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Facing the Reality of
Ultimate Abolition of
Nuclear Weapons:

The Message of Peaceful

Use of Nuclear Energy

Welcome Reception
18:00~-19:30
HIROSHIMA GRAND HOTEL

THE 27TH JAIF ANNUAL CONFERENCE

PROGRAM OVERVIEW

THU. APRIL 14

Session 2
9:00-12:00

Nuclear Power and

Plutonium

Luncheon
12:10-14:20
ANA HOTEL HIROSHIMA

Film Show
13:00~-14:00

Session 3

14:45-17:15

Education of Science and
Technology, and Japan's

Future

17:30-19:30

Discussion together with

the People of Hiroshima;

the Significance and Role
of HIROSHIMA

Hinawari

INTERNATIONAL CONFERENCE

CENTER HIROSHIMA

FRI. APRIL 15

Session 4
9:00-12:00

Development of Nuclear
Power in Asia and the

Role of Japan

Session 5

14:00-17:00

Effects of Radiation:
Study Results and Future

Issues
Farewell Party
17:15-18:45
Dahlia

INTERNATIONAL CONFERENCE

CENTER HIROSHIMA



The 27th JAIF Annual Conference

Basic Theme : Toward Nuclear-Weapons-Free World
--the Role of Peaceful Utilization of Nuclear Energy

April 13-15, 1994

International Conference Center Hiroshima
Hiroshima, Japan

Japan Atomic Industrial Forum, Inc.

BEGISTRATION (1R:30-18:30, April 12)
BI1F, INTERNATIONAL CONFERENCE CENTER HIROSHIMA

All SESSIONs are held at PHOENIX HALL, BIF, INTERNATIONAL CONFERENCE CENTER HIROSHIMA.

B1F, INTERNATIONAL

Aoril 13 (Rednesday)

CONFERENCE CENTER HIROSHIMA

OPENING SESSION (9:00 — 12:40)

Chairman:

Koki Tada
President
Chugoku Electric Power Co., Inc.

Remarks by Chairman of Program Committee

Soichi Iijima
Chairman

Program Committee
Professor Emeritus
Hiroshima University

JAIF Chairman’s Address

Takashi Mukaibo
Chairman
Japan Atomic Industrial Forum, Inc.

Remarks by Chairman of Atomic Energy Commission

Satsuki Eda
Minister of State for Science and Technology

Remarks by Governor of Hiroshima Prefecture

Yuzan Fujita
Governor of Hiroshima Prefecture

Invited Lectures:
"The New Morning of the World”



Richard Rhodes
Pulitzer Prize Laureate
Author and Lecturer

" U.S A

{Break>

Chairman:
Joichi Aoi
Chairman of the Board
Toshiba Corporation

"Promoting the Peaceful and Preventing the Military Uses of Nuclear Energy”
Hans Blix
Director General
International Atomic Energy Agency

"Achieving Effective Regulation through the application of Universal Principles”
Kenneth C. Rogers
Commissioner
U.S. Nuclear Regulatory Commission

"Nuclear Disarmament and Prospects of Nuclear Energy in Russia”
Viktor N. Mikhailov
Minister for Atomic Energy of the Russian Federation

SESSION 1 (14:30 - 17:30)

Facing the Reality of Ultimate Abolition of Nuclear Weapons: The Message of Peaceful Use of Nuclear
Energy

Nuclear power accounts for 17 percent of the total electricity generation worldwide. Yet the existence
of nuclear weapons taints efforts at peaceful utilization, and is a major hinderance to the sound
development of nuclear energy for mankind. Today, we will consider how existing nuclear weapons can
be reduced to zero level, and what efforts should be made to ensure that peaceful nuclear technologies
are not misused in the new development of weapons. Invited lectures will be given at the opening
session, which will provide the framework for our discussions. Opening a new page of the 21st century,
we will also reconsider the unhappy reality of the existence of nuclear weapons, even as we seek the
realization of full nuclear disarmament, including a comprehensive test ban for nuclear weapons. In
this context, we will evaluate the Nuclear Non-Proliferation Treaty (NPT), which has played a key role
in efforts toward the non-proliferation of nuclear weapons up until now; and will address the future
of the NPT, including numerous problems related with it, prior to the NPT review conference to be held
a year from now.

Chairman:
Kiyofuku Chuma
Vice Chairman of Editorial Board
Asahi Shimbun

Keynote
"The History and Future of Nuclear Disarmament”
Ryukichi Imai
Senior Advisor
Japan Atomic Industrial Forum, Inc.
Former Ambassador to the Conference on Disarmament in Geneva

—-192—=



Panel Discussion
Panelists:
Yves Boyer
Deputy Director
CREST Ecole polytechnique
France

Young Choi

Senior Research Fellow

Institute for Far Eastern Studies
Kyungnam University

Korea

J WL deVilliers

Chairman

Atomic Energy Corporation of SA-AEC
South Africa

Daniel Ellsberg

Director of Manhattan Project 11
Physicians for Social Responsibility
U.S. A

Takehiko Kamo
Professor
University of Tokyo

Naomi Shohno
Professor Emeritus
Hiroshima Jogakuin College

Discussion with the Audience

Note: "Discussion with the Audience” means discussion between the panel speakers and the audience.
The audience is invited to exchange their views and make comments during each discussion.

¥ELCOME RECEPTION 18:00 — 19:30
BANQUET HALL "KUJAKU”, 2F, HIROSHIMA GRAND HOTEL

doril 14 (Thursday)

SESSION 2 (9:00 - 12-00)
Nuclear Pover and Plutoniua

The reprocessing of spent fuel and full utilization of recovered plutonium are important facets of
Japan' s nuclear efforts, which aim to make the best use of nuclear power for the long period, taking
advantage of its excellent reliability and safety, and the small impact it has on the environment. On
the use of plutonium and the development of fast breeder reactors (FBRs), both of which are at the core
of Japan's nuclear-fuel-recycling policy, it is essential for Japan to obtain a complete understanding,
both domestically and internationally, and this is now a critical time in that respect. In this
session, after reconfirming the necessity and significance of nuclear fuel recycling, we will discuss
various problems and solutions in continuing the policy of reprocessing and recycling, such as avoiding
the accumulation of excess amounts of plutonium and the significance of the use of plutonium for light
water reactors (L¥Rs).



Chairman:
Masao Nakamura
Editorial Writer
Yomiuri Shimbun

Keynote

"Plutonium and Civilization”
Yumi Akimoto
Executive Vice President
Mitsubishi Materials Corporation

Panel Discussion
Panelists:
Roger Hayes
Director General
British Nuclear Industry Forum, Inc

Ryo lkegame
Executive Vice President
Tokyo Electric Power Co., Inc.

Yasutaka Moriguchi
Director for Nuclear Fuel Division
Science and Technology Agency

Hiromasa Nakano
Executive Director
Power Reactor and Nuclear Fuel Development Corporation

Christopher E. Paine

Senior Research Associate, Nuclear Program
Natural Resources Defense Council

U.S. A

Jean-Louis Ricaud

Vice President, Reprocessing and Industry
COGEMA
France

Pierre Verbeek
Special Adviser
Synatom
Belgium

Discussion with the Audience

LUNCHEON 12:10 — 14:20
BANQUET HALL "MANYO", 3F, ANA HOTEL HIROSHIMA

Remarks by Minister of International Trade and Industry
Hiroshi Kumagai
Minister of International Trade and Industry

Remarks by Mayor of Hiroshima City
Takashi Hiraoka
Mayor of Hiroshima City



FILM SHO® 13:00 — 14:00
PHOENIX HALL, BIF, INTERNATIONAL CONFERENCE CENTER HIROSHIMA

Latest films on "Hiroshima”, and Japan's nuclear research and development activities will be presented to those who are not attending
the Luncheon.

SESSION 3 (14:45 — 17:15)

Bdueation of Science and Technology, and Japan's Future

The developments of science and technology during the past half-century have been remarkable —— not
least in the nuclear field. New science and technologies, while, they can bring happiness and
prosperity; they might also jeopardize entire societies and human existence itself. For Japan, which
has so far enjoyed the benefits of scientific and technological advancement, to deal with an even more
advanced science and technologies in the future, must provide an educational system that inspires
students to become interested in science and engineering at an early stage, which will foster keen
scientific minds capable of working with the most sophisticated technology. In this session, people
in the field will review problems occurring in the science and technology of education with respect to
modern developments. With children these days — the next generation to carry Japan s future —— showing
little interest in science, participants will discuss what is missing from the current educational
system, and what can be done to solve these problems.

