about 150,OOO patients each year, these clinics undertake

research on selected topics and train post-graduate students.

                                       tt
                                                      '                                                         1
                                                        '
            The major impact of these centres has been in providing

social benefits tb the pGor people.･ This servtlce has enhanced the

                                                          '
acceptance of atom±c energy within the country. Th±s positive use of

Ruclear radiation to improve public health and ameliorate the

suffering of the slck needs to be brought out more effectively in the
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advanced and developing countries. Paktstan's programme in 'this

regard offers a good illustration oLC what can be done even by a

developing nation. We are ready to cooperate in this field with other

                    'countriesinAsia. . ･'
                                                                '        '                                 '              '                                                          ' '

                                 '                                                                   '                         '                                             '                                                     'IN!!ugl!,gg!:Jlgll,!Lgy.;-i Pi

                  '                                               '                                                 '                                                                tt
                                                             '                                                   '

             The Prime Minister of. Pakistan, after assumptio,n of

                                                          '
ofk'ce i'n December 1988,.has stated categorically that Pakistan's

  t tt                                               '                  '
nuclear programme is solely for peaceful purposes to meet oL'r energy

needs. This has been and will remain Pakistan's nuclear policy.

                                                        tt
Pakistan wants to use nuclear energy for socio-economic progress and

for accelerating its industrial, scientific anq,,'technological
                               '
development. As a country, we have neither the capacity nor indeed

                                        tt
any desire or intention to enter into a nuclear arms race. We want to

  '
use our limited resources for economic devolopment. We are ready to

place any nuclear power plant supplied to us under IAEA safeguards.

Pakistan is also a firm supporter of global nuclear disarmament and

complete test ban. We are ready to join hands with other countr±es,
                           '
both internationally apd regionally, to'promote nuclear non-

proliferation on a non discriminatory basis. In particular, Pal(istan

                                                             '
±s prepared to make agreements at a regional level on the model of the

TreatyofTlatelolcoforLatinAmerica. '' '
                                                   '                                            '                                                     '                                             '                                                '                              tt                   '
                             '                     '
            The non-proliferat±on regime in South Asia was severe]"y

strained by the fact that India exploded a nuclear deviee i.n 1974. We
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would liko, to eliminate the possibility ot' any further nuclear tests

                              '
in our region. We sincerely believe that the peoples of South Asia
                                                  '                                                               '                      '
are too poor to afford the vrasteful and.self-defeating pursuj.t of
                                '                                           'nuclear･arms. As far'back as 1972, Pakistan .proposed the

establi'shnient of a nucleAr weapon free zone in South Asia. This
                                                          '
proposal has been overwhelmingly endorsed by the United Nations

                                       'Genera]. Assembly in every sesslon si-'nce 1974･. Pakist?.n hAs also made

definitive proposals to promote nuclear non-proliferation in South

Asia both bilaterally and internattionally. I}iese include:--

            i) simultaneous accession by India and Pakistan to the
                 NuclearNon-proliferationTreaty; '.

             ･･ ･1                ,           ii) simultaneous acceptance by both countries of full-
             .･ scope International Atomic Energy sqfesuards;

                          'i                                1d    '' ･ ･iii) mutual insepction of each other's nuclear. facili'ties;

                             '
           iv) o'oint declaration, renouncing the acquisit±on or
                 developmentofnuclearsveapons; . .
                                                         '                                                                   '                                                           '                 '                                       '            V) eASs:,,g?lishment of a rtuclear weapon free zone in South

                                          '
           'vi) ban on nuclear testing in the region.

                                 '                              '

      ' In addition, Pakistan is.will±ng to consider any other
  '                               '               'proposals which would contribute to nuclear non-proliferation in the

region. We are prepared to enter into comprehensive dialogue to

                                                        '
discuss the above proposals or any other measures in order to ensure

that South Asia remains free of nuclear weapons. Recently, a small but

significant step has been tal<en in this regard by Pak'istan and india

signing a pact not to attack each other's nuclear facilities. This
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represents a confidence building measure and could pave the way for

other steps in the future. Pakistan would like the si-.,pport oE

international nuclearcommunity in L'he strengthening of non-

proliferation regime in South Asia which is strategically on6 of the

most important areas of the World, comprising one-fifth of the global

population. .' '
                  '                                  tt                 '
                                              '              '                                                           '                                                               '                                                  '                                              '
SCEgpglL!lsLi,pghlSg!ga!!sg!-ocldn Reark . ''

                                                        '                                                        '                '                                    tt tt
     '  '            Pakistan is committed to non-prolir"eration of nuclear
                                        '                      '      '
weapons. Its nuclear programme is geare.d towards production of

electricity and ,enhancing prnductivity in all sectors of our economy,

It x's ;illing to do every thing poss±ble on its part tg ensure nuclear

non-proliferation in the region. Pakistan is severely limited by the

                                                       '
shortage of conventional energy resources and is in "rgent need of

                          '
nuclear power to bridge the gap. It is wi].ling to. accept. IAEA

safeguards on its nuclear power plants.･ It would welcome he]p and

cooperation in the implementation of its peaceful nuclear programme.

We are wi11ing to share our limited experience with other developtng

countries in Asia and outside. We believe that the cause of world

                                                          '
peace ,will be served better through cooperation than non-cooperation

and this applies particularly to the nuclear field.
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Status in June 1988

     lnstalied Capacity

     Capacity Shortfall

     Needed Capacity

Relative Growth Rate
Electricity Vs GDP

Required*-*

Expected

     Hydro
           '
     Coal-Fired

     Gas-Fired

Shortfall

                 '
   'rk Sameasexperienced

** AverageannualGDP

               '        Low :                  '

        Med±um ;

        H±gh :

       : 6,720MW

       : 1,OOOMW

       : 7,720MVJ

              tt

      : 1.5*

      Capac±ty (MW) Needed In 2000

      Low Medium sH!sapih

      18,500 22,OOO 25,500

                9,OOO

                  800

                4,OOO
       '                       '

       4,700･ 8,200 11,700
       '              '           '                 '
           tt
 during the last 10 years

growthrate: . .
      5% (as projeeted by World Bank for

      develop±ngcountries).. .

      6% (as envisaged by Planning Commission)

      7% (assumed for optimistie growth).

.

Figure 2. Requirements
for the year

of Electricity
2000.

       .generatlon capacity in Pakistan
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Nuclear
937 MW

Oil-Fired
882 MVJ

Coa1--Ftred
900 MVJ

Speci.fic Capital Cost $IKVJ 1,823 848 1,220

Generation Cost (Mills!KWh)

    Fixed Charges

     Interest

     Depreciation

30.4

 1.9

l4.1

 O.9

20.3

 1.3

O&M

Fuel

Cost

 Cost

2.5

6.2.

 1.2

34.2

 2.9

22.0

Total 41.0 50.4 46.5

IAEg!g!!R!!g!!Ess tins

L

II.

rll.

 IV.

v.

FOB･ Price

Sea Transpottation:

Port Handling/In-Land
Transportation:
             '           '
Delivered Price:

Nuclear Fuel Costs
in 1993:

Escalation Rate:

Interest Rates:

Plant Factor:

Fuel Oil

$

$

$

$

1101Ton

  5!Ton

 25!Ton

1401Ton

($ 151BBL)

Coal

$ 401Ton

$ l71Ton

$ 3!Ton

$ 601Ton

$ 31!lb u3os (Same as in

6.5% P.A. For Capital And

9% For Foreign Component
Local Component.

68.5%

1987).

 O&M Costs.

And 12% For

Figure 3. Economic comparison
power stations (all

of nuclear,
costs in U.

 oil-fired and
S. dollars' of

 coal-fired
1993).
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      STARTrNG THE DEVELOPIY[ENT OF CHINAiS NUCLEAR POWER

                                   '                                                   '
          '        / Huang Qitao
                    Vice President

             China National Nuclear Corporation

b4r. Chairman, Ladies and Gentlemen:

     r am very glad to head the delegation of China National

Nuciear Corporation to attend the 22nd Session of

Japan Atomic rndustrial Forum, Inc. Annual Meeting on rnvi-

tation, and avail myself of this opportunity to introduce

why China needs to develop nuclear power, the current sta-

tus, the principle and the envisaged program of the deve-
t;PyM:i:g Oatftg:gieth9]sPg::i,a:Om2eUtrifiogu.nterparts from each coun-

                           '

                 l. CHXNA URGENTLY NEEDS TO DEVE-

                    LOP NUCLEAR POWER

      Chinese government has determined the goal of econom±c

development by the end of th±s century. That means the gross
national indu･strial and agricultural output value has been

targeted for a fourfold increase by 2000 as compared with

1980. According to the experts' prediction, for achieving
this ambitious goal of the nation, the energy production

should achieve the following index by .2000:

      Gross output value of energy

      (O.1b±11iontonsofstandardcoal) 14.3
      Electricity generation

      (o.l biliion KWh) 12000
For achiev±ng this goal, the burden is heavyt so we must pay
Much attention to the development of energy industry and a
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 series bf signifieant measures should be taken, otherwise

 the said goal will be failed. Even if this goal is aeh,ieved,

 the energy supply is still very tense as viewed from the

 satisfaetion of the requirement of the national eeonomieal

 development. Therefore, we should simultaneously adopt the

 signifieant measures to economize the ener.cry, the balanee

 between supply and demand ean be aehieved under this tense
 cond i,tions.

     .Although the insta]led eapacity of generating equip-

 ments in our eountry has exeeeded hundred million I<W by

 the end of 1987, the gross output value ofenergy has rea-

 ehed O.951 billion tons of standard coal, the output of raw

 eoal and erude oil has separately reaehed O.97 billion tons

 and O.137 billion tons, the total eleetrieity generation has

 reaehed 543 billion KWh, yet the supply and demand of energy

 is sti11 not eonmensurate with the e･eonomie development. In

 present years, the situation of demand exeeeds supply is pro-
 minent ever sinee. In 1988., this tense situation has somewhat

 developed aggip. In many areas and faetories the normal pro--

 duction eannot be maintained due to undersupply of e!eetri-
  . elty.

     Why the relation between supply and demand is so tense?
 There are two following reasons:

      Firstly though the absolute value of energy deposits

 in China ranked the forefront in the world, yet due to a

 large population, the average reserve per capita is very

 low, Aceording to the proven deposits, the gross deposit

 ef eoal ranked third in the world, but ranl<ed tenth per

 eapit-a; the gross deposit of petroleum ranked tenth in the

･world , but ranl<ed twenty nineth per capita in the world;

the reserve of hydraulie resourees of our eountry ranked
first in the world, but t-he developable quantity per eapita

is lower than the average level of the world. As viewed from

the total quantity of energy resourees per eapita, China is

only about half of the average level of the world.
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     At present, the avera'ge energy eonsumption per capita

of our country is far' lower than the average level of the

world. The energy production aehieves the target by 2000,

th,eannualeonsumptionofeleetrieity isnearly
looO KVVh per eapita, this eonsumption of eleetrieity is still

                                       'onthelowlevel. ･ -
     Seeondly, the pattern of energy resourees in the Wes･t

and the economie development ,in the East inereases the eon-

tradietion of energy needs. 80 per eent of coal deposits is

!oeated in the northern part of China. Of the hydroeleetrie

resources, over 90 per cent is concentrated in Sou'th-west

China. The 3 major regions of East, North-east and South

Central China are relatively well-developed. The industrial

output value of these 3 regions aecounted for about 70 per

eent of the whole eountrY, while aeeounting for 60 per cent

of the population, but the eoal deposits only aeeounted for

12.3pereentofthewholeeountry. ･ .
     For meeting the requirements of economie'development in

the East, the paradox was solved for a long period by trans-

porting eoal to t.he South from the North, and'transmission of

eleetrieity to the East from the West. This is to say that

the eoal in the North is transported to the South by railway,

and the eleetrieity of the West is transmitted to the East by

high-tension line. Sueh measures inet some difficulties. About

4,O per eent of freight volurr?e of our eountry is for the trans-

portation of eoal that of eourse eaused overloading of China's

transportation system and it almost eomes to the extent of

unable load-bearing eapcaity. The･eonstruction of long distanee

high-tension line and the development gf hydveeleetvie pesdurees

in the West are greatly limited, due to the need of tremendous

investment and very diffieult eon$truetion conditionse

     Therefore, the severe short of energy resourees has be-

eame an important faetor to res'trict the eco.nomie develop-

ment of our eountry. Simp}y depending on conventional energy
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cannot eope the diffieul.ty of China's energy sourees.

We must develop a new energy to meet the supply demand.
 In the world of to-day, it was tmiversally aeeep.ted" that

only nuelear energy is a realistic alternative' eHflngy

 souree. On the basis of this reality, China adopted th.e

policydeeisionforthedevelopmentofnuelearpower. ,
     In the middle of 1960s, China has already prepared the

development of nuclear power. Through a period of zigzag eo{irse,

 till 1981, the first nuelear power p]ant, i.e. the construet-ion

 of the first stag..,e engineering of Qinshan Nuelear Power Plant

was exeeuted. , Afterwards, the Daya Bay
Nuelear Power Plant to be jointly invested and eonstrueted

    with - Hongkongwasalsoineludedintheplan.
 In 1986, the aceident of Chernobyl Nuelear Power Station

 in Soviet Union has shoeked the whole world. After qverall

and scientifie analyzing that aeeident, Chinese government

 stated that the determined poliey for the development of

nuelear power will be unehanged, so the eonstruction of

nuelear power plant in China that has already been started
                                                    'EATill be eontinuously going on. ,
  '     '                                               '
               2. THE PROGRESS ,FOR THE CONSTRUCTION

                  OF CHINA,S NUCLEAR POWER

                                                    '
     The first stage eng,ineering of Qinsh{)n Nuclear Power

Plant (300AaVVe) is a prototyPe nuelear power p]ant. The design,

eonstruetion and 6peration of that nuclear power plant were
cornpletely relying on our own teehnieal efforts. Besides a

p.art of c:oiT:,ponents v.ras purehased from foreign eountries,

MOst of tlie components are domestieally made. Til1 now, the

POUring ef eonerete for the eontainment has been eompleted,

the pressure vessel of reaetor was hoisted and plaeed in

the position, the welding of main pipeline is being under-

taken, two third of auxiliary system and equipments have

been plaeed in the position. Half of the proeess tubes is

ereeted. The components of eonventi.onal- island, sueh as

low pressure eylinder of turbine, low pressure heater,
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   ,BevJew

deaerator and de-aerating tank etc are all placed in

the position. The condenser has prepared the conditions

for penetrating tubes. All implemented works should st-

rict inspection and the quality is in compliance with

the requirements. At present, the Pre-Operational Safety Assessment
Team (PRE-OSART) organized by the experts of rAEA is un-

dertaking the scheduled inspection in Qinshan. We shall

conscientiously improve our works accroding to the co-

mments and suggestions of OSART.
     The first stage of Qinshan Nuclear Power Plant is
expected to generate electricity and will be eonneeted to

electric network by the end of 1990. rn this connection,

the washing of system wiU be implemented and it is pro--

vided with the condition of overall commi$sioning. [Vhe

commissioning will be implemented next year. It wilZ ge-

nerate electricity and be eonnected to the electric net-

work by the end ef next year. We have recognized that we

shall still meet many difficulties during the implemen--

tation of this plan, but we are confident that we shall

exert our utmost to implement this task.

     Since the first pouring of concrete of Daya Bay Nuc-
lear Power Plant (2 X 900MWe) on August 7, 1987, the pour- '

ing concrete for the containments, the welding of the steel

liners and the construction of internals in the reactor

buildings of unit 1 :and unit 2 are being carried out on

scheduie. About 50 per cent of the working quantity has

beep completed for the design of nuclear island to be un-

dertaken by the S'ramatome of France and of conventional

island to be undertaken by the General Electric Company

of England. The following main components of unit 1 rea-
ctor are asserabling: such as pressure vessel, reactor in-

ternals, pressurizer, steam generator, main pump, high and
Iew pressure cylinders, rotor of turbine., generator and

condenser etc.
     It is expected that the unit l of Daya Bay Nuclear
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Power Plant will be put into operation in October 1992,

and the unit 2 will be put into eperation in July 1995.

Under the plan, the buUding of unit 1 will be completed
all its pouring tasks in 1989. The foUowing equipments

will be successively erected in that year: such as de-

aerator, condenser, main steam pipeline, feed watQr pump
and main transformer etc.

     The second stage engineering of Q'i'nshan Nuclear Pewer

Plant (2 X 600MWe) was approved and incZuded in the na-

tional plan by the end of 1987. The preparation work is

undertaking smoothly, the corresponding organizations

were already established. At present, it is-in the selec-

tiOn Of foreign partners for cooperatiOn.

    'Due to the tension of energy sources and the advan-

tage ef nuclear power is increasingly understeod by the

people, therefore many provinces and cities which are

undersupply of electricity are successively requesting

for the construction of new nuclear power plant. For the

suitability of this condition, we selected some spots

in some areas to develop the work of site feasibility

study for the preparation of other new projects.

               5. THE PRINCIPLE AND PROGRAM FOR

                  THEDEVELOPMEN,TOFNUCLEARPOWER ,

     The fellowing principies shall be observed for the
development of Chinats nuclear power:

     1. i'Chinese--foreign cooperation, and taking ourseives

        as the dominant factor"

          Although China's nuclear undertaking is be-
ginning te start, yet China possesses over JO years ex-

perience in the whole nuclear industry. After 30 years

ef making unremitting efforts , we have established a

fairly complete nuclear fuel cycle system, ranging from

uranium ore mining, hydrometallurgy, the production of

enr±ched uranium, the manufacture of fuel elements, the
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reactor operation, reprocessing of spent fuel and wastes

treatment; we have also established a complete set of

nuclear industry scientific research system, ranging from

uranium ore geology, the production of nuclear fuel and

radioisotopes, the manu£acture of nuclear equipment, the
elear researeh and design , the construction ef nuclear

engineering and safety protection. In the course of the

formation of these systems, a nuciear technical team was

brought up and a considerablq practicai experience was

accumulated. On this basis, in recent years, after ever-

all practice and examination through the.construction of

Qinshan and Daya Bay Nuclear Power Plants, we can deve-

lop the nuclear power undertaking mainly relying on our

own efforts. The supply of nuclear fuei elements is based

on seZf--reliance. But, after all we are still a new hand.

In order that Chinats nuclear power undertaking can deve-

lop smeothiy and more effectively, we wish to have wide

cooperation with our counterparts of all over the world

in the field of nuclear power. The raethod of cooperation
g.g¥. .iggt",gg-at･.*tlg,izu,;fi2zE･ g:f gfi,:E:･ Xgag:,g:S.s?.f;wzgfig.,,..

tion and the development o£ activities of technical ex-
change etc. Through these cooperations, we modestiy learn

good qualities from all countries; digest and absorb ,
their experiences for eur own use. Therefore, we deter--

mined that ttChinese--foreign cooperation and taking eur-

selVes as the dominant factor't is one of principles for

the development of nuclear power.

     2. 'tSafety first, quality first"

          From the beginning date for the establishment

of nuclear ±ndustry, Chinese government has determined
that "･Safety first, quaZity first" is the principle that

should be obeyed. Nuclear power accident is a big pro-

nu-
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blem to be greatly concerned by the public in the world,
bec'

ause its ef£ect has already broken through the re-s-
triction ef countryts border. China has fuUy recognized
this fact. Therefore, when the development of nuclear

pewer was starting, we particularly emphasized the prin-
ciple of ,'Safety first, quality firsVt. The Natienal

Nuclear Safety Administration was established in 1984.

The National Nuclear Safety Administration is the high-
est ergan ef state pewer that exercises its independent

supervising authority over the safety of civilian nuciear

installations throughout the ceuntry. The National Nuclear

Safety Administration has prepared and issued nuclear

safety codes of eur ceuntry referring to the NUSS safety

series ef IAEA. The National Nuclear Safety Administratien

strictly reviewed and assessed the safety of Qinshan Nuclear

Pewer Plant and Daya Bay Nuclear Power Plant based on these

codes, has established the cQrresponding safety supervision

regionai offices in regions where these two nuclear pQwer

plants were located, and sent regionaZ resident supervi-
 sors to the sites to exercise safety supervision for the

construction of these two nuclear power plants in time.

Till now, there isn,t any majer defects related to the

quality and safety during the period of construction ef

these two nuclear power plants, no subversive hidden

danger was discovered after safety review and assessment.
     Taking inte consideration the economic strength of

eur country, the development of nuclear power cannet have
..,,gg?a8.e.rgegiraLt･e{sfiess',fl;,gggs?n.;･.gEz:kg, .gh2,go:g,tfi:g:'6gy of

is greater than the purpose of generate electricity. ahina

wUl appropriately develop the nuclear power, this is
because we shall fonovv the advanced technology of the

world, in order that we shall make the technical prepa-

ration for further development in the next century.

     At present, we hold identical views for develep-.
ing nuclear pewer with suitable scale in China in this
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century, its plan is te construct approximately 6000MWe
and annual generating eiectricity ef 30 biliion Kwh.

Among the 6000MWe, besides two nuclear power plants of

Qinshan (500MWe) and Daya Bay (1800MWe), it is mainly

to develep 600tu!We class PWR nuclear power units. This
                                               'is because this grade of capacity can be well matched

with the scale of Chinats electric network, can be sui-

ted to the st,atus of all departments ef design, equi.p-

ment manufacture and construction, and' easy to implement

the principle of "Chines-foreign cooperation and taking

eurselves as the dominent factor". But that deesntt mean

we exclude other grade of capacity, other reactor types

of nuciear pewer plant. It is only to state that in this
century we have selected 6001v!We class PWR nuclear power

unit as the main force. Through the way for implement-

ing standardization, batch process and domestic manufac-

ture, we can attain the goal of whQllbr mastering the

nuclear technolegy, reducing the construction cost and

shortening the construction period. Ail these formed a

sound foundation for the great development of nuclear

power in the next century. If the condition is suitable

for aU respects, for the purpose of increasing the ca--

pacity of electric generation, China also doesn,t ex-.

clude to construct 1000MWe class er other ty.pes of nuc-

lear power plant.

     At present, shortage of funds is the great diffi-

culty for the construction of nuclear power ef our

country. The method for coping with this difficulty is

mainly relying on our own efforts to coUect funds from
various ways. At the same time, we wish to absorb forei--

gn investment for the construetion ef nuclear power plant

under the principle of equality and mutual benefit. It

can be Chl.na-foreign joi.nt venture fQr construction and

eperation of nuclear power plant, or sole foreigrr-invested

enterprise for the construction and operation of nuclear

power plant in china? after recouping capital eutlay
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the owhership of the plapt will belong to China or it ean be
eonsidered that foreign enterprises sell ldie equipment of

nuclear power plant to China with preferential priee.

                          '                  '
               4. FURTHER RESEARCH AND DEVELOP-
                  rvlliNT OF NUCLEAR POWER-

     The proven uranium resourees ean support China's mid-
term and short-term development program of nuelear power,

and a eertain quantity can be expor･ted. Jt is estimated

that by the middle of next eentury, the nuelear power

generation will aeeount for 20 per een.t c･f total eleetrieity

generation. In order to meet the needs of energy sourees for

eeonomie development, when we grasp the eonstruetion. of 6000A,rw

nuelear power in this eentury, at the same time we mtist posi-･

tively arrange the further expldYat'i'on of uranium resources

and the work for the researeh and development of nuelear

power.

     In the technical line for the development of nuelear
power, the r'elevant expe rts have proposed ･the assumpt-ion of

two-stage deve1opment. This assumption is in eomplianee

with the way of rational and plentiful use of uranium re-

sourees, and seientifieally develop nuclear energy.

     The goal of the first stagLe is to solve the issues of short-
term energy sources. Firstly we ebnstruet the light water PL4JR
                           'nuelear bower plant that has he]d sway on all fronts in the

internationa!, and that makes the preliminary development of

nuelear power in China. On this basis, we develop the advaneed
light wstelt ptvR nuelear power plant. As eompared with the exist-

ing Ptant, it has simple system, less investment and high

level of safety. It is expe.eted that the demonstration reaetor

will be eonstrueted in 1990s and afterwards it will be vigo-

rously popularized. Both types of reaetor will be eoexisted,
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and then proeeed to construet the advaneed type for new

built PWR nuelear power plant.

     The goal of the seeond stage is to solve the long-terM

energy sourees, due to the limited use of uranium resourees

for the thermal reactor. In order to meet the need of long-

term energy sources, we should devote to develop the fast

reaetor nuelear power plant. At present, the teehnology of

fast reactor nuelear power plant beeomes maturity in inter-

national, and our eountry also has a considerable basis in

the researeh of fast reactor. We are vigorously fol!ow the

advaneed level of the world, positively develop its work,

and strive for the construction of a 50-100MWth experimen-

tal fast breeder reaetor before or after the year 2000, then

we further eonstruet the eorrmerei･al fast reaetor nuclear

power plant. Furthermore, we 'also develop the fusion reaetor

or hybrid fusion-fission reaetor that will be the hopeful

measures for inltimately solving the energy problem.'

     Besides the development of nuelear power, we also pay

attention to the nuelear heating problem. In the eonsumption

of primary souree of our country, the proportion of energy

sourees, used as heat souree is very large, aceounted for

about 65 per cent, that is equivalent to the threefold of

the energy consumption to be used for the production of

eleetrieity. It is very pity that Iarge quantity of valuable

ehemieal material is burn out as fuel, and also eauses the

serious eonsequenee of environmental pollution. In order to

improvethiseondition, we alsoreseaehanddevelop
nuelear heating and strive for the selection of a suitable

city in the northern area of China to build a low temperature

demonstration reaetor and then we eonstruet it aeeording to

the needs and possibility.

    My introduetion is stopped here.

     Thank you.
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                EtQng4typtpmdiK ryBApEBB

]7JLACHOCTb va PABBva[[ME ATO"ZffIOI4 9Hl]PlrETvaKPI' B CCCP

     Celpoma - Z2 anpeJlsl - 3HaMeHaTeJrsHHii zeHs B ncTo-

prm Haureil maanJm3auMra. PoBHo 28 JIeT Ha3an cTapToBaJ! B

KOCMOC IOPXI"I TaYal)XH, OTKPNB rleJIOBerleeTBY IIYT5 B KOe-

Moc. KaBanocb 6N, 3To co6HTxe BecbMa [[aneKo oT Tex

IIpo6J:era, lcoTopHe MN cerogHff o6cyanaeA･T, Ho el?o He TaK.

llone･T IrayapxHa cTaJr cmnoxoM Hamero BeKa, oH oKaBaJ!

orpoMHoe BJIplffHxe Ha pa3BKTxe Tex npol[eccoB, KoTopNe

Mlg, ]uMeHyeM "HaygHo-TexHmecKoti peBomneti" va KoTopHe

B KOI)He X3Mel{]IJIva XaPaETeP MX3HIE Ha IV!aHeTe 3enIJIfl. ATO-

MHafl eHepTeT]zaKa - rlacTb 3Toro rrpozaecca.

     [raK ym cJIyclMaocb, rlTo MHe nocgacTJIvaBldJrocb 6NTs

CBMJCeTeJieM ]?naBHux C06NTMfi KaK B MCTOpava KOCMOHaBM･MKII,

TaK rr B cTaHoBJIeHpfld ]z[ pa3Bxm![ Hn'epHoti 3HepreTxKpr.

jE[ mpOBOMaJ! KOCMGHaBTOB B IifX IIOJIeTE[, IZ[I)MCYTCTBOBaJT Ha

MHorMx 3anycl£ax, ocymecTBJreHHLIx B CCCP, a Ta]kme Ha He-

KoTopNx - B p[py]?mx cTpaHax, B ToM rlxcne M B CIUA. B

TO JKe BPett[E Ha MOXX TJIa3aX BaPO}KJIaJIaCb ]Zf Pa3BldBaJIaC5

aTO"iEIaH DHePreTvaKa va vaCrrOJIb30BaHIfe ffJ[ePHOit MOI!IX He

TOJIbKO B BOeHHEIX, HO n B CYTY60 MVIPHEI>C ][eJILHX. ff 6NJI

emHcTBeHH-A JKypHamz[cToM, KoTopHti 6Evl npz ramemln Ta-

3eBux li HeCbTHHHx q>oHraHoB B Cpemert ABmz c neMoqsrc

HZel)HHX B3PE[BOB,' rtPgCYTCTBOBaJI IIPn C03uaX EOJ[3e"EE!EIX

xpaHI[rm x xcKyccTBeHHE[x o3ep, h'oTopHe ollHTb-TaKz coBd

1aBancb c noMo[qsio Toti 1?xraHTcKoti sHep]7u[z, KoTopaH B

45--oM yH]zfclTo]Kx"a XMpocHMy " HaracaKx.
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     B cx"y cDeefi mpoq)eccxn, a TaEtme pa6oTN B "][paBqel

MHe 1rppllllnocb 6NTb YgaCTHXKoM C03ZaHI!E 3HepveTirrlecKofi

rll)OZipaMMEI B CCCP.

    KaK neBeCTHO, rro P[PeBHeva MzCPoJ!ornva "Mxp qepmTcH

Ha Tpex KnTax". CoBpeMeHHaE eHepreTIIKa Tome. 3To mpTn-

PaBJrMrTeCKZe, Tel[JIOBNe M aTOMHNe CTaamIM. J]t[)YDltle vaCTOil-

H]z[Kz 3Heprrm nrpam cBoro pons, Ho He cToJrb 3HarlveeJIb-

                                      'Hyro uoKa. .
     IC[TaK, vaMeHHo Ha eTMx "Tpex Krmax" ;I 6a3IlpoBanacs

3HePTeTMileCKaH ITI)OrPaMMa, KOTOPaH 6EUXa COBI[aHa B Ha-

r!aJze 80-x roJxoB. OroBoprocb cpa3y: oHa TIpMHMManacb!Ke-

neimo, cpaBHmeabHo y3KMM IcpyTotn cHemarmcToB, 6e2
                                                 'o6cyxuleHzH un?IpoKoSIi o61uecTBeHHocrm. npaBMTeJ[bdTBo rz[px--

HHno eTy nporpaMMy, M znff Bcex coBeTcKzx mozett oHa

"6NJIa C]YllleHa CBePXY" - rmb llJ]}I,MCnOJIHeH]Z[H, a FIe J[Jlfl

o6cny;Iw!BaHvaff. .

     B Cva6Mpli va Ha J[ansHeM BocToKe IlpezlloaaraJ!ocs

 eTponveJzbcTBo MollglHx T3C. nJmoc K 3Torvry - gBe-Tpx AOC.

     Ha ocHoBe AgllHeKoro MecTopomJceHma -- !£pynHble T3C,

 o6uleilt MolqHocTbro ol<ono 40 MvaJ]Juz[oHoB KvaJ[oBaTT.

     B ]inponei8cKoj2t uacTy! eTpaHEE npegyeMaTI)lz[BaJIOC5 I)e:-

 Koe, "clcarlKoo6pa3Hoe" BoBBeneHlz[e aToMHux cTaamil. B

 nJIaHe 6HJIO 3aJIO?KeHO BOBBegeHIife IOO KPYrMNX I)eaKTOPOB,

 B ocHoBHoM - TIdna P6MK-IOOO, m HecKoJlsl<o ]peaKTopoB

 Ha "6NcTpNx Hei8TpoHax" uo Tva1[y Tex, rlTo zeficTBylo･T

 B IlleBgeHKo li nox[ CBepmoBcKoM. OTItl cTaHr[zva npepmona-

ranocb pa3MecTvaTb B]xoJ!b Bonrll, I}Ienpa, Ha KaBKaBe,

 B ]lpEuv!y, B llpva6anTlzrl:e. IIpplzleM 3To llomKHH 6HJxva 6Nms

 "AeC-rvaraHTH.", Kajfc,qaH MoEuaocTsK) oT 8 2[o I2 b:lylJvllfoHoB

 KIVEJIOBaTT. '
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     ig[epHo6anb B KOPHe ii3MeHMJI BCIO CIITYaUXH).

     fi 6HJ! I!epBlstM aypHaJT}!cToM, KoTol)}si2t I!pvaeXaJI B D.o--

E[y aBaPXir. ITepBHe nee He,lleJm, npoBeJceHHE"e TaM, 3acTa-

Buava MeHfl nepexcMTb vopa3Ao 6oJ!bNe, geM 3a Bcro rrpemst-

ny!uyro ]Kz3Hb. Pa6oTa B 3oHe aBapvaM, aHaJ[va3 npovacmemile-

ro, B KopHe vaBMermx yT Mova BBrJtflJ!H. gTo cKpNBaTs, no

rlepHo6Hna H vaHar!e cMoTpeJr Ha cyzb6y aToMHotit eHeprean-

Klz[, 6oJzee Toro - H rrpMHapmemaJr K TeM JIK)ww, KoTopHe

nponaraHmnpoBaJrva A3C, rloanep]KMBaJrp! cTpoMTeJrbcTBo KalK-

zaoit cTaumva, y6emgaJuz[, zlTo 6e3 umpoKoro vacllonbBoBaHua

aToMHoti3HeprvavayHacHeT6ynyurero. ' .
     ZIel)H06anb BaCTaBvaJ! vaHarTe BBTJIAIIYTb. Ha eTY TIPO-

     CHaIaJla HeCKOJIbKO rmHllX BEerlaTJIeuxtit.

     06neT Ha BepToneTe cTaH!pnva x ropona rrpvarrffTs.

     PeaKTop eule "mirlv[zT". B Bo3rvxe 'tlryBcTByeTcff "Me-

TaJIJIrz[iXeCKvafi nPMBKYC", 3HaTlvaT, YPOBeH5 PaJ[vaaUMva Or!eHb

BNcoxc. BvaruH. cTpaumle pa3pyureHua 4-ro 6JloKa - o6pymM-

B[[[xecH nepeKpNTua, oT6poureHHHe B cTopoHy 6eToHHNe rJrEt-

6N. BBpHB, 6eccnopHo, 6NJI ogeHb MoqHEtM.

     CTPaHHO, Helll)vaBb[rlHO BNrJlffMIT TOPOJ[. BenOCHeMHHe

MHoroeTamHNe sga}Ipzfl, uJmpoKpTe npocneKTN,, Ilapl<x vr eTa-

mloHN, MrpoBN.e rvzouaJ[Kva pffAoM c geTcKIT"fll cazalv[z x

Ma]ra3vaHN... Ho ropo2[ nycT. Hva omloTo zleJloBelca Ha Yma-

zxax, a no Begel)aM Hx B omaoM "3 omoH He 3aropaeTcH

cBe[v. va JIIIrub vaBpemca nolca3N.BaeTcjT Ha yJIprue cne]pfaJzbHas

MalUI4Ha - 3TO CayM6a J[031IMeTPIZ[rleCKOrO KOHTPO,JTE...

     ]I'opop 6e3 mopeti... 3To cTparIHo.･.

     MePTB!lta POPOZ, OCTaBJIeHH}grt CBOvaMII JKIfTeJZfmoZ[. B3PO-
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Cnv,1va M JEeTbrm, neHCvaOHePam va 1[OMOX03HtiKam, <PvaB141Ca-

MPI va J[BOPHvaKarm, -- BCeMI!...

     I4 eLile oneo BIIeTIaTJIeHvae. OT 3Toro ?Ke ]7opoza, Ho

co6HTEifI rTpovacxo,uslT ppa roza cllycTH. B ogepegHOIel pa3

ff ITPIIeXaJI B 30E[Y aBal)MII...

     17ol)oJc 6e3 oKlz[Teneli yrvTIIpaeT 6H.cTpo. Teueps oH BcTp(

rlaeT ]7JIa3amarwt nYCTbiX OKOH, 3aKPNTNMIi CPaHePHHMUi llIM-

Tam BMTPvaHaM]Z[ Ma]7a3vaHOB, CeTKOva OT KIPOBaTva, YIIaBasett

c rpysoBvaKa, z TrmrvaHoti, cToJib rJry6dKofi va HeormnaHHoil,

                                         .t
970 TN nOCTaE[HHO OrJ!}IMfi3aoubCH - rlYJMTCH 6YnTO KTO-TO

vazeT 3a To6oti, a eTo 3xo pa3HocnT cTyK Ka6nyKoB no

KBapTaJIaM... B cKBepax y"e gapcTByeT' 6yp]iAH, Koe-Irl[e

oH,rrpo6vaBaeTcH cKBoBb acq>aJIbT. Kalc -e Bce-TaKx 6, NcTpo

pacTyT copHHKM?! Korl[a exama Ha cTaumro, BvaIgerm r!oJIE[.

Iax He y6mpaJ]p! nocne aBapvan, a noToMy 3epHo ocH.nanocb,

va Tel .epb yme gaeT HoBNe BcxoJ[Et, Ho Bce mMpe M uzpe

no eTutM yroJIEan1 pacTeKaroTcH 6ypNe uaTHa -･ To copHEIcM

[[o6asualoT m!ieHxgy. M HaBepHoe, yJKe sToiit oceHbro oH;1

BocTopmecTByitT oKoHgaTeJrbHo...

     B ropoz 6yplylH mpopBaEcH c noneva,z He ocTaHoBMJIa

 e170 HM KOJ]RDriafl III)OBOJIOKa, KOTO]PaH OnaffCNBaeT HNHrle

J[I)IaTIHMI), Hl･1 "CaHMTaPHNth IIOHC", COBJ[aHHbTJed BOICPYV ]?O--

poza. Br!pozleM, BepoHTHee Bcero, Her][ccTb TavaJIacb B

 catnoM popoJ[e, Teneps rlpplmJlo ee Bpema, rz[ oHa BNne3na

va3-no[c 3erm,,. TopblcaH llon!iHb poMJxaeT 6oEb Ha 1(yme,

 OHa 3aXBaTNBaeT Te(Sfi, Vi TerTePb YJKe rle OTrTYCTMT5 HPI-

ICOrJIa, TIOTODAY iXTO HeBIIHOCIIMO THHeJIO BvaJCeTb, ICaK Y)V[[tl--

paroT TopoJ[a.

     Ho TaK Ha,q, o. Bo ylMfl )Kyl3ml. va noTorvly r･aamvaHa 3a

MaUIMHOjZ BNBOJifITCH ICPOBaTva M ICOBPN, TeJIeBva30PN va ,T[P!-
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BaHH, - BCe, TITO elile OCTaJIOCb B maaPTvaPaX mpMTIffTZIaH.

J!e3aKTvaBamx! CnoB-'ro 3a MI4IryBmlce roms, cTano npvaBww-

HHM, a ceroJurE B Hpl･IuaTli oHo o3HagaeT, gTo Hago non-

HocTbro OCB060MTb KBaPTplpN. oT Me6eJ][1 M pYXma,11II, rroTo-

My gTo B HMx HaKorvmacb pa,TulaKTIIBHaH nNJIb. Bce no,qne-

maT YH]IZITOMeHEIro... .
     [relrePb va3 rOPOlla CTaHM4H BMJZHa KaK Ha JlaJEOHM. Id

ee 6eJlEIe Kopnyca, z TerJIHaH nMpaM]z[ga 4-ro 6J:oKa. JIe-

3aKT]Zll3a[[vaH JXeBa}CTvaBal]Mei[, HO rlTO TaM, B CePMe 30HH?

     BoKpy]7 A3C Hva TpaBvaIIEcn, HeT mpvrBNclHux [pBeTH}ilx

KnyM6, raBoHoB. Cepoe none 6eToHa. rlyTs no3me, va3 ･

raJrepeva, coepx}ylloqefi 6zoKm eTaH!mx, TomuplHy 3Toro 6e-

ToHa noBenocb yBva1[eTb Booigyrlo: peJ!bcH yBKoKoJIe`iaKfi mJm

6yx[To B ToHHeJIe, a paHbme, J[o aBapvayl, oHva 6anva･Ha

IIoBepxHocTx. Co Bcefi m!omaqKII y6paH r:pyHT, noTorn ITo--

JromeH 6eToH va actpanbT. B 3ToM ro[ry ellIe mpencTovaT "Ho--

KOBNpaTbCH" B 3eMJIe - TaM HPOXOJVIT KOMMYHIIKam, MX

HY]KHO BCKPNTb, J[e3alCTvaBMPOBaTb, OTPeMOHTXPOBaTS. A

yme B 6yJasTlqeM croza, Ha rmo[tlamcy AeC, 6yJzeT BaBe3eH

rpyHT, norlBa va BHoBb pa36zw lcJryM6N u raBoHN -- cTatm

IC BOHa BOK]PYr Hee nOJI}KHN ITP]106PeCTva TOT Xe BPTJ[, ZITO

m no aBapvava...

     K comaneHxlo, HH gTo rloTpe6ye･Tcff MHoro J[eCffTIfJIe-

TXil.e.

     YpoKx rlepHo6NJIfl. B geM oHva? '

     npemJ[e Bcero, 3To 6Hno xcms[Tamle "rJIacHocTpf B

CCCP". I!epBNe mava MoJrclaHma- noqeAcy? 1[oge"･Ty TOnbKO KO-

poTIcne coo6uleHua me 3oHH, KaTacTpoCPN., xoTH Bce ra3eTH

Mxpa mzFulyT o Tpavemm, noJlyac He nono3peBaH, a rroTorvry

                         I-9-5 '



yT npeyBeJ]varlnBaH, ee pa3MepN?

     Il[pocTmb "3oHy MoJIpuIaHv[fl" HeJIs3ff. 3To 6e3ycJIoBHo,

omfH ilB perpz[pmBoB mpo!IIaoro, KorJza BezoMcTBa cTapamncb

3aDtTOJ]TIaTb, eTO B JIYrlrueM CJIYrlae - vaCKa3vaTb vaHCPOPMam.

HO,TIoBTOPflH), eTO JrrmIb OJ]XIa va3 rlZPurnH. I'JIaBHaH -- JIeMvaT

              'yopaBxxo rJIy6}Ke. OHa B Toit "nc"xollorlarzecKofi aTMoc<bepe",.

                               o'
l<oTopaff Ha rlpomMeHnz zecHTMneTmo[ co3naBanacb BoKpyr

                                        'aTorJ!Hoiit eHel)reTxKx. -
     Ha BeeM, ixTo cBfl3aHo c co3x[aHvaeM Hx[epHoro opyrmg

Bcerga JIemaxo'Sya6y". AToMHaff sHepreTvaKa pomJIaJzacb B

Tex me caMsEx vaHcTvaTyTax, TeMM He yrleHum va cnemaaJzvac-

TaM]fi, KOTOPNe JleJlaJIva OPYJKIIe, a TrOTOMY MX I)a60TaJIa rlO-

mpemHeMy 6NJIa "ceKpeTHoil". 3aKpHBanocb npemge Bcero

To, gTo MorJlo 6N rrocJrymlfTb KpnvMKoil co cTopoHN o6me-

cTBeHHocTld. HezocTaTKva, aBapmiHocTs, HalcoHe][, mpvarm--

rm pa3MezaeHxfl va pa3Bm]z!fl A3C - Bce eTo ocTaBaJ!ocb B

Ka6]aHeTaX, 06CYMJ[aJIOCb 3a 3aKPHTum JU3elve[va I4 TOJIbKO

y3Kun KpyroM cnenzanncToB, KoTopNe rrpvacBovaJnl ce6e

                                      'l[paBo pellIaTb "oT MMeHpT Hapoga".

     "CnemaamcT noqo6eH apmoey" - rnacnv HapoJ]HaE no--

voBopKa. HenorpeunMocTb TexHlaqeclcvax perueHmh, aM6mpd-

OBHOCTb, HaKOHe[[, Y31COBeZOMCTBeHHNe liHTel)eCN, KOTOPNe

o6cJIyxpTBamfcb mpeccopt ld TeJIeBvazeHzeM, Co3J[aJIM aTMoeCbe-

py Bcezo3BoneHHocTva. IlpzrleM cllenzaJmcTN va ygeHNe cTonl

MHoro roBoplcJIIr o 6eBonacHocTpT A3C, rlTo mpemze Bcero

y6epptnn ce6H B eToM. Bo ]7JIaBy yrna oHva nocTaBvrnn

IIHOil npaHI[PIn - JIellleBva3Ma. A Ta)A, rlle rJIaBHOe -- SICOHO--

Mx![HocTb, IrpMxomz[Tcfi nocTynaTbcfl 6eBonacHocTbro B nep-

BYIO 09ePe2[Z), T.!<. vaMeHHO OHa TPe6YeT 60JIbll[PTX 3aTPaT.

     KpyrlEIeitmre ygeHH,e cTpaHH Bo TAaBe c npe3vaxceHToM
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A!l CCCP A.n.AJIeKcaHJ[poBbzrvl yTBepmaaJnl, gTo A3C a6co-

JIyoTHo 6e3onacHH, 6oJzee Toro - m3BecTHE[e aToumK noroBc

pva,Jxc.fl[ flio Toro, ri[To oH roToB llocTaBxTb cBofi goM Ha

Tel)I)MTOI)vali CTaHlCXva!

     Tparenv B gepHo6ane uoKaBana, gTo B 3Toti cvacTe-

Me noKa3aTeJrbcTB cyuecTBynv ogeHb onacHNe 3a6nyHzemm

va npopexyr.

    qTo xapaKTepHo: cpa3y nocne aBaplrn vaMeHHo yrle-

HNe... He noBepvaJnz[ B Hee! vax .yTBep)lczeHvae: "eToro He

MOXeT 6NTb!" - 1[e3PIH<POI)rm]POBaJ!O ITPaBvaTeJrbCTBO. TOn5KO

rrpvaeBg aKaJ[emxa B.JIeracToBa B rlepHo6anb ripoffeHMn cva-

Tya uzrro...

    rBJIaro[gapfl npecce, KypHamacTaba, KoTopHe pa6oTaJlPr

B IXepHo6Evre va nxcaJurr o ToM, rlTo BvaneJ]]zE cema]n, coBeTCIcllE

nH)m y3Hamf peaJIbHoe uoJlomeHMe zen. Orm noHflrm, Hac-

KoJ!bKo cnomaoe nono}KeHMe B aToMHotr eHepreTvaKe. Kalc "

Bo BceM HaponHoM xo3slvacTBe cTpaHH.

     6oJ!ee 60 THcm[ nzceM JIerno Ha Moift cTon B "rlpaB-

ne". OKono M]zlrmoHa mz[ceM Irpumo B IU< KI[CC li CoBeT

MIIHIICTPOB. 06I!leCTBeHHOCTb alCTMBHO BKJllOTI]IJZaCb B 06eY-

anemae qpo6neM, cBHBaHHHx co cTpovaTenbcTBoM A3C.

     Ha ilepHo6EvibcKota A3C BoKpyr 4-ro sHepro6JioKa

BHpocJ]va cTeHH. capKoCPa]?a. "porqe roBopa, MorznbHIrKa, B

Hempax KoToporo noxopoHeH aBapndHut peaKTop. HenpvaBNI-

Hoe M Heo6HtlHoe sTo coopymeHze. ITepBoe B vacTol)ml umBfi-

JIxBaJmva. XoTpTM MEs[ sTO[io varm He xoTxM, Ho capKo(lll}ar, M

HallIIfM nOTOMICaM 6YZeT I)aCCICa3HBaTb O HHHeMHI!X C06HTYrflX.

Czrm3oJIoM rlero cTa}IeT sTa rpoMaza va3 6eToHa va cTaJnl?

     IIaMfiTb 6epemHo xpaHplT BTTeziaTneHmH nepBux maeit

nocae aBa,prm, IloToM mpM[uno BpeMfl aHaJIvaBa K I)g)3"IHIllJIe-
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HMil, il TNCfftlva rmCeM rlllTaTeJIeiit "1[PaBMI" 3aCTaBJIflJirzr IIO-

v[HoMy BvazeTb npovacxonHmee: BMecTe c sBaKyMpoBaHHumI

nepermBaTs ropegb noTepva TelTJIa JcoMaluHero ogara, pazotn

c coJIllarem1va BecTva Ty He nomaTylo Jzo IcoHua pa6ovy, plMe-

HYeMYro rlYOKJUSM CJrOBOM "Z[e3aKTMBar[KH", Ha6J]OJIaTb, KaK

MJIYT K 9HeP]706JIOKY PaHeHOit CTaH!Mva JCeJKYPH}le CMeHH, ,

pauoBaTbcH KaKlzoMy HoBoMy noMy, noCTpoeHHorvry 1[Jm JIII;

umBmllxcH pomaoro KpoBa ceMeil,,. M HeJIerKo o･TBeTnvs Ha

Bonpoc, KoTopHti o6HBaTeJIbHo 3agaloT Ha BcTperlax pa3HHe

JmoM: "gTo nocne gepHo6wn?"