Chairman:
Michinori Ohki
Professor
Science University of Okayama

Keynote
"Current Status of Education in Science and Technology: A Problem”
Ken—ichi Fukui
Director
Institute for Fundamental Chemistry
Professor Emeritus
Kyoto University

Panel Discussion
Panelists:
Keiichi Takahashi
Professor
International Christian University

Shigekazu Takemura
Professor
Hiroshima University

Kazuko Tamura
Editorial Writer
Kyodo News Service

Yoshiro Tanaka

Science Teacher
Hiroshima Municipal Misuzu-ga-oka Senior High School

Discussion with the Audience



(17:30 - 19:30) . o .
Discussion together with the People of Hiroshima; the Significance and Role of “Hiroshina

International -Conference Room "Himawari”, B2F, INTERNATIONAL CONFERENCE CENTER HIROSHIMA

It has been almost 50 years since the atomic bombing of Hiroshima. Although the city has been reborn
as a modern international center, its citizens have endured great suffering. Taking the opportunity
afforded by JAIF s annual conference, nuclear-related individuals from Japan and abroad will meet with
citizens of Hiroshima, to consider the significance and role of "Hiroshima”™ =~ in the past, the present,
and the future -- through discussion of the bombing, attitudes toward nuclear power, and the prospects
for peaceful utilization hereafter.

Moderator:
Kazuhisa Mori
Executive Managing Director
Japan Atomic Industrial Forum, Inc.

Panel Discussion
Panelists:
From Participants,
Teruaki Fukuhara
President
Hiroshima Prefectural Medical Association
President of Japanese affiliate
International Physicians for the Prevention of Nuclear War

Katsuko Kataoka
Professor
Hiroshima University

Yoshitaka Kawamoto
Former Director
Hiroshima Peace Memorial Museum

Lee Sil Gun
President
Council of Atomic-Bombed Koreans in Hiroshima Prefecture, Japan

Akihiro Takahashi
Director, Enterprise Division
Hiroshima Peace Culture Foundation

Koji Fushimi

Professor Emeritus
Nagoya University

Former President

Science Council of Japan

Takashi Mukaibo
Chairman

Japan Atomic Industrial Forum

Atsuyuki Suzuki
Professor
University of Tokyo

Richard Rhodes



Pulitzer Prize Laureate
Author and Lecturer

Naomi Shohno
Professor Emeritus
Hiroshima Jogakuin College

Additional Participants to be announced.

Note: This is the round-table discussion by the participants including those from people in the field of nuclear energy and people related
to Hiroshima. The seats are available for 500 people.

foril 15 (Friday)
SESSION 4 (9:00 - 12:00)

Developaent of Nuclear Pover in Asia and the Role of Japan

While nuclear-power development has slowed down in many Western nations, it is accelerating in much of
Asia as the 21st century draws nearer. Large-scale nuclear-energy projects have been announced by
Japan, South Korea and China, while Indonesia and certain other countries are in various stages of
preparation. Sound development of nuclear energy in the Asian region, where more than half the world' s
population are inhabited, is of great significance in terms of securing stable electricity supplies for
the future, as well as conservation of global resources and the environment. Today, we will discuss
the pursuit of efficient development of nuclear energy in Asia, the securing of operational and
managerial safety, the handling of radioactive waste, and the linkage between peaceful use and nuclear
non-proliferation. Measures to smooth and facilitate the various development efforts, and also Japan's
role in them, will be discussed.

Chairman:
Hiroshi Murata
Vice Chairman
Japan Atomic Industrial Forum, Inc.

Keynote

"The Role of Japan in its International Contribution, Past and Future”
Akira Hayashi
Councilor
Ministry of Foreign Affairs

Panel Discussion
Panelists:
Djali Ahimsa
Director General
National Atomic Energy Agency (BATAN)
Indonesia

Li Yu Lun
Vice President
China National Nuclear Corporation (CNNC)

Yong Kyu Lim
President
Korea Institute of Nuclear Safety

Jun—-ichiro Mukai



Managing Director
Japan Atomic Power Company

Tatchai Sumitra

Dean, Faculty of Engineering
Chulalongkorn University
Thailand

Masaji Yoshikawa
Vice President
Japan Atomic Energy Research Institute

Commentators: ~
Commentators to be announced.

Discussion with the Audience

SESSION 5 (14:00 — 17:00)

Effects of Radiation: Study Results and Future [ssues

Nuclear-related safety measures must be based on accurate scientific data on the effects of radiation
on the human body. In Japan, investigations into radiation effects have been conducted, with the
cooperation of affected citizens, over the period of almost 50 years since the atomic bombings of
Hiroshima and Nagasaki. The results of these investigations represent the most complete scientific
information of their kind in the world, and are important basic data for the recommendations of the
International Commission on Radiological Protection (ICRP). In this session, the history of the
Hiroshima and Nagasaki investigations on radiation effects, and conclusions thus far, will be
summarized. Those results will be discussed, together with issues expected to arise in the future.
Other investigative information will also be presented, including data gathered following the Chernobyl
Accident.

Chairman:
Minoru Ohmuta
Chairman
Hiroshima Peace Culture Foundation

Keynote

"Evaluation of Radiation Effects - From Results of Studies in Hiroshima and Nagasaki”
Itsuzo Shigematsu
Chairman
Radiation Effects Research Foundation Hiroshima-Nagasaki Japan

Panel Discussion
Panelists:
Chikako Itoh
Deputy Director
Health Management Center
Hiroshima A-bomb Casualty Council

Seymour Jablon

Former Expert

Radiation Epidemiology Branch
National Cancer Institute
U.S. A

Colin R. Muirhead



Head of Epidemiology Group
National Radiological Protection Board
U. X

Masao Tomonaga
Professor
Nagasaki University

Satoru Ubuki
Assistant Professor
Hiroshima University

Discussion with the Audience

Soichi lijima
Chairman

Program Committee
Professor Emeritus
Hiroshima University

Large Meeting Room "Dahlia”, B2F, INTERNATIONAL CONFERENCE CENTER HIROSHIMA
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R ks 1 ! Chai f the P C .
April 13, 1994

Soichi Iijima
Chairman

Program Committee
Professor Emeritus
Hiroshima University

Mr. Chairman, Ladies and gentlemen: It is a great pleasure for
me, as Chairman of the Program Committee, to have this
opportunity to speak at the opening ceremony of the 27th JAIF
Annual Conference. I am indeed grateful that so many people —-
not Jjust from Japan but from abroad -- as individuals and as
representatives of international organizations, are here to
participate with us.

I cannot but have a special feeling as a result of the fact that
we are holding this conference in Hiroshima, where the 50th
anniversary of the atomic bombing will be marked next year. I
naturally feel a deep regret when I think that a discovery in
physics, one filled with the promise of a new energy source and
the potential to bring comfort and security to people all around
the world, was so wrongly used in an instrument of war, and
caused such terrible human devastation.

As we begin this conference, I pray for the souls of the atomic-
bomb victims, and pledge to them that we will never allow the
same mistake to be repeated on this earth.

Nuclear energy, of course, has proven itself a peaceful servant
as well -- to the extent that it now accounts for 17% of total
electricity generation worldwide. Following the end of the East-
West Cold War, the nuclear arms race 1s being brought to a
conclusion, and we all welcome the fact that international
efforts toward nuclear disarmament are being steadily, if slowly,
carried out.

Taking each of the foregoing into consideration, the basic theme
of this conference is "Toward Nuclear-Weapons-Free World -- the
Role of Peaceful Utilization of Nuclear Energy." Those of us
here who are involved in the peaceful utilization of nuclear
energy, on the occasion of this visit to the atomic-bombing site
of Hiroshima, are reconfirming our most earnest wish for the
ultimate abolition of nuclear weapons. Over the next several
days, professionals from Japan and overseas will present
lectures; and participants will discuss current and future
domestic and international issues related to the peaceful
utilization of nuclear energy -- all in the light of the variety
of opinions of people standing in differing positions on nuclear-
energy issues.

In one of the highlights of our program, Mr. Richard Rhodes has
been invited from the United States to give a special lecture.
Mr. Rhodes is the 1988 non-fiction winner of the Pulitzer Prize
for his book "The Making of the Atomic Bomb." His book "Nuclear
Renewal," published in 1993, has received a great deal of
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attention as well. In other lectures by invited guests, a
representative from the International Atomic Energy Agency will
address the promotion of peaceful uses of nuclear energy and the
prevention of military use. An American representative will
speak about nuclear energy control. And a Russian representative
will discuss nuclear disarmament and the future of nuclear
energy.

In the panel discussion on "Facing the Reality of Ultimate
Abolition of Nuclear Weapons: The Message of Peaceful Use of
Nuclear Energy,"” to be held in the afternoon of the first day,
panelists from the United States, France, Korea, South Africa and
Japan will offer their opinions in wide-ranging areas -- taking
the results of the opening session into account -- including how
to reduce the level of nuclear weapons to zero; what should be
done in order to prevent technology for the peaceful utilization
of nuclear energy from being used for military purposes; and what
the nature of society will be without nuclear weapons. I note
that this 1s the first time for the conference to have a
representative from South Africa, and we look forward to his full
and frank participation.

On the second day, an international panel discussion will be held
on the theme of "Nuclear Power and Plutonium," with participants
from the United States, France, England, Belgium and Japan.
Focusing on the issue of plutonium use, which has drawn so much
recent attention, the panelists will first review the scientific
history, and then address present problems and solutions.

In order for humanity to face the future squarely, to solve, one

by one, the many difficult problems ahead, commitment,
determination and spiritual strength are essential, in creative
endeavors and in the scientific pursuit of truth -- all the more

so in the members of the next generation. Recently, however, it
is often heard that Japanese young people lack logic in their
thought and self-expression; that they display a shallow, uniform
way of thinking, with little creativity. 1 think that is quite
a lamentable state of affairs, and this JAIF conference will
address the associated educational problems under the theme of
"Education of Science and Technology, and Japan's Future.”" As
we look at those problems from a new, wider perspective for the
first time, I hope their nature will be made more apparent, and
that the opinions of our education-related participants will cast
some fresh 1light, contributing to constructive improvements
hereafter.

Taking the unique opportunity afforded by this JAIF Annual
Conference being held at Hiroshima, we have planned a "Discussion
Together With the People of Hiroshima," where nuclear-related
individuals from Japan and abroad will meet with local citizens
and others, to discuss the bombing and attitudes toward nuclear
power, Through this, we hope to gain new insights into the
significance and role of "Hiroshima and Nagasaki."

Recently, neighboring nations in Asia have been carrying out
their own programs in regard to the utilization of nuclear energy
for peaceful purposes, and continuation to fruition is the clear
trend. There must be a great deal Japan can do to contribute to
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the sound development of these programs. Panelists from China,
Korea, Indonesia, Thaliland and Japan will discuss from an
international viewpoint what can be expected of Japan in support
of the nuclear development efforts of other Asian nations.

Concluding the conference, the final panel discussion will be on
the topic of "Effects of Radiation: Study Results and Future
Issues.” 1Its purpose is to address issues expected to arise from
future investigations, based on a look back at the history of the
Hiroshima and Nagasaki investigations into radiation effects.
In addition to representatives from the United States and
England, people from Hiroshima and Nagasaki will take part in the
discussion, which will be based on accurate scientific data.

I have so far talked briefly about what is expected at this
conference, from my position as Chairman of the Program
Committee. For the 1last several years, the JAIF Annual
Conference has been organized primarily so as to allow sufficient
time for discussions among the domestic and overseas participants
and guest speakers. To the same extent, I hope all will do so
actively this time as well. In addition, at this conference,
members of the general audience, too, will be able to take part,
starting with the afternoon session today. I look forward to
some very spirited exchanges.

Finally, I would like to express my deep appreciation to the
panel chairmen, guest speakers, all the participants from both
Japan and abroad, and everyone else who has so generously given
of their time and energy to make this event a success.

Thank you for your attention.
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The 27th JAIF Annual Conference

Address

Takashi Mukaibo
Chairman
Japan Atomic Industrial Forum, Inc.

April 13, 1994

Chairman Tada, Ladies and Gentlemen,
It is a pleasure for me, as chairman of the host organiza-
tion, the Japan Atomic Industrial Forum, to address the 27th JAIF

Annual Conference at its opening.

Since 1968, the Japan Atomic Industrial Forum has been
holding the Annual Conference as one of its major activities.
This conference, of which this 1s the twenty-seventh, was
established as a forum for discussing important issues regarding
energy and, in particular, the development and utilization of
nuclear energy. By inviting persons concerned from Japan and
abroad to present their views and to discuss these matters openly
from a broad perspective, the organizers of the Conference hope
that guidelines will be found to resolve problems and deepen
understanding of the issues. During this year's conference in
Hiroshima, pafticipants will gain first-hand understanding of the
impact of the military use of nuclear power and learn about the
earnest commitment to the abolition of nuclear weapons. They will
have the opportunity to listenito various views on the subject

and to discuss the future of the peaceful uses of nuclear energy,
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mindful of the historic lessons of Hiroshima and Nagasaki. I am
confident that the three-day conference will benefit from your

valuable contributions.

Forty years have elapsed since Japan first embarked on
research into the peaceful uses of nuclear energy. During this
time, I believe that there has been a strong sense of mission to
find peaceful ways to tap the enormous energy of nuclear power,
not just for Japan but indeed for the whole of humankind.
Despite being the only country to have experienced atomic
bombing, Japan gathered the resolve to start studying the
peaceful applications of this awesome power only a decade later -
- difficult as it may have been -- because it was able to
establish the principle that nuclear energy would never be used
for military, but only peaceful purposes. That is still the
foundation of the national consensus on the peaceful use of
nuclear energy even today. It is also the prerequisite for

humanity to benefit from the use of nuclear energy.

The abolition of nuclear arms is an avowed wish of Japanese
people. Indeed, it is the prayer of humanity. It is also the
shared wish of all of us in the nuclear industry. Today, when
the tension between superpowers is relaxed and nuclear disarma-
ment is gaining momentum, we are presented with a historic
opportunity for our wishes to become reality. The government and
the people of Japan have been involved in working towards nuclear
disarmament and the abolition of nuclear arms. The Japanese

nuclear energy Iindustry was involved in the Second Special
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Session of the United Nations General Assembly Devoted to
Disarmament when the then-chairman of JAIF, Dr. Hiromi Arisawa,
sent a message concerning nuclear disarmament to the UN Secretary
General on behalf of the industry. As a symbolic declaration of
intent, it was proposed that nuclear materials from dismantled
nuclear weapons should be offered as a stockpile of nuclear fuel
to those countries wishing to participate in the peaceful use of
nuclear energy. The dismantling of nuclear weapons 1s now a
reality in the United States of America and in the former Soviet
Union. But the dismantling of nuclear warheads must be accompa-
nied by an insurance that the nuclear materials thus extracted
are utilized strictly for peaceful purposes and not for prolifer-

ation.

Nuclear non-proliferation is another major future challenge,
and the Japan Atomic Industrial Forum has been continually
involved in this commitment. For example, it distributed a
booklet entitled, "For the Further Strengthening of an Interna-
tional Regime of Nuclear Non-Proliferation -- Views from the
Japanese Private Sector" at the August 1990 NPT (Nuclear Non-
Proliferation Treaty) Review Conference and the September 1990
34th TAEA (International Atomic Energy Agency) General Assembly.
That national security cannot be achieved through the possession
of nuclear weapons 1is clear from the experience of the former
superpowers. A nation wishing to possess nuclear weapons will
do so only at the risk of being isolated from the international

community, and will certainly endanger its own people.
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If we are to forestall the development and possession of
nuclear weapons by additional countries, a nation such as Japan,
dedicated to the peaceful use of nuclear energy, must actively
engage in the exchange of information and expert personnel even
with those nations under suspicion. In fact it is the mission
of Japan to communicate constantly the foolishness of developing

nuclear weapons.

In just about a year from now, a conference will be held to
review the Treaty on the Non-Proliferation of Nuclear Weapons
which has served as the pillar of international nuclear non-
proliferation efforts. Japan is in support of the indefinite
extension of the treaty, but has also adopted the principle that
all countries possessing nuclear weapons will destroy them within
a certain period of time. There are countries that have not
acceded to the treaty because they see it as unequal. I believe
that we should transform the unequal treaty into an equal one by
promoting worldwide nuclear disarmament and preventing prolifera-

tion.