     [DeTzepb, cuycTff BpeMfl, oTBeT omaoBHarzeH: npva aBa-

pnn Ha i[epHo6Hzbclcort AeC HpKo va BcecTopoHHe npoHBIIJm-

cb Berme J[ymlf HapoJxa, ero repoM3M p! wyMecTBo,,coc-

TI)aJxaHxe va ougylqeHvae o6urel"I 6epH.

     rlepHo6HJIb - eTo oTKpNTafl paHa He ToJxbKo Ha 6e-

pery npsn}!TM, Ho B Jryme I{aJKgopo geEoBeKa, J7ge 6N oH

Hva }K]z[Jr, rze 6N Hva pa6oTaJI - Ha KpatiHeM CeBepe IEnva map･

KoM rore, B EpecTe vaJm Bo BnamBocToKe.

     OmlH va3 rnaBHHx ypoKoB cJlyqMBrllerocfi B ToM, zlTo

mx y6emlnvacb - cylilecTByeT JmNb rmTo?KHaff npocJroik{a

JrEoz[efi B Hall!eM o6[qecTBe, KoTopNe fiarmKoBaava, pacTepa-･

J]pTcb,cTpycvan]n. ilepHo6Ewlb 6ymo peHTreHoB BNcBemaJr

Mx, Il o6lllecTBeHHoe r[opva[[allze He BacTaBfiJIo ce6H atgaTb.

[[tpyrwoe Ker]HTaHI,Ie Bbmano Ha [como Hapoga - oH c gecTbK)

BHuepxan ero.
                            tt
     ""YILI c BasyTIz[, qel)Ho6anbllH! -- eTva cnoBa cTaJII･a [Jm

60J!burIfl{CTBa COBeTCKPIX JIIOJ[eti He TOJ!bKO JI03YH]?OM, HO

va zenoM. A npoHBnHeTcff eTo no--pa3HoMy: B TNcmax 3a--

HBneHmi c npocb6olt Hal!paBrmb Ha pa6oTy B orracHyro Bo-

Iry, B neHemHbix nepeBoJcax Ha cgeT JCo. 904, B cTyzeHrlec-
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lclGX CTI)OvaTeJlbHHX OTpa]XaX, TPYpaIBlllfiXCff B KITeBCKOii va

roMeJIbcKofi o6nacTHx, B pa6ogy< cMeHax, oTpa6oTaHllE[x

B CQoHx[ rlepHo6Nnfi, HaKoHeq, B 3a6oTe o ,ueTHx ]Z[3 nocTpa

x[aBmvax palZoHoB II B cnoBax corlyBcrBua.

     Ho ecTb M "HOe OTHONeHute K CJIYrlMBMeMYCH. ABal)vaH

BH3BaXa He]7aTIdBHOe OTHO-eHvae BO06[rle K aTODv!HNM CTaHma--

ffM. Cej2tgac He crrnvaTbcH c TaKzM HacTpoermeM HeJrbElfT.

     "HeKoTopHe mpoM3BozcTBa y Hac pa6oTaroT He roJ[a--

M]z[, a BeKaM]z[, - mlrueT X3 BopouxJIoBrpaJIa H.Cu[HeJIsHIIKO-

Ba. -- Ho M Ha Hvax cJTyrlaloTcff aBaprm. HaBepHoe, oHx

6yptYT nOBTOpaTbeH M Ha aTOMHEEX CTaHMIfiX. ECJ]M He Y HaC

, TO B J[IPYrmX CTPaHaX. Ha YJIMrlaX OT aBTOMamH 1[EIIUaTb

HerleM, a TyT eule m aToM,., TaK HeKoTopHe x3 4ac pyMaloT

, va TaK M!l OTHOeMMCff K aTOMHOil ua eHePreTnKe".

     J[errqe BceTo mpeHe6peraTb eT]z[M MHeHMeM, Ho YpOKva

aBapvava B ilepHo6blne Tpe6yroT MHovo: KpofioTJzzBoti va BpsM-

'CllvaBOva Pa311,firCHYITeJl[bHOth Pa60Tbl, 06ffBaTeJ]5HOEiO allamaBa

JIoBonoB Talcvax Juogeit. Oco6eHHo, ecJIva pegb valleT o pac-

T!onomeHvava HoBEgx AeC. K mpvaMepy, TpyxffIo orlpaBgaTs M

o6cE>EcHvaTb noHBJreHvae TaKnx cTaHruati B KypopTHux 3oHax

ITnva ITococeJ[cTBy c geL"!eTByroulvaDIIIa T3[[ M Ii3C, vaJm B ceJIb--

CKOX03JE[tiCTBeHHE[X PailOHaX, CJIaBSI[[IMXCH CBOMrv[va nOilBaral,

-- OTrlY?KJ[eHIife vaX rlOg CTPOHTeJr5CTBO mo6ux･ mpOME[[llJIeHHblX

o6[E)eKToB, B roM ilMcJI.e va aTorv!HHx cTaHImts, zlallle Bcero

elCOHObJMtleCKli HeOmpaBnaHHO. B03MOOKHO, Ha HHHe[IIHeM eTa-

ne Pa3BvaTIIH HaYKva n TeXHvaIma vaMeeT CAMCJI BePHYrbCff K

vaJ[ee al{aJgeMMKa H.J[oJmeffcaJIH, KoTopHti B KoHlle 60-x ro-

J[OB rlPeJ[J!OrmJI C03JEaBaTb Ha "6POCOBE[>C BeMJIflK" - B ITYC--

                                                    'TE[ElfiX, MaJIOBaCeleHHHZX PafiOHaX - MOIllHHe 3Hel)rOrrPOMH-

mneHHHe KorvrrzneKcN, KoTopH,e Bmamanv B ce6ff aToMHNe'
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cTalil]pava va sHeproeMKvae nl)ovaBBOJIcTBa... B o6[[ceM, cnergE-

aJIprcTaM va 3KoHorv[vacTaM ecTb cev[Es[cn ezae pa3 npoa}IaJmByl--

poBaTb cxeMy paeMeuEeH]zcfl A3C.

     Ha AqHorae B aTomaOti'[ eHePreTm{e rv[Eg, o6ff3aHH ceToxc-

lifl cMoTpeTb cKBo3b ][pva3My TiepHo6um. Id He ToJIbKo B

  u

     06 y]poKax aBaprm ToBopvaJ]z B napTKoMe A3C, o H"x

PaBMEIIIIJ]HJ]va Pa60rlvae CTaHrm, KOHCTI)YKTOPN, aKaJIeMIfKPI

E.BermxoB, va B.JIeracoB, Bpagva va cnemz[anvaeTN, c KoTo-

I)ELrvna zoBeJ!ocb 6eceJzoBaTb " Ha cTaH!mM, va B uma6e, M

Ha KOHTPOn5HO-mpOIIYCKHax ayHKTaX BOHN-, B naPTnitHblX va

rocynapcTBeHHHx yrlpe-neHIIflx. Ellle KpyJKplJm Haz noBpe-

mJgeHHem peaKTopoM BepToneTN, c6paclil3afl Ha Hero cBMHe[[

M necoK, ellle nponoJl}Kanacs gBaKyarm HaceJreHnff, eqe

He 6NJzva no KoHua va3BecTHN P'a3MepH 6encTBvaff, a Bce,

c KeM BcTpegaJrcH, o6ff3aTeJIbHo roBopvanz o6 ypoKax 11ep-

Ho6NJm. CJrlrmcoM AIHoroe o6Ha)Kvazocs B nepBN.e mM aBa-

pmva. M}Ioroe vaB ToTo, o rleM He npMHHTo 6ano pa3rvTEruJIHTb,

rlTO Ka3aJrOeb Or!eBI4J[HHM, HO rrI)n CePbeBHOM XCnHTaHIEPI

paccHnanocs B npax, II BEtffcHrmocb, zlTo cyqecTByeT Jzplmb

Ha 6yMare JIa B no6emlls[x panopTax...

     I[OMHro, ICaK lrpenCeJ[aTeJIb KOJIX03a BH,6MJr CTeKJIa B

J[OMe va PaCnOPE[MMCH HaPe3aTb CTeKJIEHHH.e I!JIaCTldHICII 1[JI}I

aHaJIIIBa KI)OBTI, nOTOAtlY ilTO PIX He Ol£a3aJIOCb Y Me,I[PiKOB..

. noMHIo,Ka}cpacnpeJEenffJrldzo3vaMeTpH,Ho6aTapeeK

K HvaM Ha cKna]Ie He 6Hno...

     IIoMHIo, KaK reHepax Bse3maeT Ha nnoifcap cy TleTBep-

To]?o sHepro6JIolca Ha TIepHol"4 "BoJn:e", 6paBvapyH cBoeti

CMeJIOCTbro.
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     I[oMHro cMneBurero c yJ[ozlKott Ha Bepery HpvaI[HTva

conzaTa1

KoTopoMy HE!KTo zo Hac He o6sffclrm, HacKoJ!sKo eTo onacHo...

      [[oMHro pacTepflHHocTb )1 6ecnoMollmocTs HeKoTopElx pyKo--･

BopmTeJ!efi, KOTOPHe 06HBaHN 6um He TOJibKO 3HaTb Bee O CJIY-

gprBrueMcH, Ho M MoMeHTa.]IsHo J[p]aE[2cMaTb Heo6xomae MepH, a

He maJllT5 Yma3aHII[fi ]13 MPC]iCBN... ,

      MHoroe xpaH2[T mmTb.

      ]?I paelTaxHyTNe BopoTa KpecTbflE[crmx neopoB, roToBHe

1rpZHSITb ]10CTPaJlmm... va 65rorlty10CH OT PaJ]MalZYM CTPeJrl<Y

Irpva6opa... V[ cpeBaHHNiit rmac[r BeDrm, lco[vopwh lgculro He crno--

xeT KopMxTb zleJ!oBema...

      MHoroe coxpaman r[arvlETb. ,
      n)Iarvzfl Ha Kplilile mmHHoro BaJra paccKa3HBa]!o He ToJzb-

Ko o repoxBMe nomapHNx. OHo BNcBeT]zvlo upocqeTN lr npecTyrl-

Hylo xaJIaTHocTb Tex, KTo npoeKTylpoBa.]I )1 cTpo]zwz ee.

      IIoxapHNe, gTo 6HJ!va Ha KplstI!e mmHHero BaJza, mpeKpac-

Ho 3Haxpt, KaKylo onacHocTb HeceT papplatuH. Ho no lcoHua oc-

TaBaJZIICb Ha CBOeM nOCTY.･ eTO 61wt ]ax JIOJIT, va Orm erO BNr[OJI-

Hmm.
      C q>oTovl)aK]>xil Ha Hac cmoTpffT MoJzogNe Jmua pe6HT. He

P[POrHyBunor B TpygHyro "g(HyTy, Bac"oHMBunax 6epy co6ort, cBe-

PlllltBUti"< rTOITBMI? - va nalvTSITb O HIitX B HaPO [e 6YZeT jKIIT5 BeZIHO,

Ho zlecTHoe cnoBo, mae 61ir, ecJIM 6sT ol{F! [[empma B 3al]MTr-

Hol"1 oJxe}KIIe Il MacKax Ha KpE;IIIe Maur{HHo]7o BaJra, cJxeJraHHoro

no BceM HopMaM npoTIIBonojKap}rolC,'! 6eBonacHocTM...

      "6eBOTBeTCTBeHHOCT5 Jl XaJIaTHOCT5, HemaCUptrmLvaIIil[PO-

BaHHOCTb TIPP!BeJ!il IC TH)KeJINM rlOeJIeJ[CTBami,1..." - TOBOP]7rTCff

B uocTaHo]Bneum noJmT6Iopo MK IorCC.

      na, HelcoTopHe BvaHoB}use B npovacruenveM yJKe noHean Ha-
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Ka3aHIIe. APyTvae mpezcTa.Jzpl nePez cyzoM. Ho ecTs e[!e Haiu

o6uu･II"! cyi[[ - CYJ narIETn. YI, B03llaBaH zoJvKHoe repone"Ty OJz--

}MX, ),H o6ff3aH!il nOrmTb, rmO 6um mpeCTYrlllafi XaJ!aTHOCTb II

6eBoTBeTcTBeHHocTb ppyrxx. [roJIslco B eToM cv]yclae ?,IEI cJzexa-

eM Bepmge BNBoJui ]rB ypoKoB aBapnn.

      OrleHs zoporova ueHolt zocTaemcH ceroi[glfi onHT B aToM--

moif eHepreTnKe. Ho, cyJva no BcerJry, Koe-･KTQ. cgzTaeT, rlTo

paB oH [[ane}co oT 11epHo6um, To co6HTplH Ha TIeTBepTobA eHep--

17o6xolce cTampllI ero He xacaioTcH. Ba6J]sranerme! Orm vaMeloT

oTHorueHp!e K Ka}igzoMy KB Hac, z[oTor,ay zlTo mpeoKqe Bce]ro llB--3a

OTBYTCTBMH 2[OJT2KHOrt TeXHOJIOrlTtleCKOI"i P2[CnzrmHEr CEY[IIMaCS

6ega. IZ[ noBEmuemlafl 6maTonsHocTs o6f!3aTenbHa He ToJlblco B

aToMHoit eHepreTMKe, a Jl Ha TpaHcnop7e, B maxTer B Ham Bel{

Haytmo--TematgecKoro mporpecca 6e3ogacHocTb moJKHo rapaHTn-

                                           e 'epoBaTb ToJlbKo BNcolczM KagecTBoM Tpyza, BHcogavaaex pmcrum-

JmHofi, co6pamH[ocTB!D li mpoepeccldoHaJuz[3MoM.

      noJ!plT6ropo M< K[[CC mpHMo M oTKpoBeE[Ho coo6llano BceM

HalA, TITo "aBapllA mpox3ouvla Il3-3a IleJ!oro psu[a lgorlylllermLlx

pa6oTHxxaM]z[ eToti gneKTpocTaElllpmr rpy6bTx HapylllemnZ npaBpvz

elcclv!yaTa[utua peaEcTopmix ycTarloBoK". IIpaBnTenbcTBo mpNamo

pm Mep, scoTopHe noMoraloT p!cnpaBans IloJIomemne. Co3[[aHo

IyCIIH!ccTepcTBo aToMIIoit gHepremptI<la, pac-vlpeHa CeTb TpeHEmce-

poB xwlfl o6yxleum orzepaTopoB AnuC. I[pepy'cMoTpeH 1<oAavleKc

Mep, lcoTopHe 6ynyT o6ecnerlMBaTs 6e3onacHocTs peaKTopoB.

Ho n]po6JleMa umpe, oHa BEocomT Ba palvll<11 ogHofi o6JIacTM Ha-

pozHoro xo3HilcTBa.

      JIo cXx nop He BMpllTcH, rlTo J[emypHafi cMeHa oTKJIrorlpma

aBapElti･rHyro cp!cTeMy oxJ!aJKqemnLE[ 4-ro peaMTopa! A BerlepoM pm-

cneTrlep "IineBgHepro" "nonpocmr" HeKoTopoe BpeME He cTaB]z[TI

PeaECTOp Ha PervloHT, TaK Kasc "He xBaTaeT eHeprruzt"... M pe--

                         I-9-12



a!cTop mpogomKaJ: pa6oTaTs, ga M K Tor,cy mpoBomacH elccnepz-

raeHT... IinH MaJO Ma.IIscKZ TexHE!gecKJI o6PaBoBaHMoro geJzo-

Belca [vaEcoe cKoTvlerme HeJIenOc7rei'L va rpy6ei8u[v!x ollm6olc lcaJKe[v-

cE HeBePOHTHEi[M. HO TeM He MeHee OHII maCb, rlTO ld mpZ--

Beno Ic B3pHBy B peaKTope. CTezleHne o6eTomenscTB? Se3yc-

noBHo. Ho I!x rroHBJIeHEte BN3BaHo 6oJIee rJry6omm mpxrz;[E[at,flr.,

ABapua B ilepHo6Eme BNcBeT]zLiia "6oneBNe ToTiKi!". J[a, Mbi o6-･

cyirdqam )dx, macKyTxpoBaJ]pr, BrLcecTe ceToBaJlR!, Ho noToM 3a-

6NBam, TITo npo6Jzervw Hago pemaTb He "gy;KoMy ua[e", a ca--

                                                 '

      PaBBe Hac He 6ecnoKoplT, rlTo nagaeT ]rpecTmK npoepeccmz

KH}KeHel)a Il I{OHCTPY!CTOPa, rlTO JUIIZJIOM O BNCNeM 06Pa30BaE[I･Wl

eme He o3HanaeT, rlmo HapoJvaoe xo3ml¢TBo ncxzy" gaeT BNcoKo-

mmgymcapoBaHHovo cne]mamcTa? li cKonsKo pa3 ceToua

Ha cTpaHlzulax lraBeT MHome BNJIarcI[gz[ecH ygeH]ye M KoHcTpy!cTo-

PN Ha TO, TITO TI)e60BamH B BHCMefi llIKone X Ha nPOva3BOJZCTBe

K MOJIO[bTM Ka[llau CmmOTCH, 9TO POCT TaJ[aHTJZIZ(BNX ZH]KeHe-

poB va KoHcTpy}cTopoB czepmBaemcff?

      B 3epKaJIe asapml oTpa31fxacs ellle ogHa 6eJga. Pa3MepH

QnPeJ[eJ!IIT5 ee TI)Yi[[HO, J[a !t PI3MePXTb HeB03MOjKHO HII B PeHT-

reHax, Hn B KruzoBaTTax, y Hee zmie nalrueTpH. A oHa pea--

JIbHaa, ol[csrTmm, l! yuep6 ee MomeT cwa3aTscH B i[[aJze!coM 6y-

pmleM, ecJm He HagaTs 6opb6y c Heva ceromafl jKe.

      eTy 6ex[y MojKHo onpez[eJliz[Ts cJ!oBorvl "HeBemecTBo".

      B nocJlellHnte TopH ym cJIImKoM pt!HoTo noHBIvlocs rrpol[a-

raEv[wrcToB "JIeTaK)llmx TapeJIorleK", "[[pmulleJIbueB", "HcHoBru[H･-･

ur" Il Irporl]z[x. Z[a JI Bce 6oJlbme B[mzpocoB 3aJ[aroT rmTaTeJII!

o6 acTponovax, o [rpeAcwaBaHplAx HoBofiaxeHHHx mpopmaaTeJrefi,

o rly [ecHHx xcqexeH]acfrx "am3oii" Bozofi, o I)aEcoBNx 3a6oJreBa-

Hi!HX, ICOTOPHe MOrmO JIeTUIT5 "JrY-[IaMEt", nCnYCxae"AblM]Z[ JlaJ[OHE-
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MI( tt6xoJIom![ecKpfx <PeHoMeHoB". I!oprlac mmb BompocH zJur

wtTaerus BamcK]zt ]2t psrMaeum: y)K He B cpeJHeBeKoBbe J!ta norla]t?

     noHffTMe "lcyvlbcpypnm"[ rleJzoBeK" B Haille Bpe},ffl Irp![o6pe-

TaeT MHOiit CMLICJr, T!eM B mpO!!UIOM BeKe.

      OpxlaiKnxl B qeHTpansHorsl JIoMe pa6oTHxKoB )lcKyecTB mpoedi

xomaJza pmcKyccma. Bce emHoJrymlo counp!cs Ha oAHoM: ToT,

KTo He BHaeT vepoeB "AHHN KapeHpifHofi", He MoxeT cilvlTaTs

Ce6H ICYJrbTYPHNM TIeJrOBeKOM.

      CorJzaceH. Onealco MojKE[o nn ToBopJfTb o "Kymb[vype" rle-

noBewa, ecmM eMy HeBe7[oMo, TIorleMy 6HBaeor Bmma pt xeTo? I[o-･

BeJlocb B omova aymTopma, rxce 6Evzo 100 qezoBeK c BNcumut

o6paBommeM, 3agaTb DToT Bonpoc. va gTo me nowaBaE sKcne-

pluvaeHT? npaBansHo oTBeTmla Jlmlls o2ma geBynlKa: olca3aJ!ocb,

oHa 3aHy[Manacs B acTpoHoMvaTIecKoM Kpy)KKe...

      MoMeT 6NTb, m He cTollJlo Bcr!opnieHaTb eToT aHeuaomar!-

HEIiit CJEYilad, emu 6N OH He )IMeJI, Ha MOiS B3rJIFM, pmIOrO

OTHomeH]zLflKaBap2[p!BZIepHo6Ewre. .
                                                  '
 ' I4HXeHePJIBXaP]5KOBaHeBCOCTOffHl(llOmpeJgeJ]E[TbPa3--

Hv[ny Memay BBpNBorA Bogopoga II B3pEmeoM BoJ[opopHoil 6oM6N,

ero lcoJmeTa ns KI!eBa noHflTnA He MuLffeeT, qTo TaKoe ecTecT-

Berm pa ulatuoHHEgit CPo}I, MoJroJ[aH meamHa vaB KpacHozapa

y6ejKqeHa, qTo "lleTM va3 npnmaTpl 3apa3aT Bcex B oKpy]]e paJul-

aane]"i", neJ[arorz !tB UoJx[paJ3bl Tpe6yroT, Tl[Do6H "B e[roM rorv

He mpoJ[aBa]r[I Pb16y y[3 J[Henpa", va oraic [[anee x To"Iy nozo6H(Ex

XozleTcH cmpocllTs: zopo]?Ile ToBapilma, rle}vly me Bbl y-[uztJuz(es B

mKoae? HalcoHel[, B ByBe?... ]la, MoJllEio npocrmTb cTapymKy It!3

ceJIa, gTo Ha ToMenb[[ulHe, Korga oHa npocMT paccKa3aBb o

[pamdam - oHa Mo]7JIa I{ 3axlarvlfimoBaTb, Ho TeM, KoAry 20 rm

40 JIe[D, - PaBBe TrpOCTZTeJZ5HO He3HaHVIe?!

      KaEcoBo me 6Emo Moe ymaBJzeane, Korza B 6eceJ ax c jKM-
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TeJM)Z[n llpaIISITM BblHCIUdJIOCb, rlTO OIII! BeCbAtZa CP,ryTE[O nPeJICTaB-

JIHioT, rlTO Talcoe anepaaJg eHepveTIIKa, a o papvao6noaornz ]a

vao}]XBvapylou;ylx p!3JIY'[IeHi!HJC, Y;K He rOBopa o6 M3oTonax, Boo6[qe

noHflTua He ru･,celoT. KaBaJIocb 6Er, mffH xci(TeJ!m,1 aTormaoro ro.1)o-,

na, noxomeHo 3To BHaTs!

                     ' ' ATeMpyl<oBozplTeJLflT,1,KoTopHeBrvaacmTa6axo6JlacTn]zt

pecny6Ju･!ruzE oTBeTIaloT 3a aTor,fllylo sHepreTIgsr? I4 B2[pyr B paB-

ToBope BHHcamocb, qTo pylcoBozmTb--To pyKoBoJurm, a Kmlm

no epn3nKe, no pamamoHHoi[ 6e3onacHocma (r[oTryJmpmie,}a)--

HezlHo) BBma B pyma nnrus,nocne aBapE[z He eTaHnma.

      "ilsT r!acTo mpoM3HoclrriA cJzoBa "Hay"gHo･-TexutrlecKaH peBo--･

mollpaH", "ycKopeHxe HaguHo--Texl･IIIqecl£oTo rrpoTpecca" -- BeK

Y HaC TaKO}O!. CTOPIT O7JrHHYT5CH BCe]rO JII!rul5 Ha J]Ba--TI)II J[eCH-

Twa ･neT B npollmoe, cpa3y noiinvlemb, HaclcoJIbKo npeo6paBw!cH

oKpyxaL/oliulii Hac map. B Hono npmm caojKHeime TexEur[!ecKIIe

eJICTeb,Cbl, OH HaMOJIHeH <l)I13MICOit ll eJIel£TPOanKOil, Mall!I{HaltV[[r n

Mexam3MatAx, llolFIac HacToJls}co enojKHsmm, zlTo z[axce Tpyp;[o

![OHE[Tb, KaEC M n09eMY OfM J[ertCTBYIOT. HO Halll BeK KOCMOHaB-

TIlcra, aTOMa, 9Jle}CTI)OHIIKE[ ]a 11HCbOPMaTII}CE[ TPe6YeT 3HaHJJIH.

nPI(TIeM nOCTOHHHOi"1 YCIe6H - 6ara?ICOM IIPOI!LJIOTO He I[POrmBeru5.

Ii !corna rvIEil roBopjdM o uepecTportKe, To ee npeoKue Bcevo Ha-

 [o HauvaHaTbc ce6ff. C 6opsdN Ba 3HaJule, IcoTopoe JcoJr?KHo co-

OTBeTCTBOBaTb BPeMelE[Il,vaHaTIe Taec ?! He eM02Kelllb OICelll･ITb JXO--

CTOPIHCTBa POanatOlqetiCH HOBOif' TeXHMIC[1 El TeXHOJIOVIIPI. ECVIE! XCe

He rloinvlems ee, To KeaK Me 3a Hee 6opBTscff?

      HeBexcecTBo rTopoanaeT cTpax, namIcepcTBo, va KaK cnez-

CTBIIe 9[DOrO -d BJIOTIEPCaTenbCTBO.

      ITepBNe [g}{pl nocne aBap]zLx nowaBam, zlTo r,EHomx oHa

BacTaJia Bpacmiox. J[a, He 6ano orzHTa. J[a, Ta:Ecoro HacmTa6a

aBapplH caytlanacs BnepBE"e. J[a, AEHoToe 6Emo 1!eor/a!JzaHHo.
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Bce eTo BepHO, M cJregyeT ytmTHBaTI) Heo6Er[!am cJIomEIocTb

o6cTaHoB]ma. Ho momao rm 6Emo HeqTo Eozo6Hoe mpenE[vmeTs?

]Z[ aue 6y7asrtlE[ yBepeE[HETM, zlTo BoB!ua<HoBeH]z[e TaEcort aBappm

npaEcTlueclarr zcnmgeHo, ffreM }re Me}!ee z[pegycr,fompe[vs naaH

ZeilCTHIZ[fi? Il BHOBS STO He TITO nHOe, KaK JaHb HeBemeCTBY,

rrOTOMY rlTO TOJIbKO Te, KTO BO BJIaCTZ He3HaH asl, CI!OCOdHEI

y!vBep)KJIaTb: "eToro He MoxeT 6HTb, noro"gy TzTo He MoJKeT

6Hmb H]aKorza"!

      Y)Ke HoBHe noKoJleHne BErpocnn nocJze nycwa r[epHort aTo--

MHOva CTam n lioneTa kpME raraPMHa. Onz BOrm B rm3H5, B(

Bocnpva-IMaH aToMHyro eHepreTis]ty Icaic HerlTo o6EIgHoe 1 ecTe--

cTBeHHoe. A Begs eTo HoBe]eullafl o6JIacTs HayKK K TexEllztma, va

no cyTva oHa TonbKo TIepBNe ruarm J[eJlaeT. Ho sToqo ollrylqeHzf!

HOBI!BHEI He BOCM(TNBaeM )nN Y MOJIOmx. I[OLIHro, CKOJIbKO HaY-

rlHo-nonyJzslpHHx KHnv BEgxomao B naTmecffTNx zonax. 1[mclcy-

ecylff o t' epz31Kax" z "Juz[pzKax" Irpmmewa,na BHImam?te enea. .lm

He Bceti MoJlonemu cTpaHH... Torna "Jmpmwt" no6ema, a

"¢va3Mvati B TmmHe mpoplmm cBoe pleJIo -･ coBl[am TexHo--･

JIOr}M. HO "JlFIPMwa" mpOJCOJIjKaeT BJIaCTBOBaTb CPema MOJIOZema,

a CBIII[eTenbCTBO TOMY KOHKYPCN B BYBaX ･- TeXEIV!rleCKI(e"]10-

PHT". YlrKe He O TOM BO MHOrlli[ BY3aX raeT Pegb, TIT06H I!B

llIepeHrK npeTem[eHToB oTo6paTs JIymuEtx, a mms 6hl Boo6Iqe

Ha6pams Kype... ][potaeT Bcero naTs--mecTs neT, K He cH-

1[Y!r J!]2[ 3a IZYJ!]5TH aMOr¢[HEIX PeaKTOPOB Z 3JIeKTPOHHH)C CHeTeA-1,

3HepveTmecKKx mraHToB ll aBTeMaTIrgeclaex JulMatt Te caM}ife

BHuycKH]aKE[ moKn, IcoTopNe ceroma ene--eJre nepe6mpaleTcfl zle-q

pe3 nopor ByBa, ga va TaM yTIaTcH c TpyzoM, noToMy gTo BH-

m(rt HexBaTaeT, a "rvraH" rzo BNnyc}csr Hu[KTo He ocvMeum.

     Epxo6rqeEm(e Monozerm K TexrmRe - ogHa ld3 calvfbTx aEc--

TYaJIbHHX 3aJgag Cer02urff. 3TO CJIeJraTb ]]PvawueHMeM HeJ153H.
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[DosbKo npo6ym eHr[eM, q>aHTaBlu!, Boo6pa;Kem!fl, mo6o3HaTezb-

HocTz -- II[zpoTIaimeti llo cBo]!M MacmTa6aM upocBeTmenscKova

pa6oTH.

     BoT nogerAy Hano galqe cupamuz[BaTs: oTrgero 6E[BaKrr 3nt-

Ma ta "eTo?

      Ypo-I TIepHo6IgJrH macaloTcE paBHEnc eTepoH Ha!IreLil ma3Hpt.

I¢ZVI B 3aBTPamti 1[eH]5, MEg ICOJUKHH YtllKTM3aT5 eTX YPOK!(.

rlepHo6-!s o6HBE[BaeT Ka)"[oro xB Hac ec JMcmaumHe, K BHcoKo-

KBaJuz[aymlpoBaHHorvrsr Tpus. IC[ eme o6 omaoM Hazo o6ff3aTenbHo

IIOMHIZ[T5: KamugeSX rleJIOBeK Ha rWIaHeTe [OJIiKeH EOHETb, HaCKOJ!b-

Ko omaceH aToM, BEanemxti M3--nog KoHTpoJzE. CJry:!]anacb Tpa-

Tema - noHBanaeb }mepHafl paHa B olmj2tiS TorlKe 3e"EHoro ma-

pa, a KaK HeJ[e]?Ko ee 3aJ!erlzBaTb?! A ecmI Bcff,]vlaHeTa cTa-

HeT TaKoit? TIepHo6fipzs HaxrorAmUi, cK'anb KaTacTpoCptEgHa anep-

Hafl BOima, OH nOJ[TBePma', TITO eJUIHCTBeHHEII3 IIYTS K 6e30-

nacHocTn rlenoBerlecTBa -- pa3opmemzte. IE B rlepByro orlepenb -

anepHoe...
           '
      Ha upoAclwlomamce cTam BoKpyI7 4-ro gHeprodnoma BN-

pocJm cTeHH capKoq>ara. OH JzoJvlceH cTaTs IIaMfl!vmcobvl repova3-

My M coMooTBepKeHHocTpl JuD2[eti, KoTol)He zleHoq> cBoefi jK[!3H]z[

                                                 'x BzopoB]yl Baraemm anepHHfi oToHb. va mc zMeHa, yBepeH, 6y･

psrT BN6nvN 3onoTIthM 6yum }Ia MpaMopHoii mmTe, gTo 6y-･

zeT IrpzKpennerra lc cTeHe, va y llee Bcerx[a 6ypyT J!eJKaTb JK]a--

BHe IMeTH.

      CapKocoav B TIepHo6ane o6ffBaH cTaTs cmn3cv:oM }Iaiuett

n06elZN HaJ aTOMHOva CTZXileti, HO OH MOMeT 1rpeBPaTKTbeH va B

cilMBon ena6ocTx, 3a6J:yaneHp!fi M onz6oK Hamero BpeMelm, ec･-

             eema ceTollHff, celigac mm n3 Hac m Bce mcecTe lv[E" He yq-

TeM ypoKoB aBapma B 11epHo6buie n He cJ enaerG Bcex Bm3oqoB

xB Hee.
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      Cerotm` yKe HcHo: Kpymleltme Oml(6KM, coBepmeHHHe

mpId mpOelCTi(POBaHil]Z[ Jtt CTPOIITeJr5CTBe AeC, He !103BOJ:EIOT Pa3--

BMBaTb aTor,iHylo gHe]preTldKy B Tex MacmTa6ax, KoTopNe mpnsrc-

rs4aTI)p(BaJudcs eHep]?eTi!gecKott mporpaM?Aoift CCCP.

      A3C B ApMemz[z, rxcq mpollcxolvlT I<aTacTpoCbMr!ecane 3ervF-

neTpaceHng, - ]rpy6aH ollm6ma. noA mneM o6mecTBemlocTli,

 mpaBnTeJIscTBo npnH}tJIo pemeHxe o 3ascpHTnn n nepempo<blvull)o-

BaHYIP! CTam. OmaH 6JIOK OCTaHOBJZeH B <beBPaJre, BTOI)OI"r -

B prapTe. VI3--3a rrpocr!eToB ygeHHx Il cnerulaJlncToB cTpasle Ha--

HeceH oypoMHNtl ylllep6.

      eKCrlel)TP!3a TIOICaBaJIa,ZITO HeJ153H CTPO]!T]5 AeC B I<PbE,ffY,

Bl[eCb TaKJKe B03MO}KHH CMJrbHNe BmueTllfICel･IIZ[fl.

      Pa3MerlleHIZte KPYnHEIX CTaHmai8 B ryCTOHaCeJle}IHbTX Pal30Ha-

X, PanOM C TaKIIr,ma YOI>OZat.llZ!, Kal< D･inHCK 1{JI]Z[ TOI?blglfi･S, IL,TSTIrKO

roBopfl, He caADe onTi!MaJrb}roe pelllerme. llpmHffTo nocTa}IoBJIe-

I･vae o rzpeKpaMleam pa6oT Ha eTMx o6seKTax.

      3aJKpNTo c[vponTensc[DBo cs]alan/a Ha CeBeprloM ICaBua3e.

B cecb orleHb xopomple 3erm, p.a2Bnme npo)AImuneHHocT]l,xlTo

ld nompa3ytvleBano cTponveJIbcTBo AeC, Heuenecoo6pa3Ho.

      Pa3Be 9TO He PaBY)ililLIe Pellle}llIH? Be3YCJIOB}IO, IZa. OHM

ITP]IHflTH rlOJ[ ZeiiCTBvaeM 0611IeCTBeHHOCTM, B Pe35UIbTaTe an]POKO･

ro ll Bce}IapollHoro o6cyomeHIdH.

      Tipyt[Hoe IloJ!ooKerme cJIo}KIIJzoe]s cerop[tH B o}repreTIIIce.

Ho oTlca3 oT AeC MrpaeT M cBs[ilo xloJIooKE[TeJzsHylo poJIb. npvaopltl-

TeT Tenepb nony-c!atoT DHeproc6eperalellme TexHonor]acK. Pe3epBbT

B eTOM HaTIPaBJIelan eVPOrAHH - Ha rrpOTHMeHva1 J[eCffTICOB JZeT

cr!plTaJ!ocb, gTo onepemaroeqee pa3BxTxe eHepreTm!cr1 no3BoJLf!eT

Har4 cTpoi!Ts JlloxiNe mpem]pmaTIIsl - B ToM rulcJIe i( pacxonyEouae

o]7I)orvuroe !coJz]z[rlecTBo oHep]rv[n.
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     Ho c J]PYrOiS CTOI)OIILI MEI n(N[[;KHN IIOmaiTaTlbe B03Be2geHIIeM

TonbKo rcC an T3ll mpodJ:ema He 6y7[eT pemella. CTpaHa He

A･IOMeT EonHOCTSro OTwa3aT5CH OT A3C.

     MocT HyiKHo cTponTb c nByx cTopoH... Pa6oTa ygeHbTx

Il cnenzamcToB J[omaa IrpoxoJv!Ts rrpn noJ!Hofi oTKpHTocTx,

rJIacHocml!, paBBIITJIe AeC o6H3aHo BHHocuTscE Ha o6llleHapom{brt

peepepelm yTi. .
     HO ]d 06EIeCTBeHllOCTb ZOJIIKHa JMTK HaBCTPeTIY K Y[IeHHM.

npe7B;qe BceTo TpetweTcs, gTo6H ypoBeHb o6paBoBaHHocn y Ha-

CeJlermH 6NE rronaHT " no cy!EX B eTI!x xpo6JIeMax gapaor nOn-

Ha}I He]?paMoTHocTb. IloKa npeBaJu!pyeT cTpax "][epez aToMoM",

ymTE[Baff paBMepH TparemJ! B llepHo6NJIe K ee amffEIple Ha yrv[Er

M cepmpga Jmozeta, xczBymx ceroJw! ta Haurqx noTo}lr!<oB, HaJEo

eTy pa6oTy npoBo]MTb nocToHHHo, c q>aicTara{ B pyway - ]rpIl--

3NBam ceroma ImKovo He' y6emab.
       t
      HO13a.fl uaBrmBaZ[Il}i B ]Z[CTOPldI! rleJ!OBeTleeTBa HaTIa.7IaC5

Bcevo rll}Ts 6oxee rleTBepTp! BeKa Ha3aJ[. Il oTo r,Tbl 1[oJm{Hlg

noHffTb cerozHff - BaBTpa 6vaeT no3mao. Iinage geaoBegecTBa

MoJKe[r oKa3aTscH B "caplco<(>are" [[ozo6HoM Torz[y,gTo BoBBeqeH

BoKpyl? rleTBepToro peaicTopa B gepHo6bme.

                                                  '
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（仮訳）

グラスノスチとソ連の原子力開発

ソ連「プラウダ」紙

科学部長　V．グーバレフ

　今日、4月12日はわれわれの文明の歴史において記念すべき日付であります。ちょう

ど28年前のこの日、ユーリー・ガガーリンが宇宙へ出発し、人類に宇宙への道を切り開

いたのです．この出来事は、一見、今日私たちが議論する問題からはかけ離れているよう

ですが、じつはそうではないのです，ガガーリンの飛行は、私たちの世紀の象徴になり、

われわれが「科学技術革命」と名付けた一連の過程、すなわち地球上の生活様式を根本的

に変化させたあの一連の過程の発展に巨大な影響を与えたのです．原子力開発は、この過

程の一部を成すものです。

　私は、たまたま、帰塁開発の歴史においても、ま左翼エネルギー技術の確立と発展の過

程においても、その主要な出来事に証人として立ち会う機会に恵まれました、私は、宇宙

飛行士たちの飛行を見送り、ソ連で行なわれた多くのロケヅト打ち上げに立ち会い、また

アメリカを含むいくつかの国における打ち上げにも立ち会っています。その一方では、原

・子力技術の誕生と発展が私の目の前で進行し、軍事目的だけでなく、純粋に平和目的の核

エネルギーの利用の場にも立ち会っています。私は、中央アジアでガスと石油が噴出炎上

した際、核爆発によってその火災を鎮火させた現場に居合わせた唯一のジャーナリストで

した．地下貯蔵庫および人造湖の造成にも立ち会いましたが、これもまた、1945年に

広島と長崎を壊滅させたあの巨大なエネルギーを用いて作られたものでした。

　私の職業がら、また『プラウダ』紙での仕事の関係もあって、ソ連におけるエネルギー

開発計画の作成に参加することにもなりました．

　占代の神話によると．「世界は3頭の鯨に支えられている1そうですが、現代のエネル

ギー塵業についてもそういうことが言えます．それは、水力、火力、それに原子力発電所

です、その他のエネルギー源もそれなりの役割を果たしていますが、今のところそれほど

大きなものではありません。

　ですかち、80世代の初めに作成されたエネルギー開発計画は、まさにこれら「3頭の

鯨」に立脚するものでした。ここですぐに断わっておきたいのですが、この計画は、比較

的狭い範囲の専門家たちにより、広範な社会的論議なしに内密に採択されたものでした，

この計画は政府により採用され、ソ連のすべての人々に対し、それを討議するためではな

く．履行するためにのみf上部から下ろされた」のです。

　シベリアおよび極東地方においては、いくつかの大型水力発電駈の建設が見込まれてお

り、さらに原子力発電所を2、3か所建設することになっていました、
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　アチンスク炭田を基盤として合計出力が4千万キロワットに上る大火力発電所群の建設

が見込まれています．

　わが国のヨーロッパ部では、原子力発電所の建設を急激に、「飛躍的に」推進すること

が予定されていました。計画によると、100基にのぼる大型炉の建設が見込まれており、

その主力はエル・べ一・エム・カーユ000型炉（チャンネル型大出力炉）で、それにシ

ェフチェンコ市やスヴェルドロフスク市郊外で稼働しているのと同じ型の「高速三牲子」

型炉も数蓋見込まれていました。これらの原子力発電所は、ボルガ川、ドニエプル川流域、

カフカーズ地方、クリミア半島、パルテック沿岸地方などに配置されることになっていま

した。その際、各発電所の出力が8百万かち1千2百万キロワットに上る「巨大原子力発

電所」でなければならないとされていました。

　チェルノブイリはすべての状況を根本的に変えてしまいました。

　私は、事故地区に最初に到着したジャーナリストでした。現地で過ごした最初の2週問

は、それまでの全人生で体験してきたことをはるかに上回る体験となったのです。事故地

区での仕事、発生した事態の分析は、私自身の考え方をも根本的に変えてしまったのです。

なにを隠しましょう、チェルノブイリ以前の私は原子力発電の将来について違う見方をし

ていたのです。それどころか、私は、原子力発電を宣伝し、すべての発電所の建設を支持

し、原子力の広範な利用なしにはわれわれには未来はないと説得してきた者たちの一員で

した。

　チェルノブイリは、この問題に対する考え方を変えさせました．

最初に個人的な印象をいくらか述べてみましょう。

　　ヘリコプターで発電瞬とプリピャチの町の上空を旋回する。

　　原子炉はまだ「くすぶって」いる‘空気申には「金物の味」が感じられる．、つまり、

　放射線レベルが奔常に高いということだ。第4ブロックの恐るべき破壊の有様が見え

　る一崩れ落ちた屋根、はね飛ばされて散乱するコンクリ．一ト塊、爆発の凄まじさは疑

　いようもない。

　　奇妙だ、町の眺めがどこか異様だ。白亜の高層建物、幅広い大通り、公園とスタヂ

　アム、幼稚園に隣り合った遊園地、商店・一だが町は空っぽだ。通りには人っ子一

　人いないし、夜になっても灯の点る窓はただの一つもない．ごくまれに特別車が通り

　に現れる一あれは放射能検査の車だ…

　　人のいない町…　恐ろしい…

　　住人に捨てられた死の町。大人も子供も、年金生活者も家庭の主婦も、物理学者も

　アパート管理人も、すべての人が見捨てていった…
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　もう一つの印象があります。その同じ町についてですが、時期はあのときから2年後の

ことです，，何回目でしょうか、私は再び事故地区にやってきました…

　　　住民のいない町は急速に死んでいく。私を出迎えるのは、落ち窪んだ眼窩のような

　　空虚な窓、ペニア板の打ち付けちれた商店のショーウインドー、トラックかちこぼれ

　　落ちたベッドの金網、そして静けさ。それは、ひっきりなしに振り返りたくなるよう

　　な深くまた思いがけない静けさ、自分の後かちだれかがつけてくるような感じ、だが

　　それは周囲の建物にこだまする自身の靴音…　辻の小公園ではすでに雑草が支配し

　　ており、所々でアスファルトを突き抜けている。それにしても雑草の伸びのなんと早

　　いことか？！発電所へ行く途中で畑を目にした。事故のあと収穫していないので、麦

　　はそのまま地面に落ち、今やそれが新たな芽を吹いている。だがこうした農地では褐

　　色の斑点がどんどん広がってきている。難草が小麦に勝ちつつあるのだ．恐らくこの

　　秋にはもう最終的な決着がついていることだろう…　．

　　　雑草が原野から町に侵入し始めると、それは今やプリビャチを囲んでいる鉄条網も、

　　町の周囲に設定された「衛生ベルト」も押しとどめることはできなかった。もっとも

　　悪の種は町の申自体に潜んでいたと考えるべきだろう．今やそのときが来て、地中か

　　ら這い出てきた…　　苦よもぎは、心に痛みを生み付け、人をその虜にし、今やそれ

　　を振り払うことはできない．なぜなら、どんなふうに町が死んで行くかを見るのは耐

　　え難いほどに辛いことだかち。

　　　だがそうでなければならないのだ。生命のために、そこで、トラックが次ぎから次

　　ぎへとベッドやカーペット、テレビやソファーなど、プリピャチ市民のアパートにま

　　だ残されているすべてのものを運び出している。除染！この言葉はこのところ耳慣れ

　　たものとなったが、今日のプリピャチではそれは、家具やがらくたを運び出し、アパ

　　ートを完全に空っぽにせねばならないということを意味する。なぜならアパートには

　　放射性のホコリが積もっているからだ、すべてを破棄せねばなちない…

　　　今では町からは発電所が手のひらの上にあるようによく見える。その白い建屋も、

　　第4ブロックの暗いピラミッドも、除染は除染として、あすこ、事故地区の心臓部は

　　どうなっているのか。

　　　原子力発電所の周囲には草一本生えておらず．よくある芝生も花壇もない、あるの

　　は灰色のコンクリートに覆われただだっ広いスペースだけ．すこし後で、発電所の各

　　ブロック闇を結ぶ回廊からこのゴンクリートの厚さを目の当たりにすることができた．

　　狭軌鉄道のレールがまるでトンネルの中にあるように走っているのだが、以前は、事

　　故までは．地表を走っていたのだ。全敷地から土をはぎ取り、コンクリートとアスフ

　　アルトを敷き詰めたのだ。今年はまだ地中をギほじくる」予定になっている。連絡パ

1－9一（3）



イブ類が通っている場所を据り返し、除染作業をし、補修せねばならない。将来的に

は、ここには、原子力発電所の敷地内には．土が運び込まれ、新たに花壇や芝生が設

けられることになっている。発電所とその周辺地域は事故の前と同じ光景にしなけれ

ばならない…

　残念ながら、そのためには数十年の年月が必要だろう…

　チェルノブイリの教訓ですが、それはどのようなものでしょうか．

　なによりもまずそれは「ソ連における公開性瓢グラスノスチ」の試験でした。最初の数

日間の沈黙はなぜだったのでしょうか．世界中のすべての新聞があの悲劇について、とき

にはその規模の大きさに思いも及ばず、またしたがって、ときには誇張して報道している

ときに、事故地区（ゾーン）からは断片的な情報しかもたちされなかったのはなぜでしょ

うか．

　「沈黙地帯（ゾーン）1を許すことはできません。これは疑いもなく、役所が沈黙を守

ることに努め、最善の場合でも情報を歪めようとしてきた過去の再生現象の一つです。く

りかえしますが、これは原因の一つでしかありません。主要な原因は、はるかに深いとこ

ろにあるのです．それは、何十年にもわたって原子力発電の周辺に醸成されてきた「心理

的雰囲気」にあります。

　核兵器の開発と結び付くすべてにおいて常に「：タブー」が存在してきました。原子力発

電は、兵器を作っていたのと同じ研究所で同じ学者や専門家たちによって生み出されたの

で、彼らの仕事は以前と同様に「機密」だったのです、社会の側からの批判にさらされる

可能性のある事項がなによりも先に非公開とされていました。欠陥、事故、果ては、原子

力発電所の配置および開発の基本方針、こうした情報のすべてが密室内に留め置かれ、閉

じたドアの内側で、「人民の名において」決定する権利を自ちに付与した狭い範囲の專門

豪たちによってのみ討議されてきたのです。

　ド専門寂というのは溶剤のようなものだ」というポピスラしな書い方があります。技術

的決定の無謬性、傲慢さ、そして自分の所属する機関の利益がすべてという発想、そうし

た傾向に手を貸してきた新聞やテレビ、こうしたことが何をしても許されるという雰囲気

を作ったのです．しかも専門家や学者たちは原子力発電所の安全性についてあまりにも多

くのことを語ったため、まず最初に自分たち自身がそれを信じこんでしまいました。彼ら

がなによりも重要視したのは安さでした。経済性を主要なものとする場合、まず最初に犠

牲にされるのは安全性です。というのもまさに安全性こそが大きな出費を強いるものだか

らです、
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　ソ連科学アカデミー総裁A．P．アレクサンドロフを頂点とするわが国の代表的な学者