A stable supply of energy is an important requirement for
humankind. Today, nuclear energy supplies 17 percent of the
world's electricity. In Japan, a total of 47 nuclear power
plants are now in operation with a combined capacity of 38,540
MW, accounting for approximately 30 percent of the total
electricity generated in this country. Nuclear energy not only
plays a major role in the electric power supply, but contributes

to the national welfare in such fields as medicine, agriculture
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and industry. Although nuclear power 1s widely used, a
comprehensive supply system has not been completed for its
generation because the issues of plutonium utilization and the
disposal of high-level radioactive wastes have not been resolved.
These are major challenges to be overcome in the future develop-
ment of nuclear energy. The Atomic Energy Commission is now
studying how to incorporate these issues in the Long-Term Program
on Development and Utilization of Nuclear Energy. A major
characteristic of the latest Long-Term Program, as evidenced by
the holding of a public hearing on the issue in March, is the
commitment to increase transparency in nuclear energy policy.
That means listening to various views expressed both at home and
abroad. Increased communication, I believe, will help deepen

public understanding of Japan's Nuclear policy.

In conclusion, I would like to stress that this year's
Annual Conference, which is being held on the eve of the fiftieth
anniversary of the atomic bombing of Hiroshima and Nagasaki, will
focus on the total abolition of nuclear weapons and the exclu-
sively peaceful use of nuclear energy. It will also address
fundamental 1issues with regard to its future development. I
invite you to be forthcoming in expressing your views, aiming at
securing the maximum benefits to humankind from the future

development of nuclear energy.
Last but not least, 1 should 1ike to express my moOst

sincere gratitude to Chairman Soichi Iijima of the Program

Committee, as well as to its members, session chairmen and all
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the presenters and participants.

Thank you for your attention.
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Richard Rhodes

THE NEW MORNING OF THE WORLD

Just two months short of fifty years ago, in late June 1944, the great Danish physicist
Niels Bohr sweltered in Washington, D.C., in heat above 37 degrees Celsius,
preparing a memorandum on nuclear energy for Franklin Roosevelt, the President of
the United States. After the discovery of nuclear fission in late December 1938, Bohr
had contributed significantly to understanding how fission worked. His liquid-drop
model of the atomic nucleus had supplied a theoretical structure for the unexpected
new reaction. He had been the first to realize that U235 was the isotope responsible
for slow-neutron fission. He had doubted that an atomic bomb could result from the
new discovery because he overestimated the difficulty of isotope separation. When
he escaped to England from German-occupied Denmark in the autumn of 1943 he
was surprised to find atomic-bomb development ongoing in England and the United
States. He understood that E = mc? and quickly worked out the numbers, as
physicists in many other countries had already done. But Bohr, who was not only
one of the great physicists of the 20th century but also one of the great philosophers,
understood more than the numbers, and it was this new understanding that he hoped

to convey to Franklin Roosevelt.



Richard Rhodes / New Morning 2

By June 1944, Bohr had already survived a disastrous encounter in Londén
with Winston Churchill. Preoccupied with the Normandy invasion and with England's
declining fortunes, Churchill was not prepared to listen to advice on the highest
affairs of state from a Danish academic. "l cannot see what you are talking about,"
Churchill had scolded Bohr impatiently. "After all, this new bomb is just going to be
bigger than our present bombs. It involves no difference in the principles of war."!

Bohr knew better. He knew about not only atomic bombs; at Los Alamos that
spring he had learned from Edward Teller about the possibility of hydrogen bombs as
well, weapons with essentially unlimited destructive potential. So, with his son Aage
at his side taking dictation, Bohr sat in the Danish Embassy in Washington sewing on
buttons, darning socks and composing draft after draft of his Roosevelt
memorandum, lavishing as much attention on its logic as he had lavished on his
papers in theoretical physics, struggling to explain the inevitable consequences of the
discovery of how to release nuclear energy.

"The whole enterprise," Bohr told Roosevelt, "constitutes...a far deeper
interference with the natural course of events than anything ever before attempted,
and its impending accomplishment will bring about a whole new situation as regards
human resources. Surely, [Bohr went on] we are being presented with one of the
greatest triumphs of science and engineering, destined deeply to influence the future

of mankind."?
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Bohr told of "enormous energy sources which will be available" that would
"revolutionize industry and transport." But of more immediate concern, he cautioned,
was the creation of "a weapon of unparalleled power" which would "completely change
all future conditions of warfare." He said that better in 1957, after the nuclear arms
race had begun between the United States and the Soviet Union. "We are in a

completely new situation," Bohr said then succinctly, "that cannot be resolved by

war."3

Bohr warned Roosevelt in 1944 of "the terrifying prospect of a future
competition between nations" — a nuclear arms race — unless those nations
negotiated "a universal agreement in true confidence." He understood the necessity of
transparency between nuclear powers to prevent what he called "a competition
prepared in secrecy." He expected that there would have to be, as he put it, "such
concessions regarding exchange of information and openness about industrial efforts,
including military preparations, as would hardly be conceivable unless at the same
time all partners were assured of a compensating guarantee of common security."
Openness proved elusive, as we know, and the United States and the Soviet Union
eventually came to rely on national technical means of verification. Bohr had
imagined that all sides would judge openness to be a fair exchange for security, but
until recently the two superpowers resisted that conclusion. They preferred extended
deterrence — preferred, that is, a dangerous and expensive arms race. Now in the

aftermath of that arms race, Bohr's argument for openness remains no less valid than
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it was in 1944. Common security against nuclear threat requires transparency; a
nuclear-free world will have to be completely transparent where nuclear te‘chnology is
concerned. "Bohr was clear," his protégé Robert Oppenheimer would note, "that one
could not have an effective control of...atomic energy...without a very open world;
and he made this quite absolute.... In principle, everything that might be a threat to
the security of the world would have to be open to the world."*

Bohr hoped that openness achieved for nuclear security might have a
complementary outcome as well. "What it would mean," he told US Secretary of State
George Marshall in 1948, "if the whole picture of social conditions in every country
were open for judgment and comparison, need hardly be enlarged upon." If peoples
could see each other, that is, they could judge each others' form of government and
way of life and use that information to improve or change their own. Bohr would
seem to have modeled his vision of the world on the Scandinavian countries, which
had fought each other and the rest of Europe bloodily for centuries before coming to
understand the futility of such conflicts. "An open world," Bohr told the United
Nations in 1950, "where each nation can assert itself solely by the extent to which it
can contribute to the common culture and is able to help others with experience and
resources must be the goal to put above everything else.” And then, most generally
and profoundly, Bohr concluded: "The very fact that knowledge is itself the basis for

civilization points directly to openness as the way to overcome the present crisis."’
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Roosevelt listened, but Churchill continued to refuse to do so, and Niels
Bohr's lonely initiative went unheeded. Indeed, Churchill almost succeeded in having
the Danish physicist thrown into jail. Britain and the United States did not sit down
with the Soviet Union before the end of the Second World War to confront the
common problem of controlling nuclear weapons. Instead, the Western nations tried
to keep secrets of technology that were already being wofked out independently by
Soviet scientists or had been lost to Soviet espionage. Britain and the United States
agreed to use the atomic bomb against Japan without warning or demonstration,
hoping to end the Pacific War sooner, to limit Soviet participation and to save
American lives. When Japan had attacked China in the 1930s, the United States had
publicly condemned what it called Japan's "inhuman bombing of civilian populations."®
The atomic-bombings of Hiroshima and Nagasaki by two American B29s made starkly
clear the change in the scale of destructiveness that nuclear weapons initiated: in
Hiroshima alone, of 76,000 buildings, 70,000 were damaged dr destroyed, 48,000
totally. Ninety percent of all Hiroshima medical personnel were killed or disabled.
Up to September 1st at least 70,000 people died. More died later of the effects of
radiation. By the standards established in the charter of the Nuremberg trials — or by
any other standards, for that matter — the atomic-bombings of Hiroshima and
Nagasaki were unquestionably crimes against humanity: they comprised, in the
language of the Nuremberg charter, "murder...committed against any civilian

population...during the war."”
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The tragedy of Hiroshima and Nagasaki would be unique; theirs would be the
only atomic-bombings. In 1945, the "completely new situation" Bohr foresaw that
"cannot be resolved by war" had not yet become reality; while there was yet only one
nuclear power on earth, that nuclear power could dare to use its weapons against an
opponent not similarly armed. For four years after the war, the United States
continued to hold such a monopoly, and then the Soviet Union tested a plutonium
bomb, the superpower arms race began with a tumult of atmospheric testing in 1951
and the confrontation moved rapidly to stalemate. Not deadlock, as in Korea, nor
even defeat, as in Vietnam and Afghanistan, would ever justify escalation. The danger
was too great. McGeorge Bundy, national security adviser to Presidents John F.
Kennedy and Lyndon Johnson, put that danger in perspective in a 1969 essay. "In
light of the certain prospect of retaliation," Bundy wrote, "there has been literally no
chance at all that any sane political authority, in either the United States or the Soviet
Union, would consciously choose to start a nuclear war. This proposition is true for
the past, the present and the foreseeable future.... In the real world of real political
leaders [Bundy went on]...a decision that would bring even one hydrogen bomb on
one city of one's own country would be recognized in advance as a catastrophic
blunder; ten bombs on ten cities would be a disaster beyond history; and a hundred
bombs on a hundred cities are unthinkable."'®

In the expert judgment of at least one experienced national security adviser,

that is, one hydrogen bomb, guaranteed deliverable, has been for many years a
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sufficient deterrent. The vast gulf of numbers between that minimum deterrent and
the tens of thousands of nuclear weapons that the superpowers stockpiled in the
years of the Cold War and continue to maintain despite laudable reductions, reveals
the extent to which nuclear arms have served purposes other than self-defense.
Among those purposes have been political warfare, economic warfare and domestic
economic stimulus. The truth is, through much of the Cold War, the United States
and the Soviet Union dangerously and opportunistically contended for hegemony by
building and testing nuclear weapons, risking all our lives.

Yet, though they bristled with genocidal armaments, paradoxically, across the
past five decades, with reluctance and often with ill will, every nuclear power, large
and small, has felt compelled to limit its power to make war — compelled to limit the
exercise of its national sovereignty. Who or what drove that unprecedented
compellence?

Science compelled that [imitation. Knowledge — the knowledge that in Bohr's
phrase is "itself the basis of civilization" — compelled that limitation. Nuclear energy
was deliberately released for the first time minutely on a laboratory bench in Berlin in
December 1938. Four years later, in December 1942, a small graphite reactor at the
University of Chicago increased that manifestation of the new knowledge to half a
watt of power. In 1945, a plutonium implosion device tested in the New Mexican
desert increased nuclear energy's compass further to the equivalent of eighteen

thousand tons of TNT. Then bombs that exploited nuclear energy destroyed this city
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where we meet this morning and tens of thousands of lives and then another cigy‘and
more thousands of lives. Then the process bifurcated and began to manifest itself
simultaneously as a source of energy and a source of destruction, but the destructive
potential was encapsulated and went latent and only the energy was expressed.
Nuclear energy now accounts for about 17 percent of the world's energy supply. At
the height of the Cold War, the encapsulated destructive potential reached at least
10,000 megatons of explosive equivalent, two tons for every man, woman and child
on earth. This remarkable chronology charts an enlargement of influence across only
fifty-six years — a dispersion of knowledge, if you will — of orders and orders of
magnitude.

Most of us were taught that the goal of science was power over nature, as if
science and power were one thing and nature quite another. Niels Bohr observed to
the contrary that the more modest but relentless goal of science was, in his words,
“the gradual removal of prejudices."'! One of those prejudices, which has accounted
for immense human suffering, was certainly the belief that in an anarchic world there
are no limits to national sovereignty except those that conflict might determine.
Knowledge of how to release nuclear energy, knowledge that only science was
structured to perceive, has now defined a natural [imit. The authority of the
institution we call science, that is, has taken precedence, at least in this extreme
arena, over the authority of the nation-state. Science has fielded no armies in order

to do so and is indeed pacifist; rather, it has gradually removed the prejudice that
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there is a limited amount‘ of energy available in the world to concentrate into
explosives, that it is possible to accumulate more of such energy than one's enemies
and thereby militarily to prevail. Science has revealed at least world-scale war to be
historical, not universal, a manifestation of destructive technologies of limited scale.
In the long history of human slaughter, that is no small achievement.

Today we seem to have come to a turning point in the history of the
application of nuclear energy, the leveling off of the first steep learning curve. It's
possible to trace that change, by the way, in the fifty-year cumulative record of
" nuclear weapons tests, which followed a classic logistic curve of natural growth during
the first thirty years Qf the Cold War but which have fallen away nearly to zero today
from a maximum of 143 in 1962.'2 The major nuclear powers were slow learners —
slower than many smaller and wiser nations which have foregone nuclear weapons
entirely — but the history of war preached caution and they had much to lose. Now
the major nuclear powers are scaling back their stockpiles, reducing vertical
proliferation in particular. Horizontal proliferation has slowed progressively over the
years. If the American experts are correct who estimate that some twenty to twenty-
five nations in the world have explored acquiring a nuclear-weapons capability and
could go nuclear within a relatively short time but have chosen not to do so,'? then
the fears of those who believe that nuclear-weapons acquisition is driven primarily by
technology would seem to be unfounded. To the contrary, since the beginning of the

nuclear age, when Britain and the United States feared a German atomic bomb, going
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nuclear has represented an often desperate attempt to solve problems of vulnerability
and prestige that may seem in the short run to be military and strategic but that in
the long run inevitably turn out to be political. The real tragedy of arms races,
nuclear or otherwise, is that they substitute barricades and threat displays for
negotiation and in the process make negotiation that much more protracted, that
much more difficult and that much more expensive.

The vertical proliferation of the superpowers in particular was driven primarily
by political problems that such proliferation was intended to solve. Tactical nuclear
weapons, for example, were an American invention intended to reassure NATO that
the United States would respond to a conventional attack by Warsaw Pact forces.'
Tactical weapons were supposed to give the United States a less apocalyptic choice
than unleashing the Strategic Air Command. Of course they did not resolve the
problem, since the question in their presence as in their absence continued to be
whether America had what was called the "political will" to use nuclear weapons to
defend Europe. With the dissolution of the Warsaw Pact and the end of the
perceived threat, the problem has now found peaceful resolution. Indeed, an
increasing number of nations are coming to recognize that international conflicts can
only be resolved by non-military means. "The elimination of nuclear weapons,"
Pugwash's Francesco Calogero comments, "will be achieved by de-emphasizing their
relevance, thereby coming eventually to a situation in which nobody really cares much

about them, because they indeed play no significant role."!>
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Th'e diminished third wave of nuclear-weapons development that is now
proceeding, particularly in this region of the world, is not likely to rise as steeply nor
continue for as long as the first superpower arms race; the world knows more now
than it knew then, including the economic waste and the ultimate futility of piling up

nuclear arms.

The first great historical consequence of the discovery of how to release nuclear
energy, then, has been to [imit national sovereignty and to forestall world war. The
next great consequence, already ongoing, will be to add significantly to human welfare
by increasing sustainable energy resources and decreasing pollution.

Violence and scarcity are connected. At the end of the 20th century, when
the world does not lack for resources, scarcity is itself a form of violence — structural
violence, as it's termed, meaning violence that is built into the structures of societies,
violence that results from repression and exploitation. The fact that blacks in the
United States have an average four years' shorter lifespan than whites quantifies one
evident manifestation of structural violence. The vast difference in standards of living
between rich nations and poor, and between extremes of rich and poor within a
country, are partly manifestations of structural violence.

If some violence is structural, then structural change away from repression and

exploitation among and within societies will be necessary to decrease it. But there is
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another and less refractory process ongoing in the world, driven by enlightened self-
interest, that decreases structural violence. That process is science and the
embodiment of its discoveries in technology. Science and technology decrease
structural violence by creating material wealth, a rising tide that lifts all boats. "The
work of creation," writes the American philosopher Elaine Scarry, "...always has at its
center the work of rescue."'® To create material objects, that is — chairs, lasers,
penicillin, hybrid rice — out of the silence of the inanimate is always to some degree
to work at the alleviation of human suffering. So is the creation of nonmaterial
objects — symphonies, religicns — but nonmaterial objects have the profound
disadvantage that they must be recreated — performed, enacted — each time they are
used. In contrast, once material objects have been imagined and constituted, they
perform their work of alleviation on demand: the chair rescuing its occupant from
gravity, the laser from a detached retina or perhaps simply from one of the myriad
subsets of ignorance, penicillin from disease, hybrid rice from hunger. And material
objects are significantly open and nondiscriminatory. (Nuclear weapons are also
material objects, to be sure, and it is difficult to imagine them wishing us well. But
many material objects are simultaneously weapons and tools, and even nuclear
weapons, loathsome though they may be, have served constructive purposes as tools
for political change, as tools with which to dislodge an old and now mortally

dangerous prejudice. Even as weapons, these manmade objects are rendered less
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seductive by their anonymity and lack of discrimination. They are as dangerous to us
as to our enemies — exactly the reason we do not use them.)