たちは、原子力発電所は絶対的に安全だと断言してきましたし、それどころかある有名な

原子工学者は、自分の家を発電所の敷地内に設けてもいいとまで言っています！

　チェルノブイリにおける悲劇は．このような証明のしかたに非常に危険な思い違いや破

綻があることを示しました。

　特徴的だったのは、事故直後まさに科学者たちが事故を信じなか’）たのです、彼らによ

る「そんなことは有り得ない！」という断言は政府に誤った判断をさせることになりまし

た。アカデミー会員〉．レガソフがチェルノブイリへ到着して初めて状況が明らかになっ

たのです・・

　チェルノブイリで活動し、目の当たりにしたことを報道したマスコミやジャーナリスト

のおかげでソ連の人々は現実の事態を知ることになりました。人々は、原子力発電がどの

くらい複錐な状況にあるのかを理解したのです。これはわが国の国民経済全般についても

言えることですが．

　『プラウダ』紙の私のデスクには6万通以上の投書が山積みにされました。党中央委員

会と内閣には約百万逓の手紙が舞い込みました。世論は、原子力発電所の建設に関わる諸

問題の討議に積極的に参加してきたのです。

　チェルノブイリ原子力発電所では第4エネルギーブロックを囲む石棺の壁が立ちあげら

れました．端的に言って、これはその核心部に事故を起こした原子炉が埋葬されている墳

墓です。これは一風骨おつた異様な構築物で、文明の歴史においても前例のないものです。

それを望もうが望むまいが、石棺は今偵の事件をわれわれの子孫に物語ることになるでし

ょう。鋼鉄とコンクリートから成るこの巨大な塊りはなにを象徴することになるのでしょ

うか。

　記憶は．事故後の最初の日々の印象を：夫切に保管しています。その後で分析と思索のと

きがやってきました。それに『プラウダ』紙の読者かちの何千通もの手紙は、起こりつつ

ある事態を別の角度から見ることを迫ってきました。投書を通じて、避難させられた人た

ちと一緒に象庭のぬくもりを失う悲哀を体験する、兵士たちと並んで耳慣れない「除染」

という言葉で呼ばれるよくわからないあの作業を行なう、傷ついた発電所のエネルギーブ

ロックへ当直要員が向かっていく様子を見守る、塚を奪われた家族たちのために建てられ

た家が一軒完成することに一緒に喜ぶ・一それでもいろいろな人に会うたびに必ず出さ

れる質閻「チェルノブイリ以後はどうなるのか？」に答えるのは容易なことではありませ

んでした。

　今では時間も経過して一義的な答えができます。チェルノブイリ原チ力発電所の事故に

際しては、人民の心の偉大さ、その英雄主義と勇気が鮮やかに全面的に発揮され、同情そ

れに災難はみんなのものであるという実感がはっきりと感じ取れました。
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　チェルノブイリ、それはプリピャチ川の岸辺で口を開いている傷というだけでなく、一

人一一人の心の中に開いた傷口なのです、その人がどこに住んでいようが、どこで働いてい

ようがこのことに違いはありません。極北地方だろうと暑い南部地方だろうと、西のブレ

ストだろうと東のウラジオストークだろうと。

　発生した事態かち得られた主要な教訓の一つは、わが社会でパニックに陥ったり、荘然

自失したり臆病風に吹かれたりした人々はほんの一握りにすぎないということに確信を持

ったことです。チ試ルノブイリはそうした人々をエックス線で透写するように際立たせて

くれましたし、ただちに社会的非難にさらされました。困難な試練が人民の肩にかかって

きましたが、人提は名誉をもってそれに耐え抜きました。

　「チェルノブイリの皆さん、われわれはあなたと共にあります1」この言葉は大多数の

ソ連の人々にとうて単なるスローガンではなく、実際の行動になりました。それはさまざ

まなかたちで現われました。危険地域での仕事に派遺してほしいという申請書のかたちで、

義指金口座番号904への送金のかたちで、キエフ州やゴメリ州で働いた学生建設隊のか

たちで、チェルノブイリ基金のために追加の交代勤務に就くというかたちで、そして被害

地域の子供たちへの心配や同情の言葉というかたちで．

　しかし事愚への別の対応もあります．事故は原子力発電所全体に対する否定的な対応を

呼び起こしました。現在では、そのような気分を考慮しないわけにはいきません。

　ヂ産業によっては何年というより何世紀もの間、働き続けているものがありますが、そ

うした産業においてさえ事故は起こるのです。おそらくそれは原子力発電所でも繰り返さ

れることでしょう。わが国では起こらなくても他の国で起こるかもしれません。自動車の

せいで息をする空気もなくなっているというのに、そのうえ原子とは一・私たちの中に

はそんなふうに考えている人たちがいますし、私たちは原子力発電にそういう態度をとっ

ています」とヴォロシロフグラード市のN．シネリニコワさんは書いています．

　こうした意見は無視してしまうほうが簡単ですが、チェルノブイリ事故の教訓は異なっ

た対応を迫っています．つまり、懇切ていねいで思慮深い説明、そうした人々の論拠の義

務的な分析などです。これは、新たに建設される原子力発電所の立地に関する場合ミとく

に重要です。たとえば、保養地あるいは稼働中の火力発電所や水力発電所に隣接した場所

にそのような発電所を楚設することを逆当化したり説明することは困難です。また、肥沃

な土壌に恵まれている農業地帯においても同様です。そのような上地を、原子力発電所を

含むなんらかの工業施設のために収用することは、多くの場合経済的に正当化し得ないの

です．科学技術発展の現段階においては、アカデミー会員N，ドレジャリの考えに戻って

みるのも意味のあることかもしれません。彼は、60年半の東に、荒野や人口稀薄地区の

ような「捨て地」に、原子力発電所やエネルギーを大量消費する工場を含む大規模なエネ
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ルギー・工業複合施設を建設するという案を提案しています。全体的に、専門家や経済学

者たちは原子力発電所配置アランをもう一度分析し直してみるべきでしょう．

　原子力発電における多くの問題は、今日では、チェルノブイリのプリズムを通して見る

必要があります。それは原子力発電に限りませんが…

　事故の教訓については、原子力発電所の党委員会で議論されていましたし、発電所や事

故対策本部、地区出入りロのチェックポイント、党機関や国象撮関などで私が話をする機

会を持った発電所の労働者、設計家、アカデミー会員E．ベリホフやV．レガソフ、医師

や専門蒙などはみなその事について考えていました。破損した原子炉の上空をまだヘリコ

プターが飛び回り砂や鉛を投下していたとき、まだ住民の避難が続いていたとき、まだ災

害の規模が完全には把握されていなかったとき、出会ったすべての人たちは必ずチェルノ

ブイリの教訓について話していました．事故発生直後の口々にあまりに多くのことがむき

出しにされました、自明の理であるように見え、考える必要もないとされていたが、深劃

な試練にさらされると脆くも崩れ去り、詰局、勝利の報告書の類いの紙の上にしかないこ

とが明らかにされた多くのことがです．

　コルホーズ議長が家の窓ガラスを叩き出し、血液検査用のガラス板に切り分けるよう命

じていた情景をおぼえています。医者のところにはそれがなかったからです…

　線量計を分配する情景をおぼえています。しかし倉庫には線量計用の電池がありません

でした…

　将軍が自分の勇敢さを誇示するかのように黒塗りの「ボルガ」で第4エネルギーブロッ

クのヤードに乗り入れた情景をおぼえています。

　プリビャチ川の岸辺で釣糸を垂れていた兵士のことをおぼえています．彼はそれがどん

なに危険なことか私たちに言われるまで誰からも聞かされていませんでした…

　鞘然自失してなす街を知らなかったいく人かの指導的幹部のことをおぼえています。彼

らは、発生したすべての事態を掌握していねばならなかったばかりでなく、ただちに必要

な手段を講じなければならなかったはずなのですが一・モズクワからの指示を待つだけ

ではなく…

　多くのことが記憶に残っています。

　罹災者を迎える用意があることを示すために大きく開かれた農家の中庭の門のことも・

一・ 厲ﾋ隷のために激しく振れる計器の針のことも…　　永く人を養うことはないであろ

う切り取られた土壌のことも’・

　多くのことが記憶に残るでしょう。

　機械室の屋根の上に立のぼる炎は消防士のヒロイズムを物語っていただけではありませ

ん．あの炎は、設計と建設にあたった老たちの誤算と犯罪的な怠慢を浮き立たせていたの

です，
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　機会室の屋上にいた消防士たちは．放射線がどのような危険をはちんだものであるかを

はっきりと知っていました．でも最後まで部署を守ったのです。それは彼らの義務であり、

それを彼らは逮行しました。

　写真の中からいかにも若者らしい顔が私たちを見詰めています。困難のときにたじろぐ

ことなく．災難を自分の身をもって塞ぎ、英雄的行為を成し遂げた若者たち。彼らの記憶

は民衆の中に永遠に残ることでしょう。しかし本当のところは、もし彼らが防護服とマス

クを身に着けて、すべての防火基準に従って建設された機械室の屋上で当番の任務につい

ていたらよかったのですが…

　「無責任さと怠慢、無規律さが重大な結果をもたらした…　　1と党中央委員会政治局

の決議に述べられています。

　確かに．発生した事態に責任を負う何人かはすでに処罰を受けました。また他の者たち

は裁判にかけられました。しかしまだわれわれ全体による審判一記憶による審判がありま

す。ある人たちのヒロイズムにしかるべき敬意を払う一方では、他の人たちの犯罪的な怠

慢と無責任をわれわれは、しっかりと記憶しておかねばなりません。そうして初めて、あ

れわれは事故の教訓から正しい結論を引き出すことになるのです。

　今日、原子力発電における経験を得るのに非常に高い代償を払うています。しかし、チ

ェルノブイリからは違いし、発電所の第4エネルギーブロックでの事件など自分には関係

ないと考えている人もいるようです。とんでもない間違いです！あの事件はわれわれ一人

一・lに関係があるのです。なぜなら、なによりもしかるべき作業規律が欠如していたこと

により災害は発生したのです。それに高度の警戒心は原子力発電においてだけでなく、運

輸においても鉱li1においても不可欠です。科学技術進歩のわが世紀においては安全性は、

労働の質の高さ、最高度の規律、几帳面さ、それにプロ意識によってのみ保証することが

できるのです．

　党中央委員会政治局は、率直に公然と、われわれすべてに「事故は、この発電所の職員

によって犯された一連の乱暴な原子炉運転規則違反によって引き起こされた」と知らせて

います。政府は、事態を正すのに役立つ一連の対策を講じました．原子力発電省が創設さ

れ、原子力発電所オペレーター訓練施設網が拡充され、原子炉の安全性を確保するための

複合的な対策が策定されました。しかし問題はもっと幅広く、国民経済の一分野の枠をは

み出すものです。

　当直要員が4号炉の非常冷却システムを遮断してしまったということは、今になっても

信じがたい思いです！タ刻には、キ．エフ電力管理局の配電係が、1電力が不足している」

ので、しばらくのあいだ原子炉を修理に回さないよう「要請してきた」のです…　　それ

で原子炉は作動し続け、そのうえ実験が行なわれていました…　　ほんのおずかでも技術
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教育を受けた人間にとっては、そのような馬鹿げた行為と乱暴極まりない過ちの集積はと

うてい信じられないものです。それでもそれは起こってしまい、結局それが原子炉の爆発

へと導いたのです。悪い状況がたまたま重なって起こった？もちろんそうでしょう。しか

しそうした状況の発生はより深い原因によって引き起こされたものです。チェルノブイリ

の事故はi痛点」に光を当てました。確かにおれわれはそれらのことについて議論し、論

争し、共に嘆きましたが、問題は「他人任せ」ではなく自分たち自身の手で解決しなけれ

ばならないのだということを忘れてしまっていたのです。

　技師や設計士といった職業の権威が低落していること、高等教育の卒業証書は国民経済

に高度な資格を持った専門家が送り込まれているということを意味しない、などの事実を

われわれは心配していないでしょうか，高等教育機関や生産現場において学生や若い要員

に対する要求水準が低下していること、才能ある技師や設計士の成長が停滞しでいること

などについて多くの優れた学者や設計家がどれほど繰り返し新聞の紙面で嘆いたことでし

ょうか．

　事故の鏡にはもう・一つの不幸が反映されています。その大きさを判定するのは難しく、

それにレントゲンやキロワット単位で測れるようなものではありません。その指標はちょ

く・と異質なものです。しかしこの不幸は現実のものであり、実感できるものであり、今日

只今からそれとの闘いを開始しないと、それによる損害は遠い将来において非常に大きな

ものとなるかもしれません。

　この不幸は「無知」という言葉で表現することができます．

　近年「空飛ぶ円盤」とか1異星人Jとか「千里眼」とかの類いの宣伝家が：大量に出現し

ています、それに、読者からは、占星学者について．新参の予言者の予言について、「命

の」水による奇跡的な治癒について、「生物学的天才」の手のひらから発せられる「ビー

ム1で治療できる癌疾患についてというような質問がますます多く寄せられています。そ

うした質問を耳にしたり手記の類いを読んでいると、一瞬、中世時代に逆戻りしたのでは

ないカ』という恩、いにとら；わ写しま’ず。

　「文化的人間」という概念は、われわれの時代には、前世紀とは異なった意味をもって

います。

　あるとき芸術活動者中央会館で議論が行なわれていました．その席で出席者全員が一致

したのは、1アンナ・カレーニナ」の主要登場人物を知らない人は、自分を文化的人間と

見なすことはできないという点でした。

　同意しましょう。しかし、もしその人が．なぜ夏と冬があるのか知らないとしたら、そ

の人の「文化」について語ることができるでしょうか。高等教育を受けた10Q人の人た

ちが出席していたある席で、この質問をする機会がありました．この実験はどうだったで
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しょうか。なんと正しく答えられたのは娘さん一人だけで、彼女は天文クラブのメンバー

だということでした…

　もしこのケースが、私の考えですが、チェルノブイリの事故と直接的な関係を持つもの

でなければ、このような笑い話的なケースを思い起こす意味はなかったかもしれません。

　ハリコフ市の技師は、水素爆発と水素爆弾の爆発との違いを区別することができなかっ

たし、キエフ市の同僚は、自然放射線バックグラウンドとはどんなものかまったく理解し

ていませんでした。クラスノダールの若い女性は、「プリピャチの子供はまわりの人たち

すべてに放射能を伝染させる」と信じてい、ボルタワ市の教師は、「ドニエプル川から水

揚げされた魚を今年は売らないよう」要求し、という具合です、そこでつい質問したくな

るのですが、親愛なる皆さん、あなた方は学校でなにを勉強してきたのですか、大学にも

行っているのでしょう？…　　ゴメリ地方の村に住むお婆さんが放射線について説明する

よう求めてくるのは許せます、彼女が忘れてしまったということはあるでしょう。しかし

20歳あるいは40歳の人たちが知らないというのは許せるでしょうか！？

　プリピャチの住民たちとの会話の中で、彼らが原子力発電とはどんなものか非常にぼん

やりとしたイメージしか持っていないこと、放射性同位元索についてはもちろん、放射線

生物学や電離放射線についてまったく理解していないことを知ったときの私の驚きは大変

なものでした。あの「原子の町」の住民こそがそうしたことを知っていなければならない

はずなのですが！

　州や共和国の単位で原：子力発電に責任を負う指導幹部たちについてはどうでしょうか。

ここでも会話の中で突然明らかになったのですが、指導することはしていたものの、物理

や放側線安全についての本（もちろん、…般向けに書かれたものの、ことですが）をようや

く手に取ったのは発電所で事故が起こった後のことでした。

　私たちはしばしば「科学技術革命1とか「科学技術進歩の加速1とかいう言棄を口にし

ますが、今やそういう時代なのです、たかだか二、三十年前を振り返ってみるだけで、わ

れわれを取り囲む世界がどのくらい変容したかすぐ理解できます、四度に複雑な技術シス

テムが入り込み、物理学や電子工学に満ち満ちており、時にあまりに複雑でどめようにし

てなぜ作動するのか理解するのも難しい磯械や機構に囲まれています．宇宙開発、原子工

掌、電子工学それに情報工学のわが世紀は知識が不可欠のものとなっています。しかも絶

え間ない学習が必要なのです、過去に蓄積した知識だけでは生きて行けません。われわれ

がペレストロイカ・＝改革につ’ ｢て語るときにも．なによりもまず自分自身から改革を始め

ねばなりません。時代に合致した知識を得る闘いかちです。さもなくば新たに生まれっっ

ある技術の特長を評価することはできないでしょう。そしてそれを理解できなければどう

やって新たな技術のために闘うことができるでしょうか．
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　無知は、恐怖、パニック騒ぎ、そしてその結果として、敵意に満ちた態度を生み出しま

す。

　事故後の最初の日々の示すところでは、事故は多くの人々の虚を突いて襲いました。経

験がなかったということもあります．あのような規模の事故は初めてだったということも

あります、多くのことが子想外だったということもあります。こうしたことはすべてその

通りでしょうし、状況の異常な複雑さも考慮すべきでしょう。しかしそれで類似の状況を

予見できたでしょうか。そのような事故の発生は実質的に有り得ないと確信していて、行

動計画を立てておくことができたでしょうか、これもまた無知の代償以外のなにものでも

ありません。なぜなら、無知に支配されている者のみが「そんなことは絶対に有り得ない

のだから、それは有り得ない！」というような断言ができるからです。

　最初の原子力発電所が始動し、ユーリー・ガガーリンが宇宙を飛行した後、すでに新た

な世代が大人になっています。彼ちは原子力発電をごく普通の自然なものと受け止めつつ

世に出ていきました．しかしそれは科学技徳の最新の分野であり、実質的には最初の数歩

を歩んだにすぎないのです．われわれは、この新しいものなのだという感覚を若い人々に

教え込んでいません．50年代にいかにおびただしい数の大衆むけ科学啓蒙書が出版され

たかをおぼえています。「物理掌者1と「叙情作家」についての議論はわが国のほとんど

すべてのと言ってもいいくらい多くの若者の注目を浴びていました1・・当時1叙情作家」

が勝利を収め、「物理学者」は静けさの中で自分の仕事を続けていました」つまり技術の

創造に取り組んでいました。しかし「叙情」は若者の間で支配的な力を持ち続けており、

その証拠は大学での入学試験に見ることができます。技術系の学部は「危機的な」状況に

あるのです、今や多くの大学では受験生の中から門門の部分を選抜することが問題になっ

ているのではなく、学科の定員を埋められればいいというところまできています…　　あ

と5、6年経つと、原子炉や電子システム、巨大発電所や日勤ラインのコントロールパネ

ルの前に、よシやくのことで大学の敷居を乗り越え、知識の不足のために満足な勉強もで

きないのに卒業者数の送り出し「計画」をだれも変更しなかったために社会に出ていく、

今日の高校卒業生たちが座ることになるのでしょうか。

　若者を技術になじませること、これは今日最も切実な課題の一つです。それを強制する

ことはできません。創造力、空想、好奇心を呼び起こすことによってのみ、最も広範な啓

蒙活動によってのみ可能になるのです．

　そういうわけで、冬と夏はなぜあるのかという質問をもっと頻繁に行なう必要があるの

です．

　チェルノブイリの教訓は私たちの生活のさまざまな側面に関係しています．明日に向か

って私たちはこれらの教訓を考慮しなければなりません．チェルノブイリは、私たち一人
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一人に規律を守ること、高度の熟練労働を要求しています．さちにもう一つのことを必ず

おぼえておかねばなりません。すなわち、地球上の人間一人一人が、ゴントロ・一ルの利か

なくなった原子がいかに危険なものであるかを埋解しなければなちないのです。悲劇が起

こったら、地球上の一地点に核の傷が発生したら、それを癒すのはどんなに大変なことか！

もし全地球にわたってそういうことになったら？チェルノブイリは、核戦争がいかに破滅

的であるかを思い起こさせましたし、人類の安全への唯一の道は軍縮であることを再確認

させました。それも、なによりもまず核軍縮を…

　発電所の第4エネルギーブロックを囲んで石棺の壁が建ち上がりました。それは、自分

の命と健康と引き換えに核の火を消した人たちのヒロイズムと自己犠牲精神の記念碑にな

らねばなりません。彼らの名は、壁に取り付けちれる大理石の石板に金文字で刻み込まれ、

そこにはいつも新鮮な花が絶えないであろうことを確信しています。

　チェルノブイリにおける石棺は、「原子的自然1に対するわれわれの勝利の象徴になら

ねばならないのです、しかしもし今口、画すぐにわれわれ一人一人が、またわれわれ全員

が一緒に、チェルノブイリ事故の教訓を考慮せず、そこから全てのしかるべき結論を引き

出さないならば、この石棺はわれわれの時代の弱さと誤解と過ちの象徴となるかもしれま

せん。

　今日すでに明らかになっていることですが、原子力発電所の設計と建設の際に犯された

重大な過ちのために、「ソ連エネルギー開発計画」に見込まれていたような輝模での原子

力発電の発展は許されない状況にあります。

　破滅的な地震が発生するアルメニアにおける原子力発電所は乱暴な誤りです。世論の圧

力のもとで、政府は、発電所を閉鎖し用途変更を行なう決定を下しました。1蕃は2月に

停止され、2聖日は3月に停止されました。学者や専門家の計算違いにより国は巨大な損

害をこうむったのです。

　専門家による鑑定億より、クリミアに原子力発電所を建ててはならないことが示されま

した。そこでも強い地震の可能性があるからです。

　人口密度の高い地区、ミンスクやゴーリキーのような都市に隣接して大型発電所を配置

することは、甲南に言って、最適の決定ではありません。こうしたプロジェクトに関する

作業の中止決定が下されました．

　北カフカーズでの発電所建設は停止されました。ここの土地は非常に肥沃で、それを潰

して工業早発を進めることは1これには当然原子力発電所の建設も含まれるのですが、合

理的ではありません。

　とれは賢明な決定ではないでしょうか。もちろんそうです。これらの決定は、広範な全

国民的な論議め結果、世論の作用のもとで採択されたのです．

1－9一一⑫



　今日、エネルギー産業は困難な状態にあります、しかし原子力発電所の拒否はそれなり

に肯定的な役割も果たしています。今や省エネルギー技術が優先的に級われています。こ

の方向での余力には巨大なものがあります。というのも、何十年ものあいだ、エネルギー

産業の先行的な発展によって、あらゆる種類の企業、莫大なエネルギーを消費するものも

含みますが、の建設が可能になるのだと考えられてきたかちです。

　しかし他方では、水力または火力発電所のみを建設していたのでは問題は解決されない

ということを理解せねばなりません。わが国は原子力発電所を完全に拒否することはでき

ないのです、

　橋は両側から架けてゆく必要があります…　　学者や專門家の仕事は完全な公開性のも

とで進められねばなりませんし．原子力発電所の開発は全国民的な判定にかけられねばな

りません、

　しかし世論の側も学者の方へ歩み寄らねばなりません。なによりもまず住民の知識水準

を引き上げることが要求されています。事実上、こうした問題においては全面的な無知が

状況を支配しているのです、「原子に対する恐怖」が支配的であるあいだは、チェルノブ

イリにおける悲劇の規模と、それが現に生きている人々とわれわれの子孫の頭と心に与え

ている影響を考慮して、教育活動を絶え間なく進めていかねばなりません。それも事実を

示すことによって意味を持つのです。呼びかけのみでは、今日ではだれをも説得すること

はできません。

　人類史における新たな文明はわずかに四分の一世紀余り前に始まったにすぎません。こ

のことは今日理解する必要があるのであり、明日では遅すぎまず。さもなくば人類は、チ

ェルノブイリの4号炉の周囲に築き上げられたものと同様の1石棺1に入ることになりか

ねません．
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わが国の市民運動の特徴

　学習院大学

田　中　靖　政

　本日、私に与えられました課題は「わが国の市民運動の特徴」であります．いうまでも

なく、　「市民運動」は市民の要求を行政に反映させることを目標にする政治運動の一種で

あります．本日は内外から原子力に関係のある方々がお集まりでありますので、このよう

な「市民運動」を原子力の領域に限定して傭瞼してみたいと思います．

　時間の制約もありますので、　（1）　「沈黙の大多数」が見る原子力、　（2）　「沈黙の大

多数」とマスコミ、　（3）原子力の「リスク」と「ベネフィット」、そして（4）日本の

民主主義と原子力、という4つのトピックについて話題を提供させていただくことに致し

ます．

　1．「沈黙の大多数』が見る原子力

　御承知の通り、1986年4月のチrエルノブイリ原発事故の直後、世界各国の世論は反

原発に大きく傾きました．例えば、アメリカでは「新しい原子力発電所の建設」に「反

対」52％、「賛成」38％、西ドイツでは「原子力発電所の新規建設」に「反対」6

9％、　「賛成」29％と、いずれも「反対」が「賛成」を大きく上回りました．しかし、

1986年8月の朝日新聞世論調査では、「日本の原子力発電は、今後、どうしたらよい

と思いますか」という質問に対して、10％が「増やすべきだ」、60％が「現状程度に

とどめる」、13％が「減らす方がよい」、9％が「止めるべきだ」と答えており、全体

として原子力肯定が70％、否定が20％という数字が得られました．日本の行政官庁を

はじめ、原子力産業の間に楽観的空気が支配的だったのは、理由のないわけではなかった

のです。

　日本で反原発運動がにわかに活発になったのは、1988年の春からであります。これ

にはいくつかの複合的な理由が考えられますが、何といっても最大の理由は、チェルノブ

イリ原発事故によって汚染した食品がヨーロッパから輸入され、　「ロからの危険」が特に

主婦層に強く意識されるようになったためであります．以来、ほぼ1年にわたって続いて

いる反原発市民運動の大きな特徴は、いままでほとんど原子力問題に興味をもたなかった

「沈黙の大多数」が活発に原子力論争に参加するようになったことであります．
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　従来の反原発運動は、原発サイト周辺の入びとと、それを支援する社会党や労働組合を

中心とした、いわゆる《オーールドウェーブ》反対派を主流としてきました．現在は特に今

まで政治やイデオロギーを敬遠してきた主婦層を中心に、　「ロからの危険」を懸念し、

「脱原発」を求める、いわゆる《ユユーウェーブ》反原発市民運動が活発化しています。

　この聞、　「ニューウェーブ」反原発運動の発火点となったいわゆる「ヒロセ・タカシ現

象」の主人公、広瀬隆氏個入のエネルギッシュな活動も無視できません．著書や雑誌論文

など、活発な執筆活動もさることながら、広瀬氏の全国を股にかけた行脚はまさに記録的

であります．E昨年7月から今年3月までの9ヵ月間に、全国で350回以上の反原発集会

が記録されていますが、広瀬氏はそのうちの80回以上に講師として参加しています．

　このように、全国的に反原発運動に弾みがついたことは、もはや否定できない事実であ

ります．それとともに・　「沈黙の大多数」はこれまでの沈黙を破って・積極的に発言・行

動するようになりました．たとえば、北海道では、1988年夏、有権者のほぼ4分の1

にあたる100万入の反原発署名が集められました．また、1989年1月目は、10月

を一応の目処に、　『脱原発法』制定1000万人署名運動が始まっています．

2．「沈黙の大多数」とマスコミ

　書店も、雑誌も、新聞も、テレビも、原子力がいかに危険であるか、原子力がいかに不

要であるか、を印象づけるような内容で一杯です．概して日本のマスコミは原子力に対し

て好意的でないといわれます．マスコミは「沈黙の大多数」の不安に応ずる側に重点を置

き、原発における微小な異常や故障や、反原発運動について報道するからであります．ご

れに対して、行政や電力会社は、マスコミに対しても、また「沈黙の大多数」に対しても、

十分な情報の提供や、素入にも分かりやすい原子力の安全性や必要の説明に、必ずしも満

足するような成果をあげていません．　「情報の風通しをよくすること」「素人にも分かる

ように話し掛けること」　「意見が異なる相手であっても、相手を尊重すること」、そして、

「言葉だけではなく、行動で示すこと」一これらが、マスコミに接する時の、またマス

コミを通じて「沈黙の大多数」に接する時の、行政や電力会社に必要とされる「作法」で

あります．

　現に、行政や電力会社にとって最：大の問題は、女性を含む「沈黙の大多数」が情報や理

解の不足から、行政や電力会社の誠意や信愚性に疑問を抱き、自分たちの「知る権利」や

「選択する自由」を蔑ろにされたと感じ、行政や電力会社の「押しつけ」を嫌って、次第

に「反対派」の主張する「脱原発」に傾きつつあることにあるといえます．情報化が進み、
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文化的な価値観や生活様式が多様化した今日の社会では、　「沈黙の大多数」それ自体が一

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　へ枚岩的な存在ではありせん．性別・年令・職業、地域などによって、　「原子力jの受け取

り方も多様化、細分化しています．細分化した「沈黙の大多数」をそれぞれ納得させるコ

ミュニケーションの工夫が、行政や電力会社のサイドで、これからはますます必要になる

と考えられます．

　従来、電力業界においては、自動車産業、ファッション・アパレル産業、あるいは食品

産業などに比べて、大衆消費者の分析がかなり遅れていたように見受けられます．これら

の産業では、大衆消費者の移り気によって企業の命運が決まるという戦略的な必要から、

大衆消費者の属性、好み、ライフスタイルなどの変化について、また各種の広告の効果に

ついて、長年にわたって膨大なデータの蓄積に努めてきました．これらのデータから引き

出される大衆消費者のイメージが、生産や販売の現実的戦略決定に大きく係わってくるか

らです．片や電力業界では、電気は作れば必ず売れるわけですかう、こうした戦略的な

データを集めたり、分析したり、消費者のイメージを描いたりする必要はほとんどありま

せん．ここに、　「相手を知らない」電力業界の脆さがあるように思います．

　マスコミや「沈黙の大多数」を大切たするためには、他の産業のように「お二様は神様

です」という精神に徹し、まず細分化された「お二様」の実態を知ることから着手すべき

でしょう．比較的最近、原子力のPAに「マンガ」を使う新たな試みが見られます．この

ように「沈黙の大多数」に一渉でも近づこうとする努力は、内容の良し悪しはともあれ、

一応評価されて然るべきでしょう．

3，原子力の『リスク」と「ベネフィット」

　全国的に反原発運動には弾みがついてきていることは事実であるにしても、　「沈黙の大

多数」のすべてが原子力を全面的に拒否しているわけではありません．例えば、昨年10

月にNHKが実施した「原子力世論調査」　（表1）の結果を眺めてみましょう．

　まず、「安全性」（表2）については、70パーセント近くの回答者が原子力を「危

険」と感じていることが分かります．　「安全」と感じている回答者は30％そこそこです．

　次に、　「安全性につも｝てのデータ公開」　（表3）ですが、70％以上の回答者が「デー

タ公開が不十分」と不満を表しています．　「十分」と答えた回答者は20％を切っていま

す．

　しかし、注目に値することには、　「原子力発電の推進」（表4）について回答者の6
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0％が「肯定的」な回答をしていることです．これに対して「否定的」な回答者は30％

しかいません．

　もう一つ興味ある発見（表5）は、これだけ反原発運動に弾みがついてきているのにも

かかわらず、ほぼ50％の回答者は「反対運動に関心はあるが、共感できない」と答えて

おり、　「関心があり、共感できる」と答えた30％を大きく上回っていることであります。

　要約しますと、現状における「沈黙の大多数」の過半数は、　「原子力を危険と感じてお

り、また原子力の安全性に関するデータ公開が不十分と不満を感じているが、今後とも原

子力は必要と考えており、反原発運動にはあまり同情的でない」といえましょう．

　一方で「危険」と感じながら他方で「必要」と考えるというのは論理的矛盾のように思

われますが、こうした矛盾した心理一心理学では「アンビヴァレンス」と呼ばれます一

一は、実際にはそう珍しい現象ではありません．次に、私が以前に行った社会心理学的研

究の中から例を取り、こうした矛盾した心理の絵解きをしてみることにします．

　図1は、原子力に関わりのある専門家の「頭の中の絵」を2次元的にプロ1ッ、トしたもの

です．縦軸は【危険】と【安全】、横軸は【有用】と【無用】をそれぞれ意味する軸です。

図のなかで、　「左上」の空間は【危険】一で【無用】、　「右上」の空間は’【危険】で【有

用】、　「右下」の空間は【安全】で【有用】、、「左下」の空間は【安全】で【無用】をそ

れぞれ意味する空間であります．入びとは【危険】で【無用】な事象は拒否ないし回避し

ます．逆に、　【安全】で【有用】な事象は接近ないし受容します．　「核兵器」　「癌」　「地

震」などはいずれも拒否の対象となる悪者で、逆に「X線」「日本の原発」　「ウラン」な

どは受容の対象となる必需品となっていることが分かります．　「プルトニューム」は微妙

に【有用】の方が【危険】より勝っており、拒否というよりは受容されやすくなっていま

す．

　図2は、原子力の素入（大学生とその両親）の「頭の中の絵」の2次元的プロットであ

ります．専門家の「頭の中の絵」と著しく異なるのは、　「X線」を除くすべての原子力関

連事象が【危険】の方向に引かれていることであります．これは、暗黙に「沈黙の大多

数」の頭の中では、原子力に関連する事象が、全体として受容よりも拒否に近い意味を

持っていることを示しています．したがって、　「沈黙の大多数」に対するコミュニケー

ションは、親切に、分かりやすく、事実に基づき、さらに言葉よりも行動によって、　【危

険】感を減じ、【有用】感を増すような内容のものでなければなりません．このうち、最

も重要なのは、行動によるコミュニケーションです．ロで安全を説くことは容易ですが、

　　　　　　　　　　　　　　　　　　皿一2－4



もし大事故が起これば、信葱性は完全に破壊されてしまいます．ここでいう行動とは、社

会的に問題となるような「大事故を起こさない」の一語に尽きます．

　最後に、昨年、大学生を対象に行った同種の分析の結果（図3）を御紹介します．図で

見ると、最近の大学生の「頭の中の絵」には、　「原子力発電所」よりももっと悪い悪者が

いることが分かります．悪者の第一は「喫煙」です．第二は「食品添加物」、第三は「野

菜に対する放射線照射」です．これらはいずれも「健康」に直接関連する事象であり、

【危険】で【無用】だと切り捨てられています．これに対して「原子力発電所」は【危

険】ではあるが【有用】と評価されています．この結果は、四面楚歌の原子力にとって、

やや明るい材料といえましょう．

4．日本の民主主義と原子力

　最後に日本の民主主義について、一言つけ加えておきたいと思います．わが国の民主主

義は戦後に発達したものであありますが、戦後45年を経て、今や成熟期に達しつつある

ということができます．今日、すでに戦後世代が国民の大多数を占めています．それとと

もに、　「知る権利」や「選択の自由」は、社会的・文化的諸価値の多様化とあいまって、

時代の精神となっています．原子力あ場合も例外ではありません．原子力の選択は、国民

の理解と納得を得て、初めて民主主義の原則に適うものとなります．かつてヘフリー氏が

いみじくも指摘したように、原子力が単なる技術の問題でなくなってから10年以上も経

ちます．いまや原子力は、技術というよりは、社会の問題であります．半数を女性が占め

る「沈黙の大多数」の理解と納得を深め、原子力の究極的安全性と資源に乏しい日本に

とっての計りしれない恩恵を確信してもらうために、単なる「ことば」だけではなく、実

際の「行為」による「沈黙の大多数」との対話が必要とされる所以であります。

∬一2－5



　　　　　　　　　　　　　　　NHK「原子・カ」世論調査

Opinion　PoU　　On　閥uclear　Po層er　Conducted　by　Japan　Broadcast　i　ng　Corporat　i　on　（NHK）

言周査日

Dates　of　the　PolI

1988年10月22日・23日
October　22　and　23，　1988

回答者
Respondents

全国1800人個人面接

轟　Total　of　1800　Nat　i　ona　l　Samp　l　es Interぜie脚ed

方女．送

Broadcast　i　ng

1988年11月4日、NH．K「朝．のニュース」で放送

Results　of　the　Po　l　l　were　summarized　and　broadcast　over　a

’TV　morning　ne脚s　program　on　閥ovember　4，　1988．
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午餐会

通商産業大臣所感
　　通商産業大臣
　三　塚　　　博

特別講演：現代人の生き方

　　　　　　　　　作家
　　　　曽　野　綾　子

午

餐

会

L



通商産業大臣　所感

一・ iはじめに）

　通商産業大臣の三塚博でございます。

　本日は、第二十二回原産年次大会、午餐会にお招きあずかり、原子力の開発、

利用に長年携わってこられた皆様と、親しくお話しできる機会：を得ましたこと

に対し、まずもってお礼申し上げます。

二（原子力推進の必要性）

　御高承のとおり、エネルギーの安定的な供給の確保は、経済の発展及び国民

生活の向上に不可欠の前提であります6天然資源に乏しく、石油依存度が高い

といっだ脆弱なエネルギー供給構造を有している我が国は、壱の克服に向けて、

石油代替エネルギーの開発導入に総力を挙げて取り組んできておめます。なか

でも原子力は、供給安定性、経済性、更には環境面等においても優れだ特性を

有しており、我が国は石油代替エネルギーの中核として、官民協力してその開

発・利用を着実に囲めてまいりました。今や、原子：カは、我が国の一次エネル

ギー供給の約一割、総発電電力量の約三割を賄うに至っております。

　しかし中長期的には、世界のエネルギー需給は、発展途上国を中心とした需

要の大匠な増大等によ砂、石油需給の国際的三三が予想されるところでありま

す、我が国は、他の諸国に比し、より深刻な状況に直面することは避けられず、

私としては安定的成長を確保するだめ、今後とも、長期的エネルギー高給の見

通しに立ち、原子力の利用拡大を進めて参る所存であります。

三く安全確保対策の充実〉

　原子力の利用拡大を進めるに当面っては、申すまでもなく安全確保が大前提

であります。

　　　　　　　　　　　　　　　　L－1－1



幸い、我が国の原子力発電は、概ね四半世紀に亘り、官民挙げて安全幽晦の

努力を重ね、世界最高水準の安全運転実績を挙げて参りました、最近において

は残念ながら、東京電力の福島第二原子力発電所3号機における故障・トラブ

ルが、地元住民の方々に不安感を与えております。，

　通商産業省といだしましては、こうしだ状況に対し、事故・トラブルの原因

究明の徹底や所要の研究開発の積極的な推進等により安全確保対策の一層の充

実を図るべく、最大限の努力を傾注していく所存であります。関係の事業者の

皆様におかれましても原子力の安全確保に一層の努力を払われるよう期待する

ものであります。

四（P。A．対策の充実）

　また、原子力の開発利用の推進は、国民の十分な理解と信頼なくしては不可

能であります、特に最近、国民の間で原子力に対する関心が高まり懸見せてお

り・原子力の必要性と安全性について》国民に正しい知識をもって頂くことが

以前にも増して重要になっております．政府とい炬しましては、全国の国民各

層を対象に、よりきめ細かな広報活動を積極的に展開し、原子力に対する国民

の理解と信頗の確保に努めてまいる所存でございます。

五（核燃料サイクルの確立〉

　さらに、原子力のもつエネルギー・セキュリディー面での優位性を十分に発

揮するだめには、核燃料サイクルの確立を図ることが不可欠であります。かか

る観点から、現在、青森県六ヶ所村において進められている、核燃料サイクル

ミ施設の建設計画の円滑な推進は、我が国原子力利用全体にかかわる重要課題

であります。

　通商産業省としては、本施設を、原子力分野にとどまらず、東北地域1ヒおけ

る地域振興の中核ともなり得るものと1忍識しており、引き続き積極的に支援し
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て参る所￥享であります。

六（国際協力の推進）

　原子力の開発利用を進めるに当だっては、世界的な視野も忘れてはなりませ

ん。原子力については元来、平和利用や安全の確保のために国際協力が行われ

て参りましたが、最近では、地球温暖化等の環境問題への対応策として、原子

力の役割への期待が高まってきております。通商産業省とい叛しましても、国

際機関の活動への積極的な参画等、国際面で協力を強化してまいる所存であり

ます・民問におきましても・本年三月に・原子力発電事業者国際協会のアジア

地域センターが東京に設立されたところであります。アジア地域の原子力先進

国である我が国が、高い技術力な生かして、安全確保に積極的役割を果だして

いくものと期待しております。

七（おわりに）

　以上、我が国としての原子力の開発利用に対する基本的考え方凄申しあげて

まいりました：。

　私と致しましても、御列席の皆様方を始めとする内外の聞係者全員の英知が、

原子力の安全で着実な開発利用に向けて結集されることにより、本大会が世界

の原子力開発利用の推進に多大の貢献をされますことを強く期待するものであ

ります。

　最後になりましたが、年次大会をかくも盛大に開催されまし炬日本原子力産

業会議の皆様に敬意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、私の挨拶といたします。
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　　　セッション3
原子力技術の新展開

燃料供給技術一ウラン濃縮と改良型乾式転換法
　　　イギリス原子燃料公社（BNFL）副社長
　　　　　　　　　　W．L．ウィルキンソン

　　　FBR燃料サイクル技術
動力炉・核燃料開発事業団理事
　　　　　　　佐々木　壽　康

　　　未来のための革新的設計の液体金属炉
ゼネラル・エレクトリック社（GE）副社長
　　　　　　　　　　　　　B．ウォルフ

　原子燃料のリサイクル利用一技術革新への挑戦
フランス原子力庁（CEA）原子力研究開発計画局長
　　　　　　　　　　　　　　　　　R．ラルマン
　　　　　コジ評マ社（フランス核燃料公社）副社長
　　　　　　　　　　　　　　　J．P．ルジョー

　　　　　　　　　　　　　　　　　原子力ロボット
極限作業ロボット技術研究組合技術委員会原子力部会長
　　　　　　　　　　　　　　　　　井　元　一　彦

クリーンな環境をつくる放射線
日本原子力研究所高崎研究所長
　　　　　　町　　　末　男

がん治療での放射線の医学利用の最前線
　国立がんセンター病院放射線治療部長
　　　　　　　　　　羊丙　　　Jll　　　　　　ll頂
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PRESENTATION BY DR W L WIEK:NSON,
    British Nuclear Fuels plc

Introduction to Video

BNFL has always put great importance on the need for technical

innovation to support its nuclear fuel cycle activities. The
company is perhaps best known in Japan for its activities at the
back-end of the fuel cycle; that is for irradiated fue'l

transport, storage, reprocessing and waste management. However,

BNFLts operations extend over the whole nuclear fuel cycle. The
video you are about to see, whilst reviewing briefly all the

areas of the Company's application of advanced technology,

concentrates on two areas at the front-end of the fuel cycle.

The two areas are the use of advanced centrifuge technology for
the enrichment of uranium and the integrated dry route (rDR) for
the conversion ofi enriched uraniurn hexafluoride to ceramic grade

uranium dioxide powder.

After a bTief introduction to nuclear fuel cycle services offered
by BNFL,the video you are about to see first reviews the developrnent
of enrichment technology in the UK starting with the Diffusion
Plants.built in the 1950s, the establishrnent of the Urenco
organisation to develop and exploit the centrifuge process, to
the development of the laser isotope enrichment process.

The video then describes the single step integraeed dry route
(XDR) to convert enriched uranium hexafluoride into ceramic grade

uranium dioxide powder and highlights the advantages this process
has over the alternative multi-stage wet route, both in the
process itself and in the quality of the product produced.

                           '
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VrDEO PRESEN!VATION HERE

         Summary

The video you have just seen provided you with an insight into

two important areas of the fuel cycle which benefit frorn advanced

technology.

In the case of the TDR process BNFL has successfully developed an
innovation of the early 1970s and customers in 10 countries are
                                    'benefitting from the process and' recognise its reliability and
         'versati1ity

                                                       '                         .                      'BNFIJ has nearly 20 years experi.ence in the production of IDR
                                                  ipowder on a commercial scale and has ref'ined the process to a

high degreer

            t.since the Springfields plant began bperation' s jn the early i97os

it has produced more than 6000 te U of which more'than two-･thirds

has been exported. The remaining one-third was used to meet
requirements of British AGR reactors and over 1500 te U of this

fuel has used uranium recovered Erom the reprocessing of Magnox

fuel. The ZDR process therefore already has an impressive record
in dealing with reprocessed uranium.

                                           '          'The important advantages of the process are:-

      (i) it carries out the conversion process in one step;

     (ii) the exceptionally pure and consistent uranium dioxide

          powder can be used to meet the specific pellet
          requirernents of the raany fuel tYpes required by

          different nuclear reactor systems;

    (iii) the TDR process produces minimai effluents;
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(iv) it is the ideal technology for use in the fabrication
     of fuel from recycled uranium and is better suited to
     this than the traditional wet routes.

:n the field of enrichment, major advances have been made

possible because of the considerable R&D effort committed by the

urenco partners to the centrifuge project. This has been a great

success, not only in technicai terrns but also in the field of

international collaboration. The result is a low cost, flexible
and efficient process. rt has the irnportant added advantage of

being able to handle recycled uranium.

Further development of the centrifuge is planned and a machine

will be available by the nid-1990s which will have a unit output

some twenty-five times that of the machines running in the early
            ,1970s.

                                               J
Whilst laser isotope separqtion may currently show little

economic advantages over these advanced centrifuge machines, its

long term potential is considerable. BNFL therefore intend to
exploit this exciting and pronising new technology and we are

already engaged on a substantial programme of development.

International collaboration, so successfui in the centrifuge

process, could also offer signiticant advantages in this complex

and expensive field of work.

6 April 1989
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FBR燃料サイクル技術

動力炉・核燃料開発事業団

理　事　　佐々木　壽康

1．序

　1．　ウランの潜在的なエネルギーは莫大なものであり，この貴重な

　エネルギー資源を，当面のエネルギーの確保はもとより，将来の

　世代が必要とするエネルギーの確保の観点からも，有効利用する

　必要がある。

　2．　この前提に立って，動力炉・核燃料開発事業団は，高速増殖炉

　　（FBR）とその核燃料サイクル技術，つまり，　Pu燃料の成型加

　工技術，使用済燃料再処理技術の開発を進めている。

　3．　以下に，FBR燃料サイクル技術の開発状況について紹介する。

H．経済性目標

　1．　FBR開発の主たる目標は，資源の有効利用とエネルギーの安

　　定確保である。しかし，ウラン需給の緩和状況が，当分続きそう

　　な現実を踏まえると，経済性に対する要求も厳しいと受け取るべ

　　きである。

　2．　したがって，石油や石炭と競合できれば良いとする考え方を取

　　らず，今後の改良も見込んだ軽水炉との比較において，経済性達

　　成目標を設定してみた。

　3．　FBRの場合，高速中性子とNa冷却材のもたらすメリット，デ

　　メリットがある。現状では，開発の初期であることにより，デメ

　　リットが大きく影響し，建設費は軽水炉よりかなり高い。

　4．　事業団の炉の開発担当部門の試算によると，今後，メリットを

　　活用し，デメリットを緩和するための革新的な技術の開発に成功
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　すれば，炉の建設費を軽水炉並みにする可能性は十分ある。

5．　ここでは，当面の目標として，FBRの建設費が軽水炉の1．1

　倍で，燃焼度を15～20万MWD／Tとすることができたとして，

　燃料サイクル・コストがいくらであれば良いかを検討した。

6．　原子力の場合，炉の資本費が高く，燃料費が安いという特性が

　あるため，この建設費の1割の割高分は，燃料サイクル費を数割

　減らすことを必要とする。

7．　「平準化・減額方式」　（Levelized　Discount　Method），つまり，

　必要な経費（建設費，運転・維持費，燃料サイクル費等）あるい

　は収益（発電量，回収Puクレジット等）をその生ずる時間の経過

　にしたがって減額して評価してえた発電コストでは，燃料重量当

　たり，対軽水炉比が，再処理費で2．5倍，成型加工費で3倍以下

　を達成すれば，FBRは，軽水炉と経済的に競合しうることにな

　る。

8．　この時の両者のコストを比較したものを図一1に示す。コスト

　試算の前提条件は，表一1の通りである。

　・六一1に示す如く，前述の条件を満たすFBRは，改良型軽水

　　炉と経済的に競合できる。

　・燃料サイクル費は，軽水炉が全体の約30％，FBRが約20％に

　　なっている。

9．　燃料サイクル費の内分を図一2に示す。

　・核燃料取得に必要な経費は，軽水炉のウランの購入費と濃縮費

　　にFBRのPu購入費が対応し，増殖の効果もあって，　FBRが

　　安い。

　・成型加工費は，FBRの場合，重量当たりは高いが，燃焼度を

　　高くすることによってほとんど補償される。

　・再処理等のバック・エンド費は，FBRの場合，重量当たりは

　　高いが，燃焼度を高くすることによって，むしろ軽水炉より安
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くなる。

∬．再処理技術開発

　1．　開発スケジュールを図一3に示す。

　　・これまで，コールド・モックアップ試験施設「EDF」による

　　工程機器開発，遠隔保守技術開発等及びホット・ラボ「CPF」

　　　によるプロセス・テストを行って来ている。今後は，現在計画

　　中のホットの工学規模の試験施設「RETF」による先進機器

　　のホット試験を進める。

　　・その成果を，もんじゅ及び実証炉の燃料を処理するパイロット

　　　・プラント「FRPP」に反映し，さらに，将来の実用プラン

　　　トへ繋げて行くこととしている。

　2．　FBR燃料の特徴を表一2に示す。また，　FBR使用済燃料再

　　処理技術の主な開発項巨を表一3に示す。

　　・①集合体構造が異なること　②燃焼度が高いこと　③Pu含有度

　　が高いことから，軽水炉再処理技術と異なった技術を必要とす

　　　る。
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3．　RETFに向けて現在開発中の技術の概要を以下に示す。

　1）　燃料集合体解体，勢断

　　①　解体機

　　　・FBR燃料は軽水炉燃料と違い，ラッパ管で燃料ピンを拘

　　　　束しているので，その切断除去が必要となる。これに，機

　　　　械式回転刃に比べ部品の交換頻度が少ないレーザー法を開

　　　　発中である。

　　　・主な開発事項は

　　　　a．最適切断条件の選定（被覆管を損傷しないで，ラッパ

　　　　　　管切断）

　　　　b．構造コンパクト化

　　　　c．解体・勢断の一体化

　　②　勢断機　　　　　　　　　　　　　　　　　，

　　　・軽水炉燃料との以下のような違いを考慮して，開発中であ

　　　　る。

　　　　a．グリッドがないこと（勢断中の燃料ピンの拘束）

　　　　b．ラッピング・ワイヤがあること

　　　　c．燃料ピンが細いこと

　　　　d．被覆管の材質が異なること

　　　・主な開発事項は

　　　　a．詰まり防止（被覆管，ワイヤ等の切り屑の詰まりによ

　　　　　　る摺動部の作動不良防止）

　　　　b．勢断片の均一化（開口部形状の均一化）

2）　燃料溶解

　・Pu含有量が多く臨界管理が厳しいことから，連続化による処

　　理能力の向上を計る。このため，ロータリー型の連続溶解槽

　　を開発中である。
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　・その利点は

　　a．装置をコンパクト化でき，また，臨界管理上有利である

　　　　こと

　　b．将来の処理量増大に対応が可能であること

　　c．オフ・ガスの均一化が計れること

　・主な開発事項は

　　a．溶解特性の把握（燃焼度，Pu富化度の違いによる変動）

　　b．臨界管理方法

　　c．ハル洗浄方法（残留溶解成分の減少）

　　d．遠隔保守性

3）　溶解液清澄

　・高燃焼度のための不溶解性残渣（Ru，　Rh等）が多いため，高

　　効率の遠心清澄機を開発中である。

　・その利点は

　　a．保守頻度の軽減（従来のパルス・フィルタは，フィルタ

　　　　・エレメントの目詰まりによる処理能力低下を防ぐため，

　　　　定期的な洗浄，交換が必要）

　　b．廃棄物発生量の低減（フィルタ・エレメントが不要にな

　　　　るため）

　　c．施設のコンパクト化

　・主な開発事項は

　　a．運転条件の確認（運転条件と限界中里粒径の関係の把握）

　　b．遠隔保守性の確認

4）　FP除去，　U，　Pu抽出

　・Pu含有量が多く臨界管理が厳しいことから，処理能力の向上

　　を指向するため，遠心速抽出器を開発中である。技術的特徴
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を指向するため，遠心速抽出器を開発中である。技術的特徴

は，次の通り。

　　　　　　　　　　ミキサ・セトラ　　バ1以・カラム　　遠心速抽出器

　ボーILドァップ　　百数10　　　数10　　　　　1

　立ち上げ時闇　　10数時間　　数時間　　　　数　分

　所要スペース　　　20　　　　40　　　　　　1

・その利点は

　a．コンパクトで所要スペースが少なく，臨界管理も有利な

　　　こと

　b．平衡到達時間が極めて短いこと

　c．溶媒の放射線による損傷が少ないこと

・主な開発事項

　a．抽出特性の把握

　b．遠隔保守性（モータ等の定期的交換）

　c．混入固形分への対応ゴ（不溶解残渣等の固形分が，抽出特

　　性や機器の耐久性等へ与える影響の把握）

5）　遠隔保守

　・保守作業時間の短縮及び保守作業時の放射線被曝低減のため，

　　プロセス機器をモジュール化またはカセット化し，統一され

　　た寸法の架台に組み込む，ラック・システムを開発中である。

　・また，これをサポートする手段として，外部との配管，電気

　　ケーブルの遠隔継手，セル内機器を保守する両腕型サーボ・

　　マニプレータを開発中であること。

　・その利点は

　　a．ラック内に複数基のプロセス機器を立体的に配置するた

　　　　め，セル内空間を効率良く利用できること。

　　b．プロセスの変更，新型機器の導入及び故障した機器の交
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　　換を容易にできること

。．大型機器のデコミッショニングを比較的容易にできるこ

　　と。

①ラックシステム

　・主な開発事項は

　　a．耐震性の確認

　　b．アクセルが容易な機器配置及びラックの構造

　　c．セル壁及び床への固定方法

②　遠隔継手

　・主な開発事項は

　　a．信頼性の確認（閉じ込め機能，耐硝酸性，耐震性等）

　　b．遠隔操作性（マニプレータ等によるアクセス）

③両腕型サーボ・マニプレーター　　，

　・主な開発事項は

　　a．操作性（できるだけ人間の腕に近い性能）

　　b．耐久性（耐硝酸性，耐放射線性等）

　　c．保守性

］V．MOX燃料成型加工技術

　1．　実験炉常陽の燃料の製造を含めて，約100トンのMOX燃料の

　　成型加工実績があり，技術的には確立している。昨年，もんじゅ

　　燃料の製造を主目的とする施設「プルトニウム燃料第3開発室」

　　の運転を開始した。

2．　MOX取扱いの技術的特徴を図一4に示す。

　・包蔵性管理，放射線被曝管理，臨界管理，保障措置，核物質防

　　護が厳しい。

　・FBR用MOX燃料加工の特徴を表一4に示す。
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・工数の比が2．3～5倍となっており，この条件下で，コスト目

標値対軽水炉比3倍を達成する必要がある。

　3．　現在の技術，即ち，事業団のもんじゅ燃料製造施設をベースと

　　する経済性の見通し

　　・現施設は，5t／年の製造能力で，目標コスト・レベルの約

　　　5．5倍。

　　・これに施設の一部追加で，15t／年に能力増加可能で，目標値

　　　の約3．5倍。

　　・同じ技術を用いた50t／年程度の商用プラントでは，スケール

　　　・メリットで約2．5倍となる。

　　・目標を達成するには，さらに半分以下にコスト・ダヴンが必要。

　　・40％程度を占める集合体部材費を需要増で3分のゴ程度に，40

　　　％弱の施設建設費を技術開発によって半分程度に，また，操業

　　　の効率化によって，これを達成する可能性はある。

　　・技術開発項目は次の通り。

　　　a．製造設備の高速処理化及びコンパクト化

　　　　。多次元混合機の開発

　　　　・メインテナンスフリー・ロータリープレスの開発

　　　　。高速搬送システムの開発

　　　　。分析，検：査設備の高度化

　　　b．MOX加工技術の革新

　　　　。粉末処理工程の簡素化

　　　　。短時間焼結法の開発

　　　　。遠隔自動保守技術の開発

　　　　。グローブ・ボックスに代わる新包蔵技術の開発

V．新燃料サイクル・システム

　1．　高速中性子炉の特徴であるFPの反応度への影響が小さいこと

皿一2－8



　及びTRUの燃焼に適していることの活用

2．　再処理施設の精製プロセスの簡素化（低除染あるいはPu・U非

　分離）

3．　MOX燃料成型加工のセル内完全自動，遠隔保守

4．炉と燃料サイクル施設の同一サイトでの一体化

　・核物質の動きを，外部から隔離することによる保障措置，核物

　　質防護の強化

　・施設（燃料貯蔵，廃棄物管理等）の共用による経済性向上

VI．まとめ

　1．　プラントの信頼性と安全性の確保が大前提である。

　2．事故の防止はもとより，AI．ARAの精神に基ずき，環境への

　　放射能放出の低減，運転員の放射線被曝の低減を計る。
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                 AN INNOVAT!VE LMR DESIGN FOR THE FUTURE

                                 '
                    Dr. B Wolfe and Mr. R.C. Berglund

                             '
                            GE NUCLEAR ENERGY

INTRODUCTION

         '

In considering the development of the breeder reactor one might reflect on the

early history of the light water reactor. At the start of the development of

peaceful nuclear power in the mid-50's, nuclear reactors were below the 200 MWe

size range and costs of construction were in the $100 million range. The 60 MWe

Shippingport PWR was ordered in 1953, and started operation in 1957, at a

construction cost of 120 million dollars. The 5 MWe Vallecitos Boiling Water

Reactor, which was the prototype for the first commercial BWR plant, Dresden 1,

was built in two years for a cost of under $5 million. The 175 MWe Dresden 1

plant was sold to Commonwealth EdiSon and associated utilities in 1955 for $45

million and construction was completed in 5 years. Today the size of nuclear

plants has escalated to the 1000 MWe range and even trouble free projects such

as those in Japan involve costs of $1 to $2 billion. One is led to 1000 MWe and

larger size Light Water Reactors by the law-of-scale which has the cost per

kilowatt decreasing rapidly as the size increases.

                                       '
The Liquid Metal Breeder Reactor has attempted to follow the Light Water Reactor

development pattern. However, there are problems with both costs and time, As

we have learned from the SNR Project, Monju, Phoenix-2, and the ill-fated Clinch

River Project, first of a kind large new prototype reactor construction projects

now involve costs of several billion dollars. Since several prototype reactors

are likely to be required before the design of a new type reactor is refined to
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achieve acceptable financial and operating characteristics, the cost of

developing a large 1000 MWe reactor can approach the $10-20 biUion figure

and beyond without clear assurance of success. In addition to the cost problem

there is the problem of time. Billion dollar development projects, in general,

require a decade or more to design, construct and obtain the operating results

which can be factored into the next development project. Allowing for several

prototype projects implies development periods well beyond the creative part of

most people's careers. Thus, aside from cost problems there is danger that the

technical effort may become institutionalized to the point that it loses vigor.

                    '

The issue before us is whether the Breeder can be developed in a way which will

overcorne the difficulties outlined above. The PRISM reactor is intended as a

vehicle to accomplish this objective. ,

                                                    . tt
PRISM was conceived during the latter Part of the Clinch River Project when it

became apparent that the costs of Clinch River were climbing several times over

the original cost estimates. The PRISM concept makes use' of small (150MWe)

modules which are factory produced. The concept appears to have both technical

and economic developmental advantages compared to the large size 1000 MWe and

larger reactors for which Clinch River was a prototype.

The perceived advantage of the modular concept is that one can build a module,

test it, modify it, and optimize it within costs and time periods which are

small compared to that required to evolve an acceptable large, single-unit

plant. The commercial plant is made up of a number of the optimized modules･

Based on the initial work to date, the prognosis for the modular approach seems

positive.
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The need to aggressively pursue the development of the Liquid Metal Breeder

Reactorlies in its unique capability to breed substantially more fissile

material that it consumes. The utilizationof this capability in modern

Advanced Liquid Metal Reactors (ALMR's) may be essential in the coming

century as the growth in nuclear power generation usfing thermal reactors

consumes the currently abundant fissile uranium supply. This breeding

capability alone justifies continued timely development of the ALMR, but as

current studies show, there are important additional benefits that can be

obtained, namely: (1) enhanced reactor performance through use of passive,

inherent safety features and elimination of more complex, engineered safety

systems; (2) improved standardization and licensability through
                                                                    '
certification of the design and modifications with time based on affordable

full-scaleprototypic tests; (3) improved economics and reduced cost and

schedule risk resulting from both the rnore reliable licensing process and

from design approaches that eniphasize･modular factory fabrication with

minimum field labor, and (4) enhanced nuclear waste management via recycle

capability which eliminates the long life high level actinides and can be

further utilized to improve LWR waste management.

In 1981 GE initiated, under its own sponsorship, a prograrn aimed at an

innovative ALMR conceptual design. Work on the design concept has proceeded for

the past four years under U.S. Department of Energy (DOE) programs and has

                                                                    'resulted in the PRISM (Power Reactor Inherently Safe Module) concept.

Substantial progress has been made by the U.S. PRISM team, headed by GE, which

now includes Babcock and Wilcox, Bechtel, Borg Warner, Burns and Roe, Foster

Wheeler,Stearns Roger Division ofUnited Engineers and Constructors, and

Westinghouse. Significant development support has been provided to this effort

by National Laboratories in the U.S., including the Argonne National Laboratory
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in Idaho, the Energy Technology Engineering Center in Southern Calif'oy"nia, oak

Ridge National Laboratory in Tennessee, and Westinghouse Hanford Corporation in

Washington. ･ '
Let me give you a brief description of this ALMR concept upon which a national

effort is being focused in the U.S.

The PRISM design emphasizes a low pressure pool type LMR system enhanced by

passive and inherent safety features, modular construction with maximum factory

fabrication, seismic isolation and multiple loop operation capabilities. A

PRISM power plant includes a number of standardized reactor modules, fabricated

in a factory and shipped by whatever combination of barge, rail, and road

transport that is most economic for a particular site. Excep,t for the' module

and its structure, refueling facility and the reactor auxiliary systems, which

are safety grade, the balance of 'the plant is not expected to require

certification as nuclear safety grade construction.

                        .l    '

OVERALL PLANT

Thetarget commercial PRISM plantutilizes nine reactor modules arranged

in three identical 465 MWe power blocks for an overall plant net electrical

rating of 1395 MWe (Figure 1). Each power block has three standardized

reactormodules, each with its own steam generator, that jointly supply

saturated steam at 6.6 MPa (955 psi) to asingle turbinegenerator. Since

each power block operates independently, smaller plant sizes of 465 MWe and

930 MWe can be provided by using one or two of the standard power blocks,

thus providing size flexibility to the Utilities in meeting their load demand

growth.
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All nuclear safety-related systems and buildings are enclosed within a

double-fenced and barricaded high security area (Figure 2). The control center,

intermediate heat transport system, steam generator system, and related

structures, which are all not nuclear safety designated, are physically

separated from the nuclear portion of the plant, and will be designed and built

to high standards of industrial quality.

The reactor module, the intermediate heat transport system, and most of the

steam generator system are bdlow grade (Figure 3). Benefits that result from

this include reduced capital cost and improved standardization by use of seismic

isolation of the nuclear island, radioactivity containment, sodium fire

mitigation, and protection from external threats such as sabotage and missiles.

The relatively tall, slender reactor geometry enhances uniformity and stability

of internal flow distribution and natural circulation for shutdown heat removal

(Figure 4). The relatively small reactor diameter results in a structure that

is stiff in the vertical direction and thereby permits use of simple horizontal

seismic isolation and eliminates any need for vertical isolation. Refueling

operations are conducted, one module at a time, with the reactor shut down and

the primary sodium cooled to 204oC. The other two modules of the power block

will continue to operate, thus enhancing availability.

FUEL

Uranium-plutonium-zirconium metal fuel of the type under development by

Argonne National Laboratory ANL in its Integrated Fast Reactor (IFR) program

been selected as the reference for PRISM (Figure 5). This selection

based on the excellent negative' reactivity feedback it provides for loss

the

has

was

 of
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cooling and transient overpower events, the competitive fuel costs expected

to be achieved with it, and the excellent inherent safety performance

demonstrated with metal fuel in the Experimental Breeder Reactor-II. Mixed

oxide (U02/Pu02) fuel is being retained as an alternative. The mixed oxide

core will fit in the same space as the metal core with no change of

internal structures required, and the two cores are interchangeable.

TEMPERATURE AND PRESSURE

The PRISM core outlet temperature is moderate, 485oC at full power. This

selection enables the use of conventional, well characterized, fully qualified

materials for the reactor structures, is expected to enhance fuel life, and

provides significant temperature margin during accidental t,ransients. PRISM

operates at low pressure--the reactor cover gas pressure is approximately

atmospheric at norrnal full power cohditions; thus, there is minimum pressure

loading on the reactor primary vessel and very little stored pressure energy

availableto be released ifa b}neach of thevessel should occur. 'PRISM

maintains overall temperature margin to boiling, over 400oC, at full power

operating conditions. Even under reactor vessel breach conditions, the close

coupled containment vessel will maintain excellent natural circulation for decay

heat removal.

SHUTDOWN HEAT REMOVAL

Normal shutdown heat removal is via either the bypass condenser or an

auxiliary air cooling system around the steam generator. In the rare event

that the intermediate heat transport system (IHTS) becomes unusable during
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power operation, for example because of a main sodium pipe break or a

sodium dump, the reactor will scram and the totally passive reactor vessel

auxiliary cooling system (RVACS), which is always operating, will

automatically take over full decay heat removal (Figure 6). Temperatures will

rise and heat transfer to the atmospheric air circulating (by natural

convection) upward around the containment vessel will increase until

equilibrium between reactor heat generation and RVACS cooling is

established (Figure 7). The calculated core outlet sodium temperatures for

RVACS cooling after loss of all cooling by the IHTS at full power, with reactor

scram, peaks after about 30 hours at a nominal value of less than 590oC with a

2a margin below the American Society of Mechanical Engineers (ASME) service

level C limit of 636eC.

The redundant air flow passages combined with substantial margins in the design

make RVACS extremely tolerant of accidental flow blockages, as well as surface

fouling. Even with 90 percent air blockage of the RVACS, the temperature

remains well below the ASME service level D.

REACTIVITY SHUTDOWN

The plant control system (PCS) causes the six control drives to insert control

elements to adjust power to respond to load requirements and to maintain the

core outlet sodium temperature within specified limits. If an emergency event

develops too rapidly for the PCS to control it, then the safety-grade reactor

protection system (RPS) will independently sense this and will respond by

"scramming" the reactor.
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The PRISM core is designed to also provide strong inherent negative reactivity

feedback with rising temperature. This design characteristic, combined with the

RVACSheat removal capabilitiesmakes PRISM capableof safely withstanding

accidental transients without scram while maintaining investment protection,

Such events include, for example: (1) Loss of all cooling by the intermediate

heat transport system and loss of primary pump power from a full power

condition, without scram; and (2) Withdrawal of all control rods at the maximum

rate from a full power condition.

ECONOMICS

In addition to providing outstanding safety and performance characteristics, the

design approach for the PRISM system (reactor and fuel),enables capital

cost reductions through increased factory fabrication, expedited learning

curve effects, fewer nuclear 'safety-related systems, and design

standardization with NRC certification. The projected capital costs for the

mature (Nth-of-a-kind) system over a range of plant sizes compare favorably

with those projected for future LWR's and coal plants (Figure 8). Estimated

busbar costs for this ALMR system also compare favorably with those projected

forboth future LWR'sand fruture coal plants. While itis early in the

development process, these competitive cost projections have been extensively

reviewed and are felt to be achievable.

FUEL RECYCLE

The reference metal fuel pyroprocess being developed by Argonne National

Laboratory (ANL) provides opportunity for reduced quantities of waste, The
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primary reason for this is the small process stream and fewer process steps

to process metal fuel compared to processing oxide fuel. In addition, and

   '
very importantly, the higher, longer life actinides are processed with the

plutonium and uranium in the metal fuel pyroprocess. Assuming the

actinides are transferred with the reprocessed fuel, this could reduce the

highlevel waste (HLW) storage requirement from millions (106) to hundreds

oo2) of years. (Figure 9).

ACTINIDE BURNING

               '                             '                'The ALMR system is better suited to burn, actinides than other reactor designs

due to its harder neutron energy spectrum. Burning the higher, longer life

actinides and selected i'ission products in the ALMR precludes their accumulation

and requirement for subsequent burial. As indicated above, an attractive

feature of the ALMR metal fuel recYcle syst.em is that the actinides are recycled

with the fuel. This feature, in concert with the ALMR reactor capability to

burn the actinides without significant technical or economic impacts offers an

attractive waste management option. This would allow the ALMR to eat not only

its own actinide waste but additionally to eat the LWR long life actinide waste

as startup fuel through appropriate deployment of the ALMR system.

CONCLUSIONS

The modular approach to the breeder reactor provides a means of development

which could be anorder of magnitudeless costly andless time consuming

thenthat forthe conventional monolithicdesign (Figure10). The PRISM's

features of few and simple safety systems, seismic isolation, passive decay heat

removal, inherent reactivity control, and substantial margins from structural
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and fuel damage limits during potential accident situations result in

significant gains in public safety and protection of the owner's investment,

The use of a standardized and certified (by full scale test) modular design with

minimum field construction and extensive factory fabrication coupled with the

metallic fuel recycle system results in a plant and fuel system design that is

economically competitive against projected coal plants and other nuclear design

approaches in the next century.

The capability of the ALMR to efficiently burn long life actinides due to

its harder neutron spectrum, could be a major asset in solving the nuclear

wa'
stemanagementchaHenge. Thispotential forthe ALMRsystem tonot only

eliminate long life high level waste from its own fuel cycle but also from

the LWR spent fuel cycle could be a key factor towards better public

acceptance of the nuclear option. This ALMR nuclear option offers an

environmentally attractive long term energy security approach.'

We believe that the program now under way in the United States for the concept

just described will provide a viable road map to success at an affordable cost,

                                                 kThe PRISM based ALMR project can be completed within 15 years from concept

design, through verification testing to a standard plant certification at costs

 '
estimatedin the Billion dollar range. Included in the timetable is a

development program which contains all testing involving feqsibility, key

features, components and subsystems and, finally, full system tests which

will result in a standard plant certification. The development program will

derive strong support from the U.S. National Laboratories, but also incorporates

an opportunity for International collaboration in areas of interest which can be

of benefit in the respective ALMR programs of participating countries. We and
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our associates within

to the development of

result from such an

provide the industrial

for a millenia.

the United States would welcome the synergistic approach

 a World class Advanced Liquid Metal Reactor that would

International cooperative effort. We believe this would

 world with an option that would assure energy security

t
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I - IlvrmmION

For countries like France or Japari, whieh have pcx)r oil or cQal as natiural re-
sources ef their ownt there is no alternative to the dhoice of nuclear
energy･

In Franee, this cbolce has been made earlyt and maintained (x)ntinuously sinee
nearly forty years.

                                                    '
Today 75 g of our eleetricity comes from nuclear fi6sion iEuKi oil imprtatiot>
ha6 greatly decreased.
                       '                                            'The cboice of nuciear has been based on a cK)rruprehensive program, where all
the steps of the nuclear cycle have been developedt fron the the mining indus-
try to tihe waste treatrbent. It must be rK)tieed that, sinee the start up of nu-
clea: electricity production in France through the gas-grarihite reaetors, tihe
cboice has been made to repr(x)ess irradiatod fuel.

Tliis cboice i3 essential and is the key point of any mature program.

We kt;ow that thexe are werldwide disputes aboUt the rieed and che e(x)nomy o£
reproeessing. rrradiated fuels eontain plutonium, enricihed ur,emium arKl fi6-
sion products. It is the french cx)nclusion that reprocessing ie the gafeBt
way to harMile tthe fi6sion products, &iid it seems Obvious that it is a non-
sense to throw away the valuable fissile u:anium arkil plutonium cx)ntained in
the irradiated fueZ.

As Zong as the reserves of uranium are kncwn as 1imited, as lor}g as no othey
methocil to produee electricity is known except tihe polluting cxnl arKl eil-
routes, urerAurn and plutonium rnust remain availat)le to iGankind. Some rich
oountries ean wait arxil store the fissile materials. Franee camot afferd this
delay arxa has decided to utilise uranium and plutonium to produce electricity.

The great challenge of our nuelear program is to define che best strategy for
uraniurn and plutenium utilisation leading to the cheapest cKi3t of energy enrd

the optimum safety of our facilities. .
M)is is a rnultipdrdmeter question, which implies the developwent of 1ow cost
enriehraent, :eprcuessing, fuel fabricatioi) and waste treatment, as well as
easy to build, safe, easy to operate and cheap reaators.

                                                                       ,Ihe psraiaeters are intermmeeted and rbay have adverse trends. FQr exeurgpie xt
night be useless to improve the core of & reactor in the direetion of better
burn up and maxituum utilisation ef plutQnium if this implies a g:eater comple--
xity Qf tihe operation of the reactor &nd an overinvestwent in reaetor cx)inl)O-
nents or fuel fabrication pZan'ts or reproeessing.
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we are going to exarnine the
vaeet the challenge, as welZ
the following guidelines :

 possible strategie6 which could
as the pregretins which are needed,

be developed to
keeping in rnind

11)Fissionasa6ourceofenergy I
1 2) optimisation of energetie resources 1
l asapermanentstrategicconcern i
l 3) Utilisdtion of uranium and plutonium

1 asaconsecluence 1
14)Reachingthecheapestcostof l
1 ' KwrI asapermanent goa1 ' 1

ZI ･- POLICY' FOR PIVIDNXUM AND URANIUt-1 VtPIMSAfl?ION

II.1. - (1;eneral mmtB, importan¢e of e(:onomic' evaluations

At tihe beginning of tihe fxencih prQgramt in the early fifties, the cheices
have been made on the grounds that France had to rely on natural ur&nium andt
later en, on plutonSum produced in the gas gralShite reaetor6.

The gas graptite reactors wo:ki'well and four are stiil in eperation in

lkNtever, at the begiming of the seventies, a major change of line was rrtade
in France, mainly due to ecx)nonie reasons. The gas eec)1ed reactorse due to
their hig}i investnent cx)st per kWh , ccRald not oompete with the PWR develeped
in tihe US. Fortunately tihe rqprocessing plant6 prepared for the gas graPhite
fiuel oould be adapted to the new fuels 7 so that tihe ooherenqy of the pregrain
could be maintained.

Nowaday6, alZ the majQr industrial faeilities are in operatien in order to
support our fifty reactors, emd the frendh deei6ion to rely on fissiQn as the
inajor source of electricity i$ rationaUy fulfiiled.

For the future, we explore all the ways to improve efticiency and econofr"r of
our systera. We do not exclude ma)or innovations o: cihanges. Butt everything
been the same otherwise, especialiy in safety standards, e(x)non)y will aiways
be the criterium for the final choice. This ts the ease for Lhe future of the
breederst which, despite their qptimum dharacteriBtics for plutonium utilisa-
tiQn, will be adqpted only if they are (xxnpetitive with the other type of
reactors.
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II.2. - Short terrn deciBion tyxa programs

'I`he deci6ion has been recently in Francet to utiZise plutonium in the exis-
:t9A,!]Etm PWR. This evidently dindni6he6 the quantity of uranium burnt in the iife ;? :aq-
tors by replacing it by the piutoniura re(x)vered froni :eproceB3ing.

However the utilisatien oE plutonium introduces some difficuXtie6 whtch hdve
te be taken in account, resolved, arKl evaluated.

they are :

i) the increased neutronic cxxrg?lexity of the eotee inducing more eeneern in
   tihe operdtion of the xeactotst increasing incertainties in power density
   of the core andt ootisequently, reducing the margins for power production.

2) the degradation of the quality of plutonium after ix:adiation and it6 con-
   sequenees for subsequent utilisatiou.

3) the overcost of fuel fubrication of "morrnaX'` Emd "multirecycled" nixed
   oxyde fuel,

4) the speciEic care to be taken in the reproees3ing plunts for mo× fuel

Mx)se questions are the hasis of the R/D prograJa of the CIca for the next
years, inelnding the effect of burn-up inerease ef mx fuels on them. -

dareful estimation of the advantages and disadvantages ef plutonium re< ycXing
have been made and have lead to the- cK)nclusion that pXutoniurn utilisation in

wn was ecoiionieal. I!he decision to do it was ¢onseqLxently taken by EDF. Tb-
day the industrial program is weU urx]er way･:

-･ EDF has already introduced 8 tons of blox fuel in St Laurent Bl in ;987t arKi
  16 tons in 1988. A tonnage of 24 t, that is to say 3 :eloadst ls erdered
  for 19B9. Five reloads (40 tons) are foreseen in 1990 and 1991, arKX 7 re-
  leads (56 tons) in 1992 and 1993.

- (XX]I!MA is launching a l20 t/year fuel fat)rication pZemt ma in Mitrecxile,
  which should operate in 1993. In the interim period, BE!K)ONUCI]EAIRE and CEA
  will deliver the needed fuel in their facilities of Des3el (30 t/year) and
  Cadaradhe (15 tlyear).

- rn parallel the reprocessing facility in tn degue (UP2BOO) has been adapted
  to mx fuel reprocessing.
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II.3･ - ibng term decisione arxl prograrns

C[he

of
the

 IQng

mm frarbe

terrn decisions are less straightforward that the simple utili3ation
existing reactors, which is an eptimisatio{) of the existing route in
of the to day state of the art,

For the long terrn decisions two main considerations have to be taken in ac-
cx)unt erul made cxx[ifpatible. en one hand, all the possible improvenents ieading
to decrease of the oost of kwri have to be pur6ued. On the other hand more
strategice considerations, in particular the possible slK)rtas!Ie of uranium
during the next century, have to be taken in ecoount.

sorne aetions are easily
CitY COSt6, wilich iS t

Reacter investnmt
Exploitation
byele cost

dedueed from the

N

N
.v

tstructure of

55 g
2o g
25 g

wn produced electri--

The
tors
the

main efiort slK)uld be placed on reactor investrnent,,
 for the tuture should be sirmpier arxi more easy to
guidelines of the designers.

and all
operate.

the new reac-
rmis must be

Mle cycle oest stz ucture is ;

Uranium oost
       ,Converslon
Enrichment
    ttFabrication
Reprc)eessing

N
ny

N
lv

N

4o g
 3g
31 t
lo g
25 "

wi th

and
 tlx)se figures in
to figure out the

 mind it is more easy
main trerkts.

to give a weight to each detion

- First of
 dec:ease

aU,
 -tS19nl

for a ivent ef reactort
the ma]or oompQnents

it
ef

is
the

a positive trend to
 c"rcle eosts.

try to
icantly

a ) u:anium oost : Utiiisation of plutoniura and elso of reprOeessed uremiurn
   decreases the quantity of natural uraniuTn needed to produce the saine quan-
    tity of energy, arxa induees cost decrease,

b) enrichnvent oost : Tlie significant deereaGe of aosts foreseen throutgh uti-
    1isation o SrLVA is tihe main justification ef the laser enricnMnent
    program,

M-4-5



c) Fabrication costB
61-EiiE-ffE5iild5ffat) arication

tively smaU. aniis

d) Re rocessi costs

: ']Jhe deci6ion to utilise plutonium indueeS an increase

costs. However the we±ght of fabrication costs is rela-
allows for a sma11 inerease of thi6 cost.

 eerease the eests
significant adverse

 : All the efforts have tQ be made arK are made to
. It has been ehecked that the moX decisien ha6 no
effect on them,

on the wboie, the permanent cha11enge to us in the next century is to de-
crease significantly enriclnment oosts, reprocessing cost6 erxi fabrication
cxxsts threQgh technoZogical innovation, and to reduce uranium eonsmption by
        utilisation ef plutenium arKl reproeessed uranium.che   best

- C[1ie seconcl iine ofi actions to be pursued in pardllel te the preceeding one

  is to rrvcxlify or ¢hemge tihe existing reactors in order to improve the eeo-
  norr!y of the ctyrcleB costst wtthout ef oour6e increasing too much the investt-
  ment oost of tJx)se new xeactors corapared to the existing PWR6.

 Ihree main Zines are explored or developed in Franee ;

a) [[he spectral shiEt renctors, where special contrQl procx)dures of the core,
   erxi specific design features of the fuel assemblies, improve the efficien-
  cy of the nuclear reactiens during irradiation, which Xeads to a better
  utilisation of uranium.

b) Ihe reaetors, sthere che core is roade tighter in order to harden the neu-
   tron spe< trusn etrxl to improvG in core plutonium productien which in turn di-

   m±ntshe6uraniurnconsurqption. ..

c) the breeder reacto:st which are well krK)wn to transforrn inert U 23B into
   fissile material, and tthus to muXtiply enormously Eissile material
   reeerves.

xx.4. - The strutegic dhoices und plannings

In Firancet the main questioti for the long term is to decide when the breeder
eption hds to be launched signifieatively and wh&t sheuld be the 6tructure of
the park oE reactors to be built in the next century in order to obtain the
best Qptinisation of (x)sts and of natural :esources savings.

The terms of the French prchlem are :

a) The French reaators have to be replacvad arourKX the year 2010, the lifetiTne
  of the French reactors beeing 6irpposed to be of the order of forty years.
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b) At that time oiie third of the existing PWR reactor6 wiU be 1oaded with
  MOX fuels, dnd two third will rely on rK)rmai uranium Euel.

c> Ihe improved reactors (spectral shiftt under rncderated reaetors, breeders)
   raight then be availal)le emd adepted if they have been sbown cheeper than
   the previou6 reactors. If not, the only choiee, as far as uraniuin savings

   are (x)ncernedt wilL be to inc:ea3e the capactty of Moc< £uel produetion and
   to increase the nuruber of ua>C reacters.

d) rf improved advaneed reaetor6 are available, the strategic question will
                  t-   be to mmge thelr lntroducLion in the psrk.

  One must rm that it takes time to introduce a 1oo g Pu reactot system.
  As a eonsequence the frendh park of reaetor6 wiil eort"?rise several types
  of reactors during decades, rta;tbeiy wn with uraniuiu fuelt PWR with moX
   fuel emd breeders.

   :t will be a very delicate prak)lem to qptSmise' the cotnpesition of the
  parkt tei]cing in ammt piutonium availability arxSt guessing when the ura-
  niun resources will beoome scarce. Tl)e iimoediate needs might lead to burn
  plutonium rather inefficientiy in advarts ed PWR reaetors instead of keeping
   it for tihe breeders. A ve:y interesting and iitpertant strategie qptimi6a-
  tion is ahead of us.

e> ln psraXXel the reproees3ing and fabrication industries wiil have to be
   very flexible to accKipt all the type ef irradiated fuels which wiU be
   there. In particuZar they will-have to amept more and more recycied pluto-
   nium with more arKl more htgher transplutonium isotcrpes. ibreovert tbe deci-
   sion will have te be made to reprQeess breeder fuelg in Bpecific or in Ip-
   lwalent plants.

III-,rHE BEM!F'ri!S OF IHE mm PRS)(jRIYYS

The french prograrn has lead us to master very impQrtent technologies such as :

a) Ftibrication of uranium fuel

   The existing pZants in Roiaaris and Pierrelatte produces reguXarXy the
   hundred of tons ef fuel needed for ttihe EDF p:ants. In paraUel CE2MS arxl
   ZIIurYIVBE rnanufacture the zirconium ttibes neeessary fo: the cla<Sding and
   structures of the fuei assemblies.

b> Fabrication of mixed o e fuel

   A fabrication piiot plant in Cadaraet)e (CEA) has produced more thari 40
   tons of plutonium fuels for PHENIX and SOPI!RPHI!NrX, slxMfiiir)g rnastery of the
   speeifie questions Qf harKiiing plutoniurn oxide pov"ilers in elean environ-
   went, with great coi)troi of the level of irradiation of wQrkers.
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   The french speeialists knm hov to chtain gafely the mixed oxyde peUets
   with the rexxuired diameter arvit densityt the fuel pins with the reguired
   tightess,                fuel                     6ubagseiublies                                  according to            the                                                  reactor speeifications,                                              the
   ill2,o.tOderKt)eWc,ilisheisE:RCiiLowiOni8."fs.fuei ieakage in reactorB iinked to fuei ftibricaN

c) !t!!l!!fl!!gl,gl,--Eg}2{g!eggUgnd tr ir

   It is well krK)wn that OCK3EMA rnasters all the steps of reprocessing, having

   todayreprocx)ssedover1000tonsoffuel. '

  'Iliis ii)dusLvial luww IK)w i6 we11 suiJf,orLed by ut veL'y ist!e)vL'teuit R eu)ca D

  program in em. .
  One should specially rK)te the existing R arKa D facilities in MarcxnaXe,
  where are te.6ted tbe main cxmpor)ents of the Let Hague plants                                                              (Industrial
  Pretotype Testi tsg Service) arKl where are reprcnessed experimental and gpe-
  cial fuels (in tihe taroouXe Pilot Plant), rt is ef special significance to
  oote thati mere thar; ten tone oE plutonium mixod oxide fuele have been re-
  proee3sed in France, that the Mareoule Pilot plemt is reprocessing regu-T
  larXy tons of PHENIX fueXt and will soon reprocess several tons of mx
   fuel ooming from PWR piant as a rehersaX of the La Hague mx
           .  reprocessxng. ･ .
  d)!t!l2!!,S!ix-SgN!gltt lt adtedf1

  Sinee the beginning ef nhe Ftench pregran, CEA has built bot ceIXs in
  Saclay, Gremble arxX Cadaraehe to destructively and nen destruetively exa-
  nine i:rebediated uranium and piutoniurrt fuels. Simaltaneously chemistry bot
  ceZls and pilet pXants fer reproce$6ing irradiated fuels have been built
  arxX operated in Fontenay aux Roses, "dar(x)ule and ta llague.

  e)!F!!lf22s!}g!!lff!fi!g-gl-.l:gl9E9!LE29!!9.-!lgY!!!!!Z!l9Eik1edft ti

   Several p"lysie faeilities have been built on the Cedarache Center eu}d are
   still in operation.The reactors EX)me and MASUR<A have allowed the CEA to
  build up a weetlth of data and e)qperiments which are the ba6e of the cxxle6
   for PWR cmd RNR. Recently EPLE has been utilised to study the undermodera--
   ted reactors, etncl nowadays is devQted to moX core prablem3. Jl}e question
  ef hetereqeneous eores for breeders will soon be studied in MASUR()A.

f) waste treat;ment

  lhe prci)lem of waste has been stedied since the start up of the prog:arn.

   In petrticular, high XeveX wa$te treatTnent through incorporation of fission
  products in glasses has been experimented in PrVER facilities nearly twen-
  ty years ago in MARcuJUE, arx] this tec1mology is now incorporated in the
  ta Hdgue and Thorp plants.
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q) Enrichment of uranium

rn parallel te the gdscous diffusion technique6 the CEA has studied the cen-
trifugation meLIKxil, the clienical enrichrnent prooes$, the moleeular laser en-
richroent techniquet emd is now ooncent:ated on the enrichrnent method through
etomic uranium vapor laser excitatiQn <AVLrS).

All tbo3e exarAples show that we, in France, magter'the uranium euxi plutonium
teclv)oiogy an<l tlvat we have already entered the pXutonium age.

we have seen at)cyve that the next eentury cha11enge for natura: resources sa-
vings implies more progress in all the fields of tihe qycle (enriehmentt fat)ri-
cationt reprocessing, waste treatment) as well as in the reactor design con-
trol ancit operation. 1tu)g the inost itqportetnt scientitic or technoiogica1 ad-
vances whicih have been dene er will be dene, we cx)uld seleet :

1) Mastering bostile irradiatod envirmmt which implies teleoperation, tele-
   intervention an(l rcbot'isation.

2> Mastering the eolleotion arxit fast treatinent ofi rruny infermtions which
   implies uitra fast measurements and eeETu)uter trecttment ef information.

3) Estetblishrbent anci denpnstration ef nuelear "cleanliness'` which implies 1ow
   irrediation rates fQr workers, oontrol of effluents release, arxa maxinum

   safety. -
4) Safe dtsposal of wastes.

:V - coNC [PSION

Ihe deveiopment ef nuelear energy is a slow process whidh irmplies huge in-
vestuTRnts and mmst oc"gprehend all the steps of the cycle, fron mining to
waste proeessing. All the decision$ made to day will be implemented twenty
years (or more) from new. the decision inakers have to foresee fax chead in
the future. 7he chaUenge is great and of vitaZ importance because the energy
supply for ouv dhildren deper)ds on our skill and on our will.

The french partners of the nuclear energy development ere well dwdre ef the
prchlems arxl are preparing the future with confidence.
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原子力ロボット

極限作業ロボット技術研究組合

技術委員会　原子力部会長　　井元一彦

スライド

　A－1

A－2

スライド

B－2

　只今御紹介にあずかりました極限作業ロボット技術研究組合の

原子力部会長をおおせつかっております井元でございます。

　本日は「原子力ロボット」と題しまして、現在国の大型プロ

ジェクトの一環としまして研究を進めております極限作業

ロボットのうち原子力bポットの内容につき紹介させて頂きます。

　極限作業ロボットの内容に入る前に、日本における原子力

ロボットの歴史を簡単に紹介いたします。

日本における原子力ロボットは1970年代に始まりました。

まず最初、主として被曝低減を目的として原子力発電所の作業を

自動化する開発より始まりました。その後小型計算機の開発と

相まって、現在でもその改良が進められております。

　一方原子力発電所の作業をより広範囲に自動化するために多機

能ロボットが必要となってまいりました。従ってその為の研究開

発が1970年忌の半ばより始まっております。これらの多機能

ロボットは今まさに実用化レベルに入ろうとしている時代に来て

おります。しかし本当に普及化するには更に安価に、また小形化

する必要があります。

　他方、現在の先端ロボットの操縦は、産業用ロボットの如く予

め、プレ・プログラミングされたものは別として、オペレータに

とってかなり難しいものであります。従ってこのオペレータに対

する負担を極力軽減するためロボット自身の知能化あるいは操縦

の容易さに対する技術が求めちれてきております。このように知

能化されたロボットの研究は大むね1980年代に始まっており

ます。

皿一5－1



A－3

A－4

B－3

B－4

　このような背景のもとに知能化ロボットのR＆Dの一環として

本プロジェクトの原子力ロボットについて御説明申し上げます。

　本論に入る前に極限作業ロボットの背景と目的について述べさ

せていただきます。

　現代社会においては、安全に対する十分な防護なしでは実施し

えない作業や直接アクセスできない作業が多数あります。原子力

発電所における高放射線下での作業、海底石油掘削などにおける

大水深下での作業、災害時などの消火救援作業などがその例です

が、これらの作業は経済社会の発展には不可欠であり、その重要

性が益々増大しております。

　「極限作業ロボット」プロジェクトは、このような背景を踏ま

え、原子力、海洋、災害等の分野において、点検・保守・救援活

動などを実行し得るロボットの開発をめざすものでありますが、

このようなプゴジェクトは多数の資金、長期の研究期間を必要と

し、かつ多大なリスクを伴うため、ナショナルプロジェクトとし

て工業技術院の大型工業技術研究開発制度（通称：大プロ制度〉

により推進しているものであります。

　このプロジェクトは1983年に始まり、1990年に終了致

します。現在は本プロジェクトの最終段階になっており、後ほど

お見せするロボットを2年後に完成させる予定です。

　このプロジェクトの研究は基盤技術および固有要素技術の研究

から始まりましてこれらの技術をとり入れて全体システムとする

予定となっております。基盤技術は原子力・海洋・防災の各分野

に共通な技術であり機構技術、制御技術、支援技術より構成され

ております。また固有技術は原子力・海洋・防災の3分野におい

て、それぞれの分野固有のニーズを踏まえた要素技術です。

皿一5－2



A－5

A－6

同上

同上

B－5

B－6－1

B－6－2

B－6－3

　原子力ロボットの概念図です。下端にあります絵は床を移動し

作業するロボットです。その特長は複雑な原子力発電所内の現場

にアクセスし易いように4脚をもち、また種々な作業を行うよう

双腕のマニピュレータを有しているものです。目は原子力発電所

内の環境をある程度認識して自律的にロボットを運転させるよう

工夫されています。

　右上端にあります絵は全体制御室です。ここからロボット本体

を操作しますが、人間の直接指示による遠隔操作とAIを使用し

た自律的な操作も可能となっております。そのため多くの計算機

が使用されます。

　左上端にあります絵は原子力発電所に多くみちれるタンク類の

検査を行う事を主たる目的としている壁面ロボットであります。

　次にこれ迄本プロジェクトで開発された技術の一部を紹介しま

す。

　最初に床面を移動し作業するロボットの脚移動システムについ

て紹介します。原子力発電所内では平坦でない床面が多いため脚

移動システムを採用しております。

　これは床面移動システムで4脚を有しており段差の昇降やせき

・配管等の跨ぎ越えが可能です。脚は各関節に次に述べるアクチ

ュエータを有しております。動きは動物の脚の動きをシミュレー

トしており、膝や腰の関節をうまく制御し、前進、跨ぎ越え、段

差の昇降等の二二パターンが可能となっております。

　これは脚の膝や腰の関節に使用する予定のアクチュエータです。

市販品のものより大巾に軽量化されております。
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A－7

同上

同上

同上

A－8

同上

B－7一壌

B－7－2

B－7－3

B－7－4

B－8－1

B－8－2

　次にマニピュレータシステムについて紹介します。マニピュレ

ータシステムはオペレータによる遠隔操作が可能なように、オペ

レータの手の動きをロボット側がそのまま行えるマスター・スレ

ーブ方式も可能になっております。

　これは双腕4本指マニピェレータです。この写真の例では、片

手にナットを持ち、他方の手はボルトを持ってねじ込み作業を行

っております。この例の如く双腕の特長をうまく利用し丁丁の器

用さも使って通常人間が行っている動作に近い作業が可能となっ

ております。

　これはマニピュレータに使用するアクチュエータです。肩用か

ち指用まで大小の種類があります。このアクチュエータも市販品

のものより大巾に軽量化されております。

　これは指につける触覚センサーです。指の皮膚に感じる力を

オペレータに伝えることが出来ます。この写真は指の先端部につ

ける触覚センサーの例で、指の丸みに沿ってセンシング出来るよ

うになっております。

次に視覚情報処理システムについて紹介します。視覚はロボッ

トと対象物の間の距離を測定すること、および対象物の認識等の

目的をもっています。

　左の写真は単眼移動立体視です。単眼を移動させることにより

複数の目でとり入れたのと同様な距離測定が可能となります。右

側の写真は取り入れた画像より距離を測定するに至るまでの演算

処理を行うためのプロセッサーです。
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同上

A－9

同上

A－10

同上

B－8－3

B－9－1

B－9－2

B－10－1

B－10－2

　これは視覚を使った認識実験の例です。テレビカメラで取り込

んだシーンより目標としている対象物例えばこの例のごとく複雑

な形状のバルブ等を見つけ出します。この写真ではデータベース

として持っている3次元的形状を画像上で見出し、バルブを認識

した結果です。

　次に光空間伝送システムについて紹介します。このシステムは

無線で全体制御室かちの指令をロボットに与えたり、ロボットか

らの信号を全体制御室へ伝送する目的をもっております。

　この光空間伝送システムでは、2組のレーザー発信器と受信器

がお互いに常に正面を見合って通信出来るようになっています。

この写真では左側が移動する台車の上に搭載された送受信器で、

ロボットがどの位置に移動しても正面を向き合うようお互いの追

尾機能を有しております。また、伝送経路を自動的に見出すシス

テムをもっています。

　次に壁面ロボットについて紹介します。このロボットは先程述

べましたようにタンク類の検査を行うことを主たる目的としてお

りますが、そのためタンク等の曲面上が走行可能なこと、又タン

ク類の壁面についております障害物の乗り越え等が可能です。

　この壁面移動ロボットは、2個の吸盤をもち壁面上を自由に移

動出来ます。この写真の例ではタンク上にある障害物の乗り越え

を行っている例で、このため下の吸盤で壁表面に吸着しており、

上の吸盤は持ち上がっております。
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A－11

A－12

B－11 ，その他の技術として高信頼性技術と耐放射線技術の研究を行っ

ています。

　高信頼性とは故障の予知を行ったり、一部の部品が故障しても

他の部品でこの故障をカバーする技術です。

　耐放射線技術とは主として電子部品等のロボットに搭載される

部品、センサー類の耐放射線性を調査するものと一部の電子部晶

の耐放射線を向上させる研究を行っております。

　以上極限作業としての原子力ロボットの開発状況を述べさせて

いただきましたが、残された2年間、これ等の技術の主要部分を

搭載し’ A作業性を主体とした実証試験用ロボットを製作し、試験

を行う予定となっております。更にはこの試験結果を踏まえ

1990年には総合評価を行うこととなっています。

　私の講演は以上で終らせていただきますが、これちの技術が近

い将来先端ロボ憂トの技術の一環として必ずや、役立つものと信

じております。

　御静聴有難うございました。
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stat(IYIS energiVerk zgsg--o3`-Li4i

NationalEnergyAdministration,Sweden .

gLrgf,'.'a',G.erteh"giis..,d.