The great human project, the ongoing work of human imagination, is the
progressive materialization of the world. That project, it seems to me, complements
Bohr's version of the scientific project, "the gradual removal of prejudices." Bohr
would remind us that our work, our institutions and our values must finally conform
to the limitations of the natural world in which we are inextricably embedded. The
earth does indeed revolve around the sun; humankind is not a separate creation; no
amount of slaughter, of so-called "ethnic cleansing," will make one human culture
superior to another; and the threat of nuclear war limits the wildest extravagances of
national ambition.

Complementarily, Elaine Scarry would remind us that the honest work of
shaping the materials of the natural world into useful objects — the work of
technology harnessed to science — has as its dignified and compassionate purpose
the alleviation of suffering. Material objects — chairs that reduce the burden of
gravity, computers that automate monotonous tasks, nuclear reactors that generate
electricity to pump our water and light our way — are sailboats harnessing the subtle
winds of physical law and they are inventions as profound as the inventions of art.
They are less glamorous than objects of art, superficially less "spiritual," more fully
realized and therefore more anonymous, which is perhaps why many intellectuals

disparage them. But their reach is wider and their compassion more encompassing.
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They are world-building; in Scarry's wordé, “the general distribution of material
objects to a population means that a certain minimum level of objectified hunﬁn
compassion is built into the revised structure of the human world, and does not
depend on the day-to-day generosity of other inhabitants....""”

David Lilienthal, the first chairman of the United States Atomic Energy
Commission, saw benevolence similarly in the products of science and technology.
"Energy is part of a historic process," Lilienthal wrote, “a substitute for the labor of
human beings. As human aspirations develop, so does the demand for and use of
energy grow and develop."'®

Satisfying human aspirations is what our species invents technology to do.
Some people, secure in comfortable affluence, may dream of a simpler and smaller
world. However noble such a dream appears to be, its hidden agenda is elitist,
selfish and violent. Millions of children die every year in the world for lack of
adequate resources — clean water, food, medical care — and the development of
those resources is directly dependent on energy supplies. The real world of real
human beings needs more energy, not less. As oil and coal continue their historic
decline, that energy across the next half-century will necessarily come from nuclear
power and natural gas.'?

Those who fear the diversion of plutonium in such an economy should look
more carefully at the historical patterns of horizontal proliferation and the behavior of

terrorists. Nations that choose to develop a nuclear-weapons capability find ways to
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do so. Iraq turned to electromagnetic separation of uranium, a technique the United
States abandoned at the end of the Second World War, when Israel destroyed its
Osiragreactor. Certainly plutonium should be strictly controlled. But nuclear
proliferation is far less a technical than a political problem. And terrorists have shown
little inclination or ability to add nuclear engineers and metallurgists to their ranks.
The weapon of choice in New York's World Trade Center bombing was nitrate
fertilizer and fuel oil, which the terrorists found it easy to purchase in a foreign
country and were confident they knew how to ignite. Highly-enriched uranium is a
far more dangerous material where terrorists are concerned than plutonium; as the
Nobel laureate physicist Luis Alvarez pointed out some years ago, the background
neutron rate of HEU is so low that terrorists would have a good chance of setting off
a high-yield nuclear explosion simply by dropping one 30-kilogram piece onto
another. HEU can be diluted, of course, but plutonium can be effectively poisoned
through such processes as the fuel-recyling system planned for Argonne's Integral Fast
Reactor. We should make an effort to distinguish betwen the fictions of the Tom
Clancys of the world and sober reality as we discuss a plutonium economy.
Adjusting across the last five decades to the new knowledge of how to release
nuclear energy has put us at no little risk. With the demise of the former Soviet
Union and its replacement by a volatile but resourceful collective of new states, we
are already moving to a new level of world security with reduced numbers of nuclear

weapons and — what is equally valuable — extended response times for the arsenals
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that remain. We will not easily find our way to a world free of nuclear weapons.
Certainly it will also be necessary to pursue major reductions in conventional
armaments. But the evident uselessness of nuclear weapons may bring that
millennium sooner than it seems. The end of the Cold War surely counts as the new
morning of the world.

In a world less militarized, less spendthrift of resources, science and
technology can enlarge their work of rescue. The population of the earth has
increased fivefold since 1850 — from one billion to more than five billion —
primarily because of science and technology — because of improvements in public
health, nutrition and medicine. And we will be sustained in the centuries to come by
science and technology as well. Far from threatening civilization, the promise of
science and technology, the only human institutions so far devised that consistently
learn from their mistakes, is that they will continue to civilize us. And you work

honorably in the vanguard of that progress.

Tsui ni yuku

Michi to wa kanete
Kikishi kado

Kino kyo to wa

Omowazarishi wo
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I have always known [wrote the poet Narihira]
That at last 1 would

Take this road, but yesterday

I did not know that it would be today.?°

Thank you.
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Promoting the Peaceful and Preventing the Military Uses
of Nuclear Energy

Hans Blix
Director General
International Atomic Energy Agency
Opening Session, Annual Conference of Japan Atomic Industrial Forum

Hiroshima, 13 April 1994

Not much time remains till we reach the moment that we call year 2000. As on a
new year’s eve we look back over the past year and forward to the coming one, perhaps now
is 2 moment to look at our situation from a longer perspective than we usually do. This is
said to be the nuclear age. Indeed, questions conceming the uses of nuclear energy - for
destruction and for development - have been at the top of the international agenda for the last
50 years. There are at present great changes occurring which oblige us to reexamine the

roles of nuclear energy.

No place could be more appropriate for that re-examination than Japan, because Japan
is among the very few countries which have consistently and successfully tamed the atom to
use in medicine, in agriculture and, above all, to give a substantial and independent energy
base for its growing standard of living and its fast expanding industry. When today we
rejoice in the phenomenal growth of Asian economies and the rising standard of living it
brings to billions, we might do well to remember that this evolution began in Japan and that
important elements - apart from education, hard work and stability - were the privilege of

early demilitarization and a determined use of peaceful nuclear power. We should ask
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ourselves whether this recipe is not one that the world at large could and should follow

reduced military spending and a greater use of environmentally benign energy.

In Japan no place could be more appropriate than Hiroshima for this discussion. The
spectre of nuclear war between great powers, which has haunted the world ever since the
bombs fell on Hiroshima and Nagasaki, is at last losing its grip on us. The discussion is no
longer about mutually assured destruction but about how we can do away with existing

nucloar arronale gnd prevert new nucleyr weaponc from cogming intg being Certainly the

use of armed force at national and regional levels is not over, but cold war and containment
are no longer the dominant factors they once were. They are giving way to commercial
competition and co-operation, negotiation and integration. In this new era disarmament must
go hand in hand with renewed efforts to help the hundreds of millions who live in
deprivation, with efforts to uphold human rights, and to maintain cultural diversity, with
efforts to protect the environment from mindless destruction and efforts to consolidate and

develop regional and global institutions, notably the United Nations system,

Those who work in the nuclear field must contribute their thinking and expertise
especially to two vitally important items on this new world agenda: the practical elimination
of nuclear weapons and the safe and expanded use of nuclear energy for health, development
and environmental protection. I shall address the second issue first.

Promoting the peaceful uses of nuclear energy

There are an ever increasing number of beneficial and peaceful applications of nuclear

energy in medicine, agriculture and industty. While all of them require full attention to
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radiation protection, only a few of them evoke any resistance. As we all know public
concern is focussed on nuclear reactors and the disposal of nuclear wastes. Promoting the
peaceful uses of nuclear energy requires inter alia understanding those concerns and meeting
them or showing that they are not well founded. I shall leave aside the many other peaceful

uses of nuclear energy and address the issue of nuclear power.