                     '
          j'At)AN ATOM]IC IilN[)USIhRXAL f:'<)RUM, APR:!L lt'4, 1989

          $peech by Mr Han$ Rode, 1[)abr'ect;or Grkneral, Naitionel11 Energy
          A(STf)j,rni,stvat'tior), S,ltjveden

                    '                             '

          Mr, Chairman, tad:i.e$ and gant:U,ernen,

          Fj,r'st,, ynmy II say whtut, et vary granat: tt)].eN$ure i,t, ti,s fi'or rne,

          t:u be, heve Lo(Say,

          ]I um rEiliscLl),y en:joyj.ng your wonder'f'u], c'j,t,y ar)ci count.,ry,

           t
                                          '
          i[ iAs:i,sh i;o prGsGr)t t.he gur'rGnt: $t"edish enGrgy l)o:L:Lcy Ln 'the
                                            '
                                '          fo],11,ouii,ng rnanner';

          1, :Ishex],],start:mu'j.'Liiasurrtmaryof'$wedti.shene!rgy

                poli:i,cy (Surir}g Lhe f'i,ft,iGs, $:ixl:iGs and seuent?,'ies and

                S.t',s ciev6il,opvnGtn't up Lo t;he mj,cl---ej.ght,'j.G,s,

           '              '          2, 1[shailthendea1.w:Lt;l')thepr'esE"ntGrik'h.r`{)yand
                                                                 '
                Etnvti.i"onTnanLal. sti,'tuoltion ti.r} terirns of` supp:.y, cieTnolnci

                und enuthrumLner)t.,

                                N-1-1



3, Thti.s w'j,ll.], k)E:! f'ol,U,ooued by a descr'j,pkti.on of' tLhE, rnblin

      featu)nas of' our' present ener'gy policy,

4, lnconc;Xusti,on,llshal,].ciescnti.betheutork-za)E:!arG

      cloing ak prG$ent t:e reach our Gnergy otnd

      etr)va,ronme?ntca]. goen].s,

SuiedQn's Nnar'gy po!:'Lcy anci event;s during the -F:ift;'Les, 'the

.S..,tl,,.-.X,t:.i･E!S .a,",Sl-.S.S,,,.SeR,,,pt..,t.,.1.I,,t,fS.S,,,..,,,,,,,,,,.,,,. ,,....,, .L･･,-J･････i･･H･･･t･･4･-･i･J･t･L-･･-`,･･L･-･-d,i`･･i,･J-,･･････-i･""''`""'""''""'"""'"'""""''"H'"･･`･･

Thu vullr)er･blb:illity of Swe(Sish energy suppliGs muots

dg".vnon6t:rtht,ed kwti,ce during thQ f'd,f't:'j,Gs, f`2,rst, during ichN

Koreenv) utar Hnd then during the SuGz crisi$, lrL rLs no

tksondE"r) Lhut LhG! G,nergy poTt,'j,cy dur''j,ng the f''ir'st ten years

aftev, the E5econd World War muas moskly engaged in buiZd'jng

up st.rategic stocks of' he!abi,ng oti,], unci pevtrbol,

 '
A(Si-fs:Lnistir,a"t;:tve pv'Qpar'aLLorts f'or tt'ol'Lion:tng and f'orfi ari

                                        '
j,ncr'(itasE"d uL'i`].'i,zat:iori of' dornetstti(; f'ue].s u)e.r'e! prNocetatdj,rig

coneurrGnt::Ly,

Soor}, hc,uje,ve!r, thG:i f'ul:ure, tttethoci of:' pr,oduct,ti,on of cheap

el,eetr':ic power bucolrne the rt}ain :is$ue, The harnessing of

hyciropumuG!r wa$ ],G.ke".y 't:.o run i.nl:u cont'],i,c;t:, tA}'i,th ecul.og'Scbi1･

;interests :Ln 'Lhe near fnut,Lure, nn alternativa was pequired･
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Xn th". mti,cl 50's thci! cti,v:`i,11,:'i,an uti.),ti,zat,,ti,ori of nuc].e:ar powetr'

                          '
aF)peblred 1.o be a ppov}iising avenue to expZore, If nuclear

                                                     'F)omuerk cc)uU,ci b(:i useci f:'or' e],ec:tr'ic'i'ty proctucti.on anci

 spuce!･--hQatLr)g, a substant,:Lal break-"through t.owBr'cis an

enEirg.y. syst:eTn bblsetci on dornes'bic ne$ourcas uiou),ci bGt wj.thfi,n

Decr(:ien$j,ng o;'i,], pr';'icc+ts difi'tl-･r thG:t $uez cr'j,s'i,s r･an count:er' t:o

'Lhe,se pl,ans, 1[n a nurnber of' big cities the construck'i'on of

o'i].--･f'j,rsGtci poza)eir' pU,unts f'or cornbti,ned generat,ti,on of' e],ectrj,c

potu-r tund heat iA}as 'st:arte(S, This ILook plmce $'i,)iiulkanwuusZy

                             '                              iwti,th t;hE! ri,ntr'uciucLti,ori of' dti,strti.ct･"t･hE!atd.ng nNtJ+･-works.

 I:11ecLr:'Lc; pouaur' -Lolr:if'f's wer'e Xuouered, muhLch ;'nacie dirnect: use

ef' Gt].ect,rti,cri,t.y f'oy' spt"ce-･･･hG!atti,ng irl onw-･fexrlS,),y houses

f"oHsri,b11m.

n:l,t,h(:,ugh tLhesse yedirs ot:' t:l'i{:t si.xtiti,es {kiernet domi,nat:ad by t:he

:aunching of a nuc'iear progrotrntne, governsnentta1 actiutttes

Wffir,E: Se!(M'1 ti,11 C,th(",r f'j.Ei!],dES US IMGI],],,

       '

The oti,1 cr':isiis ':jn 19'73-i･'7tP $uddGn:Ly cholnged t:hG concitt,tons

ti.r) t,het etne,i"gy markG!ts, 1"he f'ourf'o],d prvice ti,ncrease br'･ought

about haaviXy increase(S costs for oil, '1"he crisis also

emphi"s'j,;reci n{:tou pu],ti,t:ul(;ol:1, asloect:s of' t:he secuthti.t:y uf' suppl,y,
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1"hri,s sti,t:utut.:'j,on cor],].Gtd f'or it substmnt:iol11y new basti,s f'or

energy pl,annir}g, 1i)rornpL aci.ion was neecisd t.o handZe the

probl.G!Trts j,nj,tj,at,e,d t)y thG! f''irst oi,1, crj.sti,s, HGnce, neut

gover,nfnen･t:,al :'Lnvest:igal;ti,on$ olnd $tudies star'Leci zar}d inar)y

rvaw geve±rnTnerlta], agencti,es werGt set up,

:n 1975 the Energy ManolgGrnGpnt BillL presented an energy

po1,'j,cy programrrtc･! wri,t:h di n"w al:t:z't:ucie t:owards G!nargy

pol,:icy, '1"he progrzartimo cons;isted Qf'

--J dGt1,ibe!rliatE:･tcensetr'va･Lti,or) ･

･- coi'nprehensive re$ear'ch and development

         '
-- 'i,rst,gi!ybrlort','ionee], co-i･･uperaL'i,en

      '
-- an act.ive oi,i pol,'icy

･･-
 or gLtur'enntetad pousg:,r supp),y

W･hiie thG unstabie sit,uat:ion' on i:he in'twrnoltiorra1 oiZ

marsketti (;ov)tj,n'ued at: tha and of tho '70's, ir}c],uda,rig a

cioubll:ing o'f t:he oil prices in 1979, en int:en$e ciebete

eehathE:ir' t.o u$et nuc),Gtar' pou)Gir ti,n Soueden havti,ng rsegolrd to

nuciGttr safety and raciiQactive iMol$'Le ouas going on, Yvu

couU.d fti,nd dti,ffi'eriGmi,, c,F)ri,rui,orts j,n eblch po),j,t,j,cbl]. pptr'tL,y, sO

:i,t. LMa$ f'Lnot;IXy de,c:'Ld-d t:hat: Lh:is ciebat.e, iMh'j,ch Gngaged the

whoU.et uf soc'iGitty, should bE:! rse$elveici j.n a nuc:,e?olr

resf'erannduvn, As a basi$ f'or t;he rse'fer'endufr} a comfri:iss'ion t"as

s(:tt. up t:o st,uciy, t:he consetquGtnc(f,s for 't.he econorrty,
                                                  '                                  '                                          -e.rnplloymenL and the envipon)nent "' nuclear power' were ko be

abuncion(:･t(M,
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T'hE,', r,etf'e!r'er)durfi t,eok p].acGii i,n Metrch 1,980, anci Lh(:t rff:su].t.

was that. 58 % of the votar`s roluoured usir}g aXl 12 reactor's

Ll)reughouL t;hE"j.p sE:･!ruj.(;Gi 1.ti,fLE,, Trle wj,i), to abal')cior) txucX{"ar

power w'".hSn a 20--year period and usG ot;her, prGf'erablty

rE!naujuke],G, seupcGtG of Gtr)G,rgy, was a],so expressecl,

Xn order Lo anaXyze rna･asunGs nGcessary Le accomplish tuhe

F)has:ing uut, of" nucl.ear puwe!r' bQf'ovo the year 2010 and mt

the same ttvne a cor)Linous ciecrease x'n oil dapendence a

par].ti,amfi!nt,olry corrtrn`j,ttGt(:t has bGten set up, Thri,s comrnti,ttLG!e

demlt t"ith Lhe pollicy cor}cern;ing elec'Lricti,ty use and the

ro],G! of coal. and oj,1, j,n t:he ],ongt;errvt, The cornirui,t:tieGt ta],so

inve$t.igaicGd ithe potent'ial cuntribution f've}n ciocrne$tic

f'ue),s and hy(SropouiE::",

                    e'

                                 '
Zn t',hG;,: $pr'S,ngl of' ),981. enn e:xtensiva nemu Energy Bti,1], uaas

I)tnesented in which the Gov"r'nrnant }[)ropo$aci new guidGlines

f'dor e:ner･gy pol,;'i,c'y up t:o 1,990, The:! goal. ti,s t:o att,a:in the

lowe$t: poss:i.bXe lovei of' e}'}ersgy use cort')paiSble tN:tth soc:tai

goal.ss un(S Etcuno;n'ic r}e,e!dfs, The rnaj,n e:mpha$ti,s is ].aj.ci on

meiasures cl:Lr`Gct.eci t.o $av:ing o:L:L and hav:Lnw an di,rnpac" ir}

t:hElt shor't und yfte,citi.urn l.E:trvn,
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Mar)y of' the rneasure:s ar?(S prograrrtrrtes that havGt been

implGinen-t:ed durir}s] thG '70's would bG in f'orce also :in the

80ts, When ti,t corTtEi!$' to ti,nst:rumetnts t;o rrtanolge ener9y dG,mand

a greaLe)ft e)nphasis t:han eatnlier Ls hoLvevGrh placed on

pr,ti.cting po],j,ci,e,s, tin pblr't:icular) ori taxGt$ und c;har'gg,s, and

on 'iyy('orv"a(Lion, acivisory senvicGs and educa'Lion,

                            '
Air, tS'mxt, t'imet, we th'ink, t:hE?, gre?atest; potent',ti.ta]. f"or solv'ing

energy ti,s Lo be founci :in 'industry anci tn buil(ting$, The

po6sti,bl.di,t:ti,es t:hat: exti,s`t, in t:he trolnspor''t se,ctor shou),ci

also bG uttXized, The 10･--year pian l.o save enGrgy in

g,×ti,st.ing buj,],dti,ngs nvhi,ch muols adopteci by Par],iarnent in 1978

a:L}f}eci aL a saving of olround 30 % of' the ener(jy used in

buti,1,d;'i,ngs axti.stj.ng ti,n 1978, Tociay wE:, can say that uae, have

paached S;his goelL,

$o, a,n $urnmarsy, e?xcept nuc],ear pouJe,r,

                          '

`1"he vnain chanac't;erist:ics o'f' the trends on the denergy

market,s ri,n SwE:･,ck:!n s'incet t:het enci of' t;he, se(;ond wor],ci wmr

haue bean t:he $atne as 'thosG in the rest of "hG westarn

                                                    'jnciufst:r,:L-],;i.zGtd muor],d, '

                                 '
'

Bat;A)GtE:･tn 194S and 1975 e,r}G:!rgy corisurnF)tti,ori increnzaEied by

appvsexLv"ately 4,S % per ctv)num,
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"1"hE" o:i,1,-･･･pr,ti,cde ri,$(:･t$ oti' 'Lb)Gt se!vG:･tntLi,es hNd sLgnti,'f'icbint,

con$etquGr)ce$ I'ur this dGve:lor)rnent, expecial,ly in the 1±ght

uf thG, f"act t:hat; $wE:!detn doas not have, olny oa.X, gdis or cota),

regourcas ot: her own,

                                    '
I,)')cra!us'f:･!d e!nep.rsgy prti,ces ri,n Swecien meant, onrtung ot:hGr'

Lhil'}gs, `theat Sr)ve$t:Tner)t,s in }norG ener,gy+h-ef'･f'Scient

equri,pvitG:!ri't, becdifrK:t pr'uf'j.t.abio･, enrtd thti,s pr'oviciE:td ri.ncentti,vas

f-or t.echnologicai cieve.loprnents,

Much ef'{;'orbt has alsu bee,n anxpE!rtded :i.n Souecian or} mak:i.ng

enepgy ut:,illizaL'ion vviore efT":icza'ent, OiX consuvnpt.ion has

clecr,egsc$Gtcl duG! bot;h t:o charige :i,i't rrtariuf'ol(;t:Lir:i,rig pr'ocesset$

and oLher t.hings, '1"hase c;hanges haue in many c;ases also

U,ed 1:o ot,:her acivtunt:uges, such dis d(:,cr'ease(: cc)nsumt)ti,on of

rttiM inaLertitzls and r'educed e)ni$sions of" poltlu'tants,

Much of' t.he, coor'k carr;a,ed out'to prote(;t, the! Gmv'iromrient:

has beev} succusful, $'Snce the mid 1970's efnissiOns of'

su].phur henvE:: cif:tcr-ase!d by 70 % ancl t:hose of' nj,t:rog{i!n

oxicies by about; 30 % 'i'n t.he enengy secl.or,

 '

D:i,$c'l')enr'ges oS"' ciust:, hy(Sro(;avibor)s, rnQ,rhcur'y, cacim'S,um eer)d

lectd have also ditndnished $holrsply durirtg the 1970's and

     '80is,
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fi..w.,.g,it･sl,!.si:･1,:,.!-.s..,..,s.t,!.!.s-,,i,",,.sty suR,ni,,,,,y.,,.,.-sA,,.s,.,r[l,,a,..,n,,,,sl,!,...,st,-!p.,s,I!,.....,a...n...yxi,,.r,'.,s.,.n,.!,rl.g.,.n,,,,,.{,:-..,.,.s,,,.l.:.!,.,u.,,,,pt.,.Si･,tl,,.g.,n,

.Y..q..S...r..,"-..1,.S.,,,,,8.,.9.,..,,,

"l"he t,ot,a:L amc,urlt of" G!ri(:!r'gy supp],i,Qd

approxthmaLely tho $arne ieuel as ir)

TWhlyG!ar,

Rs y(:)u c'iftn setGt tfeorn "thti.s t):icturGt IAset

pr:iii)ary anergy in'Lo the folivwing.

S.,ilt!G,Sl!.l2r!i.S,..,.,.,R.,,!1).e..,.r,S.,su,Ym,.,G,.M..,meM.1,.M,,.,1,l,,,!,),,.,.A.,.9.,,.8-1,.,

 j,s tociay blti

lg7o, tha'L :is about 4,so

can sp],ti,t up our

Do)"ti),st:i,c f'ue11s

Com),, eol<e

11ydrsopuuler

Nuc1.Eti"r' pewe!r'

Waste hetat

o:i. s,

Noltural gas

,11.1.w.,..h

 66

 3 4･

 C5 8

 68

  8

209

  3
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Ll,r±!,g,,,,..,s,,,.),,,,.q.,,,{.,,!,1･,r,:.tt,..c-,tt.,-t,,M.,!.v,!,.a,.,!.,ts,,s..!,

E].Ei!ct:r'J,cri,ty is tiodmy ger}cp,rated chti,Etfly in hydroal.ectric

and v)uc;leav, pow-r piant:s, eech o{' wh'ich accounts fop elbout

6.ei 'l"Wh a year, AF)art; f:'rom t,:ho"se,, fl1,{i!ct:r'ti.cj.ty :i,s ee).se

generat.G!d by f:ue-i covnbu$l:,:Lon, mainly through

backi･i･･pr･efssurbet, ]1n 1988, t,he, totol1. gE:･tnetrat,;u'ng capolcti,t;y was

:just ovGtr' ltl･O 1-Wh and consurnpL:Lon about 133 '1'Wh.

Jlt j,s' per'henp6 i,nt;erielstL;:'i,ng to note,, ),acia,es arlci gurlt).ernerl,

tLhat our presevit: elect;ric'it.y consubnption Ss doub'ie iha`t of

                                            '                                   '             '                               tt

LoiA) riunn,:Li.ng (;<:)st:s "f hydru and riucl,fpar, power,, combti,rteci

wi,-Lh a ce"t.ain overcelpacity, have kept eZectr'i(;ity prices

].oou, Afs f'ar as e!).ectlr'j,cit:y cunsumptdi,on over' LthE" next tG,n

yeol)tis ;'is concertied, therG are t.oo inany unknowns to rnake

nuaiE:ir';icet:. oxmmp1,g"$ iMor't',hza)hti.:,ee,, ]It,: ris, houtovern, c1,ear that:

vnore expGvisive r)owur' pt'Noduc'Lion wilU play an incpeased

ric:,].E:･}, thnd that: di,f'f:'Gtrietr}t:'i,iatGi!ci t:Nrhj.Ff's Nnd u ftj.ghers

Glecl.r':Lcx'ty r)rtce wzilllL haue ef"tkGct;s on t:he fllect';rvLc:iLy

vnatrk"t,
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.X,..!,..ct....1,.g.e,,.!ig.",fi.,.,f.u.-s,},.A.,.s.,,

Ilndti.gE:le}nous f'ue]. consurnpt;iert was 66 1'Wh d,n 1987, 1"hE{ bu),k

og:' thesa indigenous f'uels olre pro{Suceci and consumed by the

savnG, M,rms, On],y 10 % muas bought or so].(S bG,fore being

usE},d, which rnGans that oiiZy a very ininor potrt is avail,tzbk

on ti')(i: rr}arkGtt.,

'1'hEiisa f'uEi!],s etr(i! useci inolti,n],y j.n three f"ie!].ds:

"-- theuloocimuvinktn9:Lnctus･Lry

-･･･ srnc"],),housEtt$iAs;'i.thon--siteaccessto{"aod

                             '
                              '･- dist:rict--hGa･l:ingpZant.s

                                           '

                                            '
'1"he, fLti,r.st t:wu catwgorti,es accourtt fur olbout 90 % of tota].

consurnpt.ion,

9...-tt,,,..:,t,.,...,,E},,!,1:..,S.l,..pt,,m,U,,.,,9.,,.S.1,,.1,.,

                                '                            '
1'he! (;onsumpt,di.on ofL oj.], pruciucts hols decreased rapid],y in

$tNvecier}, esloec':i,aZ],y stnce 1979,
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]It, ti,s chiefly the con$umpt,ti,ort ef "ue:, uti,),s oul'ulch hols baG,n

raducad. '1"he$e haue been rep2aced by elect.ric'ity Nr}d so'1rid

f'ue],s f'or heatj,ng purpose!$, llr) thti,s contex't,, 1,ocblU,

autLhuriL,ies' conversions to boiler plant:s and the Gxpan--

sj,on of' e!],ectrti.c heat:ti.ng f'oth sri,ng],e--f'arnd,1,y hous:Lng havG,

prLayed a cGntr'a'i )no:La,

E:narssy (;ori$er'vat::i,ort ha$ iftl,so contr':i.but:ed tzo t.he, ciecr'ebi$G:td

com$urnpt.ion o'(:' heatAng oil,

                                        '

Whewt, hens 'j,ncr'ea$(i!d, hotueuGr, ti,s petrp], cprtsumptti,on, olnci

this increase has been 10 % in the Zast ten yeolr$,

                                       '
l,),.A,-v-#-,.r.,,tf,,,.c,,-!,,...!:.,g,il,a-..,g..il,.!:.,s,

Tociey ･t:heTne elr,G! over, 200 dri,st:r"i'ct---hE:!eet::L'''rrg pll,uriir,s ti.n

sweden, Last. year they (Seliuered 36 TWh of heat:ing, Over

hol],t' ofJ t,h'i,s uiGnt, tLo rr}u).'t,:i,･""f:'olvni:.y etccomrnudat'j,un,

.,F.,.,ll,I,..!)..a,.,[,l,,,...,C.,,..O,..J,)..S..U,-L!!"LR,.L,,-i.S,.-nm,,.,.es.,.!.,.P..9,m,S..

A6 mewy be sGten Fr'om 'thi$ f'ri,gur'e, our, t:otex]'f'tinal, enar}gy

consurnpl;ion in 1988 {xses$ 3e4 T{,"h,

Xl'idufs'tr'y consuTnGici 140,8 TWh

Housii')g,o'f"'('ticeolndservices 163,eTWh

1"r'ansport: 80,S '1''Wh
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Er)virontnenta1. sti,tiuNti,on

1"he con$uvnp'tLion of Gner,gy tuf'f'Gc"ts t;he er)vironrner)t,

                              '
Afs' :I JfiG!ritj,one,d, uJor'k uri khcit r'educt;ion ef arrij,ssions of

sulphur and nitrogen ox-icies since tLhe $eventies ha$ g'iven

good r6!ssu),t:s,

Our prefsG:nt,: $'m',tuaJtti.un as r'etgolrds su],phur' dioxide ti,s that

f'roip em:Ls$ions of' `750 OOO tonnes a year in 19'75, $uaedish

f:triE:!r'y pr'o{tuctti.ur) ornc;t ti,ndustrLaU, pl,arit:s hbluw rQcluce!d the!ti.r･

os'n:Lss:ions ko 220 OOO tonnas a year in 1987.

                                                '
1"hEi, GtTrui,ssti,on U,obid to t,vhj,(;h $ouecien ti,s subje.ct, on t;he! other

hanel, is consa,derably gremLGr, due to c).i"issions f'norn othGr

c'ount:rj,e,s, 1"hti,s brti,ngs t:he totol], Zoad on StA)e,cifp,r) up t:e

300 OeO Lonnes expressGd as sull:)hur, so t:hat: 85-･90 geer

cctn`tL <;)f' $wedan`s su:l,phur' :1.obld cuTnas f:'r'otn ot::heri cuunt,ri:LEt$,

f:'in'i$s:ions of n:i 'troger) oxicie$ t;oday on'nount of'

300 OOO t;onne,s, 1"hti.s ti,s a r'Qduct:ti,on in Etrnri,ssdi,ons of'

18 OOO tor)nes or S per ceiit since 1980,

                      t.
Ot:' t:hGt t:o-E:ol). ],oad on $wedEiin, 85pt-90 per' ,cent: coTnes f:'r'om

olbrotad, wh:ich blmourst$ tLe 90 OOO 'Lonnes, exprGs$ed as

ni.trogein, A furt;her ],oad of' about: 70 OOO tonr}Ens N comes

'fykovn r'eciuced n:i't:r'owen covrtpouricis, Abou'L 75 per cen"L of" this

suvn comf"t frorrt abroatd agrsti,cu:t.ur'a], sources,
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As r'e!ganrcis Su}Ebdti.sh emj,ss:i.ons tociay, i,t ti,s aboua ct11. the

tran$port sec'Lor that is disquieting, Pel':roi corisurvipt;u;ion

hthsT (-:sroum by 10 pEtr' cent ot,n 10 yfi,orrs, end tt}i.s ri,ncrease

allone hes rGsult:ed in 250 OOO tonnes rnore ef' emissions,

                                    '
]ln ID86, traf'f'ti,c prociuce!ci about: 70 % of' r}a,tvogen oxti,cie

NvfrSss:Lons, energy product:,ion olbout 2S % and indushrs:iai

pr,oc{:･:s$E:ts at)ou't: 5 %,

                '

MorNo v,tlgor'ous dG!mand$ on pditt:r'o], dr,a,v-n rnotov vehj,c],es havfl

been rknt;roduced f'or alll cers as of' S989 rnodRls, 1"his is to

be! ac:lni.fi!ved by coltitsl,yse,rs and i,s expect:ad to reduce!

ern:'is$ior)s of niLr'ogen oxidG)s, ･

Ourg G!Tnti,ssa.or}s of' ceerb(m-･･citi,oxti,d"
e arnuunt £o rough],y 80

rnd,IL'J,:Lon t.onnes a year,

                                 '

'T4hd.s, Zadti,e.s blnd gG,nt],eTne,n, comp],EttEts thGt picturG, of' t:he

                                               ,present siLuat:ion, Xt is also tha $tartir)g point f'or what

mMy, rin L,ht･t ]tighi, of enff,rgy--pulticy dEbcisions, Uti,e ahe,end,

          '

g..u-,.n,!..st,n..i,..,..pt,.n.,..e,..r.-,g,M,.,-ns.,]..i,.s,,,y

Xn t:he, sprri,ng of' 1,988, the! governmf:tnt; prEtsentad its

proposals bls £o the vna:in tasks of our energy poiicy for

't,he r}:i.rsa!t:LE:ts, 'Thc･! rE"su].t::i',ng enetrgy Bd,L], wots' passed by

Polr],ti.blrriG:tnt on t,ho, seue!nl:h of JunEi! 1988,
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"I"he vnaa,n t,ask ef LhG:! enGy,rgy po),ri,cy ef' the Nti,rie,t,:'i,c:･iS ri,s t.hG,

craatiov} o'r tha ppecondtl,t;'Lons nece$$ary to achieve the

udjust:rAetnt:.s :j,n t,l')e eenGtr'gy systwrTt pr'G!scr'ti,beci :i,r) 'l:hGt eI')er,gy,,,

pol,;･icy duc-,i,s'i'vns of" 1985, 'l:hal: i$, nuclLear pewer Ss 't-,o bG

phasE:t(S ou'L by tho. yeolr' 201,O anci thGt tolr'ge,Ls se,t up 'in

re'1,et,ton t.o is$ue:s $uch as khe envivtenvsiu"S'L, our ev"ersgancy

citpacti,･Ly and our' se!cur'a.t:y shou:.d be r{itachE!ci olt the ).uwestL

possible cosk te $ocie'Ly,

II!1.,s,,kl,...R,1.,.pt,,.s},..,.,s?.!,i.,L.,.,.cr-.s;.,S,l,,t/i.,s.,),:!,...l.,.n,..,.c...;.I,.!e.d,..,e..,.s.,...,t.:,.!)-g..,..!i,],1.o..-:t,･..ll,,,.p.mu.,..A,,,,r.i.,g.,i,.

                           '
                   '           '                                      '
                            ,1, A fL'rst reactor is Lo be clLvsed down in 1995 and m

sG,cond in 1996 --･ both of' i:l'iern on t.h(:+, muG,st coastL oS:' $LnJeden,

"t'`he seZthction o'f raactor and of" the order of closure is to

                      .i.
                                   'bGii miMciet ri.n l990, ･
                 '
                                 '  '
                                          '
2, EInvti,r,ol'lrf)Ei,rltaxU, (;urlt:r'o),$ un ho.olt,ti.r)g and el,e¢t:rri,c:i,ty

genG,ra{:1,en piants ar'G to be tigh'Lened su{;ces$ivelly during

t,he n'inff!t;jes,

                     '

SuU,phur G,miss:ion$ ar"e Lo bGi r'-ciucNci by 80 % f'rom 1980 to

the year 2000, and vnust noL increolse ･thereaf'ter,
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 Sri,vnri,:Lar].y, t,I')ffi etrnri.ssri.or) c,;' nti.t.rogENn oxiders ti.s t,o bei

  reciuced by 30 % from 1980 ko 1995, blnd rnust. not 'increase

 t,t3e.re,twft,etr,

  ffTfni,s$･:i,oriEs of' {;arsbon dA,uxi,dEt vnust, not ti,ncr'G!aso, ti,n a ].ong

  tanr`rn par:iod,

  3, El･IU,e!c't:r'ti,cti,Lty coriser'vatti,ot'i pr'ogr'arrtrrtq!s hblvN stolrted, '1"he

  nece.$$ary resQurces are esli,irnated Lo bG arounci SEK 400

 m'x').ll.ti,ori over' ew fj.vo･-･y(:･tetr' per'iod,

  '11`)e pr,ograsrr)rne uirfis li,o:

 -- ut;za',].a,ze t.he putent:'ia]. f'or greuter e],e(;tr'j.ci,ty

      effthciency ar}d el-cLricity subst;itut;ion that is

      e!conorrui,ca],iy f"e,asti,bU,ei f'ruTrr now urltil, 1,997,

` Parliavnenic has recen'Lly, on 'Lha sugges'tien o'f' t.he

  gove:rnm{:,nt',, approvEitd a pU,an of' blcLj,on,

  '1"he gove,rnvnenL 'is of Lhe or}ir}ion that a f'unct:ioning

  Et],E;･,ct;,rs:'i,c''j.t',y Trrur'kett would f-acj.].ri,tate a phase,--out, 11t, ti,s

  'irnpor,Leent thak higyher producLion cost.s are gnadually

 olU.li,omuE}rd tu olff"G!c:t; Et],ect:rti,cj,tzy prj,ce!s, On],y the!n can the

  necessary ttd,justi'f)enLs be rriade by housGholds, business and

 othe!r e!].ectrti,cj,ty Ltse!rs, anci tihese acijustrnent.s are a

  pthecondLLdi,on f'or l:he phase--ouL of nuclear power.
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"rhE:･t ino,olsuras ti,ncl,ude.d d,rt t;hti,s p],tzn of act:iun shoulci ban

･roilowed and adjust.eci to t.he prevot;i,Xing s'i't,uat::Lon, 'rhe

 ,au,rns arci:

                                             '
･-- t:o l:)romote arid rett:ex:i,n f'],ax:i.b'i:1,'i,ty 'in e,],G,ct:r'ti,cj,t:y

    c;onsu}'vep'L:Lon and pr'event an :increease in eleecS:rti,city

    consumpt::i,on :i,n areas tAlhar(t such a r,:i.sa :i,s not

    e¢onornieol11'iyjusLif'ieci ,

--- ･Lo taka aciuolntNge of ],ong--･terrrt opport,unitLies to rnake

    eaectpicil;y consufnpt:ion rnope Gf'ficLient olnd to riep],ace

    all.Gt(:trti,cj.t:y wa.kh otL'har Gnergy kypEts, cha,oF],y in t:he

    hea":,ing area ancl in eXE"ctv'iczi t;y--'inter}sive industry,

                                                   '
4,combj.ne,d hetut, ancl powQrN p],ant:s anci di,nciustrti,a:, bMck--

         '
ppessure ar'e to be anxpav)cied as much as 'is econovnicaliy

reewsonabU,e

-･- hydree!],etct,rri,c potuetr' ti,s to bEb etxpartcieci frorn 64,5 TWh to

    66 'rWh, wj,'Lh ort:terstLun pol:ici 'ko er)v'ironvnen'Lall aspects

･-- enrt,tE:tr･nbl't;ive, f'or'rns of' e],ectrri,city genGrbl'tion blne to be

    elevGlepacl, such as:

    f'uet], ceZE.],s

    win(S power
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--･
 f'ue],--base,cle].G,c;trti,cti,t.y･-･･gGtr)etratti,ont"chntl.ques'

    sa'{.is'f'yin{- high envSror)ment;al stencierds shoul,d be

    dEI,vel,opeci, e,speciblU,],y ouj.th nat,urot). gas,

S,An enepgy･--t.echr}ollogy fLtnd hus been $et up l;o er}courolge

t.hc･, ctevt;,!],upmer)t, l'Anci ciE:.!Mor)st;r'at.ti,on of' nE:･}co e}rvetrsBy tectlnoiogy

i"iLh high anvirorirnenLa･l standai"cis, The fund has access to

SEilK 100 rrlj,],U,a,onayE}ar, ,

6, 1"hE;, E:tl,E:!ct,rj,ci'ty`-dti.st:r'ibutti,on systevn is to ben further

cieueliopGpd, The encicl;'LL:ior)$ and irviprovernents t.o the {grid,

necetssexr,y f'or a nuc:eenr phase-･-out:, ape! to bG! car,rtheci uut,

7, '1-hG govGrnrntwnL :is 'Lo f'o:L:LotAs ir'Gncis :in elec'Lr}Lcity

dG:rndinci, e].e,ct,rri,cj,ty pr'j,cEts and the ti.rivetstrnent: p),crns of' the

powers cornpolnies, HIiecl:ric"Ly consumption is to be

rnotlj.t,or'aci conLj,nuous),y and conservat,ti,o)tl pr,ugrarnrnes, ols

welL'1 ots sur)plly--･pXai"in'x'ng measures, ay'e Lo be 'f'olXlomued and

rkGtvti.se!d atl nE:tcetssur'y,

A f:'ti.rts･L qiva].ucstt.di.Qn of t',h:is plan (Aij.1.U, be, rnewciE:! j.n 1990,

1[ssues concerning 'Lhe f"ut.ure $I')ape of' eriGrgy taxes shoulci

ew:L,$o have been c],esrti,fii."d by tha,s tti,vnG,
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1'l･}'is pl,mr} of'  actti.en w:'i,U,rl, bE" carrti,eci out on en ecotiotrui,cal,ly

corrsecL basis, 1'his menar)$ 't:hat: the derf)and for new

e],e,(;t:rti,(;i,t;y-･･･gGtnetr'ation ctzI}mc:it:y t,"i.I,], GtrlLa`i:L higher, cost:s

'Lo so{;:iG}1;y esnci LhaL tl'}ese iNill:L be ol:L:tot"ed t:o af:'f'ec't the

                     'prij.ca :t,citve:1i

On{i! cholr'tblc'I,eer''ist;'i,c of t,h(:t $iNeciti,sh e:,act;rti,c'tl.t,y mttrkE!t 2.s

'LhG olbsGtnce o'r govetfini'r}enL };)ric;e tAeguLat.':'Lor}s, 1'h':L's $i"ecSish

rnociE:!':L :i$ 'Lo cortt:;inue, elnd no ragu],atti.on c,r ti.nt:eruentd.Qns

are al; psnesen'L expect:ed Vit,oin the governt'nenL,

Summ;ing up thG! t:)rG!se!nt: d:istr'j,butti,ori of' tasks olnci r'espons--

'ib:'ULties :Lr; 'Lhe facG of' the coming adjustrnant, onG may

                                         L
soly khat; t;he governrrieni: Nnd polrll,:'i,olrnE!nt; f'or'rnul.olta both

lons)･-1:er'vn and short:"LLt;ersin goals, as i"el,Z as 'thG 'f'rtavneouvrk

of' mui'}at tneey bG! dune and t:hf". gua,del,ti,nes f'or wholi:, rnust be

cione,

"l"h':i.s :i,$ mcl'):i,G,ve!d by ti,m}:)os:'i,ng r{pqui.rernEtnts t;o be rne,t: by t:he

Souecl;ish er)argy system as far as enuironv"en'L, secunity and

G!rr)el,rsg(1･m(:y capaci,t.y ar'e･ con¢Gtrsn<y,ci,

W'iLhx'n t.h',is c;lx'ser'ik)uLion of tasks and r'e$ponsib'ili,tiu,s,

t,hc-! pow{:,r compandi,es, ],o(;ul, author'ti,tti,ws, busti,noss anci

'inci:Lv;iduals are g'iven the responsri,bil";y of' f'inding bl

$o],ut:then tsiIntch h･arrrtonazas wti,th t:heLr demands and needs and

t"ith Lha ],ocal situa{:.ion,
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1"hfft gov(:trsr}rnenLts ro].a ti.n thri,s muor'k ri,s, on Jtha ona hmnd, to

cleLervr):i}`)e LkjhaitL (Se"'iat}ds soctGty is t:.o vnake on t:ho Gner'gy

syst:G!m, tand, on the ot:her,, t:o daue],op new tGchno],ogy olnd

nGiw syskGrns 'for dernons'tratLion and coynmercien1 in'troduction,

Lhv,ough tNor'k on rG!seblrch and suppurt to t:achnol,ogica],

dave11opt'nanL,

]ln uti,emu of: tho. par],ti,arnditnt:ary ciEtcisj.on, coe etpa noou usri,ng

boLh a short･･-t:erm olnci a 11,ong-HLerrn per$pecLLve, Whev'e t:he

],ong--LGiwyn perspect;;i,vGt j.s concerneci, ute ar}e notM gori,r)g to

worl< on g,nvirot'n-nen'LaZly adap'ted' annergy sceharios, in orcier

Lo Lci!st hout und at: tAthzat,: rzate! lrlae chunge--ovetr to t,he
      -
11on{g･-･tervn goals defined f"or the yeolr 2015 can be-, effected,

                                       '                     ..
IIIn t:hti,s tMork, t,he! chblr)gGtc)ve,r' Lvti,].],, undoubtecl l.y and un-･-

tzvo:idab),y, aFFect lar{;G sec'Lors of' society olnd ;it .is, t:o

s'orrtu G:･,xt:Gtnic, measure$ at ],ocol], olnci regri,onai ],eue:, that can

crea･t:G sco})G 'f'or r)etAj }:)1'soclucl';ion f"acLi:1.it,:ie$,

NatLur'ol1.11,y, j,t i,s prd,rrtar'i,11,y 1::hGt more ef'f'iciemt･, use of'

enerwy t:1rat wen at"e now G,ngagGci iii, both through gouernmenk

ri,nput$ anci through chthngets ri,n at;t,ti,tude and ur'goln'x'zatiti,or) on

tLhe }:)arl: of'- oup GnGrs{By con'lpan'ies,
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Regar`dti.ng tLhe s1'ioyst:-t･･t;G!rsrrt pettrspe!ct: i,ve, -･･i up t;o khe:･t

vnid--1990s - we are nomu, in otAr pros;rarnMe t:o ciGveioP whr}erigy

t'.6,chrio],ogy, d(f,,votti,rig Trtone,y to pr'ojects di.e'i the f'ol,],owi,ny

al"{).a$:

                                      '
a) small,:,-･scaZet coTnbj.nc:,d h(:iat and poouer' pU,ants, ou'irid-･"power

                                          '    and hydropower planLs

 '

b) so'J,enr･ hE:taLj,ng ar)ci hG:!usct: stor}agE:t, hetat pumps, naturbl].L･･

                                             '    subls d:isLribuLion ancl sLor'age

c' > s:i,"iu:l,t,anetous e]thin:i,nblt,.7i,ori ol:' su],pl'iur' and riitrboger) oxdicios

cl) gasif'icaLion of" biof"uels ar}ci {;oai

                                               '

G!) unMst:e i.ncti,norat,ri,on ar)d rdi}blctor' ciLgosti,on oF wmsl:e

                                       '                                  '
                                   '
'f' ) tndigenous fuels, G,g, :irnprove'ci techriiques of' har-･･

    uErst:i.ng Gmetrgy f'orest:s,
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                              i
WhG:tr} ri.t. corr)es to our govE{,r,r)rnent:a]. pr,ograrrtme! f'c)r rnor'a

ef"･f'icriont u$en of' eXect:ricit:y, we cot'isicler t.here ara

oppor,t,un:i.t,;i.Ges t:o rot'j,s(:i ef'f'Lcti,Emcy :irl the f'u],),owri.ng olretblsi

1, :irtciusLrtall a'lec'tri(;S'Ly use for vent;ilation, pu}'nps and

   -f'mnw (14･ `}"Wh)

  '

2, indoors ligh'Lii')g ar)(S vGr)'kill,e't,.i,on

3, Ei!],ff,c;t.rj.ca].ory heisctE!d houses (21 TWh),

                       '                  '

We are 'Lhere'fore beeovviing engageci in pnojeciLs such a$:

ol) r･ot.tAt,Ja.onk･"$peE!d regu].mtr,ion si,n industrJ.al, f'ans and pumps

b) par}t:;ial conversic,n of' elLecLricalllLy hGated housGs,

    contro), opporL:un'j,'L,:ies

                                  '
c) GGLeabX:tshrf)ont: of f'u],1･t"･scaleldar"onstratriori systerns ;in,

    f'or etxurnplE;s,, U,zarge,. housin- entGrprsti,sas, ti,nstti,tut:ions,

    he$p'itals, of"f'ice$, etc,
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                 f
Whe:n ti,･L cornG,s t:o ).ong--t:":irsrrt actri,vi,ib,ti,es, iti ti,s bl1,so eur,

tensk, in co-operat:,ion tMi't;h LhG goverrirner)t, l':o de'f'x'r)e t,he

t,,arget:,s and f'rarrtc!wor'k corlcGtrrlti,ng erluj,r,orlrrlew}t::ca]., se!cur,a.t:y

arid ometr-gQncy requirGrnenLs, and t:hereby gvLve eegertt$ 'j r} iLhG

enGtr,gy olnd ti,ndust:p'j.a], se,ct;or', in conI'unctJi,orl u,ij,t,h r'g!sE:arich

anci -kechnical ciavellopi'nenL, a $t.able base f`or khex'n {kiortk,

Our u)urk is,both stri.rriu:,atti,ng ar}ci ol (;hol).).Gtnge to us I,n

Swuclen, ltlowever, aL the $dirne t:ime u)e kr}oiAJ tLhati nRit,her,

                                                 '
env`i,r,onrnGtnt;a], nor etriEiirgy :i.ssuEt$ ar'Gt inepel,y ncttLj,ona1, or}es,

1-hey blre gZobal, and co･-operaiLion bekween ceuntries is

Lharwi:'orvet et$se!nl:i,bl:t, ti,f' togwt',her' L"e ar,G to succGetd in

u'LLa'irving our goals.
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22nd JA/F Annual Conference
12-14 April 1989

Lennart FogelstrOm, President, ABB Atom:

The Swedish energy policy in an
industrial and international context.

Summary.

The Swedish'nuclear programme is a success excepting public acceptance.
However, there are reasons to believe that the public opinion will change and
with the opinion eventually the energy policy.

Nuclear power was developed to complement hydro power. Several goals were
set up. Nuclear energy had to be economically competitive, safe,

environmentally benign and a low burden for the trade balance. Looking at the

result nuclear energy has fulfilled most, if not all, of these demands.

The Swedish technology has never depended on foreign licenses. Safety has
been kept in the forefront. All Swedi$h plants have filters which make the use of

surrounding land possible even after an unlikely core melt accident. Sweden
also has a very comprehensive programme for the final treatment of nuclear

waste. This makes nuclear power basica[ly a closed system and thus nuclear
energy from environmental and safety point ot view is matching hydro power.

Further, plant construction schedules have been short, operational reliability is

excellent and the average radiation dose to nuclear plant personnel is very low.

Together these factors make the Swedish nuclear power programme a
formidable economical success.

The development ot nuclear power hasn't stopped neither in Sweden nor
abroad. As a matter of fact Sweden was pioneering the development of
inherently safe reactors in the 1970ies which since then have gained an
increasing international interest. Decisions taken ten years ago have little to do

with the current and even less with the technology of the coming decades.

The Swedish industry is concerned not only over the future cost of electricity,

The current energy policy also creates a lack of confidence in the future

production capacity. The alternatives for producing electricity have one by one

been politically eliminated, hydro, nuclear, coal and, as the Parliament in 1988

set a limit for the release of carbondioxide, even natural gas can be Iooked upon

with doubt.

The energy consuming industries contribute strongly to an improvement of the
balance of trade. The net export income from the pulp&paper industry is thus
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three times that of the automotive industry. The population trend is towards an

increasing number of retirees and a decreasing number of active employees.
The percentage in non-industrial work has been increasing over the years. It is
of strategic importance for the industry in the coming decades to get qualified

personnel in sufficient numbers. The current energy policy makes this problem

more difficult on a national basis, The Swedish labour unions are becoming

more and more concerned over these re[ated problems.

There are further objections against the current energy policy. How does it
comply with the ambition to have a close relation to the inner European market

after 1992? Should developed nations choose an energy policy which increases
their dependence on fossil fuels which shouid be saved for lesser developed
countries? Should nations with an advanced technological infrastructure make an
energy choice which will increase the burden on the global environment?

lntroduction.

The official energy policy in Sweden has developed step by step influenced by
external events Iike TMI and Chernobyl and by the political.force exercised by

varlous pressure groups.

ln the referendum of March 23, 1980, the two winning alternatives stipulated that

the nuclear power plants which were under construction were to tre completed
and taken into operation. After this, the totally twelve nuclear power units were to

be closed down at a rate consistent with the need for electricity to maintain

employment and welfare. Further conditions were that nuclear power should not
be substituted with oil or coal and that the twelve plants were to be operated

pending the availability of renewable energy sources. Figure 1.

Shortly after the referendum the Parliament interpreted the result into a decision

which stipulated that nuclear power should be phased out by the year 2010.

The accident in Chernobyl initiated an assessment of the safety standard of the

Swedish nuclear reactors. The main question asked was if Chernobyl gave any
reason to reevaluate the energy policy because of nuclear reactor safety. The

result arrived at by the Nuclear Reactor lnspectorate was that Chernobyl did not

give any cause to change the opinion about the safety of the reactors in

Sweden. Figure 2.

ln spite of this, the Government made in 1988 a proposition to the Parliament to

speed up the nuclear phase out, two units should be taken out of operation

already abouM995. In 1990 the Parliament will decide if the material which the
government will then present is sufficiently credible for the Parliament to endorse

the closing of two nuclear power plants in 1995 to 1996.

Mr Hans Rode, Director General of the Swedish National Energy Administration,

and Dr Tor Ragnar Gerholm, Physics Professor at the University of Stockholm,
present today their views on the current energy policy in Sweden.1 shall give
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some further facts which together with their speeches gives you a base for an

independent decision.

The question is, is the current energy policy of the Swedish Government credible

or not?

The nuclear power programme, preduction reliability and working
environment.

One reason which could support the governments policy would be if the Swedish
nuclear power programme had failed to reach its objectives but this is certainly

not the case,

On the countrary the programme has been extremely successful. As the only
country in the western world outside the U.S.A., Sweden has developed its own

LWR design without dependence on any license agreements. This is even more
of an achievement if one takes a look at the operational resuits.'  Figure 3.

Compared with the world average, reactors of the Swedish design have year
after year reached very competitive capacity factors indeed. As was stated in

Nucleonics Week's issue of February 2, 1989, ABB Atom was the suppiier who
in 1988 reached the highest average-capacity factor of all. Lacking operational

reliability can thus not be the cause behind the governments ambition to phase

out the nuclear power plants.

Neither is a bad working environment for the staff for operation and maintenance

a reason. As you all know most nuclear power plants in the world fulfil very high

requirements on internal working environment and as you can see from the
figure the NPPs in Sweden can well stand a comparison. Figure 4.

Nuclear safety.

Could it be that there is reason to question the safety of the nuclear power

plants? 't

Sweden is naturally participating in the international safety development and the

trends which are valid internationally are valid also for Swedish reactors. But

after TMI the Swedish Government went further in its demands on nuclear safety
than the governments of most other countries.

lt was stipulated that all NPPs in Sweden should be equipped with reactor

containment venting filters by 1988. Figure 6. The requirement on the filters was

that even in case of a reactor core melt accident the radioactive material should
                                     'be contained in the containment and in the filters so that the release to the

environment is limited to a maximum of O.Ol percent of the core inventory,
Expressed in another way this means that no limitation on the use of the

surrounding land would be necessary after a core melt accident. It also implies

there would not be any acute deaths nor radiation sickness due to the accident.
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This programme has been implemented. Barseback's two units were equipped
with a filter in 1985 and the installation of FILTRA/MVSS filters in the remaining

units was completed in 1988.

Thus, from safety point of view there should be little reason to phase out nuclear

power in Sweden.

This has also been supported by the Minister of Environment and Energy who
frequently has said that the decision to phase out nuclear power in Sweden is
not based on a iack of faith in the safety of the plants.

The reason is that the Swedish people is deeply concerned over nuclear power
and as a politician the Minister feels obliged to let the concern of the people

decide the direction of the energy policy. In order to set this concern into a

proper setting 1 shall describe some of the views the Swedish people has about

nuclear power.

Some figures on the public opinion.

Asljust have discussed nuclear safety it can be appropriate to start with a look

at how many Swedes believe we can operate the Swedish nuclear power plants
without accidents. Figure 7. As you can $ee there is a very high confidence in

the satety.

More important for the political decisions however, has been the percentage who
feel deeply or rather deeply concerned over nuclear power. Figure 8. As you

can see close to 30 percent confess to this and among women even more.

Could it be that this concern is caused by lacking information? The answer to

the question "is radiation always a risk or does it vanish with time" perhaps

gives an indication. Figure 9. About as many believe radiation is always a risk as

those who believe radiation is reduced with time.

Most probably this misbelief also has a strong influence on the opinion about the

safe disposal of radioactive waste. Figure tO. It is still a long way to go before

the public gives the waste programme the recognition it truly deserves.

The nuclear waste.

Because looking at the nuclear waste programme of the Swedish utilities, one

sees a very comprehensive one which is about to be fully implemented in
commercial installations. Figure ". There is a system in operation for

transportation of all types of waste. A final depository for low and medium level

waste was inaugurated in 1988. The results from an extensive research
programme, covering both the final deposition of reprocessed high level waste

and direct deposition of spent nuclear fuel, have been examined in an extensive

mundane peer review. The response from the international expertise has been
that the spent nuclear fuel, reprocessed or not, can be disposed of in a way
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which is safe for the environment, Further demonstrations will be made starting

in 1992 when a laboratory at 500 meters depth in the bed-rock will be finished.

sweden's current policy is that the spent fuel shall not be reprocessed. There is
plenty of time for reconsideration, however, since the fuel will be stored for

about forty years in the away from reactor storage of spent nuclear fuel, CLAB,

which has been in operation since 1985.

considering these facts, the waste should not be an va[id argument against
nuclear po,wer. On the countrary the relatively small amounts of waste and the

methods developed to take care of the waste should be an argument for nuclear

power.

Facts a threat to the phase out.

Voices have been raised in the Parliament that the Government should not only
talk about recognizing the concern of the people but also do something to meet
this concern. Thus party colleagues of the energy minister have twice motioned
that it should be a Government responsibility tQ bring the general public factual

information about radiation and nuclear power.

Twice the Parliament has turned the motion down and among the arguments
againstit one from the anti-nuclear cemmunist party is characteristic: if

information of the kind which has been asked for in the motion is brought to the

people the nuclear phase out would be threatened. Figure 12. For some facts is
a threat, for nuclear power facts will in the long run win the case.

The economy of the nuclear alternative.

lt has frequently been said that nuclear power can't carry its waste costs and still

be competitive. Also this argument has proved to be false. The costs for the
backend of the fuel cycle as well as the costs for decommissioning are

accumulated in a fund in proportion to the kWhs produced.

For each kwh produced is currently 3.5 U.S, mills set aside for waste and

decommissioning. Including this cost the average cost in 1988 for the twelve

NPPs in Sweden was 25 mills per kWh. Depending on the year of
commissioning the cost varies from unit to unit in the range 20 to 44 mills per

kWh. Figure 13. This sets nuclear power in a very good position in almost any

companson.

Considering that the investment in the twelve NPPs is already made every
competing alternative which is constructed solely to replace the NPPs, should

compete with its total cost against the running cost the NPPs. From economical
point of view this of course gives no alternative to the already operating NPPs.

Perhaps the alternatives would stand a better chance if one compares new

investment with new investment? ln such a comparison one prefers to use real
interest and a fixed depreciation time, le{s say 6 percent and 25 years. Figure
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14. [f new nuclear capacity was considered the cost would be about 37.5 mills

per kWh which can be compared with new hydro 37.5 mills per kWh, new coal in
a condensing plant 48,5 rnills per Kwh, new coal in cogeneration 37.5 mills per

kWh, new natural gas combi plant <heat and e[ectricity) 48.5 mills per kWh and
wind power 70 mills per kWh. In this comparison the cost for power transmission

has been included.

The price of oil is now about double of what it was when it quite recently was at

its lowest. Over the past fifteen years we have learned how unpredictable the
price on fossil fuels can be and how suddenly the price can double. Besides the
estimated cost, sensitivity to fuel cost increase should thus be taken into

consideration. Figure 15. As we ail know nuclear has a tremendous advantage
over coal, oil and natural gas from this aspect

lf there were no other factors to consider than economy, the choice would be

between hydro and nuclear. A problem for the Swedish energy future is that too
many alternatives have been eliminated in the political process. Figure 16, Hydro

construction was stopped already during the 1970ies and definitely in a decision

by the Parliament in 1986. Nuclear power was eliminated by a Parliament
decision after the referendum in 1980. Fihally in 1988 the Parliament took a

decision according to which the release of carbon dioxide from Swedish facilities

must not be increased. If taken verbatim this eliminates oil, coal, natural gas and

peat. The decision gives, however, some-room for increased use of natural gas
as substitute for coal and oil.

The conclusion is that those who are to make the decisions about the Swedish

energy future are quite efficiently fenced in. New openings must be created.

According to the minister of energy the nuclear option is totally out. Not even to

use the existing units over their total technical lifetime is considered acceptable.

Instead the Socialdemocratic party who is in Government, recently published an

energy programme which declares that nuclear energy shall be substituted with
fossil fuels with natural gas as the main alternative. This declaration is made

while the price negotiations with the Norwegian and Soviet suppiiers of natural

gas are still not wrapped up. If the programme comes true, the Swedish balance
of current account will roughly go from the present deficit of about 2.5 billion

USD to close to 4 billion USD which will increase the already heavy burden on

the economy.

Nuclear power in Sweden has expanded after the referendum.

However, one must give the Government credit for very sound decisions when it
comes to increasing the power in existing nuclear power plants. Due to among
other measures, introduction of the more efficient SVEA BWR fuel design, it has
been technically possible to increase the power production from the Swedish
reactors. Since the refetendum the output of the existing units have been

increased with close to 500 MW, corresponding to one medium sized NPP.
Forsmark 3 and Oskarshamn 3 received their permit to increase power as late
as last month. Figure 17.
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Nuclear power has only started its production.

Looking at how much nuclear energy has been produced in the existing NPPs,
how much is left until 2010 and how much more could be produced it is difficult

to comprehend that the decisions in the future would not be taken with the same

open mind as the decisions about power uprating. Figure 18. The economic
benefits which can be gained from 900 TWh of at that time extremely cheap
power must be an irresistible temptation for any ministers of energy and finance

after the turn of the century. But my conviction is that a revision of the current

policy must take place Iong before that.

Nuclear technology hasn't stopped to develop.

From what1have said so far it is clear that much has changed since the

Swedish referendum and the development continues at an accelerating pace.

Based on the vast experience of LWR technology, more advanced LWRs will be
offered the future customers. The existing designs are developed further to

reach plants with an even higher degree of safety, simplified licensing, shorter

construction time, and more rational operation and maintenance etc, all to bring

forward even more competitive NPPs. Figure 19. In parallel more evolutionary

LWRs are developed, LWRs which safety is inherent or based on passive
systems. Figure 20.

ABB Atom follows both these lines of development. The BWR90, which is
developed in close cooperation with Finnish utilities, is the very advanced BWR
for the next century and PIUS is the evolutionary concept. What this proves is

that technological development didn't halt at the time of TMI.

The decisions made in 1980 were made on a different base of knowledge than
the decisions made today and the difference will be even greater in the 1990ies.

Not only the technological base for decisions will be different, so will the

constituency and to a large extent also the Parliament.Ican assure you1have
hope for the future.

Sweden's supply of electricity.

Sweden is using close to 140 TWh of electricity including losses in transmission

and distribution. Figure 21. Hydro and nuclear produce about half of this each.

According to the official policy part of the nuclear production is to be

compensated for by conservation. The distribution among consumers is
described by the figure. Let's take a look at each of these user categories.

Transportation takes a very small part of the consumption but the political

ambition is to transfer more of the transportation work from road to rail. A

possible future option which could have an influence is an increased use of
electrical cars. The air pollution of most major cities can lead to an accelerated

development of this so far not very successful technology.
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The household consumption is separated in two parts, general consumption and
electric heating. It is quite safe to claim that the general consumption will be

increasing. This estimate is based on an evaluation of the penetration of labour

saving and other appliances in homes and it is supported by the opinion of the

public. In a poll the people were asked if they expected to use less, equal or

more electricity in the year 2000 than today. Only 6 percent expected to use

less, 25 percent an equal amount and 68 percent more than today.

The public and service sectors have been expanding over the years. So has the
electricity consuming equipment used in these sectors. Even if the expansion, at

least in the publlc sector, most likely has slowed down, it's not very likely that

the consumption of electricity can be reduced from the present levei. Most
probably there will instead be a slight increase. An indication supporting this is

that in the U.S., computers consume more electricity today than the steel
industry.

Electrical heating has been a very competitive altemative which has survived
continuous political efforts to limit its use, 27 TWh is a considerable amount of

electrical energy which could compensate for almost half of the nuclear
generation if a substitution was possible.

The problem is that there are about 80eOOO homes totally heated with electricity.

500000 of these houses have no other alternative. In addition 350000 homes
have a combination of electric heating and oil or wood burning, in some cases

utilizing heat pumps, which until very recently were enthusiastically supported by

most politicians.

To substitute electricity with some other source for heating would require a

considerable investment by the houseowner. This constitutes a political problem

per Se but furthermore, to make economy a sufficient motivation for the

houseowner to invest in an alternative form of heating would require a very

substantial increase of the price of electricity, so substantial that not only all

household consumers could become a politicai problem for the party politically
responsible, the industry would also be in serious trouble.

The industry's consumption is just above 50 rwh. Of these 50 TWh about 37 is
consumed by industries for which energy and especially electricity is a major

production factor. The mining industry, iron and steel industry, part of the

chemical industry, the pulp and paper industry etc belong to this category.

lt has frequently been claimed that Sweden should transfer from these traditional

branches into mechanical, electronics and service industries. This is a proposed

method to reduce the electrical consumption of the industry.

The problem for Sweden is that this energy consuming industry which is

presumed to be substituted, is extremely important for the economy. Just as an

example the net export income from the pulp&paper industry is three times that
of the automotive industry. The net export income in the pulp&paper industry is 8
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billion USD, in iron&steel it is almost 3 billion USD, in mining close to 1 biliion

and in the heavy chemicals industry 1.5 billion USD. Figure 22. An energy policy

which threatens the supply of electricity is a direct threat against these industries

and, thus also against the economy of Sweden.

lt is a low risk prediction to claim that the energy consuming industry will

continue to be extremely important for the Swedish economy and thus a factor
which is hard to neglect in future decisions about the energy policy,

This is enhanced by the fact that the industry has a lack of employees already

today. To substitute high energy consuming industries with high production per

employee with low energy consuming but more Iabour intensive industry hardly
seems the right way to go. This problem is increased year by year as those

employees reaching retirement age grow in number while the young,
professionally active are decreasing.

Sweden and Europe.

The Swedish situation must be seen in an international context. If the Swedish

industry shall stay competitive Sweden can not deviate in itS policies too much

from other countries. If one compares the development in Sweden with the
average trends in Europe during the last 15 years one can see an obvious
similarity. Figure 23. The consumption of non-electric energy has been kept

constant or even been slightly reduced while the consumption of electricity has

gone up.

lf one instead looks at the forecasts for the remaining years of this century one

finds an astonishing difference. Figure 24. 0ne can wonder which strange forces

shall make it possible for Sweden to pursue such an odd course.?

There are no such forces. The industry has realised this and is mobilising to

influence the Government to change to a more realistic direction.

The unions are concerned.

lt has also become more and more evident that the labour unions don't support
the current energy policy. There is reason for the unions' opposition. According

to a study made by the National Energy Administration last year, Sweden can
expect to be up to 160000 jobs shorter by 2010 with the present policy. Many of

these jobs will be lost in parts of Sweden which already have problems with

unemployment. Also this will become an increasingly important factor for the

future decisions in Sweden.

Conctusion

lf the current Government policy would be realised, Sweden would certainly be

out of, but still surrounded with nuclear power plants in increasing numbers.

Figure 25.
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Looking at this situation it is worth to notice that other nations which･have

decided not to go nuc[ear or to halt their nuclear development, as a rule have

come into a situation in which they import electricity from their neighbours. It is

even more ironic that this electricity usually is produced in nuclear power plants.

While the Swedish energy debate goes on the number of reactors is increasing
in the world. New nuclear power plants have been ordered in Japan, Korea,
France and Great Britain who like Finland is considering to go further in the

comlng years.

Since TMI, the number of reactors in operation world-wide has increased to over

400. The accumulated experience from nuclear power plant operation is now
some 4000 reactor-years. The experience of nuclear operation is rapidly

sncreastng.

1 have been told that Sweden is used by anti-nuclear groups in Japan as if

Sweden had a solution how to phase out nuclear power. This is clearly not true.

We have a political decision to phase out and we are trying to find the means do
so, but, it is proving to be very difficult and very costly both from environmental

and economic point of view. h
All the factors 1have brought up support a change ef the current energy policy in

Sweden. Internationally nuclear poweFhas come to stay as an increasingly
important alternative for energy production. It would be very surprising if an

advanced industrialised country such as Sweden were to distance itself from this

international development at a for the Swedish economy and environment very
costly price.
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       SWEDEN's ENERGY FUTU[RE

            Policy vs politics

                  by

           Tor Ragnar Gerholm

Professor of Physics, University of Stockholm

Abstract

Hydroelectric power played a major ro!e in the industrialization

of Sweden. But by the !ate 50s environmental resistance essen--

tially foreclosed further hydroelectric development projects,

Nuclear power was therefore enthusiasticaUy seized upon as a

viab!e new alternative. Sweden embarked upon an ambitious
nuclear effort which finally met with striking success. Half of

the electricity now generated in Sweden comes from our 12
nuclear reactors. Of these 1O have been made by ASEA-ATOM

(now ABB-ATOM).

But in the 60s nuclear power was not yet ready for use. Petro-
leum served as a bridge to the nuclear future. Oil was imported

to Sweden in ever increasing amounts, not only for power pro-
duction, but also for industrial and domestic heat and for the

fueling of a rapidly growing fieet of motor vehicles. in theearly

70s Sweden 's per capita consumption of petroleum was higher
than in any other industrialized country.

The oil price shock in 1973 probably hit Sweden harder than

other OECD countries. Energy conservation, efficient energy
use and -- in particular -- oil substitution beeame top priority

go als.

Unfortunately public debate took a weird turn: energy use

rather than oil substitution was seen as the main problem.

Nuclear energy, just about ready to be called upon as a major

means for oil substitution, was singied out as the culprit.

After Three Mile Island the political parties reluctantly agreed

to a nuclear referendum, The outcome of this spectacle was
somehow interpreted to mean that all nuclear power plants

should be phased out by the year 2010 at the latest. These

events silenced the debate eompletely.

ln the wake of the referendum and in the absenee of public

debate nuclear power was massively introduced as a substitute
for oil.
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Renewable and domestic sourees of energy were supported on
an ambitious RD & D level but with meagre and disappointing
results. Meanwhile public opinion changed slowly but steadily

towards a inore pronuclear attitude.

Chernobyl called the bluff. It was felt that something had to be

done to make the promised nuclear phase out appear more
credible. The Government proposed a premature decommis-
sioning of two, out of the twelve, nuclear power reactors.

  This seemed like a modest proposal in particular sinee the
  nuclear contribution to the Swedish energy balance is system-
. atically undervalued by a deceptive aeeounting method used in

  Sweden but hardly anywhere else. But it is now beeoming
  abundantly clear that in economic, ecological and political

  terms a heavy price wi11 have to be paid for the forsaken

  reaetors. Furthermore the immediate impact of the Chernobyl
  aceident has already worn off and the environmental movement
  is now turning against all realistic alternatives to nuclear

  power.

Since we find ourselves caught in a blind aHey the nuclear

phase out is not likely to occur. However the current breed of

energy politicians will certainly be phased out as time goes by.

in other words: the key to the understanding of Sweden 's energy
future is not to be found in pblicy but in politics.

Introduetion

A eentury ago Sweden was one of the poorest countries in Europe and perhaps in

the whole world, Our industrial revolution was slow in coming, probably for the

simple reason that significant amounts of fossil fuel have never been found in

Sweden. The one and only domestic souree of energy available in large quantities

was embodied in our great river's freely flowing water. We had to wait until

teehnology eould tell us how to harness these hydraulic forces and to make them

iristantaneously available over large distances through the intermediary of elec-

tricity.

By the early 30s engineering was ready. Electric power in ever increasing

amounts began to flow from the hydrau!ic powerplants up in the north to the major

population centers in the southern third of our stretched out country. Sweden em-
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barked upon an accelerated pace of industrialization, propelling itself out of its

so far unyielding poverty. in half a century sihe emerged as one of the wealthiest

nations of the world.

The important point is that welfare is a fairly recent phenomenon in our country.

Many of us - and the present author is one of them - can still vividly reeall how

hard and cruel life could be in the old pre-electric days. To us a TTIow energyt'

future has few attractions to offer.

From success to failure

However, at the end of the 50s the bottom of the hydroeleetric potential was already

in sight. At the same time environmental resistanee to new hydroeleetric projects

had risen to politically intolerable levels. With hydraulic power foreelosed alternate

forms of primary energy had Lo be found to meet the rtsing demands for electrte

power.

Seientific research and technological development held a fascinating new source of

energy in prospect: nuclear. A seeming!y endless supply of domestic fuel appeared

to be almost within reach. Our huge reserves of low grade uranium ore could con-

ceivably be turned into nuclear power.

Sweden courageously decided to make a nuelear effort all by itself. After a false start

and many major mistakes the development project finally met with a striking suceess.

Today Sweden is one of the very few countries that are able to offer turn key nuclear

plants, Moreover, the reaetors built by Swedish company ASEA-ATOM (now ABB-

ATOM) have in praetice proven to be among the very best in the world in terms of

efficieney, reliability and availability.

Half of the eleetricity now generated in Sweden comes from our nuclear power plants,

These are used for base load, while the remainder, essentially hydro, has been

turned into eapacity regulation matehing the large daily and annual fluctuations in

demand.

All of this is operated within NORDEL, an interscandinavian cooperation scheme,

which presents an a!most unbeatable system for efficient and reliable produetion and

delivery of eleetrie energy.

                                  N-3-3



But in the 50s this belonged to the future. Nuclear technology was far frorn mature

and could not be relied upon for some time to eome. Petroleum offered itself as a

convenient bridge to the nuclear future. Cheap petroleum was readily available in

seemingly boundless quantities at the world market.

We imported oil and oil products in ever increasing amounts. It is symptomatie

that Sweden pioneered in supertanker production, The imported petroleum was used

not only for eleetricity generation, but also for industrial processes and domestic

heat and, of course, for powering the rapidly growing fleet of motor vehicles. in

the early 70s Sweden 's per capita consumption of petroleum, was the highest of all

industrialized countriesl All of this oil was imported. Most of it came from the

Middle East:

Sweden was probably harder hit by the oil price shock than any other OECD eountry.

At any rate its, through oil import acquired, vulnerability was most effectiveiy de-

monstrated when a hands.ome surplus in trade balance suddenly turned into a most

depressing defieit (fig 1>, a deficit whieh stayed over the years, piling up to a sub-

stantial foreign debt. ln 1984, to give an"example, the debt service accounted for

as much as the total expenditure for Sweden's military defense.

It took us some time to measure the magnitude of the damage done to our economy

and fu11y comprehend its political implications. in the meantime public debate took

a weird tum:s}!!g!:gEy use rather than .gitll consumption was seen as the main problem,

Energy conservation was advocated rather than oil substitution. Nuclear energy, just

about ready to be called upon as our only major means for reducing oil dependence,

was singled out as the main culprit. An almost insane energy debate took off from

reality to beeome its own goal and purpose.

In spite of internal opposition the socialdemocrats under Olof Palme staunchly de-

fended their nuclear policy against the vigorous assaults launched by the anti-nuclear

opposition led by the popular leader of the center party: Thorbj6rn F211din. The in-

dustrial community, anxious to see Palme ousted for quite different reasons, kept

a low profile. Palme lost power in the 1976 election and concluded that the defense

of nuclear power was not a winning strategy.
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After Three Mile Island it became an impossib!e one. In an astounding display of

political trickery Olof Palme turned his party around 180 degrees and agreed to

the nuclear re£erendum he previously had been dead set against. in spite of, or

perhaps precisely because of, this Palme failed to regain power in the 1979 election.

After a scandalous campaign the Swedish people was lured into saying both yes and

no to nuclear power at the same time.

Three options, three "iines", were offered to choose among. All three pledged that

further nuclear power plants should not be built in Sweden. All three lines were also

committed to the ultimate phasing out of nuclear power as an energy source. The

wording of the ballots was decided by the Parliament. The "people'' had no say.

All three ballots began with a statement that Sweden currently had six reactors in

service, four ready for service, and two under construction. The first paragraph

of lines 1 and 2 read:

       Existing nuelear power plants are to be closed down at a rate

       consistent with the need for elgctrieity to maintain employment ,

       and welfare, in order to, among other things, reduce dependence
      on oil, and pending the availability of renewab!e energy sourees,

      only the twe!ve reactors now operating, completed, or under
      construction will be used. There will be no further expansion of

      nuclear energy. Safety considerations will determine the order

      in which reactors are taken out of service.

Since these two lines carried identically phrased ballots they were, with their com-

bined 58 pereent of the votes casted, together eonsidered victorious. But in addi-

tion to the common pledge on the reverse side of the ballot, line 2 also promised that:

Energy conservation will be vigorously promoted and further
stimulated. The weakest groups in the commtinity wiH be pro-

tected. Steps will be taken to steer electricity consumption,

partly to prevent the heating of new, permanent buildings by

electricity. Research and development concerning renewable

energy resourees will be accelerated under government aus-
pices. Environmenta! and safety improvements will be made
at nuclear plants. A speeial safety study will be made for each

reactor. To inform the general public, a safety committee
drawn from local inhabitants will be set up for each nuclear

plaftt. Electricity production from oi!- and coal--plants will

be avoided. The main responsibility for producing and distri-
buting electricity must be in public hands. Nuclear plants

and any other future installations of any importance for elec-
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tricity production must be owned by the state and the muniei-

palities. Excess profits from hydroelectric production will

be absorbed by taxation.

Line 2, with 39.1 percent of the votes, not only found considerably more publie

support than the 18.9 percent line 1 managed to mobi!ize. But !ine 2 also outweight-

ed the antifluclear opposition -- line 3 turned out second with 38.7 percent of the votes,

There is no doubt therefore, that the moral and political responsibility for Sweden's

energy future rests with the two parties that were associated with line 2 and strongly

supported it during the campaign. These are the liberals (folkpartiet) and the social-

demoerats. The socialdemocrats got back in power in 1982 and the party has governed

since then. It is therefore up to the socialdemocrats to work out an energy poliey in

accordance with farfetched promises made on the back of their ballot.

Since the question put was not a simp!e yes or no to nuclear power there was plenty

of room for manoeuvering. It was commonly understood that the Swedish people had

said yes to the nuclear power plants already in use and under construction and no to

any further nuclear reactors. By some incomprehensible act of political logie the

Parliament concluded that this implied the phasing out of all nuclear power plants by

the year 201O at the latest. This silenced the energy debate completely.

The second oil price shock in 1979 finally led to the realization that what really

mattered was oi! substitution, not energy conservation. Since nuclear power could

not be called upon as a long term solution alternative forms of energy ''preferrably

renewable and domestic" had to be found.

Like Avis we tried harder. On a per capita basis Sweden invested three times as much

on energy R & D as any other country (fig 2). Most of the money went to exotie forms

of energy such as solar (:>, wind and biomass (fig 3). It is by now quite clear, and

not questioned by any serious ana!yst, that none of these sourees of energy wil! play

but a minor role in the foreseeable future, except for biomass whieh is and since

long has been an important fuel for the paper and pulp industry where it is a byproduct

of the industrial process itself.
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Important measures were taken to improve the safety of the nuclear powerplants ,

and in particular to reduce the environmental impact in the event of a major nuclear

aceident.

But aside from this next to nothing was done in order to implement the pledges made.

The route to the non-nuclear future remained unchartered while the nuclear generating

capacity increased as never before. (fig 4) The new Palme government formed in

1982 promoted the use of cheap nuclear generated electricity as a substitute for oi!.

Swedefl topped the !ist of nuclear countries and electricity demand increased rapidly.

public opinion changed, slowly but steadily, towards a more pro-nuclear attitude.

ln the beginning of 1986 attempts* were made to prepare the ground for a removal of

the tTlatter mark of the (nuclear) parenthesis", i.e. to allow the nuclear era to stretch

out beyond the year 201O.

Then eame Chernobyl. The bluff was ealled. Chernobyl was no doubt a major nuclear

disaster. Some people were kiUed many others got hurt. Russian property was

destroyed and fertile soil was contaminated, perhaps forever, The reputation of

nuclear power was seriously damaged and its public aceeptance was set back by a

decade or more. For the first time a civilian nuclear power plant failed to contain

its radioactive content of !onglived fission products. Massive amounts of radioactivity

was released to the atmosphere.

The first external territory to be hit by the radioactive cloud from Chernobyl was

Sweden, and Sweden was also the first nation to respond to this unexpected environ-

mental insult.

Medta coverage was enormous and it was genera!ly expected that the[dormant anti-

nuclear giant would wake up with a roar and rise to more towering proportions than

ever before. The political leadership anxiously prepared itself for the coming out-

burst of anti--nuclear sentiments.

But to everybody's surprise the giant was gone: There was a great deal of distress,

anxiety and fear, but there was no uproar, not much of demonstration and agitation.

Why ?

* This "attempts'' were not made by the Government, but by various representatives

 of the Swedish industry.
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It was the wrong reactor, in the wrong plaee and at the wrong time.

It was the wrong reactor because it was soon concluded by nuelear experts in various

countries that for physical reasons can a Chernobyl type of accident never oecur in

any of the nuclear power plants now used in the western world. The Swedish Nuclear

inspectorate, appointed by the Govemment, concluded officially that the Chernobyl

accident has no direct bearing on the safety evaluation of the Swedish nuelear power

plants.

It was the wrong place because to many Swedes it appeared as if the major nuelear

threat was posed, not by the Swedish nuclear power p!ants afterall, but by the much

unsafer reactors on the other side of the Baltic, not very far away but far beyond

our jurisdiction and contro!. Moreover the Swedish communist party (vpk) which in

its shameless opportunism eagerly exploited the anti-nuelear sentiments after Three

Mile Island, found it somewhat difficult to take advantage of similar feelings following

the Chernobyl disaster. Even if nobody got hurt TMIhad been the ideal symbol of the

inherent lack of safety in a profit oriented society. But the Chernobyl disaster was

undeniably the result of grave mismanagte' ment and negligence in a centrally planned

economy and damage done was immeasurably much greater than it had been at TMI.

It was also the wrong time. The accident took place at Ol.23 on April 26. in Sweden

public debate slows down in June and comes to an almost complete stand still in July

and most of August when everybody is on vacation. After the summer, most of the

Chernobyl effect had already worn off. In September a publie opinion poll showed that

although the support for nuclear power had diminished, 40 percent of those polled pre-

ferred to stick to the original pre-Chernoby! policy and keep the Swedish nuclear power

plants running until 201O. Since then public support for nuclear power has grown. As

shown in Table 1 nine months after Chernobyl public opinion was already back to its

pre-Chernobyl position.

Meanwhile the politieal machinery worked. The new socialdemoeratic government

under ingvar Carlsson made an ardent attempt to rally all democratic parties behind

a new nuclear policy by suggesting that the non-nuclear commitment would be moved

a bit closer in time than the somewhat hazy future of 201O. But these efforts failed

completely. lnternal debate almost paralyzed the soeialdemocrats. When a compromise
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solution was finally hammered out it was vague and unconvincing. Of the twelve

reactors now in use one will be phased out in the 1993-95 period and another in the

1995-96 period. The precise meaning of the pledge is unclear, It is said that the

decommissioning of the two reactors presupposes installation of a corresponding

generating capacity based on some alternate souree of primary energy, which in

practise means hydro, coal or natural gas. But a major hydraulic development proj-

ect is hardly realistic given the strength of today's environmental movements.Public

resistance to coal is large and rising and so far there has been no long term price

agreement on gas import from Norway or from the Soviet Union. It is also clear that

a premature decommissioning of two nuclear reactors represent a massive destruction

of capital and an otherwise unnecessary rise in the cost of electrieity of some 25 to 40

percent by the year 1995.

in a reeent study some 500 professors in the Swedish universities'natural science and

technology departments were asked about their opinion on the current nuclear poliey.

Of the 85 percent that responded 7 out of 1O felt that nuclear power ought to be used

even after 2010 and only 1 out of 1O thought that the decommissioning should start

immediately. It is also interesting to note that 65 percent of the professors polled

declared that their opinions had not been altered in any essential way by the Chernobyl

accident.

Reasons for failure

      The best laid schemes o'mice an'men
       Gang aft a-gley

But why? How eould Sweden, known as the ''middle-way country", deeply eommitted

bo its parliamentary democracy and generally recognized for efficient manage-

ment and rational desicionmaking, how.could Sweden suddenly find itself as the one

country out? The one and only in the whole world which is committed to an anti-

nuclear policy. How can Sweden deliberately throw away its hardwon excellency in

nuclear engineering and deliberately accept a huge destruction of capital? How can

Sweden prematurely decommission a whole dozen of highly efficient, profitable, safe

and environmentally benign nuelear power reactors? How can the Swedish parliament

do all of this against the will of the majority of the people and against an even stronger

majority of its intellectual leaders?
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Future historians can possibly tell. Today we have to do with what few clues to under-

standing that are available to us. Some of these have already been alluded to in the

foregoing. To these belong the unfortunate craveing for social engineering and the

inherent tendency to political overreaetions. A tendency which is amplified by the

media with their coverage of dramatic events and which is skill£ully exploited by

various splinter groups, But behind these obvious faetors reside more subtle but

probably decisive causes for the failure of Swedish energy politics. Two of these

deserve some additional elaboration. These are a deceitful statistical accounting

method inherited from the past and a common misinterpretation of causal relations

in the field of energy eeonomics.

,A;s!la12s!lgaL!:gRg-!i!tg!sstatistzcal ro etrick

From 1973 to 1987 Sweden reduced her energy eonsumption by a few percent, from

463 TWh to 456 TWh (fig 5), and her oil dependence from 73 pereent to 46 pereent.

A determined effort at energy conservation and the promotion of new and renewable

sources of energy, such as hydro, peat and biomass, together with some supple-

mentary coal and nuclear, can do the trtck.

Or so it seems. But the sad fact is that this outstanding energy performance is hardly

more than statistical black magic. For un!ike international organizations - such as UN

and IEA - and almost all other countries, Sweden officially counts the e!ectric energy

delivered from her hydroelectric and nuclear power plants in terms of its thermal

equivalent. In other words, in Sweden -- but hardly anywhere else -- 1 [[Wh of electric

energy out from a nuclear power station equals 1 TWh of oil in under the boilers in a

thermoelectric power plant;

Aecording to the laws of nature it takes - at least - 2.6 TWh of oil to produce 1 TWh

of e!ectricity. Therefore, in most countries the amount of electric energy produced,

and consumed, is accounted for in terms of the amount of oil it takes, or would have

taken, to produce that mueh of electric energy. Thus, while in Sweden 1 TWh (el) =

= 1 TWh (oil), in international statistics the corresponding relations reads:1 TWh(el) =

= 2.6 TWh (oil). This means that if Sweden were to use international statistieal standp

ards her energy consumption has increased just as it has in almost all other countries･

In Sweden the increase ,is from 551 TWh in 1973 to 661 TWh in 1987 or by almost 1O pere

eent (fig 6). This equals the average OECD performance.

                                  N-3-1O



It may even be argued that Sweden did worse than most other OECD countries. The

Swedish eeonomy grew quite a bit less in the 1973-83 period than the OECD eeonomy

in general, If we compare, the energy intensities, i.e. energy input per unit of BNP,

rather than the figures for primary energy consumption (regardless of economic per-

formance) the Swedish reduction of 6 percent in this period is less than the 19 percent

achieved by OECD as a whole.* (1)

So much for energy conservation. But the fact remains that Sweden has been exception-

ally successful in eutting baek on her oil consumption. in 1973 Sweden used 331 TWh

of imported crude and petroleum products. in 1987 this figure had been reduced to 201

TWh, This is quite impressive. How come?

The explanation is again quite simple. Since 1973 Sweden has implemented a massive

nuclear energy program. Eleven of Sweden 's twelve nuclear units commeneed comh-

mercial operation between 1973 and 1987. Together with France and Finland, Sweden

tops the list of percentage nuclear generated electricity. in 1973 merely 2 TWh of

electric energy was delivered from the first Swedish nuclear plant - Oskarshamn 1.

In 1987 the nuelear eontribution had grown to as much as 68 TWh. Of these 1O TWh

have been used to replace the power previously produced in oil fired plants. These

are now idle and maintained only as a standby capacity to be used in case of emergencies.

But since it takes 26 TWh of oi! to produce 1O TWh of electricity and since Sweden

insists on counting eleetric energy as if it was of the same quality as low grade heat,

she has not only replaced the 26 TWh of oil with nuclear powerj she has also, according

to her strange statistical reckoning, managed to "eonserve" 26-1O = 16 TWh of

tTenergy": And this, mind you, without any sacrifice whatsoever to energy consumers.

This is Sweden 's new version of the ancient Indian rope trick.

The remainder of the nuclear generated electricity added since 1972- 56 TWh - has

been used to substitute for oil at the eonsumers' end of the line. As a consequence

electric energy has inereased its share of final energy consumption from 17 percent

in 1973 to 32 percent in 1987.

In all fairness it should be said that the international relation: 1 unit of electricity

equals 2.6 units of oil, overestimates the value of electrieity in Sweden 's final energy

* Similar figures apply to what is sometimes referred to as final energy use:

 22 percent for OECD vs 18 percent for Sweden.
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mix. A value of 2.2 is more eorrect. (2> This means that of the 130 TWh (331 -2ol)

of oil saved, nuclear generated electricity accounts for 26 TWh on the production side

and about 123 TWh (2.2 x 56) in consumption. Almost nothing has been conserved, or

substituted for by other means. (Table 2)

The dramatic impact of Sweden 's eleetrification program on her industry's energy mix

may be illustrated by what has become known as a "boomerang curve". To avoid the

fallacy of adding apples and pears, of adding TWh of electricity and rwh of oil,

we may plot electrieity consumption versus oil consumption (fig 7). As seen in the

figure the steady increase in both oil and eleetricity during the 1955-1970 period was

dramatically reversed in the early 70s. From then on the trend is strongly towards

reduoed oil dependence leading to an almost all-electric Swedish industry according

to the projections made for 1990.

Exactly the same deve!opment is seen in the domestic sector (exeluding transports)

<fig 8). But here oil substitution has been accompanied by an overall increased

energy consumption.

The elose correlation between the volume of industrial production and the consumption

of electric energy (fig 9) can hardly be fortuitous and supports the notion that eleetri-

fication is not merely u,sed as a means for oil substitution. The process of electrifi･-

cation is driven by more compelling forces.

EtEgg!:Uyst2>"2!!ggt br?

The statistieal accounting rnethod used in Sweden, but hardly anywhere else, seemed

natural when practically all of the electrieity in Sweden was generated in hydro-electric

power plants. In those days electric energy was counted in TWh and fuels in cubic

meters and tonnes. Since there was no need to add them up into an "energy balance"

it made little sense to figure out what it would have taken to produce the equivalent

amount of eleetric energy in a thermoelectric power plant fueled by oil or by coal.

Unfortunately the Swedish convention was retained when first oil and later nuclear

energy eame to play an increasingly important role for the generation of power in

Sweden. As a result the Swedish people and their political leaders are living with

a seriously distorted picture of what has actually taken place.
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By Swedish statistical standards the total energy consumption has decreased slightly

(cf fig 5) in spite of a 14 percent increase in produetion. Oil dependence has been

reduced from 75 pereent in 1973 to less than 50 pereent in 1987. The nuclear contri-

bution is significant, but after all modest. Nuclear is comparable to the net increase

in the role played by the renewables. Together these provide twice as much energy

as we get from all of our twelve nuelear power reactors.

ff a substantial, but after all manageable, oil price increase could bring such a

change about in only 15 years, what could not an increased electrieity price do for

our consumption of electric energy in the 21 years left till 201O? Would not the price

itself be sufficient to bring about a substantial cut back in consumption making room

for alternatives to the nuclear energy we have agreed to abandon?

Whenfaced with the figures provided by the Swedish statistical reckoning (fig 5) these

seem like legitimate expectations. But, as has been explained above, what has actually

happened is something quite different (fig 6 and table 2).

Among the renewables the dominant contribution eomes from hydroelectrieity. The

net increase reeorded is mainly due to an increased yield of byproducts, used for fuel,

in the flourishing paper and pulp industry. The nuclear contribution is considerable,

90 pereent of what is attributed to oil.

Contrary to common belief the price increases have not marked!y altered the pattern

of energy conservation. As fig 1O shows in the United States there has been a continous

trend towards more effieient use of energy extending over most of this century. The

drastic priee increase beginning in 1973 has not changed the long term deve!opment

in any noticeable way. in other words: energy conservation was not discovered in

1973 and certainly not in Sweden.

I am, of course, not suggesting that prices and price increases are no avail.

Economic factors are deeisive for energy production and for the use of energy. But

"economic" must be understood in a broad context. The market forces play over the

whole field of innovation, technological development, industrial application, struetural

change and national economy.
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A complete understanding on the complex interrelations between energy and economy

is far from having been aehieved. Econometric studies of price elasticities have given

conflicting and eonfusing results. Structural changes in the economy may or may not

be related to energy priee fluctuations. A shift from the industrial to commercial

sector reduces the eflergy intensity of the economy as a whole. But this shift may have

taken place for other reasons than energy price increases. A simple "macroeconomic,T

analysis may therefore give erroneous results.

Historieal evidence suggests that new forms of secondary energy have been sourees

ofinnovationandtechnicalchange.lnanimportantstudyEner andtheAmerican

Etlggng!ux..Le.lig:L9Zl2.E-.ILE-!!IE!lg!:>L..ag!!-!i8501975ItHt dPL!r:gm2gg!i!utbyS･Schurrandcoworkers(3)(ig6o)

it was pointed out that the simultaneous decline of energy and labor intensities in the

American economy ruled out the possibility of explaining the growth in produetivity

by the substitution of cheap energy for expensive labor.

It was therefore suggested that "the unusual characteristics of electrieity had made

it possible to perform tasks in altogether different ways than if those fuels had to be

used directly". This transition, which has been apt!y termed "from shafts to wires"(4),

hasgreatlyimprovedenergyproductivity. -

A series of very careful studies by Jorgenson and others has recently been reviewed(5)

by a committee appointed by the US National Research Council (NRC>. The comrnittee

concludes: "electricity plays a very important role in productivity growth".

It transpires that the process of electrification is driven by socioeconomic and teehno-

logieal factors quite independently of wide vari.ations in prices and priee ratios, avail-

ability of supplies and of energy policies.

These observations confirm a widespread feeling in the power industry that the con-

sumers' demand for electrieity is growing more rapidly - or declining more slowly -

than their demand for fuel. In order to analyze this problem in more quantitative terms

one may use a simple "electrieity/fuel ratio'' defined as (fig 11)

                       .lt!ll!gsz!L!lsagzi t t -EN/Ei

                          Fuel BN/Bl
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where EN and BN represent the consumptions of electrie energy and all forms of com-

mercia! fuels in the year N, respectively. El and Bl are the corresponding figures

for the reference year (year 1). This d'imensionless number immediately shows how

electricity competes with fuel. If the ratio is larger than one electricity has increased

its share of the final energy market.

By way of illustration let us eompare the Nordic countries which in many respects are

quite similar. But when it comes to energy supplies -- and prices - they are very dif-

ferent indeed. Sweden and Finland are both rich in hydroelectric power and have both

implemented ambitious nuclear energy programs.

Their el/fuel ratios are high 1.1 - 1.7 for the 60s and 70s (6). In other words in

these two countries there has been a rapid change to electricity during the last 20 years.

This hardly comes as a surprise.

But what about Denmark, lacking all sourees of domestic energy whatsoever, until

fairly recently when offshore gas has been landed in that country? The surprising fact

is that electrification has been even faster in Denmark than in Sweden or Finland. The

Danish el/fuel ratio was 1.5 in the 60s and as high as 1.7 in the 70s. Norway, rich

in oil and hydro recorded 1.2 in the 70s.

.StM!g!glLissug!zg>L!lgtg.!:gd ft

The key to the understanding of Sweden 's energy future is not to be found in policy but

in politics. In this paper I have tried to show that our energy politics is at odds with

reality. It is based on misinterpretation of facts and of causal connections, it laeks

parliamentary support and is not considered trustworthy by the majority of the Swedish

people. But unfortunately there is currently no viable a!temative in sight.

This is the true measure of our dilemmat

Demoeracy is more valuable to us than any energy policy. As long as the Pariiamentary

decision stands we will abide by the law and loyally plan as if the last nuclear power

plant will be shut down on Deeember 31, 2009.

But this will not happen. Given our geographical constraints: a stretched out country,

with long, cool and dark winters, given our lack of alternative supplies and the current
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state of art in energy technology, the conclusion seem unavoidable - to me at least -

nuclear power will not be phased out. "Reality'', as Olof Palme once put it, "is the

socialdemoerats'worst enemytT.

Sweden is, and is likely to remain, an energy intensive, highly industrialized society.

ln Sweden electricity plays an especially important role as the main energy vector.

The potential for hydroelectrie development projeets is under all circumstanees limited.

There are no major domestic sourees of primary energy available.

The sought for ''preferrably renewable and domestic sourees of energy" have not been

found. Energy eonservation and more efficient use of energy will be pursued - as it

has been in the past - but cannot realistically be expected to solve our energy needs

within the next decade or two.

There is a world out'side Sweden to which we have to adjust, a world where the degree

of e!ectrificati.ons continues to grow everywhere. With its current 32 percent share of

electricity in final energy demand Sweden is second only to Norway and Canada in terms

of electrifieation. Can Sweden really do it alone? Can Sweden de-electrify? Can any

society for that matter? "

The Parliament rules in sovereignty. But not for long: Its grandeur is of fleeting

durance, never more than three years. It is a comforting thought that what politicians

have decided can always be correeted by politicians.

Bythe year 201O the Swedish Parliament -- and its electorate - will be made up of quite

different people than those in charge today. Certainly by then the grown up members

of the Swedish society, who were not even born at the time of the nuclear referendum

in 1980, would like to have some influence on their own society and its future.

Who knows? I have a hunch that they will think and deeide differently from those who

happen to be in power today.
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Summary of Comments on Nuclear Phase-Out Policy of Sweden
                          by
                      Bill Harris
            U.S. Council for Energy Awareness
                          at
              22nd JAIF Annual Conference
                     14 April 1989

Electricity is the key energy form driving modernization in the Western world because it

can be used very efficiently, and can accomplish so many new jobs which no other energy

form can. That is why its use is rising so dramatically: over 50% between 1973 and 1987

in the OECD ,countries.

Sweden, as one of the most electrified of all nations, has been in the forefront in this

process. Most importantly, industry in Sweden is one of the most highly electrified in the

world. That is a terrific advantage for Sweden because it means they are using the

cutting edge technological processes. "

The" reason for this competitive advantage is that the sources of electricity in Sweden

are plentiful and cheap: overwhelmingly nuclear energy and hydro-electric power.

Therefore we are puzzled about the intentions of undercutting the foundations of that

electrified economy. From our point of view, it does not seem feasible to replace half of

Sweden's electricity supply with renewables, or conservation.

The country's electricity use grew hand-in-hand with GNP from 1973 to 1982, and grew

more readily than GNP in the past 5 years. Sweden is now more electrified than other

modern countries. The reason is simple: electricity in Sweden is plentiful and cheap

because of hydro resources and an effective nuclear power program.

N-4-1



In light of that trend, and experience in other industrialized countries, it seems very

unlikely that Sweden will be able to avoid increasing its consumption of electricity in

absolute terms, as called for in their National Energy Plan, nor does it seem possible for

renewable energy sources to replace the 50% of electricity now generated by nuclear

energy.

Much more likely, if Sweden continues the policy of phasing out nuclear power, is a return

to the use of fossil fuels for electricity generation. If this occurs the remarkable gains

over the past several years in reducing dependence on imported oil, and in reducing the

burning of fossil fuels will be lost.

The conclusion we draw from a look at the patterns of Sweden's energy use is that the

                                             'phase out of nuclear power is not likely to occur. It flies in the face of rational energy

    '
and economic planning. When the time comes to pay those costs, it is just seems obvious

to us that the policy would be rescinded. r

N-4-2



Comments on Nuclear Phase Out Po!icy of Sweden

                        by

                    Bil1 Harris

               Senior Vice President
        U.S. Council for Energy Awareness

             JAIF Annual Conference
                   14 Apri1 1989

     Although we are considering the issue of electricity supply for

Sweden, we should remember that electricity is the key energy form

driving modernization and economic growth throughout the Western
world. The fundamental advantages of electricity are its effieiency,

fiextbility and cleanliness, and thus it is more attractive than the direct

use of fuels for a continually increasing number of applications. That is

why the use of electricity is rising so dramatically: over 50% between

1973 and 1987 in the OECD countries.

     Sweden, as one of the most electrified of ali nations, has been in

the forefront of this process of electrification. An astonishing 56% of all

primary energy was used for electricity in 1987, compared to an
average of 3096 in the OECD countries.1 (Note, I am measuring primary

energy here, not secondary electricity against primary as is the

statistical convention in Sweden. Either convention would sti11 show

Sweden as one of the most electrified of al1 countries.) That is a terrific

advaritage for Sweden because it means they are using the most modern

teehnological processes, equipment, and services in the world, since

new processes and equipment are overwhelmingly electrically based.

Most importantly perhaps, industry in Sweden is one of the most

U;S. Couru ilforEneTgy AwaTeu?ss, 1776IStreet NVLC Sutte 400, Washtngtoru D.C. 20006
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highly electrifie.d in the world, which is an important international

        '

     'Ihe primary reason Sweden has thts competitive advantage is that

the sources.of electricity in Sweden are plentifu1 and inexpensive:

virtually all her electricity is non-polluting nuclear power and hydro

power. We in the United States have great admiration for Sweden's

secure domestic energy source, since only 30% of our electricity is non-

polluting hydro and nuclear. It is truly an enviable position for Sweden.

 '

     With that as an introduction, my remarks today wi11 emphasize

twopointsaboutthedebateovernuclearpowertnSweden: '

     1. The importance of eleetricity, notjust nuclear power, in

          Sweden, and

     2. 0urskepticismaboutapolicyofphasingoutalmosthalfof
          the electricity supply. From our point of view it does not

          seem feasible to replace half of the country's electricity

          supply with renewables and conservation. In thts, I believe I

          share Prof. Gerholm's point of view.