There is no doubt that the accident at Three Mile Island and the disaster at Chermoby!l
have had a heavy impact on public opinion regarding nuclear power and that there is a
continuing preoccupation with nuclear safety especially in many reactors of older Russian

design.

It would also appear that mass media, ever in search of what can attract the public’s
attention, by disseminating any news which play on the public’s fears of anything connected

with radiation, actually help to confirm and amplify these fears. I is tfue that in many
countries where there is no immediately compelling need to add further electric capacity -
as is the case in many industrialized States - the public will also resist further fossil fuelled
plants and large hydro schemes, while in East Asia, where electricity demand is growing fast
and it is understood that a higher standard of living depends directly upon responding to this
demand, the public seems ready to cope with whatever concern it may feel and accept an
expansion of nuclear power in the same way as it accepts other sources of electricity.
However, public acceptance of or resistance to nuclear power does not depend only upon the
presence or absence of strong demand for electricity. Even in the face of a strong need for
more electricity the expansion of nuclear power at present would meet insuperable resistance
in several industrialized countries - not only those few, like Austria, Denmark and Ireland,

which have made rejection of nuclear power a policy. To take a recent example, Finland,
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with a largely pro-nuclear government, with four existing nuclear units with an absolutely
superb safety and production record, needs additional electric power. Yet, the Finnish
Parliament last year rejected a government proposal for more nuclear power, By contrast,
France, with a relatively comfortable electricity balance based on a large and well-
functioning nuclear sector, continues to build nuclear power plants without much public
concern. There is not one simple explanation as to why nuclear power is accepted or
rejected. Eéch community has its own history and power situation and must decide in its

own constitutional way what energy sources it will rely on.

Nyglear power must first of gll compete with other power sources on its own
economic, safety and reliability merits. The rapid expansion of nuclear power in East Asia
and +he slow bul conlinued growth in §6me other CoOuntrics, likc France, shows that
competition on these grounds alone is possible. Today, it is imperative, however, that the
comparisons between different energy sources also take their respective health and
environmental impacts into account. This necessity nught ta lead tn a renpwed interest in
nuclear power. Indeed, the global climate change that is presently foreseen as a result of the
excessive emissions of so-called greenhouse gases, notably CO, and methane, would appear

to makc an carly revival of nuclear power erucially important. It is ourious that few of the
many governments, international authorities and non-governmental groups who are deeply
engaged in the question of global warming have highlighted this point. In my view this has
given a certain Alice in Wonderland character to what should be a serious public discussion.

Let me give illustrations.

Although global climate change was one of the principal concerns at the 1992

Conference on Environment and Development in Rio, few speakers at the Conference
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addressed the question of energy. The Framework Convention on Climate Change which
was adopted by the Conference established the aim of stabilizing greenhouse gas
concentrations in the atmosphere at levels which would not interfere dangerously with the
climatic system. However, the convention does not stipulate how this. is to be done. The
aim of some countries to contain man-made greenhouse gas emissions at 1930 levels by the
year 2000 is characterized in the Warld Energy Cnnncil’s antharitative report "Energy for
Tomorrow’s World" as simply unrealisti;. Indeed, in all the Council’s global energy
scenarios for the time up to the year 2020 - even the most optimistic - there is an increase
in the use of fossil fuels and an increase in CO, emissions. To anyone looking around in the
world today, it is evident that there is a global growth in reliance on the buming of fossil

fuels and a global growth - not reducton - in CO, emissions.

The International Panel on Climate Change (IPCC) is looking much beyond the year
2020 and is working with scenarios up to the year 2100. Under a "renewable sources
scenario” which it has before it, renewable sources, including hydro, would in the year 2100
have a share of 83% of the total energy supply - as compared to 6% commercial renewables
at present. Both fossil and nuclear power would be practically phased out. Biomass would
provide 50% of the world energy consumption, most of it being solid biomass used for
electricity generation. One may query how meaningful such theoretical exercises are. In
particular the rapidly accelerating and dominant role of renewable energies in the IPCC
scenario I have referred to appears highly speculative. The World Energy Council foresees
for biomass, solar, wind and geothermal power still only a very minor role even 30 years

from now.

The paradoxical situation might be summed up as follows:
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First, relying today for over three quarters of our energy needs on the burning of
fossil fuels, we are drastically interfering with the ecological balance of the Earth by
releasing into the atmosphere at a fantastic speed huge quantities of carbon dioxide
taken from the very same atmosphere in the course of millions of years and stored

underground;

Second, it is suggested to us that the phasing out of this enormous and risky
interference chould occur th;ough the phacing in mainly of hinmace, enlar, wind and
geothermal power - sources which after more than a decade of development contribute
only a fraction of a percent of the world’s energy and whose real development

potential remains highly hypothetical;

Third, it is deemed inopportune at the very least by most leading participants in the
greenhouse discussion to suggest that nuclear power, which now contributes about 5%
of the world’s energy and hardly any of its CO,, should be expanded, although it is
a proven and presently availahle technolagy which conld easily and rapidly expand.
and which - with breeder reactors - could offer an almost inexhaustible source of

CO,-free energy.

The dominant voices in the global environmental debate are so loud in their rejection
of nuclear power and their advocacy of conservation and the hypothetical vastly expanded
use of renewables that comments about the now existing and significant potential contribution
of nuclear power are almost drowned out. Even among important groups of scientists the
focus seems sometimes to be chiefly on speculative recipes. For example, reports from the

recent annual meeting of the American Association for the Advancement of Science highlight
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suggestions that we might shoot a thin layer of dust into the atmosphere every few years to

shield the earth from too much warming. Certainly, the exploration of Iimaginative scientific
ideas should not be discouraged but the world-wide attention given to ideas such as this is
perhaps a sad sign that the nuclear option is placed on a distant, almost forgotten, back-

bumer. However, there are some exceptions coming from quarters other than from the

nuclear industry itself.

The 1993 report "Energy for Tomorrow’s World" by the World Energy Council states
- I quote - that "nuclear power has immense technical potential” and that "there is a need to
continue to seek a way of exploiting the immense energy reserves of nuclear power which
is publicly acceptable across the whole fuel cycle from procurement and processing through
disposal." The report also suggests that a major drive will be required to "achieve the early
rehabilitation of nuclear energy" and to advance the introduction of renewable energy
supplies "if a significant decline in the world’s relative dependence on fossil fuels is going
to occur over the next century" (page 90). To these considerations one might add the

observation that already in today’s world more than 400 nuclear power reactors help us to

avuid suine 1800 nuillivn tons uf CO; cuuizsivis thal wuuld hiave 1esulled [tui an alleinative
use of coal. This is about 9% of total CO, emissions of 20 000 million tons from fossil
fuels. One might also have added the observation that the average CO, emission per kWh

in the UK, where 70% of the electricity comes from coal combustion was 0.78 kg, while in
France, where more tan 70% of electricity comes from nuclear power, the CU, emission

per kWh was about onc tenth of the UK wvaluc, or 0.086 kg.

More than two years ago a Club of Rome Report concluded that - I quote - “the use

of coal and oil is probably more dangerous to society, because of the carbon dioxide they
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produce, than nuclear energy. There are therefore strong arguments for keeping the nuclear

[t

option open and for the development of the fast breeder reactors ...".

It is also reported that the Government of Japan, in a document submitted last
December to the UN Committec on Sustainable Development states - I quote - that “Japan
should promote development and utilization of nuclear power on the assumption of safety
assurance, regarding it as an energy source which does not release CO,." It is gratifying that
at least one important government breaks the curtain of official silence about nuclear power
and global warming. There is a certain risk that political parties and governments which are
in fact positive or at least open to the nuclear power option simply for fear of alienating some
voters remain completely silent on the issue, leaving discussion to vocal anti-nuclear groups.
This could result in the option being unavailable one day when it may be needed to meet
compelling demands for additional power capacity. One conclusion to be drawn from this
discussion is that scientists, and engineers and others familiar with the nuclear power option
must speak up so that the public can obtain a balanced picture of both the potentials and

problems of nuclear power. It should be understood, for instance, that if industrialized

countries, whirh have the eronamir, srientific and technnlagical capacity to expand their
reliance on nuclear power used this capacity, the pressure on fossil fuels would diminish to
the benefit of developing countries, Although these countries are the most energy hungry,
nuclear power is mostly not a viable option for them today, because it is very demanding in

technological infrastructure and in capital.
Public discussion, with an active participation by scientists and engineers, is needed

for a wide nuclear revival. However, there are also a number of other things that this group

could and should do to promote the use of nuclear energy.
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The firct and foremast i 1o ensnre consistently good aperation of existing nuclear
plants. Much has been attained in this sphere in the last ten years. The notion of a nuclear
safety culture to be emulated by all countries, is generally accepted and is propagated and
assisted at the international level by the IAEA as well as the World Association of Nuclear
Operators (WANQ). There is now every prospect that an intcrnational convention on the
safety of nuclear power plants will be adopted this year under IAEA auspices. Through this
convention, States will bind themselves to a number of important safety principles and accept
participation in periodic peer review of implementation of the obligations under the
convention. This convention may be expected to be followed later by the elaboration of
another, similar convention on the safe disposal of nuclear waste. The international legal
infrastructure relating to nuclear safety is thus slowly growing beyond the familiar
instruments on civil liability, physical protection and notification and assistance in the case

of emergencies.