:. TheImportanceofElectricity

     First, look at the way electricity use has risen tn Sweden over the

past 15 years. In this slide I avoid the unit of measurement problem by

simply measuring all trends on an index scale. The lines show the

percentage change in electricity, economic output, and all non-electric

energy.
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Electricity Growth, GNP, and Non-Electric

          Energy in Sweden
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         country's electricity use follows a pattern which is familiar in

           Mdustrial societies ovet the past 15 years: electricity use

         approximately in step with eeonomie output while all other

forms of energy use have declmed over the same period. It is clear that

          is the energy form for new uses, while fossil fuel use is

           In Sweden in recent years electricity use has risen faster

        economy, and in that it is pursuing an even more aggressive

path toward electrification than are the other OECD countries.

     Prof. Gerholm has already outlined the benefits which electricity

has brought to Sweden, essentially bringing modernization to a country

with no indigenous energy sources, except the potential for hydro-

electrictty and the uranium which can be uti1ized in nuclear power

stations. But let me emphasize that electricity:

                                  '
                             '
     e tsindispensableasanenergyforminthehome.Itsuseis
          almost synonymous with modern living, given its
          importance for lighting, labor-savings devices, and

          entertainment
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    o isthepreferrednewenergyformforindustrybecausethe
          efficieney of industrial procedures from electricity
          surpasses that from the use of fossil fuels. In our dountry

          that is increasingly clear in the steel industry, paper

          industry, and tn many industries which use process heat

    e isnon-pollutinginSweden.Inthiseraofrisingconcern
          about the environment, it is important that electric

          processes emit no pollutants, and eliminate costs
          zissociated with environmental controls in industrial

          processes.

    Sweden uses its natural water resource and man-made nuclear

power resource to electrify more completely than almost any other

country. A comparison with other countries shows that Sweden is in
the forefront in the share of energSirtpEi(l6ucecee:Ese electricity:

Share of Primary Energy for Electricity

   %
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(Note, once again, I am comparing primary energy equivalents.)

     As I noted at the outset, Sweden's industry is one of the most

electrified in the world. The next slide compares eleetrification of

industry in Sweden and three other countries, as well as to its

neighbors in Europe.

            " Electricity as a Share of lndustrial Energy

1987
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     Source: OECD,IEA. Energy Balances oi OECD Countries.

   3 Note in this comparison I have used the secondary heat value for

electricity, as is the Swedish convention, because it measures the

energy as it appears to the consuming industxy. Fully 3496 of the heat

value of energy to industry in Sweden is in the form of eleetricity.

This figure is over 5096 greater than the average for al1 of Sweden's

neighbors in OECD Europe.

     The degree of electrification, and thus the importance of
electricity in Sweden's economy and society is certainly very large.

     No doubt one tmportant reason for Sweden's enviable position in

terms of electrification can be found in the low cost of its electricity.

In 1985 a kilowatt hour of electricity to industry in Sweden was about
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3596 cheaper than in the rest of Europe and, I am disappointed to

have to point out, 43% less expensive than in the United States.

                        Cost of Electricity to lndustry

1985
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     Clearly, Sweden depends on inexpensive energy in the form of

electricity. It ls a substantial national advantage, and the reasons for it

are the rational and timely exploitation of hydro electric power and

nuclear power.

     Let me take a moment now to turn to the importance
specifically of nuclear power in Sweden. The rising use of nuclear

electricity, which now is about half of all electricity consumed in the

eountry, has reduced the need to import oil to generate that
electricity. Our studies show that nuclear power now displaces over

1/4 million barrels of oil per day, as the slide shows. This has been

important in Sweden's declming oil use: from almost 600,OOO barrels

per day in 1973 to less than 400,OOO in 1987.2
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oii Dispiace2WbeydNenuciear power
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    Source: Sclence Concepts, Inc,

     In total nuclear power in Sweden
million barrels of oil over this time period.

on our research into the importance

               '
2. 'The Feasibility ofPhasing

         '
     From that perspective -- of the

nuclear power in Sweden -- let's look

if she were

     Nuclear electricity tn 1987 produced

(67.5 terawatt hours),4 -

           t-     Let us take the first objective of

conservation of electricity with the goal

constant. '                       '                   '                   '

                              83 84 85 '86 87

                            has displaced about 750

                              'Ihis conclusion is based
                       of nuelear power worldwide.3

                    Out Half the Electricity Supply

                                                     '
                         importance of electricity and

                        at the ehallenge facing Sweden

to remove nuclear energy from the energy picture.

                            67.5 billion kilowatt hours.

             haif the total electricity supply.

                            the national energy plan:

                          of keeptng electricity demand



8

     To aceomplish that goal, and continue to maintain economic

growth, would require increasing electricity efficiency by 3.5% per

year. That is, eaeh year the country would need to use 3.596 less

electricity per kroner of economic output as the year before. In

simplest terms, this would require the use of electricity per unit of

economic output to be reduced by 40%,within a decadel This level of

conservation ts not only unltkely, given today's technology, but would

handieap Sweden's electrified industry.

     This alone wi11 be very difficult in an economy which has
increased its electricity use per unit of output in recent years. But the

only way to accomplish this, as pointed out by Mr. Rode, is to raise the

cost of electricity. Prices could certainly be ratsed by means of a

special tax on each kilowatt hour of electricity consumed. Even after a

price increase, however, the use of electrieity might be so tmportant

that individuals and businesses would prefer to pay more than reduce

eonsurnption. Studies tn the United States have shown that areas in

which the price of electrieity rose in the late 1970s and early 1980s

were also the areas with the highest increase in electricity use. The

reason is that the value of the use of electricity rose faster than its

cost:

     In any case, the effect of a punitive tax on electneity would be to

hamper Sweden's own industry, which gains an important
tntemational advantage via an inexpensive supply of electncity. In our

country we could call that "shooting yourself in the foot." One very

likely, but unhappy, result of such a policy would be that electricity use

would be little diminished from present trends, but there would be

higher costs to Swedish industry and consumers.

     But for the sake of argument, let us go ahead and assume that

Sweden wi11 never again increase its consumption of electricity in

absolute terms - an assumption which seems to me to be somewhat
fatr fetched, or at the least not economically wise. This will still leave
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the country with the daunting task of replacing nuclear electricity -

half of total supply - wtth something else.

     Can renewables replace Sweden's nuclear power? I believe the

answer is no, at least in any practical economic terms.

     Windmills are one option discussed. Of eourse windmi11s can

not replace nuclear power completely because they only function when

the wind is blowing. But if Sweden were to replace the nuclear power

with wind power it would require over 50,OOO very large (one
megawatt) windmills which would require some 16,OOO kilometers of

ridge line. Thus Sweden would need to build a line of windmills

which would stretch the length of the country approximately 10 ttmes.

One wonders what the environmental community would say about a

commitment ofland or scenic spaees to this kind of energy option?

     Mr. Rode has also mentioned the use of fuel cells.
Environmentally this .is a very attractive option, and they are very

effeetive in applications such as the space shuttle. But for large scale

power the economics are years away and not at al1 certain, given the

state of today's development.

     Most serious analysts of this issue agree that, whi!e research

into renewables should by al1 means continue, there simply are not

feasible alternatives to today's generation options on anywhere near

the scale required to replace them.

     Much more likely, if Sweden actuaily begins carrying out the

policy of phasing out nuclear power, there will be a return to the use

of fossil fuels for electricity generation. If this proves to be the case,

the remarkable gains over the past several years in reducing
dependence on imported oil, and in reducing the burning of fossil

fuels, will be lost. Any increase in fossil fuel burning will mean more

airborne emissions; yet Sweden has been in the forefront of the

environmental movement in Europe. More fossil fuel combustion
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would, of course, mean more carbon dioxide emissions, which
contradicts recent Swedish legislation restricting increased C02

emissions. And, as Mr. Rode has satd, these are global, not merely

national, issues. With the recent worldwide concern about the
Greenhouse effect, airborne emissions and especially carbon dioxide

emissions are all the more tmportant.

                          '   . In addition, most industrial nations have for several years

concentrated on reducing demand for imported oil, in part for their

energy security and in part to reduce the price. That policy has

succeeded and Sweden's decline in oil use is a prime example of that

sqccess. But returning to fossil fuels to generate electricity would be a

renunciation of that policy and would eventually contribute to rising oil

prices.

     So, phasing out nuclear power does not seem at all feasible. Nor

does it seem wise from any perspective. And, given Pro£ Gerholm's
point that public support for nuclear energy in Sweden returned to

the pre-Chernobyl levels within nine months after the accident, it is

puzzling to outsiders why the Swedish government persists in its
                                  'currentphase-outschedule. ' ,
   h

      In the United States the effect of Chernobyl on public opinion

was even more short-lived, and support was restored within months.

The slide (next page) shows the trend in public opinion on this

question.
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Nuclear Energy vs, Foreign Oil
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     In addition, 79% of Amertcans say nuclear energy plants wil1 be

tmportant in the years ahead (see the bar chart, next page}.

         '       '                 '
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Importance of Nuciear Energy
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lmportant

 Not at all

lmpertant

   Don't
   Know

'`How important do you think nuctear energy p/ants
will be in meeting this nation's electricity needs

in the years ahead?" '
                   %

pa 10
           18as8
es 3

Source:

52

79

Cambrldge Reports
National Poll, Nov. 198B

Publtc opinion on this same question is almost identical M Great

Britain, andIwould not be surprised if the same were true M Sweden.

     In closing then, the conclusion we draw from a review of the

patterns of Sweden's energy use is that a phase out of nuclear power

thes in the face of rational energy and economic planning, and on the

environmental aspects alone is very unwise. When the time comes to

pay those costs, it seems very likely that the policy would be

rescinded.
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Notes
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2

3

4

OECD, IEA EneTgy Balances ofOEX D (loantrtes, 1987/1987.

BP Stattstical Revieu, ofVVbrld Energy, June 1988.

Sctenee Concepts, Ine.

Measured gross, that is not net of the power consumed by the plant itself; Gross
measurement is the international eonvention used by the IEA.
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     The Nuclear Fuel Cycle and Global Technological Change

                                                      '                       by John Yochelson

     Z am deeply honored to have been invited to make a

presentat±on at the Annual ConEerence of the Japan Atomic

rndustrial Forurn. The leadership of this Eorum with res' pect to

research and international cooperation regarding the nuclear fuel

cycie is well known not only in the United States but threughout

the world.

     It was certainly innovative o£ the Japan Atondc Industrial

Forum to invite someone like me who is not an energy specia:ist

to address you. My interests are focused on politics and the

global econorny and their inteerrelationship with technology. rt

did not take long to recognize the limits of my technical

exPertise on energy issues when r picked up the thirtieth

anniversary commemorative issue of the Journal of Nuclear Science

and Technology pubiished this past January.

     For a person spending most of his time loo]<ing at

rnacroeconomic policy, trade issues, and the evolution of the

internationaZ balance of power, T can assure you that it is not

an easy task to grasp some of the impressive research presented

in the journal.

     Xndeed, many of those assembled here are more qualified tihan
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r to present a forward looking assessment of the energy situation

in the United States. r have taken the liberty of bringing with

me copies of such an assessment which has been done by my

colleague Henry Schuler. Mr. Schuler makes classic distinctions

between the challenges that lie ahead to meet stationary fuel

needs (for industry, electric power generation, and residential

and commercial use)･and transportation fueZ needs (for

autornobile's, trucks, aircraft, etc.). Mr. Schuler rTteasures

                                'projected U.S. fuel requ'irements in the Zight of energy ･

availability both within the United States and on a global basis.

The CSrS assessment deEines the stationary fuel challenge for the

United States as one of developing ample, iow-cost domestic

resources with tight environmental and technological constraines,

The transportation fuel challenge for the United States is

equal:y, iE not rnore, urgent. rE results from inadequate, low-

cost domestic supplies but ample, iow-･cost foreign oil, whose

       -importation is ,surrounded by difficult strategic and

international pressures.

                                         '         '
     This perspective, which looks at the fuZl rang･e of energy

sources in terms of a global demand-supply relationship is a

dominant frarnework for analysis, and rightly so. Xt is reflected

in the energy visions that are regularly published in Japan and

other countries. Tt highlights the interrelationship among

various energy seurces and the wide ranging factors which

determine their development.
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     Technology a£fects both sides of the demand-supply equation

in fundamental ways. On the demand sid' e, significant gains in

conservation during the past decade -- together with structuraZ

ehanges in the advanced industriai economies -- have decoupled

the relationship between energy consumption and economic growth.

Today's knowledge-driven societ±es depend less on heavy industry

as an engine of growth, while conservation has made energy use

rnere efficient. On the supply side, technology hoZd$ the key to

further energy development with respect to both fossil fuels and

                                       'the nuclear fuel cycXe.

     Dernand-suppl¥ analysis points to several cornpelling

                       -t t                                    terealities for the decade to come: Exrst, that nuciear power :s

likely to rernain an alternative rather than a primary source of

energy; second, that competl'tion among oil importer's is likely to

intensify as supply tightens; third, that liquid natural gas is

likely to become an energy source of choice for environmentai as
,

well as economic reasons.

                                           '
     Nevertheless, X would like to share with you a sornewhat

different approach to these issues -- recognizing that there is

no substitute for the logic and importance of global demand-

supply estimates. Znstead of looking at the nuciear fuel cycle

within this ciassical framework of analysi$, I propose to raise

some speculative questions with you regarding the relationship

between nucXear power and some of the broad implications Of

                                                          'global technological change.
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     There is wide agreement that we live in an era of
     'revolutionary technological change, which is being driven by a

                                 'handful of new technologies: informatics, transportation, new

materials, new industrial processes, and biotechnology. The

breakthroughs that are taking place in these technologies are

transforrning the structures of the world econorny. They are

internationalizing the marketplace, £orcing adjustment in the

workplace, fueling forces of economic nationalism, redistributing

economic power on a global scale.

    Four features of this new technological era stand out:

  o the compression of t±rne
  o the tightening of global economic integration
  o the sharpening of competition
  o the grewing pressure on multilateral institutions
                                         'Fresh insights can be gained by considering in what measure the
                              .r'             '                       '
nuclear Euel cycle refXects or contributes these far-reaching

9hange.s.

The Com ression of Time

     All of us in this room feel that the tempo of change of

economic life is conseantly increasing. To some degree,･the

compression of time results from improvements in transportation

that have brought production centers and markets much closer in

terms of time and relevant costs. More iundamentally,

accelerating advances in cornputers, telecomrnunicationst and

inforrnat±on processing are providing enormous economies of scale

in suppiying services and transferipg technology.
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     The compression of time is much in evidence in the operation

of financial markets, where almost instantaneous flows o£

information and cqpital can create the kinds of movements that

were lagt axperienaed in Ootober 1987.

     This phenornenon is equal!y in ev±dence in many raanuEacturing

sectors in the shortening of product life cycles.

                                                               '
     At the sarne time, horizons have shortened for both business

and political decision making.

                                                '
     Yet the eornpression of time does not seera to apply to the

development of the nuclear fuel cycie. This is particularly the
                                       '                      '
case in the Un±ted States, where the Three Mile rsiand accident

ten years ago introduced a pteriod of striking immobility. Today,

there is no electric utuity in t6e united states planning for

nudleargenerationcapacity.' . '
       '
                                           '     The reasons for this slowdown are clear. The construction

costs of recently completed plants are too high to make them

economically competitive with alternate generation. The

regulatery environment remains unpredictable. Public and

political confidence in nucZear power has been shaken and has

failed to recover. Therefore, U.S. industry is seeking to gain

leeway in the future by concentrating its efforts on assuring the

safety and reestablishing the economics of present systems and
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laying groundwork for the development over the long term of a

futureadvancedlightwaterreactor. .

                                 '

     While the experience in the United States may refZect one

end of a spectrum, it is neither unique nor isoZated. Even in

countries like lrapan and France that have proceeded

systeraatically with nuclear power development during the past

decade, there is evidence that public concerns and technological

hurdles have combined to slow the pace of change. The Chernobyl

;gi:2Yer, in particUlart seems to have marked a genera} break

           '                                                      '                            '
     In short, our intu'itive sense that everything is moving more

quickly has not been supported by the dynamic oE nuclear fuel

cycle development -- at least sSnce the 1970s.

                                     '

     But we can ask ourselves, specuiatively, whether, in a more

indirect but important way, whether the compression of time is

not being felt through the impact of oil, gas, and coal

utilization on the environment. While it is by no means proven,

it is pessible that forces are accelerating to create a so-called

greenhouse effect warming the earth's atmosphereo

     This contingency ,could alter the calculus with regard to

nuclear power development by making nuelear a relatively more

attractive energy source of choice. If so, current projections

of nuclear power development might be Tevised during the decade

                                                '
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of the 1990s.

pmtlblE Ttt
     Many of the sarne technological forces that have shortened

time horizons have also tied the world econorny more elosely

together. Advances in transportation and communication are

breaking down national markees. Computer-telecommunications

networks and the diffus±on of technology provide the underpinning

for multinational companies to have global strategies. A world

                                                   --laboratory has emerged based on networks of cross-lzcenslng,

jeint R&D ventures, and R&D subsidiaries in foreign rttarkets.

     A striking rise in cross-border direct investnent has made

it possible for manufacturing to be undertaken on a glQbal basis.

         'Outsourcing of components becoming increasingly routine for U.S.
                                   '
and Japanese cornpanies. rntra-company･ trade is estimated to

account for 40 pereent of U.S. trade.

     Mhe developrnent of the nuclear fuel cycle among the advanced

industrial countries seems, in rny judgment, to reflect and

reinforce the new realities of･global integration. These are

reflected with respect to nuclear supply relationships, the

setting of safety standards, longstand±ng cross-lieensing, and

the prospect of an inereasing number of joint R&D efforts. The

Chernobyl accident identified significant gaps in inEormation

sharingr which have been filled on a cooperative basis.

     Despite the differential pace of nuclear power development
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in the united States, lrapan, and parts of Europe during the past

ten years, there is a widely shared understanding that the long--

term future of the industry is more likely to be one of

convergence than divergence. It is this shared sense of a common

interest and cemmon future that brings us here today under the

auspices of the Japan Atomic :ndustrial Ferum.

uatheSh fC txt
     Paradoxically, the tightening of global integration has been

accompanied by the rise of economic nationalism and the

sharpening of competion among firms. There is an increasing

sense that the countries and industries that command the new

eechnologies wili derive crucial economic advantages.

Comparative advantage is not as much viewed as a function of

natural resource endownent thantas a product of human resources

and capital.

     The acceleration of structural change has put national
    '
governments under relentless pressure. Many have seen their

capacity to guide or manage change ehallenged, for example, as

regulatory regimes are made obsolete. All governments are held

accountable and feel responsible for the consequencies of changes

taking place --- especially when these affect investments,
                               'employment levels, and the quaUty of jobs.

        '
  '               '                              '
     The very threat to national economic sovereignty posed by

global integration has fuelea increasingly nationalistic
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responses, The perceived need to increase national
                                                           '
cornpetitiveness in the face of globaX economic challenges is

evident throughout the West and among the newiy industrializing

                                             '
     In the United States, concern over the diminishing U.S. Iead

in teahnoZogy and its spillover effects on competitiveness now

dominates the economic pelicy debate. While there is a

recognition that wide-ranging domestic factors have hurt the U.S.

performance in world markets, much ofi the focus has been on the

policies and practices of foreign governments. One can see an

eXement of this in the FSX affair and in U.S. demands to have a

seat at the table in the creation of Europees single market.

More restrictive policies on technology transfer and more

toughness on the trade side are now seen by many as central to

the improvement of the U.S. competitive position.

     Xn Europe, there is growing apprehension among the members

of the European Community about the perceived Japanese-American

technological challenge ao Europets future well-being. !ro a

considerabie degree, these fears have been a driving force behind

the coalescence of support for Europe 1992.

     :n Japan, there has long been a feeling of vulnerability to

external forces and technology has been seen as a vital offset to

outside forces beyond national control. Government poUcymakers

devote much att'ention to the encouragement of technoiogical
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advance, partly through direct assistance but mainly through

facilitation or even forcing of R&D cooperation and sharing of

know-how among independent enterprises.

     The newly industrializing countries have become increasingly

preoccupied with enhancing their technological potential. Many

have offered market-d±storting incentives in order to secure

technology transfer, Others have persisted in proeecting high

technology sectors such as inforraatics from overseas competition.

     It is my contention that the nuclear power industry has been

substantially insulated from the ferces of econorni¢ nationalism.

To be sure, there was intense comrnerciaZ compet±tion during the

Z970s for international export markets. But the market-limiting

                         "cpolitical and econornic constraints that have been experienced in

the 1980s have damped down eornpetitive rivalries. Tn the case of

the United States, incentives have clearly grown te cooperate

more closely with these nations which have been relatively less

constraiped and have proceeded with tuore vigorous R&D programse

Xndeed, the narrowing of a U.S,. Iead in nuclear power development

that once seemed insurmountable has not been regarded in the

United States as a syrnbol of declining competitiveness in

advanced technology.

     Taking a longer view, however, it wouZd be unrealistic to

faator out energy from the cornpetitive equatien. For example,

what if constraints on U.S. nuclear power lead to shortfalls in
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electric power capacity over the coming decade? What if the

international market for nuclear power is revived? Furthermore,

it is hard to imagine continuing insulatien of the nuclear

component if competion in fossil fuels heats up.

Pressure on Multilateral rnstitutions

     As a general proposition, the rise of economic nationalism

has eroded the credibility and discipiine of the multiZateral

economiq institutions -･- particularly the GATT. The most

fundamental norms of the GATT (nondiscriminatory most-favored-

nation treatTnenV have given way to a rising tide o£ managed

trade. The use of quotas, subsidies, and voluntary export

restraints have made thb actual trading systern a series oE

improvisations. At the same t±me, the rMF and the World Bank

have come under significant pressure to cope with widening gaps

                                                      `between some of the less developed and advanced economxes.
             '  -                           '  '

     There is no doubt that the dynandcs of multilateral
                                                          '
cooperation with respect to the nuclear fuel cycle refiect a

different, set of considerations from those in trade and finance.

The issues of safety and nuclear proliferation cannot be compared

with those of market access, exchange rate stability, and global

                                        'econondc development.

     But can we be certain that cooperation in one domain can be

walled off from others? rt is difficult to imagine as viable a

regime for international nuclear cooperation in a world of
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cempeting trade blocs. By the same token, the success of

organizations like the ZAEA in addressing issues oE safety and

nonproiiferation can contribute to an international setting in

which the commercial prospects for nucZear power development

could imprpve.

     Xn sum, the issues surrounding the nuclear fuel cycZe do not

provide a litmus test of the balance between cooperation and

corapet±tion in the world economy. The scales are tilted toward

bilateral cooperation between the United States and Japan and,

more broadly, toward rnultilaterai cooperation on a global basis.

Yet both the spirit and the framework for cooperation in other

high technology sectors remain fragile. Nuclear coope;ation

helds promise of setting a positive exampie, but it could alse be
                       '                                    'a casualty of a rnore pervasive 6rea]<down oE inteTnAf.ianal ･

collaboration.

pmt ludzn Ob t
      Z would Uke to close by alerting you to some of the broad

non-technological considerations that are likely to shape the

approach of the new U.S. administration and Congress to the

energy agenda.

     First, environmental considerations are becoming an

increasingly important factor in the U.S. energy calculus. These

considerations are not necessarily reinforcing and sgmetimes cut

at cross purposes. On the one..hand, there is rising concern over
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the use of fossil fuels--most reeentXy heightened by the Alaska

spill--wh±ch would seem to make alternatives increasingiy

attractive. en the other hand, the preoccupation with the

environmental spillover of nuclear power has not Eaded and

growing attention has been placed on the hazards associated with
                                             '
miZitary faciXities.

     Second, economic constraints on energy development wilZ

continue to tighten. A costly program of nuclear waste cleanup

at milStary sites will eat into ±he funding of the Department oE

Energy. Moreover, the U.S. federal deEicit wiU not permit

arnbitious funding £or nuclear R&D or other energy alternatives.

At the same time, the balance sheets and business caZculations of

electric power utUities do not suggest that the･ private sector

will make up a shortfall ofrfederal funding. ･

  - Third, the nuclear issue could be caught up in a far-

reaching domestic debate over U.s. international economic

±ntereses and strategy. On the one hand pQwerful voices are

calling for a more narrow, territorial definition oE U.S.

interests. They want to slow the pace oE internationalization of
                            'the U.S. economy by protecting the home market and limiting .,

foreign investnent. They advocate treating teahnology as a

nat±onal and strategie commercial asset rather than a shared

asset which is bound to flow across borders.

     On the other hand, other voices call for a global definition
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of U.S. interests. They want to acceZerate the capacity of the

United States to adapt to change. They prefer to see the United

States remain at the center of the international technological

and scientific community. They advocaee open markets, joint

ventures, and a U.S. commitnent to makg the uaultilataral systern

work.

     A globally engaged America is more likely to approach the

nuclear fuel cycle in a construetive manner that serves its

interests and those of･its trading partners. rn the finaZ

analysis, I am confident that the Bush administration will

advocate such gZobaZ engagement.
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第22回原産年次大会
　平成元年4月14日

科学技術としての原子燃料

東京大学工学部
　　　鈴木篤之

　「何故、原子力なのか？」　この素朴な疑問が、キュリー夫人の放射能の発見
以来90年、ハーンとシュトラスマンの核分裂反応の発見以来50年経った今でも、
なお、人々の頭の中にあるようである。この疑問が解消されない限り、原子力が
いわば「普通の科学技術」として広く社会に定着することは難しいように思う。

　それに対する答えの1っは、「石油、石炭や天然ガスなどの化石燃料はいずれ
枯渇するものであり、それに替わるエネルギーとして原子力が必要である。」と
いう代替エネルギー論にある。しかし、これらの化石燃料資源が物理的に枯渇す
る時期は、それ程近い将来ではないので、この点だけから人々の理解を広く得る
ことは難しい。この意味では、物理的に枯渇するか否かではなく、石油という経
済的に貴重な資源の価格を国際的に安定化させておくべきであるとの観点が重要
であり、原子力が現実に担っている役割もこの点が最も大きい。実際、全世界の
原子力発電による石油代替量は、現在1日約800万バーレルでOPEC生産量の
40％程度にも及んでいる。

　第2の答えは、「化石燃料資源は総じて偏在しており、それらの資源のみに頼
っていることは、ナショナル・セキュリティの観点から好ましくない。供給源を
多様化、分散化する上で原子力が必要である。」というセキュリティー論である。
この意味での多様化や分散化に’ついてはある程度のシェアがあれば一定の目的を
コ達し、また、逆に原子力自体への過度の依存もナショナル・セキュリティ上好ま
しくないことへの配慮から原子力化に一種の制約が加えられることになる。この
点からの説得力には、その必要性が必ずしも原子力に限ったことではないことか
ら、やはり、それだけでは十分とは言い難い。

　最近になって、殊更に人口に膳災されるようになった「炭酸ガス問題から原子
力の必要性を訴える」という地球環境論に第3の答えを求める人もいる。しかし、
地球温暖化の要因となり得る環境放出物は炭酸ガスばかりでなく、他にクロロフ
ッ化炭素、メタン、酸化窒素、オゾンなどがあり、炭酸ガス以外のこれらの放出
ガスによる気温上昇の方が炭酸ガス自体による上昇よりむしろ大きい可能性があ
るといわれている。さらに、炭酸ガスの発生源としては、原子力が代替している
発電所よりも自動車の排ガスなどの方が多い6原子力が炭酸ガス問題の解決に一
定の役割は演じ得ても、それには自ずと限界があることも十分認識しておく必要
がありそうである。

　より本源的な、より本質的な答えは、「原子力はミクロのエネルギーであり、
マクロの世界からミクロの世界へと進歩して来た科学技術の流れから考えてエネ
ルギーの原子力化はいわば必然的なものである。」という点にあるのではないで
あろうか。
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　炭素が酸素と結合する反応によって得られる化石燃料エネルギーは、1原子当
たり4電子ボルトであるが、ウランが分裂する反応によって得られる原子燃料エ
ネルギーは1原子当たり2億電子ボルトである。これは、炭素と酸素の反応はそ
れぞれの原子核の外をまわっている電子が結合する反応であるのに対し、ウラン
の分裂反応は原子核自身の反応であり超ミクロの世界のエネルギーだからである。
一般に、エネルギーはその物質や空間の大きさに反比例しており、電子がまわっ
ている空間と原子核の大きさとでは桁違いに原子核が小さい。ここに、化石燃料
と原子燃料との間のエネルギー生産性に桁違いの差がある科学的根拠がある。

　化石燃料エネルギーの4電子ボルトは、ちょうど紫外線のエネルギーであり、
いわば目で見えるぎりぎりのエネルギーである。これに対して、2億電子ボルト
という原子燃料エネルギーは、目には全く見えない超ミクロのエネルギーであり、
X線やγ線の領域である。目には見えなくともウランは地球上に広く存在してお
り、それが核分裂すれば莫大なエネルギーを産むことは、科学的事実であり何人
もこれを否定することはできない。

　化石燃料から原子燃料への転換が目に見える世界から目に見えない世界への転
回であることは示唆的である。紫外線もX線も同じ電磁波として放射線的性質を
持っているにもかかわらず、X線というと特別に怖いイメージを与えていること
もこれと無関係ではないように思う。したがって原子力の安全問題が殊更に強調
されるのもこの不連続性のためと考えることもできる。化石燃料と原子燃料との
間にある8桁というエネルギー生産性のちがいは、人々が感覚的に理解し得る変
化の範囲を明らかに超えている。

　目に見える可視光線だけに頼っている限り、0。数ミクロン以下のこまかいとこ
ろはぼやけてしまい観測できないことはハイゼンベルグの不確定性原理が教える
ところであり、我々の世界はそれ以上起広がり得な』いことになる。しかし、X線
や電子顕微鏡を用いればサブミクロン以下のミクロの世界も観察できるようにな
る。ここに科学技術の本質的醐醍味がある。10万電子ボルトの電圧で電子を加速
すると1オングストローム以下の波長の電子波が得られ、可視光による普通の顕
微鏡に比べ分解能は桁違いに向上する。高分解能のX線を発生するSOR放射光
に世界中の科学者が注目していることは人間の知的欲求として当然である。

　電気や情報の分野が、真空管時代から半導体、IC、LSI、超しSIの時代
に移るにつれ、飛躍的な進歩を遂げたように、科学技術は、マクロからミクロへ
と進歩し、偉大な成果をもたらしてきている。マクロからミクロへの進歩は単な
る効率の向上にとどまらず桁違いの不連続的な技術革新につながるからである。
今日の電子時計、パソコン、スーパーコンピュータなどは、一昔前の人々には想
像もできない程のもので、単なる性能の向上を超えた正に革新的技術の代表例で
ある。

　材料科学の分野においても、先端的技術は分子レベルや原子レベルで設計・加
工するミクロ技術に最大の関心がある。分子レベルや原子レベルとは、可視光の
波長以下のサブミクロン領域のミクロの世界で、レーザー、放射線あるいはX線
の領域である。レーザーCVD加工やX線リソグラフィなどの材料科学技術が注
目されている所以も正にミクロ化志向にある。

　たとえば、半導体のトンネル効果や超伝導体のジョセプソン効果が量子力学に
よってはじめて理解されるように、ミクロの世界はいわば量子の世界である。原
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子燃料のエネ～レギーの世界も量子の世界である。X線CTやポジトロンCTなど
の現代医学には欠かせない診断技術も目に見えないミクロの世界、量子の世界で
ある。原子燃料を、このように、ミクロのエネルギー、：量子レベルのエネルギー
としてとらえ、原子燃料への転換は科学技術史的に見てごく自然の流れであると
考えることがこれからは重要であるように思う。そして、その原子燃料を利用す
ることが、CT診断技術のように人類の役に立つことをいわば目に見える形で示
していくことが求められているように思う。

　ちょうど300年前に、ニュートンが「プリンキピア」を発表しニュートン力学
を提唱したとき、デカルト主義者達はそれを必ずしも受け容れようとしなかった
といわれる。ニュートン力学の絶対空間の概念を受け容れることは「空の存在」
を認めることであり、それは神の創造である世界にはあり得ないと考えたからで
ある。17世紀後半は工学の分野においては正に革命的であった。トリチェリの定
理、ボイルの法則、フックの法則、ホイヘンスの原理など今日なお重要な原理と
されている古典的理論のほとんどがこの時期に証明されている。これ程多くの碩
学が輩出していたにもかかわらず、ニェートン力学の理解には、長い年月を要し
た。ベルヌーイがいわゆるベルヌーイの定理を発表したのは、18世紀の半ば近く
であるが、彼はなおニュートン力学に否定的な見解を述べている。

　今日では、ニュートン力学を超えて量子力学が存在することが知れており、ま
た、これからの技術が量子力学に依拠することも科学技術史的に明．らかになりっ
っある。それは、しかし、科学者という一握りの人々にとってであり、量子の世
界が広く社会に受け容れられるまでにはなお年月が必要である。万有引力が何に
由来するものか今なお謎とされているにもかかわらず、ニュートンの世界は多く
の人の信ずるところであり常識化されている。量子の世界もいずれはその段階に
達するであろう。

　原子燃料が科学技術の一つとして常識化されるまでの道程は、したがって粘り
強い根気を必要としている。石油価格の安定化という原子燃料導入の1っの目的
が満たされっっある現状にあっては、原子力に対する社会の見方もその潜在的恐
怖感の故に一段と厳しくならざるを得ない。この意味での民主主義コストの負担
は覚悟すべきであるように思う。当然のことながら、原子燃料の常識化のために
は、信頼される技術を目指し、着実にかっ確実に実績を積み重ねて行くことがま
ず重要であることは言うまでもない。

　また一方、「安全第一」を強調しすぎるあまり、人々に却って恐怖感を与えて
しまっている面もないわけではないことを想起すべきであるように思う。過度に
保守的であることは、実は、逆により危険なものへの選択を人々に強いる場合も
あることを忘れるべきではない。原子燃料への転換は科学技術の自然な流れであ
り避けて通れないとするならば、安易な保守主義を排し科学的に論拠のある事実
により忠実であることが益々望まれている。ニュートンは「私は仮設をつくらな
い」と述べている。

　情報科学、材料科学などの分野では、ミクロ化、量・子化によって正に革命的な
技術革新が進行し、新しいパラダイムが創生されっっある。原子燃料技術は、こ
れらの先端技術とは対照的な前近代的パラダイムを追求した物とのイメージを与
え勝ちである。大規模・大容量化による経済性の追求という重厚長大イメージが
強すぎるためであるが、原子力こそミクロ化、量子化のエースであることを想起
し、原子力型新パラダイムの創生に向けて新たなる発展を期したいものである。
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                   (October, 1988)

ALLNI>[u,g!gautgslearPo D1 t

  1. Progressive Support 7%
  2. Prudent Support 53 96
  3. Stop 19 9!6  4. Embargo 11 9z6

B. Nuclear Safe

  1.Safe Enough 596
  2. Comparably Safe 22%
  3.ComparablytDangerous 46%
  4. Very Dangerous 20 9!6

B'. Nuclear Safet amon stA-2

1. Safe
2. Dangerous
3. 0thers

36 %
59 %
5%
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National Security

-Diversification of Energy Sources,

Abatem6nt of Giobal Environmentai "'''

Impacts such ..as C02 ,and Acid Rain
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AAipszpe!gyL!2a!,a{u,gg-!gxnE BI fr

Nuclear Moratorium Scenario

(IIASA, 1981)

Primar Ener Consumtion in2030 %

                        Base Nuclear
                        Case Moratorium

 NaturalGas 15 20
 Hydro-Geothermal 7 7
 SolarandOtherRenewable 4 10
 Total , - loo loo
Fossil Fuel Resources Remainin at 2030 %

Oil, <$ 12/rbbl
Coal, <$ 25/ton
NaturalGas, <$121bbl

21
65
51

14
44
32
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Ener Production

' xEnergy"oc
l

Size Qf Matter

Fossil;

   ifo      +02-C02 +4 eV
2Nyuggasuclear

   23suvEilsslgnssion Fp,s +2oo,ooo,oooeV

   2H+3H EY'Ei9n)S -iO" He +17,ooo,oooeV

NOteS (1)1eV=1electronVolt=1.6×1O-9joule

            = 1.6 × 1bmi9 Watt.sec

. (2)EnergyDensity

                pQy-g[tQ.m. perr-mp!.l s?.Q!r:-g!ecnrm

                  [eV] [W･sec] [W･hr]

       Carbon t-4 -4×105-10
       Uranium -2xto8-2×loi3i-2×lo7
      !H!yg!zggendro t-1×lo7 -1×loi2 -sxlo7

       Photonlm-1 -1×105
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The Definition of Radiation

(Ionizing) Radiation:

Any electroMagnetic or" particulate

radiation capable Qf prOdUcing ions,
directly orjndirbctly, in its pas$age "

.th rough matter. u.

Technolo ical Shift

from Visible to Invisible

         Visible World

 Radiowave Fossil Fuel
 lnfrared -
.n" li iljitr5v"ioiet li

   X-ray Nuclear Fuel
   y-ray

         lnvisible World
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Historical View of Material Used

Level

Level ･

Level

Level

- O (the paleolithic age)

    No Processin

- 1 (the neolithic, bronze and iron ages)

    Ft'.e,thP.r.O.Ce.',,ti',"ce,amics, Bronze, and

      Ironl

-2 (the modem age)
     Electrochemical and Thermochemical

EX.

    Processin
    (However, molecular or atomic
    C.O.IlilSratr,altiyO",t.M' bl.m.)aterials is not

- 3 (the coming age)
     Microlevel Processin
    (Material design, synthesis and .
    fabrication M molecular or atomic
    level, for creating new materials with
    innovative properties and functions)

 Mthography, Molecular Beam Epitaxy,
                                     etc.                         Separation,Laser CVD, Laser Isotope

V-3-15



Cla s sic al Theories of

En ineerin Science

-Torricelli's Theorem

-Boyle's Law

-Hooke's Law

-Newton "Principia''

-Huygens' Principle

     .

     .

     .
-Bernoulli's Theorem

(1 64 3)

(1 66 0)

(1 67 8)

(1 68 7)

(1 69 0)

(1 73 8)
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   (30) The use of linear extrapolations, from the

frequency of effects observed at high doseS, may

sufl7ice to assess an upper,limit of rtsk, with which

the benefit of a practice, or' the hazard of an

alternative practice - not involving radiation

exposure - may be compared. However, the more
cautious such an assumption of h'nearity.is, the

more important it becomes to recognize that Lt

ma lead to an overestimate of the radiation
risks which in tum could result in the choice of

alternatives that are more hazardous than
racticestnvolvin radiatione osures. Thus,in

the choice of altemative practices, radiati,on risk

estimates should be used only with great caution

and with explicit recognition of the possibility

that the actuai risk at low doses may be lower

than that implied by a deliberately cautious
assumption of proportionality.
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         Nuclear Paradi m

Nuclear Fuel : Micronization or

    - uantization of Ener
                               '    '
 - Clean, Safe and Reliable,''

 - Incomparably High Cost Performance,

 - Responsive to Social Trend,

 - Creative and Innovative Applications,

  and ･
 - Undoubtedly Visible Benefits.

V-3-18



ENVIRONMENTALL ISSUES OF THE NUCLEAR INDUSTRY

          Dr. Dennis B. Cearlock
       Battelle Memorial Institute
     sPacific Northwest Laboratories

INTRODUCTION

     '
Many feel that nuc]ear energy is environmentally less clesirable than other forms of
power generation. However, the envirofirnental soundness of some currently important
forms of energy production is eoning under questioB.

Perhaps no other environmental issue has captured worldwide public attention like
that of global environme"tal ehange. People are demanding solutions to the
 "greenhouse" effect, acid raiR, and ozone depletion. Answers to these questions

will not be easy to find. '
Since the Industrial Revolution, factories have been discharging carbon dioxicle and
other gases into the earth's atmosphere. Scientists do not agree totally about the
relationship between these gases and climate, but four of the last eight years have
been the warmest since we began taking global surface measuremeRts in the 1880s.

                                                  'Last summer's drought ' the worst in North America in 50 years - increased public

concernaboutglobalwarming. " ' '
             '
Acid rain is also ehanging the global environment. The problem is shared by all
nations that use fossil fuels to generate energy. It disregards national
botindaries, disturbs the eeology of lakes and rivers, and disrupts forest

ecosystems. , '
Ozone depletion is another recent environmental problem that has aroused public
concern. Last month, representatives of 124 governments met in London to discuss
worldwide eliniination of ozone-threatening chenicals by the year 2000. '-

I have mentioned just a few of the environmental issues that may be omens of
long-term changes in the global environment. They eould affeet the environmental
health and economie weli-being of every nation. Two of these issues - the
greenhouse effeet and acid rain - could have profound impacts on utilities
worldwide.

Because fossil fuels are viewed as one of the culprits responsible for the
greenhouse effect and acid rain, some people are reconsidering the role of nuclear
power in the United States . . . even some environmental activist groups. These
phenomena may convince the public that the perceived safety of fossil-fueled energy
production is an illusion and that the perceived risks of nuclear energy production
are more acceptable than the alternatives.
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To expand the use of nuclear power, however, we must make significant headway in the

areas of health, safety, and the environment. -
Since waste management is perhaps the most eontroversial environmental issue for the
nuc]ear power industry in the United States, I am going to talk about nuelear waste
management and briefly compare it with our management of hazardous waste. I will
also talk about the Reed to improve our understandiRg of the ehemical and physical
processes i'nvolved in waste management, so we can ensure the safety of the global

environment for coming generations. .

              'RADIOACTIVE WASTE MANAGEMENT IN THE UNITED STATES
              '
                                    '

The task of developing effective waste management strategies and technologies has
been complicated by public fear of exposure to radiation･ Most likely, this is
because the concept of the "peacefui" atom was the second stage of the nuclear era
rather than the first. As a result, nuclear waste management issues often raise
political as well as scientific questions about pub!ic heaith and safety, and the
proteetion of the environment.

In the United States, the Atomic Ener'gy Act of 1954 specified conditions for
activities using atomic energy and radioactive materiais for civilian and national
defense purposes. But'in the late 1960s, popular movements increased public
awareness of the need to preserve and protect the environment.

Our legislators and government offic"ials responded by enacting laws and establishing

regulatory agencies. These actions placed the nuclear industry under more rigid
controis - perhaps more rigid than any other industy. All activities - from the
sit.e' selection of the nuclear power plants to the disposal of its
wastes ' are covered by the regulatory process, which often includes the public
involvement.

For example, the National Environmental Policy Act requires all federal agencies to
prepare impact statements if they are planning aetions that couid affect the quality
of the environment significantly. The Act also requires that these proposed actions
be reviewed･ The highest and most complex level of review is for the Environmental
Impact StatemeRt.

The average environmental impact statement process takes two years to compiete.
Controversial issues can take much longer. The preparation and review of afi
Environmental Impact Statement concerning the handling of six elasses of waste of

Hanford,Washington,tooksixyearstocomplete. ' ,

Public participation is a critieal part of the review process. From the time a
Notici3 of Intent is issued to announce that an Environmental Impact Statement is
being prepared until the final document is published, public input is invited･ The
process is time-consuming, but it is essential for public acceptance.
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The regulatory agencies which have irnportant roles in regulating radioactive waste
management are :
                     Nuclear Regulatory Comnission
                     Department of Transportation
                     Environmental Proteetion Agency

The Nuclear Regulatory Commission is the primary regulatory body for the nuclear
industry. Civilian nuclear reactors must be licensed by the NRC. This is a two-
step proeess. First, the utility must obtain a construction permit, and public
hearings must be held before the permit can be issued. TheR, the utility must obtain
an oper'ating lieense before loading fuel. Additional public hearings can be
requested before the operating license is issued. The NRC
is preparing a rule change that will cut the average lice"sing time in half, to
approximately six years.

The NRC also lieenses federally operated facilities that receive, traRsport, store,
and dispose of defence and commercial wastes.

Before civilian wastes can be transported, packagings must be certified by the NRC
and the Department of Transportation.

Because chemicals considered hazardous are often present iB radioactive wastes, both
utilities and federal agencies operating nuclear facilities must comply with
hazardous waste standards established by the Environmental Protection Agency to
protect the environment and public health. As I have stated, these regulatory

requirements have pla¢ed the nuclear i'ndustry under very tight controls.

To meet the regulatory requirements, the Department of Energy has been charged
with the responsibility to develop and deploy technology to treat, store, and
dispose of radioactive wastes. The Department is responsible for the disposal of
all high-level wastes･ This includes commercial and defense wastes as well as all
other wastes generated by the federal government.

I would now like to discuss briefly the status of important waste management
activities: spent fuel storage, monitored retrievable storage, and high and
low-level waste management.

Spent fuel storage is becoming a real problem in the US. When the nuclear reactor
developrnent began in the United States, planners did not expect the volume of waste
that exists today. They assumed that spent fuel from civilian and nilitary reactors
would be reprocessed. Some fissionable materials would be recovered for use as
reactor fuel. The rest of the high-level waste would eventuaily be sent to
repositories.

For this reason, mdst commercial nuclear power plants were designed to store no more
than a three-year accumulation of spent fuel. When the only U.S. commereial
reprocessing plant closed in 1972 and the Carter Administration banned civilian
reprocessing in April lg77, the spent fuel storage problem became more difficult.
Because of these changes in poiicy, the Nuclear Waste Policy Act of 1982 assigned
the U.S. Department of ERergy the responsibility for assisting utilities with the
storage of spent fuel until a federal repository is established.
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Currently, U.S. spent fuel is stored underwater in steel'lined conerete pools.
Most pools are filled to near capacity.' To address these problems, the DOE has been
working with the utilities to demonstrate new technologies for increasing at-reactor
storage. In many cases, high'density racks have been installed to increase storage
capacity. Another concept fdr increasing tempor'ary storage capacity is to disassemble
the spent fuel and consolidate the rods in can-isters that wi!1 also be stored under
water.

In addition to wet storage, dry storage of spent fuel is being evaluated. In 1986,
the Nuclear Regulatory Commission licensed'the first dry spent fuel storage
facility. Since then, the NRC has licensed certain types of metal and concrete
easks for some dry storage applications.

It is possible that spent fuel will be consolidated and packaged iB a monitored
retrievable strage facility･ A CongressioRal commision is now studying the Reed
for such a facility. At present, the deadline for selecting a site for the
monitored retrievabJe storage facility is 1994. This schedule depends on
the conclusions of the Congressional commission and on progress in selecting and
constructing a geologic repository.

The Department of Energy is assessing Yucca Mountain in Nevada as a site for the
geologic repository for high-level wastes ･ Construction of the repository is
scheduled to begin in 1998, and the facility is scheduled to begin aceepting wastes
by 2003.

Low-level waste from utilities, aeademic and medical research laboratories,
hospitals, and iRdustry is beiltg disposed in near-surface facilities at three
commerciaJ. sites in South Carolina, Nevada, and Washington. !n 1993, each state
will become responsible for managing its own waste.

To date, forty-one states have joined together to form nine compacts and will
address the problem collectively. Four states have elected to mafiage their own
waste, and five states are undeeided about how they will handle low-level waste.

The key issue in managing our waste is how to dispose of them in an environmeiltally
sound and publieally aceeptable manner. The public wants assuraRces that
generations hundreds and thousands of years from now will not have to deal with
radioactive waste generated today. These are reasonable demands, but they pose
difficult technical problems.

Through research, development and demonstration, the nuelear industry has made
significant progress in developing techRologies to manage radioactive wastes.
Some examples developed by the Pacific Northwest Labor'atory follow.
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      ･ Our ceranic melters have demonstrated that high-level liquid waste can be
       solidified into a solid, glass-like product which can be stored in deep

       geologic repositories. ･
                                   '                                                                    '                           i      . We are testing engineered barrier systems under simulated disposal conditions
        to determine their long-term performance and to improve our understanding of
       reaetion mechanisms.

      . Our performance assessment models are being used for site assessment and
       engineered barrier design.

      ･ We developed and demonstrated the technology for solidifying and disposing
       low-level liquid wastes using a cement based matrix.

      . Barrier technologies have also been developed. Earthen multilayer, and
       voidless asphalt covers are used to confine radon enissions from uranium mill
       tailings ancl to prevent water from seeping into radioactive wastes.

                    '
      . Sorbent barriers have been developed to line waste sites. These barriers act
       as filters, capturing specific contamiBants but allowing harmless substances
       such as water to pass through.

      ･ Biobarriers that combine herbicides with polymers can protect low-level
       radioactive waste disposal sites from root intrusion. The herbicides are
       released slowly into the soil ancl keep out plant roots for more than 100 years
       without interfering with surface vegetation.

                                                              '
      . For accidental reieases or failed disposal systems, in-situ vitrification can
       immobi!ize these wastes in-situ in a block of glasslike material that

    . resemblesnaturalobsidian. Theprocessiseffectiveinmostsoils,
       including those saturated with water.

U.S. HAZARDOUS WASTE MANAGEMENT

In contrast with nuclear waste management, hazardous waste disposal problems in the
United States have only recently begun receiving the same high ievel of public
scrutiny. Wherdas the nuclear industry has been subject to strict regulatory
control since the beginning, the chemical industry - and particularly chemical
wastes - have been controlled to a much lesser degree.

Our hazardous waste environmental problems are the legacy of a technological
revolution that begun just after the turn of the century. By 1965 the American
Chemical Society had registered more than four million chemieals. Many of these
were synthetics created since 1945. Today about 55,OOO chemical substances are
widely used in the United States. About 98 percent of these are considered harmless
to man and the environment.
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Before 1970 federal laws guarded against only the most obvious dangers such as
ehemicals in food additives and cosmetics. Little or no attention was focused on
industrial chemicals or their waste 'products, which has resulted in a national
problem of' epidemic proportions･ Between 32,OOO and 50,OOO waste sites may contain .

hazardousmaterials. ' ''                          i
Over the past ten years, the widespread distribution of hazardous and toxic waste in
the ecosystem has become a serious eoncern. Often these wastes are the primary
source of human exposure to toxic materials.

The public's fears about hazardous waste are intensified by discoveries that citizens

have been exposed to toxic substances dumped in abandoned or undiseovered waste
sites. Stories about environmental problems such as New York's Love Canal - where
more than 200 families left their homes when hazardous chemieal wastes seeped into
basements from an abandoned disposal site - receive widespread media coverage and
increased public concern.

As the scope of the hazardous waste problem became clear and publie interest grew,
environrnental regulations multiplied. Today, more than 24 federal laws and a dozen
agencies are concerned with regulating the manufacture, distribution, aRd disposal
of hazardous and toxic substances. These laws affect not only the chemical industry
but also everyone who uses toxic or hazardous substances . . . from farmers and
gardeners who use fertilizers aBd pesticides to businesses that use solvents and
      ,corroslve agents.

Three federal laws establish the basic framework of existing regulation: the Toxic
Substances Control Act of 1976, the-Resource Conservation and Recovery Act of 1976,
and the'Comprehensive Environmental Response, Compensation, and Liability Act, or
Superfund, of 1980･ Together, these laws form a comprehefisive program for the
regulation of ail chemical substanc,es from the time they are developed until they
are disposed of.

The Toxic Substances Control Act regulates the creation, manufacture, and distribution
of chenical substaRces.

The Resource Conservation and Recovery Act controls waste management practices and
promotes resource conservation and recovery.

The Comprehensive Environmental Response, Compensatiop, and Liability Aet known as
Superfund controls remediation of abandoned hazardous waste sites.

With these regulations, the United States is attempting to gain contrel of the haza'
rdous waste problem･ As with radioactive wastes, the primary difficulties in
dealing with hazardous waste is finding a place to dispose of it. The public
generally rejects the idea of a hazardous waste site in or near a conmunity. Many
people tend to disregard or fail to understand thg actual risks involved, and they are
suspicious of reassuraRces of their safety.
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 For example, when the state of Pennsylvania began issuing permits for waste sites
 under the Resource Conservation and Recovery Act, more than 75 per'cent of the
 proposed permits were challenged during the first year･ More than a third of these
 protests were led by municipal officials or other government officers. Almost half
 of these protests resulted in the rejection, withdrawal, or delay of the permits.
                                                                                   ,
 To satisfy regulations and gain publie acceptance, we must develop the technology
 for safely disposing chemical wastes and remediating abandoned sites. The knowledge
 and teehnology developed for managing radioactive wastes is being used to help solve

 theseproblems.Sorneexarnplesfollow: ' ･
                                                                   '
       . GroHnd-penetrating radar, eiectromagnetic induction, and soil gas vapor
         analysis can locate and identify buried drums, abandoned disposal cells, and

  ･ contaminantplumes. -
' .Geochemistryandcontaninanttransportanalysiscomputercodescanpredict
         exposures to chenicals and the resulting impacts.

       ･ In-situ vitrification can be used where other cleanup methods would be
         difficult and expensive. Instead of excavatiRg, repackaging, transporting,
         afid reburying these wastes, they can be immobilized in a glasslike mass where
         they lie. Organic cornponents are destroyed by the high temperature.
         This process is especially useful where hazardous waste has spilled or leaked
         out of a disposal site and where the risk and cost of removal far exceed the
         risk and cost of in-p]aee treatment.

                                                                              '        '                                     t Although these technologies are applieable to hazardous waste management, there are
 some basic differences between the approaches to managing radioactive and hazardous
 wastes in the United States. Our approach to･radioactive waste management has beelt
 long-tem, and we have worked hard to improve our ability to prediet problems that
 might arise far in the future. As a result, we have developed advanced monitoring
 and detection systems and performance assessment capabilities.

 In contrast, our approach to hazardous waste management has been short-term, and the
 assessment and monitoring technology is less well-developed. The flaw in this
 approach, of course, is that unlike radioactive waste which eventually decays, some
 hazardous chemicals never go away once they are introduced into the environment.'

 EXPANDING THE CURRENT KNOWLEDGE BASE

 As we have discussed previously, and extensive body of kfiowledge about the behavior
 of radioactive contaminants has been developed and we have used this knowledge to
 develop technology for improving waste managemnt. But our work is not finished.
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Historically, public demands for environmental responsibility have been much greater
for the nuclear industry than any other, People want 100 percent guarantees.
But some of the radioactive materials we are dealing with have half-lives measured
in tens and hundreds of thousands of years. We cannot produce test results that
prove beyond a shadow of ,a doubt that our technology is foolproof･ To a great
extent, public acceptance must be based on trust . . . trust in our integrity,
skili, and wisdom.

Events such as the Three Mile Island accident on March 28, 1979, erode that trust.
After Three Mile Island, public concern about the safety of the nuclear industry.
inereased dramatieally. The impaets were tremendous. For instance, many nuclear
plants under construction had to redesign to meet new regulatory requirements. Some
operating plants had more workers making Three-Mile-Island-related changes than were
needed to build･the plants originaily. As a result of Three Mile Island, the U.S.
nuclear industry and federal regulators began a detailed review of plant design,
management, and operations.

The Chernobyl accident on April 26, 1985, intensified publie concern, the
demafids on the nuclear industry became even more stringefit and publSc cofifidenee
deteriorated further. As a result, one of our most urgent needs is to rebuild
public trust. .One aspect is reassuring the public about the long-term performance

ofthewastedisposalsystems. ' ''
However, we cannot conduct 10,OOO year experiments in our laboratories. We cannot
afford to examine empirically or experimentally all the potential combinations that
exist among waste forms, engineered barrier, host media and other environmenta]
gfO"hd6:i::.St'.,Tg,lg,e,t ,tee,Sef,d,edM,a:g.StSio'.ige.aigurance, we must improve our understandlng

                                '                               '
For example, we kfiow that many radionuclides cofitaining solid phases are extremely
insoluble. Except under very low pH conditions, the maximum expected dissolved
coneentrations of actinides, such as thorium, plutonium, uranium, and neptunium, in
an anoxic environment, are beiow analytical detection limits. Therefore, if reducing
conditions that produce tetravalent actinides can be maintained for over 10,OOO
years, these actinides will still exhibit low solubility.

If we understood the factors controlling the levels of oxygen and- the pH on a fun"
damental basis, we may be able to show that a wide range of environmental conditions
does not substantia!ly change the pH or anoxic conditions. We would then have the
knowledge to show that extreme changes iB environmental conditions would not affeet
the solubility and thus, the mobility of important contaminants. On the'other hand,
if environmental changes do affect the pH andlor anoxic conditions, we would have
the knowleclge base from which to develop engineered barriers to prevent such
changes. In either event, we would not have to rely on the host rock as a part of
the isolation system. This would significanly reduce the high costs and technically
difficult task of characterizing the host rock to the level of detail required for
its inclusion as a part of the barrier system. This is just one exmple of how
fundamental and applied research could help improve publie aceeptance and at the
same time reduce the costs of waste disposal.
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Understanding waste behavior on a fundamental basis is not only Smportant for
regaining the public trust, but is equally important for reducing the cost of
disposal because waste management is expensive. For example, wastes accumulated at
Department of Energy sites over the iast 40 years are mixtures of chemical and
radioactive materials･ It has been estimated that cleaup may cost up to $100
biliion and take a ninimum of 25 to 30 years. The U.S. cannot afford this. We have
to reduce the time it takes to characterize these sites and asess our alternatives.
We have to reduce the cleanup costs. And we have to provide treatments and
technology that are legally defensible and that meet regulatory requirements.
We need to test and validate our scientific concepts, eomputer models, and advanced
measurement and sampling technologies. We need to demonstrate and prove in-situ
remediation techniques･ This is why the United States is Snvesting in long-term
basic and applied environmental research and teehnology development.

These investments ineiude the Molecular Seience Research Center, the Efivironmental
Research Center of Excellence and the Northwest Hazardous Waste R.D and D Center at
the Pacific Northwest Laboratory･ The Molecular Science Research Center is foeused
on understanding at a fundamental level how wastes, microbes and host rock interact
to mobilize and!or transform important contaminants. The Environmental Research
Center of Excellence is responsible for (1) establishing the scientific basis for
waste remediation at all of the DOE sites and (2) producing bench scale remediation
technologies. As part of this effort, three national user facilities are currently
being developed: the Subsurface ExperimeRtal Researeh Facility, the Numerieal Test
and Evaluation Laboratory and a National Field ValSdation Site. The Northwest
Hazardous Waste R,D & D Center is charged with developing remediation and
characterization technologies.

SUMMARY

    .

Nuclear waste management is the nunyiber one environmental issue facing the nuclear
industry. We have developed extensive knowledge about the behavior of radioactive
material in the enviroRment and used this knowledge to develop technology for
managing nuclear wastes. This knowledge and technology base is being used to help
solve environmental problems associated with hazardous wastes. However, we stili have
a long way to go if we are to regain the public confidence in the merits of nuclear
energy. Long-term investments in fundamental and applied research, and technology
development are essential to regaining the public confidence and reducing the costs
of waste management.

We have a sound technical basis from which to solve the environmental issues
facing the nuclear industry. I am confident that by working together, industrial
nations around the world will be able to develop the scientific knowledge and
technology to safely and cost-effectSve!y solve radioactive waste management and
other environmental issues facing the nuclear industry.
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原子力技術の人間論的展望
一一 ｻの思想史的位置づけの試論一

K・リ一理ソフーバー

　この会議では、原子力発電と燃料サイクルの様々な技術的また社会的問題が、議論され

てきましたが、この発表ではこれちの問題に直接解決を与えようとすることでもなければ

原子力の産業的利用の可否を究極的に判定することでもありません。この様な判断を下す

のは、社会全体の共通な責任ですが、それを行うことができるためには技術・経済のデー

タが不可欠であると共に、原子力問題の全体的な展望すなわち人間にとってその意味を解

明することが何よりも必要でありましょう。何故なら、原子：力発電産業の目的の設定と実

現の過程は、「とりもなおさず人群の営みであり、人間がその電力を利用することによって

原子力発電産業を自らの生きる環境の中に組み込み、放射性廃棄物を後の世の人間に残し

ているからです。そのために原子力産業の様々な事実と問題を人間を中心にしたパースペ

クティブの中に位置づけ、それらのデータを人間を尺度にして慎重に検討しなければなり

ません。　　’　　．．．　　　　　r

　その際、原子力技術は、一方では、他のあらゆる技術と基本的に同じレベルにあります

が、幾つかの理由で現代、特に注目され問題視されています。それは例えば、原子力のイ

メージが、その最初の利用、つまり軍事目的のための破壊的な利用から規定されており、

またその産業的利用にも特別な危険性が含まれていると見なされ、更にこの技術は、その

発見がすでに50年前にさかのぼるにもかかわらず、現代でも、一般に最先端の技術と評

価され、従って、近代的な技術開発そのものを象徴的に代表しているなどのためでありま

しょう、この意味で、原子力というテーマにおいて人間の技術的能力そのものの可能性や

その価値と限界が問題となり、またその技術が自然界を変容させているため、人聞の自然

への関わりや自然そのものの意味が、新たに検討されるべきものとなっています。すなわ

ち原子力問題が、人間と世界との関係という最も普遍的で、最も根源的な、哲学的で、し

かも倫理的な問題を引き起こし、そのためにそれは世界観的な色彩を帯びているので、こ

の問題は、一般社会の関心糞引くばかりではなく、人間の情熱さえも動かす力を持ってい

ます．

　　　　　　　　　　　　　　　　　　一　　工　一



　人間と世界との開係は、17世紀前半めデカルト以来、近世においては自立的主体であ

る人間と、人間に対して単なる客体にすぎない自然界という図式で考えられてきました。

すなわち、世界は、人間の科学的実験や探求という技術的支配に服従する物体世界として

理解されてきたのです。二丁の主体性と、物質世界との徹底的な区別や分裂は、近代自然

科学の基盤を成していると共に、人間には自然物を自分の任意のままに利用できるという

確信を与えてきました。しかし、人聞の生きている世界はぽたして、根本的なレベルで、

この様な物質的な材料にすぎないのでしょうか、世界とは何かというこの問題は、自然科

学の擦求する領域をもはや全く越え出て、人間の存在理解そのものの問題であって、また

近代自然科学の基礎づけという問題にもふれています。自然科掌の分野では、今世紀の不

確定性理論や量子物理学が、すでに研究者、つまり人間とその対象が不可分的につながり、

互いに影響しあうことを示しました．哲学の方では、現代、デカルト的な主体客体分裂と、

それに基づいている科学的認識にそった技術の理念は、人間にとって世界との根本的な関

わり方ではなくて、かなり特殊的で派生的なものにすぎないことが明らかとなり、つまり

人間がもともと世界内の存在者であり、世界もまた人間の生活世界であり、人間の優先的

な関心という観点のもとで、認識され、取り扱われるということが理解されてきました。

つまり門田は、決して単なる物体から成っているような世界の中に生きているのではなく、

いつも何らかの意味で翠解され・解釈された世界の中で・つまり人間全体の二…琴・希望・

不安て意図などによって、パースペクティブ的に構造花された世界の申で存在し、動き、

その様な世界の中で初めて自分を対象化する理性をもって科学と技術を営んでいます。私

達の問題と関連していえぼ、没価値的な科学的認識も、人間全体と関わりのないような単

なる技術的な活動も一切存在しないということです、、自然のあらゆる認識と利用は、すで

にそれに先立ったより全体的な世界理解と人間の自己理解によって根拠づけられ方向づけ

られているのです。世界との関わりを導くこの主導的理解は、確かに常に反省され、再検

討され．ていますが、この認識は個別的な所与のように対象化されえないで、むしろ、たい

てい反省されていない地平と背景として作用しています。そのため、その構造と内容を調

べるにあたって、この根源的な世界理解や存在理解が形成されてきた思想史にさかのぼち

なければなりません。従って、原子力問題の内に人間と世界との関係そのものがテーマと

なるまで、この関係が現代人の根本的な理解を形作った思想史の中でどの様た考えちれて

きたかをまず吟味する必要がありましょう。その際、ここでは西洋思想だけに絞りますが、

それは、現代の科学技術文明が西洋の歴史の内にその起源を持ち、その思想の産物なのだ，
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からであります。。

　人間と世界との開係を思想史的に主題化すれば、まず世界、つまり自然観から出発すれ

ばよいでしょう。というのは、人間は自分のことを反省するより先に目前にある自然につ

いて考えているし、また、自分自身への実践的な関わりも外からつまり他物、自然を通し

て行われ、他において、その立脚点を持っているかちです。それゆえ自然についての考え

方が逆流的に人間の自己理解をも形成し、人聞の心志的行為にもその目的を与えています，

こうして、自然覗は人間にとって鏡となり、また現実全体についての理解を一つにまとめ

るものでもあります。

　自然観のこの様な普遍的で存在論的な役割が、最初に西洋の思想、なかでも哲学の原点

である古代ギリシャ思想、具体的には、紀元前6、5世紀のソクラテス以前の自然哲学に

おいて展開されました。古代ギリシャにとって「自然」という言葉は、ただ人間以外にあ

る物体をさすというよりも、世界内に変化し成長するものの全体をさしています。その意

味で、日本語の「自然」「ジネン」、つまり、「自発的になるものJに深い類似性を持っ

ているようです．この包括的な意味での自然は、人間をも含んでおり、人間が自然の外に

立ちそれを支配するのではなく、自然を基盤にし、また自然の範囲内でそれを模倣しなが

ち春宮的な発明と行動を行っています。こうして「自然」は、本来世界内的存在の全体を

さしているので・それ1『偉規箪的な意味が備わっており・自然の法則が・ある秩序・コス．

モズを成しているのです。そしてそのために人間が自然を変化させるのではなく、それを

そのままで受け入れ、ストア学派でいうように「自然に従って」生きるべきなのです。こ

うしたギリシャ的な自然理解において事実的形而下学的物理的な意味での自然と、人間に

とって規範的で倫理的な意味での自然が自然の最も根本的で存在論的な意味、つまり本性，

としての意味の内に結舎されています。まさにその理由で、ギリシャ・ローマの世界にお

いて、そこでは技術的な発明が決して少なくはなかったのに、自由な技術開発やその産業

的な使用は生ずることができませんでした。しかし、ギリシャ人が自然を存在論的なもの

・規範的なものとして、多くの場合には、神的なものとしてさえ捕らえているにもかかわ

らず、彼ちにとって自然は明確な理性的な構造を持つものとされ、人聞によって理性的に

探求可能なものと考えちれています。この点ではおそちく、ギリシャ的な自然観は東洋的

口紅的な自然観と異なっており、それゆえ自然科学の発展に道が開かれてきたと思われま

す．従ってギリシャの哲学者達は自然という秩序の原理、つまり、自然の起源と法則、ま

たその発展がいきつく目的を調べようとしました．この探求ではまだ実験が行われていな
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いという点で、それは自然科学的というよりも哲学的な関心と方法によるものであったこ

とがわかります。しかし自然を理性的に説明するにあたって、自然の諸要素や諸成分エレ

メントを探っていったので、この哲学的探求は自然学的な関心に導かれていたことは明ら

かでしょう。

　さて、自然のこの理性的理解の試みを私達にとって肝心である原子力問題から見れば、

大ざっぱに二通りの自然に関する思考方向が区別できるようです。その一つは、自然の機

会学的唯物論的な説明であり、もう一つは、その目的論的本性論的な見方であるといえま

しょう。前者の見解は特に紀元前5世記のデモクリトスに代表され、後者はプラトンとア

リストテレスの説です。デモクリトスの自然理論によれば、自然、つまり存在自体は無限

．の数め「原子」（アトモイ）から成り、この真の存在者そのものとしてのアトモイは性質

を持たず、ただ量的に、すなわち、形・大きさ・重さ・簑固における位置づけによっての

み規定され、常に動くことによって互いに衝突したり、分離したり、結合したりしていま

す。この唯物論的な自然観により、自然における変化は不可変的、つまり、不可分（アト

モス）的な成分の、可変的で偶然的なつながりとして捕らえられ科学的な説明を与えられ

ています。しかし、デモクリトスが全体を目的論的に秩序づけるような精神的な原理を認

めずに、その原子論でもって人馴の認識と心、また倫理までも説明しようとしたところに、

プラあンとアリストテレスの批判が生まれヤ彼らの目印論的な自然餌が緯くほli老2㈱箏ヤ

うま：り申世末期まで支配的になりました。すなわち、アリストデレスは自然勃のパラダイ

ムを単なる物体にではなく植物や動物に求め、植物や動物の成長はそのものの本性から発

してその完成を目指す自然本性的な努力や、エン・アルケイア、つまり、エネルギーによ

るとしました。従うてもともとエネルギーは意義や良さを持った秩序を築き上げる、目的

論的に働くホ性論的な力として理解されてい摩した、要するに．プラトンとアリストテレ

スは精神的な要素を目然に対立するような形で捕らえずに、それを観念と言い、形相と言

うような、自然物そのものを内的に構成しその意義をなす原理として捕らえ、究極的には

自然の存在論的な秩序は神的な原理、つまり神に由来すると考えました。

　古代ギリシャ・ローマの自然観は確かに近代の自然科学を準備しましたし、また、特に

デモクリトスなどの原子論は17世紀前半でガッサンディやボイルなどの自然科学者によ

って新たに取り上げられるようになり、現代の原子理論の歴史的な根源の一つとなりまし

た。しかし、古代の自然観かち直接に自然科学と技術的嗣発が生じなかったのは、すでに

あげた理由、すなわち、．自然を規範とみなすことのほかに、次の関連する諸理由によるこ
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とでした。つまり、自然全体が静止的なすでに完全なもの、あるいは神々に満ちたものと

さえ考えちれていたので、技術的な勢力にはそれを押し進める根源的な動きが欠けており

むしろその様な努力は自然の秩序を混乱させるようなものとして評価されていたのです。

それに加えて、人間の使命は存在の永遠なる真理を観想するところにあるとか、また、古

代後期には物質世界が悪とも思われ、物質と関わる肉体労働は奴隷の仕事として軽蔑され

ていたことなどがあります。このような自然観と、現代行われている技術的原子あるいは

核分裂を照らし合わせて考えるなちば、これらの間の対立があらわになってくるでしょう

すなわち、原子力技術において自然に対する入間の支配が顕著な形を取り、人間がもはや

自然を自分の基盤にするというよりも、あたかも自然の外の立場から自然の最も基本的な

秩序、つまりその原子の構造へと介入しています。このような技術は、人間が規範として

の自然から解放されたことや、人固の自由な主体性が発見されたことを前提としています

　古代の世界観は西洋思想の第二の根本的要素であるキリスト教によって根源的に変容さ

れました。ユダヤ教、また後のイスラム教と共にキリスト教は、世界が無かち存在せしめ

ちれ創造されていることを強調しています。世界創造という教義には人囲と世界との関係

について測り知れない含みがあって、それは開平思想史において次第に展開されるように

なりました。簡単に述べますと、まず、世界は全面的に神の積極的な意志によるものであ

り、その衷現でもあるため、あらゆるものが本賀的に善いものであり、物質もまた神の美

しさを反映しているのです。それゆえ世界はそれ自体で無慧味な単なる干鯛ではなく、そ

れに固有な尊厳と価値を持っているので、人間はその罪な世界を意のままに乱用すること

はできないはずです。また、世界が神の計画、つまり神の創造的認識からできあがったの

で、世界は本質的に認識可能であり、世界内存在のこの認識可能性は科学のたゆまない努

力を根拠づけそれに目的を与えています．また超越的純粋な存在、つまり神への関連づけ

によって世界内存在は象徴的な意味を含み、人間の理解を超越へと向かわせる：力を持って

います。つまり、世界創造という教義は物質世界の内に真理と意義がひそんでいることを

保証することによって、科学的探求と芸術的創造力に道を示し、物質世界に対する人間の

関心をわきおこさせるのです。人固の使命は、もはやギリシャ思想にあr》たよさに身体や

物質世界を魂の牢獄と見なしそこを脱出しようとするのではなく、三熱世界を通してまた

それと共に神に向かうていこうとするところにあります。同時に、世界が無から造ちれた

というまさにその同じ理由に基づいて、世界はそれ自体では決して神的なもの、つまり、

触れてはいけないようなものではなくなりました．人間の企画と働きによって形成されて
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も艮いような対象となり、人間の責任たゆだねちれることとなりました。それゆえ、技術

的な濫発は自然に暴力を加えるというよりも、神の創造によるこの生成する世界をその完

成へと導く創造的な行為と見なされることができるようになりました。今や人間の働きは、

世界に含まれる可能性と萌芽的な意義を積極的に受取り、展開させることによって、神の

創造的な働きに協力するようになります。人間のこの創造的力自体も、神が創造によって

世界内的なものに与えられた力の最高の段階とみなされています。

　創造という観点のもとで、世界観と共に人間の自己理解もまた深い変更を受けています。

すなわち、人間の理性と意志に備わる創造的な力がうきぼりになることによって、人間は

ただ世界の中に世界の一部として位置づけちれるだけではなく、世界を自分のものとし、

それをその形と意味において形成し支配して良いようになります。物質世界に関する探求

と作用はもはや物質から規定され、それにとちわれるというよりも、人間の自由な主体性

の自己実現と自己表現とみなされています。そのために、例えば、修道生活のキリスト教

的伝統においては、農業や手工業が生活に必要な苦労につきずに神への奉仕と人間に適し

た務めとして高く評価されているのです。人固が神の似姿として自由であり創造的に働く

主体性を持っていると同時に、自分自身の身体を持ったものとして創造されているので、

世界に属しており、アッシジのフランチェスコにみられるように他の被造物との兄弟的な

連帯感を持っているのです。このように人間が世界を自分の場とし自分の生命を維持する

”ために画りめ自然勃た葭ちざるを得ないことから、世界は本質的に人間の住んでUる家や

その庭という意味を受け持ち、人固の生命の前提と支えにもなるようになります。世界は

本質的に人間に奉仕するためにも存在しているので、人固がそれを自分の必要に従って、

また人類の真の発展を目指して使って良いということです。しかし世界という美しい庭が

もともと神のもので、人間にそれを手入れし育むように任されただけの話なので、入間は

神の前そして同じ世界に今生きこれから生きるであろう人間同士に対して資任を持ってい

るのです。すなわち、人間はこの世界を多くの入間が共に生きるに相応しい場としなけれ

ばなりません。環境の破墳や資源の乱用は従って自然の本性に反するものであり、人間同

士と神の創造に対する人間の責任に背くものでもあります。

　まさにこの様な人間と自然との間の対立が、聖書では人間の罪から生じると言われてい

ます。罪によって人間と自然との間の本来的な調和関係が潰れ、つまり、人間が楽園から

追放されるようになり、世界の資源を勝手に利用する傾向に走りがちであると共に、世界

もまた人間のためにはもはや実を結びたくなくなります．結局、人間と自然とは緊張に満
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ちた対立関係に陥ってきます。世界が人間の欲望と支配欲で辱めちれながら、また、人間

にとって誘惑と危険性に満ちた場へと変わってしまった限ワ、人間だけではなく自然世界

も罪から影響されて、はかなさかちの救いを待ち望んでいるとされています。

　自然世界のはかなさと危険性また救いや完成に対する望みは、同時にキリスト教の終末

的思想において表現されています。この終末的未来への展望は、、原子力唱題を巡る論争の

中にも少なからぬ役割を果たしているようです。それは、この未来に向かうパース．ベクテ

ィブが人間の心の内に眠っている最も深い望みと不安に声と形を与えているからでしょう。

すなわち、藤末思想とその黙示文学的表現形態は、一方では高まってきた対立と苦悩、戦

争と自然世界の破壌や静黙を暗示することを逓して世界と人間の力の限界、その究極的な

行き詰まりをイメージを持って強調し、最終的な災いをさえ指摘している限り楽観的な進

歩思想や世界の自然的な均衡状態に対するおおちかな信願に区切りを打っています。他方、

同じ終末思想は、神が自然の含んだ全世界に究極的な完成を約束しているということで、

人間の自然世界との共通な部分を越えてあらゆる限界を越えさせる希望を与えています。、

　今まで取り扱った西洋思想の二つめ主な柱、すなわち古典古代思想とキリスト教思想に

含まれる様灯なモチー：フは近代的科学技術を根拠づけることに貢献したし、また同時に現

代科学技術の傳用に対’する批判‘rとっても一つの出発点でしょう．．しかし、近代の技術開

発が生まれるために、中世の形而上学的な自然観かち近世の経験的な自然科学への移行が、

まず行われなければなりませんでした。すでに工4世紀から始まる17世紀に至るまでア

リストテレスの形而上学と自然学は運動の説明という問題を中心に批判され、物の性質と

本性を要にしたアリストテレスの理論から最初は目的因性、つまり物に内在する意義と目

的へのダイナミックが否定され、物体が世界の全体的な秩序への目的論的な関わりを持つ

のではなくて、盲目的な衝動で動くと考えちれるようになった。次に、物体の本性が人間

にとって不可解なものなのでその本質は単なる延長にあるとされて、そう考えることによ

って自然物を量的数学的に計ることができるということが発見されました。それ自体で価

値も本性も持たないとされた個物は対象化され、つまり人固と．その生活世界から切り離さ

れて人間の問題設定に従って実験によって分析され、また、技術において人間の目的に従

って新たに構成されるようになりました。このように自然に対する人間の支配が科学的知

識と技術的産業によるものとして解釈されてきたので、自然が人間の機械学的な働きかけ

に服従するものとなりました。この科学的方向が：大きな成功を治めたのはいうまでもあり

ませんが、同時に人間は、自分が自然によって条件づけられ自然と本質的につながってい
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ることを軽視し、人間をただその知的意識と自由な意志を理解して、また人間と自然、主

体と客体を包括し互いに方向づけ合うような基盤と規範を無視して、つまり根源的な存在

理解に対する忘却に陥ったといえましょう。

　核分裂の産業的な利用が現在注目と批判を引くのは、おそちく核分裂反応の技術はその

構造から見れば近代的な自然観と近代的な自己理解を典型的に実現しているように思われ

ているでしょう。核分裂技術にはそのように程度の極めて高い象徴的な意味が認められる。

つまり、そこで自然への分析的なアプローチが知識にとどまらないで技術的に徹底化され、

また人間の自然に対する距離一放射線に対する防衛の問題、また人置の生活範囲から

の自然の追放・一一放射性廃棄物処理の問題一などが直感できるほどの具体性を持づ

に至り、同時に人間と自然のこの区別の困難と限界も、つまりこの様な技術的取扱いを受

けた自然物に対する人工の不安一安全の保証一という問題も具体的に感じられま
す．

　これらの問題が現在切迫した形をとっていることのもとにも、思想的なモチーフが伺わ

れます。すでに核分裂反応や地球の資源の限界が発見される前に、つまり今世紀の20年

代あたりから哲学や文学において自然科学的な思想形態の限界が指摘され、それより本来

的な世界理解と人間の自己理解が求められてきました。すなわち、人固が自らの身体性、

世界内性、環境に対する依存性などを省みて、自分の主体性の限界を主題としました。ま

た主体客体の弁証法的逆転で、自然にあてはめた考え方と行動パターンがまた人間自身に

逆戻りして、つまり主体と客体を全面的に切り離し人固が自分を絶対的な主体としてとれ

る試みは挫折したことが様々な体験、学習を通して学ばちれなければなりませんでした。

原爆もその一例だと言えます。すなわち人固の自然に対する根本的な態度は、自分自身や

他人に対する捕らえ方と本質的につながっていることは明らかとなった。人間の新しい理

解と世界との正しい関わり方の思想的な基盤とパラダイムは現在ではまだ確立していない

ので、極端な反動、またイデオロギーが生じやすい状態でありましょう。この様な状態に

向かって、おそちくまず科学研究と技術に対する現代の私達の貴任を確認する必要がある

でしょう。そのため思想的な展望を踏まえた上で、これかち原子力の産業的利用に関わる

幾つかの倫理的な基準を立ててみたいと思います。その様な原理的な考察は原子力発電産

業の可否を簡単に解決できるものではないし、ここで展開するやむをえずに抽…象的な思想

定式、具体的な技術的経済的政治的なデータを入れても結論が必ずしも反論を許さないほ

どの明確さを持って出てこないということを初めかちことわっていたいです。この様なた
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いへん複雑な問題に関して、宗教、キリスト教からも笛単な即答を期待できないので、逆

に原子力の使用を絶対的に無分別に支持することも、同じようにそれを絶対的に拒否する

ことも、つまり、原子力問題を一つの信仰箇条であるかのようにみなすというような業朴

な態度を克服する必要がまず先決でしょう。この様なイデオロギー的な捕ちえ方を避けて．

私達が本質的に新しくて見通し難い状況に向かっていることを認めた上で、どの様な方策

が正しくて人類のためになるかを社会全体の共通な識別を尽くして検討しなければなりま

せん。

　まず問題を正確に定義しなければなりません。問題となるのは原子力を発電のために使

用しても良いかということではなく、どういう材料と技術でもって現代社会に必要なエネ

ルギーを最も艮い仕方で給油できるかというより広い固題なのです。こう見ますと原子力

は他のエネルギー源と同じレベルで問われ、同じ基準で判断されるべきであることは明ち

かとなります。

　この問題提起の内に前提となづているのは、現代社会にとって経済的で長期的で充足的

なエネルギー給油が基本的な正当なニーズの一つである、将来にもその必要量を：大幅に削．

減できないだろうということです。確かに十分野エネルギー給油は現代に経済の維持と発

展、それで高い採用率、社会的経済的安定、大衆社会における入間に相応しい生活の保証

も第一条件でしょう。　　　　　　　’

　この人間に相応しい生活を可能にするところにエネルギー研究とエネルギー産業の唯一

の目的と基準があるのは、私達の問題に関して最も基本的な倫理的な原理でしょう。つま

りそれ自体で意義を持つものとして中心に置かれるべきなのは、自然世界の保存でもなけ

れば、科学・技術・経済の発展でもないのであって、一人間の全人格的発展のみなのです。

ですから、自然科学技術、経済が人間の全体的な発展に貢献するその限りで科学・技術・

経済の使用と拡大は倫理的に正しいのです。結局、科学・技術・経済は人間のための手段

にすぎないので、それらのものの持つダイナミックそれ自体はその発展の支配すべきでは

ありません。それらは入間の営みであって、また人間に影響を及ぼすので人間あ福祉を規

範として考えるべきものなのです。技術・経済などは人間をその人圃性において人間とし

て助けるはずのものなのに、それらはただ特別なグループだけではなく、社会全体・ひい層

ては人類全体のために、つまり社会や人類の共通善のために存在しています。また、人間

が非常に多様的な存在なので、生活の人間らしさがただその経済的物質的な裕福だけかち

判断されるべきではなく、量られるべきではなく、何よりも社会的な、また椿神的な価値、
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例えば、平和と自由が規範として認められるべきでしょう。人間の様4な価値の内に生命

と健康が他の多くの価値の実現、つまり人聞の自己実現にとってその可能根拠になってい

るので、生命と健康の保存と促進、例えば、飢越や病気の克服は社会的なレベルで第一に

優先されるべきものであって、それに被害を加えるものが何よりも避けるべきです。その

ために特定な技術や経済のもたらす利益とリスクを比較検討する時に、人間そのものにと

っての利益とリスクが決定的な要詣であって、その単なる技術的また経済的な利益とリス

クには人間は選択に対する究極的な批判性を認めてはならないでしょう。

　しかし、人固が自然世界の中に生き、また自分自身も生物的な生命を持って自然世界と

共に生きているから、人間の尊厳の保証は同時に自然環境と自然世界全体の保護を要求し

ています。その際自然の意味は人間にとっての単なる手段に尽きません。むしろ人間が自

然によるので、自然自体には無条件無制限的ではないにしても何らかの守るべき尊厳が備

わっていて、人間によって勝手に取り扱われて、あるいは破壊されてはいけません。他方、

自然界の再新生化や神話的な絶対視またはタブー化も自然界の真の在り方に対して根本的

にずれています。すなわち、人間自身も自然な存在者なので、自然そのものが人間の内に

その最高の尊厳を獲得し、従って、人間によって人手の尊厳をより良く実現するために使

って良いものです。そのため、人間は自分の人間ちしい生活と発展のたあにそれが有益や

必要と思われる限り、自然界に影響を及ぼしその資源を利用しその生存領域にさえも介入

して良いはずです。・しかし自然界は限られており、また人類全体の生きる場なので、その

所有と利用は人間個人、あるいは特定なグルーアの特権ではなく、根本的に社会、また人

類全体の共通な権利なのです．

　資源の大部分は人間によって再止不可能であり、また動物慶界の豊當な多様性とモの生

態学的均衡状態が入間によって新たに造られるものではない以上、可能な限りでの保穿は

一つの重大な諜題です、その環境保護は生存領域から始まる、椅麗な空気、水道、土、自

然の景色の保存まで及びます。こう考えてみれば、人間の尊厳に対する尊重と自然世界の

保存という二つの不可分的な課題は長期的なスケールで考えちれるべきものであって、つ

まりこれかち生きるだろう世代に対する責任を私達に負わせるのです、すなわち、私達は

ただ現在の必要性に目が奪われることを避けて、未来の世代の人間ちしい生活に必要な自

然環境、資源などを配慮すべきです。ただし、現代の大きな困難の克服と未来のための資

源などの保存が相入れない場合には、現在の大きな必要性を優先しても艮いように思われ

ます。自然環境の保該などは社会の程度の高い裕福を前提とし、それ自体もまたエネルギ
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一給油によるし、また科学の更なる発展によって新しい環境にあまり負担を負わせないよ

うな開発が必要なので、技術の開発と自然環境の保護が平行してつながっている問題でも

あります。ヤ

　朱来に対する費任という観点から見れば、原子力発電産業は二つの対立的な側面を表し

ているように思われます。すなわち、一一方、原子力の産業によって化石によるエネルギー

の資源一石炭・石油・ガス一一の使用を節約し、それを第三世界や未来の世代に残

すところに大きな業績があります。また、化石エネルギー資源による空気と土の汚染、い

わゆる’「温室効果」を減少することができるのも、原子：力発電の長所と評価すべきです。

他方、放射性廃棄物の処理は、そのたいへん長期な危険性のために原子力産業の最も大き

な問題だと思われます、様4な技術的な利益だけではなくそのリスクをも十分に検討し、

一般社会の人々に正確に説明し、その克服に必要な研究を極力で押し進めることは、科学

者をはじめその技術に関：わるエコノミスト産業家の重大な責任です。同時に原子力産業に

携わる責任者は、常に必要な研究を促進し、技術的な発明を人間社会の福祉のために生か

し、すなわち、単なる経済性という視野を社会全体の人間らしい生活可能性というより根

本的な目的まで拡大することに基づいて、その目的のために常により艮い技術を産業のプ

ロセスに親み入れなければなりません．それより技術的に可能である、経済的により爵位

な方策であっても、それは人間の生命や健康に関して、また生思学的に空積が取れる以上

に危険な，ものであれば、その様な暫しい技術の産業的な使用を放棄せざるを得ません．も

ちろんどんな技術にも有限的な世界における生活そのものに常に危険が含・まれているかち、

これもその危険の程度の問題と他の危険との比較検討の問題に他なりません。しかし、技

術的にできるということと、実際にそれを実行に移すということは直接につながらなくて、

その問いには人間全体の幸福に対する富鉱、その責任に基づいた識別と決断が置かれてい

ることは重大なことでしょう。今まで述べてきた考えは科学研究を不当に制限することに

ならないのは言うまでもないでしょう。確かに、学問、科学は、その自らの領域内にその

研究の目的や結果が人間の尊厳と生命に大きな害を与えない限り、自由で自発的な探求に

よって新しい分野を開発し、隠しい可能性を解明して良いはずです。その意味で科学的認

識や技術的能力そのものは倫理的な意味で善でも悪でもなく中立的であり、その倫理的な

価値づけは人間がこの知識と能力をどの様な目的のために、また、どの様な仕方と効果を

持って使用するかということによるのです。しかし、この多少抽象的な見方にとどまって

はなちないでしょう。というのは、研究そのものは研究者によるものであり、研究の目的
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を自由に選ぶ問題と手続きを設定し、可能な結果をある程度期待、予想し、またその研究

のために社会の資金を利用する、その研究者という人間が実際に存在し、その研究者や産

業家に人間として自分の研究や産業的営みを人間的な目的連関全体の内に位置づける責任

があります、その責任を避けて技術や科学硫究が自動的に自らを調整するだろうという考

えは、空虚な思考にすぎないと言わざるを得ません。

　他方、一般の社会の方からは現代の生活、従って人間に相応しい人類の生存の可能性が、

科学拉術の発展によって支えられており、科学と技術の開発なくしては、知識を向上し、

世界中の病気と飢餓を克服し、職業と収入を保証し、自然環境を保存し、第三世・界を援助

し、創造的生活の形態を拡大する、そのすべてのことが不可能であることを全面的に認め

る必要があります。つまり、一般社会は科学と技術、またそれに基づいた経済を連続的に

承認して、その発展を支持し、そのために必要なある程度の信頼を与えるべきでしょう。

　同時に、ある技術の経済的産業的使用が単なる中立的な手段にとどまらないでそれ自体

が人間の生活と環境に影響を及ぼしていけばいくほど、それちの技術の選択、採用に関し

て社会全体の賛同が必要とされるし、社会そのものが民衆的な問題解決の手続きを通して

その選択、決定のプロセスに能動的に与かる権利を持っています。「社会全体』「民衆的．

と言えば、この様な社会的な駅逓な識別と選択は、十分な情報購入と意見交換を必要とし

ます。また、最終的な決断に関して導灯なグループが自らの見解が過半数のそれとは違っ

た場合、．民衆的な方法で社会が至った下野を受理すべきです。社会全体には、どの的な環

境の中で、どの愚なまたどれ程のリスクを受けて、どの様な価値順位のもとで、生活に営

みたいのかを決める権利があるからです。社会の中で、また、相対立する立場を主張する

諸グループの間で真実でオープンな対話をできるために、それに必要な雰囲気・と両側の意

志を造ちなければなりません。づまり自分側の意見を支持する様4な理由を正直に説明す

ると共に向こう側の見解を真剣に理解しようとする態度、また、単なる権力や暴力をもっ

て自分の意見を通したり、向こう側の真実を疑ったりするような態度が初めから放棄すべ

きでしょう。そのために、産業化世界では一般社会の信頼を得るためにも、あらゆる新エ

ネルギーの研究を金銭的にも支持する態度を示し、例えば、この様な研究の促準を目的と

する独．立した財団を設立、また援助する、あるいは発電産業にあたって、ただ一つの技術

によるのではなく多襟で柔軟なアプローチを取り将来の新しい技術的な可能性を積極的に

受け取ることができるような組織を造ること、また、保留なしに十分な情報を公表するな

どは、社会の中の対話を進めるために有益でしょう。
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　すでに申し上げたように、どの様な技術とエネルギー源を優先させるべきかということ

は、宗教、哲学、倫理学の一般的な原理だけでは十分に答えられるような問題ではありま

せん。技術とその産業的な使用には常に二重の結果が伴うので、より正しい技術を選択す

るという問題を利益とリスクを量り合って比較検討するによって結論へと導かなければな

りません、比較検討という倫理的な原理は、ある問題追求に伴う、それ自体では望ましく

ないネガティブな副次的な効果がただ次ぎの条件のもとで許されるべきである。すなわち、

この副次的効果を起こす行動を放棄するならば、望ましくないこの副次的な効果より大き

いネガティブな効果が起こるという条件なのです。すなわち、ネガテ～ブな効果がより少

ない行動の方が優先されるべきです。比較されるものの価値は違った次元、例えば、技術、

経済、社会、政治、また人間の生活に即しているところにこの価値の比較の困難さがあっ

て、また責任をとった思慮深い考察の倫理的課題もあります。比較検討に基づいた判断は、

必ず一種の価値順位を表現しているからです。この量り合いの内に人間に相応しい生活と

直接に関わる価値、また、それを脅かす危険が特に重大視されるべきことは言うまでもあ

りません．また、この様な判断は一般的な倫理的な原則から厳格な論理を持って帰結され

ないかち、価値の優先の内に人聞や社会の自由な理解が正当にも形を取ります。例えば、

軽済的な利益による生活の裕福の程度と自然環境の保護との比例、許されると社会によっ

て判断される危険性の種類と度合いなどは、ある程度で社会の自由な選択にもよることは

さしつかえません、
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その比較検討・比較評価にある程度の自由を認めてもその基準はポジィティブな面、つまり

目的から見れば、社会又、人類の共通善をなるべく高揚することであって、それを実現する

為に偏見に促らわれていない賢明な判断が最も必要でしょう。　又、他方ネガティブな面つ

まりさけるべき危険から見れば比較検討では、人間の存在とその全人格的発展をさまたげて

おびやかす技術が許されるべきではありません。エネルギー供給は、人類全体の共通の問題

で、各国の国境内には解決不可能なものなので、解決を求めるに当たって、各自がただ自分

の国の利益だけを目ざしてはならなくて、視野を、世界全体の共通善までも拡げて、その枠

内に第二のものとして自分の国の発展を考えるべきでしょう。具体的に言えば、人類の共通

財産である空気、水、気候などは人間の生命を可能にするその条件であるから、それらのも

のの充分な保存は第一に目ざすべきものでしょう。次に、限られていて再生不可能な資源、

また特に、多様な目的に使用できるような資源一例えば、化石によるエネルギー源一の使用

をなるべく節約し、それを第三世界また将来の人類全体に譲ることが望ましいのです。

　地球と人類の未来に対する最も重要な責任は同時に比較検討のネガティブな基準つまり危

険はさけるべきであるということに関わっています。現代知られている技術の内に、原子力

技術は、リスクが最も大きい技術のひとつであることは一般的に認められています。確か

に、この技術を安全に取り扱うことは可能ですし、又、日本の原子力技術産業は現在までの

その実績をみますと、この安全な取り扱いの優れた一例だと言えます。しかし、ドイツのビ

ブリスなどの最近の事件が示すように、予想しなかった、あるいはできなかったリスクが、

複雑な技術に本質的に備わっています一どんな技術でも、ただ原子力技術ということだけで

はありません。つまり、リスクがないような人生は存在しません。原子力産業の安全の内に

、その技術を利用できる人間自体によるリスクをも減らすことができても、それを排除する

ことはできません。また原子力関係の大きな事故の場合、それは人間の生命、健康、遺伝と

いう最も重大な遺産に影響を及ぼします。このような影響は、事故が起こった国の国境には

留まらなくて、周りの国までもひびいていますから、原子力使用の安全は、国際的な問題で

あって、安全の基準とその実現の保証に関して国際的な協力と協約、またその実行の監視が

必要と思われます。このような安全な使用の保証は、ある程度すでに始まったようです．そ

の完全な実現は、おそらく遠い未来にしか見えないでしょう。この意味で、原子力技術に備

わっている危険性は小さくないと言わざるをえません。

　もうひとつ、放射性廃棄物の処理の問題ですが、燃料サイクで廃棄物を、ある程度消滅で

きますが、残っている廃棄物は、計り知れない程遠い将来までも生命にとって、危険です。
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そのことは、人類の今までの文化が一万年余りにすぎないのに対して、放射性廃棄物の危険

性は数万年に存続することを考ええば、明らかでしょう。

　その為にマイクロ次元から危険な放射性がない、あるいはもっと少ないエネルギー源と技

術を発展させることが差し迫っている課題でしょう。結局、どんな技術にもその限界があっ

て、それより良い、より安全な技術によって克服される可能性がありますから、どの技術も

暫定的なものであって、より良い技術のための予備段階でもありましょう。最近話題になっ

ている低温核融合が核分裂に代わり得る技術であるかどうか、まだ判断不可能でしょう。し

かし、一般的に言えば、原子力技術を代用することができるエネルギー技術を捜さなくては

ならないでしょう。

　そのような研究を積極的に押し進めることは、原子力産業自体の課題でもありましょう。

例えば、そのような研究を促進する独立した研究財団の設立と経済的援助などは考えられる

かも知れません。またこのような手段をとることによって、原子力産業は、一般社会の信頼，

を得て、この問題を巡る社会的対話に於いて真実な話し合いとして認められるでし’よう。つ

まり、真実な中立を示し信剛性を得ないと、真剣な対話が不可能となります。そうした場

合、問題の解決は対話とは別な非民主的な手段に、例えば暴力などに求められないとは限り

ません。

　しかし、現在のところでは、素人の私に見える限り、原子力にとって充分に代わることが

できるようなエネルギー源が、私たちにまだないので、原子力産業はおそらく、これからの

数十年にわたって不可欠である。そうだとすれば、またその限りで原子力技術の責任ある発

展と使用が、人類の共通善に貢献するものだと判断できるのではないでしょうか。
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