While we can now register over 6000 reactor years with the Chemobyl accident as
being the only one which has caused significant off-site radioactive releases, there is still
concern that safety improvements are not taking place quickly enough in many older power

reactors of Russian design. Scarcity of resources in the former Soviet Union and too slow

asgistance from abroad are the reasons. It ic essential that all concerned accept their
responsibility. There is a compelling common interest in ensuring that no further accident
occurs. At the JAEA we are at present particularly concerned about the situation at
Chernobyl, where two reactors are still in operation and where many skilled operators have

left. A special meeting will soon be held 1n Vienna on this subject.
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A second important area of activity is the further development of nuclear power
technology. The nuclear recession which still prevails in many countries in the Western
industrialized world does not encourage expensive investment in such development.
However, we should be aware that the emergence of advanced types of reactors might do
much to increase acceptability of nuclear power. When public opinion does recognize the
need to expand the use of nuclear power, as I trust one day it will, it should find that

technology in this field as in others has not been standing still.

Many. new demands are being placed upon the next géneration of réa€rors. Their
safety should be such that no plans are needed for the emergency evacuation of people living
in their vicinity. They should be economically competitive and easier to operate than present
reactors. With a renewed acceptance of the nuclear power option, new functions can be
foreseen for nuclear energy. The fast growing number of huge cities around the world could
be supplied with electricity from reactors which are located not too far away. Regions which
must increasingly rely on the desalination of sea water could look to a new option. Heat
producing reactors could have wide industrial use and reactors could be used for district
heating in the cold regions of the world.

Japan is taking a prominent part in the development of the next generation of nuclear
reactors. This is far sighted and may one day pay off well. The high temperature gas
cooled reactor is an interesting example. Even the much maligned breeder reactors may one
day be warmly welcomed. It is true that the economic case for breeders is not present today
- with uranium prices at a very low level and it is true that the use of plutonium raises
special security demands. However, looking toward the next century the experience that a
few countrics, including Japan, Irance and Russia, arc gaining in the design and opcration

of breeders may turn out to be valuable - for themselves and for the world as well.
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The issue of waste from nuclear power still looms large in the public debate.
However, it is not of the same dimension as the issue of operational safety and it is likely
to be of limited duration. Once suitable sites have been selected and appropriate installations
been built, problems are unlikely to arise. The operation of waste disposal installations is
not very complicated. Nevertheless there are some matters in the area of radioactive waste
which deserve particular attention. First, it is known that the handling of nuclear waste in
the military sector in the US and Russia has had serious deficiencies. This must be remedied
over time and in a planned manner. Second, it is important to get on with the selection of
sites which are suitable for waste disposal and to consult the local population. Experience
from several countries, including France, shows that acceptance is by no means unattainable
when full information is patiently given to the public and the potential benefits to the local
communities are explained. Third, despite the fact that there exist today fully satisfactory
methods of managing and disposing of all levels of radioactive waste, it is desirable that
research and development continue. Just as we may expect a new generation of power
reactors offering new and positive features, new methods of waste handling may emerge
which may be less costly or, perhaps, shorten the time span during which the wastes remain
radioactive.

The concept of "alternative energy” has been much in fashion. We should coin the
term “alternative waste”. Nuclear waste is an alternative to the waste from burnt fossil fuels.
If the wastes from burnt fossil fuels could be managed and disposed of as safely as the waste
from nuclear power, our global environment would not be endangered. Itis the wastes from
burnt coal, oil and gas - not the waste from nuclear power plants - that cause acid rains and
greenhouse gases. Thesa wacteg are tn vnluminong that they cannot be contained and buried.
Sites for the ultimate disposal of these wastes are not selected. They are our atmosphere and

the surface of our earth.
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Preventing the military uses of nuclear energy

After decades of nyclear arms rgces, the world is heginning to descend the arms
spiral. Russia and the United States have agreed to cut the number of their nuclear warheads
from some 65 000 together to around 3000 each. Although even this number still represents
a formidable destructive potential, it points to a decisive turning of the tide and indicates that
the nuclear-weapon States no longer consider nuclear armed conflicts between themselves to
be realistic. The great powers appear to feel that they have no choice in this new era but to
co-operate and to bridge differences which inevitably arise. Although the Security Council
of the United Nations is not immune to paralysis through a veto, common action is now

routinely and sincerely sought and often achieved. This, too, augurs well for the future.

Tn thic citiation many new qnuestions arise with a specific hearing on the nuclear

sphere.

A current problem is the safe dismantling of redundant nuclear warheads and the
storing, managing and eventual use or disposal of the plutonium and highly enriched uranium
regarded as excess to defence requirements. It must be verified that the material does not
go back to military use. President Clinton has declared that the United States will place
recovered material under the control of the JAEA and we expect considerable quantities of
such material to be placed permanently under safeguards already this year. While the
recovered enriched uranium is expected to be transformed into low enriched uranium and
made into fuel for light water reactors, there is still considerable discussion about the future
of the recovered plutonium: whether it is to be used in special dedicated reactors, or as MOX

fuel in light water reactors or be mixed with nuclear waste and disposed of as such. In either
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case international verification of such peaceful use and disposal of such material will be much

more demanding than simply verification of storage.

It is in the context of the proposals to place excess HEU and Pu under safeguards that
o disoussion has started about the Pu which will come back from the reprocessing of spent
power reactor fuel - e.g. from Japan - and which is already under safeguards. Although
efforts will be made to limit the quantities which have to be temporarily stored, special
measures are being discussed to enhance confidence and transparency in all aspects of the

transport, storing and use of plutonium.

With a growing surplus of plutonium and highly enriched uranium connected with
nuclear weapons, it is not surprising that attention is now turning to proposals for a universal
prohibition of the production of further fissionable material for use in weapons or other
nuclear explosive devices - a so-called cut-off. Such a ban would prevent the dismantling
of nuclear weapons being offset by the simultaneous production of fissionable material for
new weapons. If universally accepted and not limited to the declared nuclear-weapon States,
such a ban would also put a cap on any further production of fissionable material for
weapons in the so-called threshold States, i.e. in India, Pakistan and Israel. Verification of
a universally accepted cut-off would require a very extensive effort, as reprocessing and
enrichment plants and - probably - all nuclear reactors in declared nuclear-weapon States and

in India, Pakistan and Israel may have to be safeguarded.

It has been argued that participation by India, Pakistan and Israel in a cut-off

agreement, although preventing these States from producing any further fissionahle material

for weapons, would legitimize whatever stocks of such material they might have had when
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joining an agreement. I do not find this argument very convincing. There 1S no reason to

let the best - no nuclear weapons - be the enemy of the goord - no furrther material for nuclear

Weapons.

A compléte ban on nuclear testing is at long last under serious negotiation in Geneva.
Its conclusion dnd universal acecptance wuuld give a powerful signal that the era of further
nuclear weapon development is over. It would also give a powerful boost to the non-
proliferation treaty by eliminating one inequality between its non-nuclear weapons and its

nuclear weapons parties.

From the media and from some international public discussion, one might get the
impression that as the world progresses toward nuclear disarmament the risk of a spread of
nuclear weapons to further States has paradoxically been growing. The discovery that Iraq -

an NPT State - was pursuing a sizeable clandestine programme for the enrichment of
uranium to use in nuclear weapons was a severe shock raising the questions of whether there
are other clandestine programmes and whether guarantees can be created against such

developments.

Some new dangers can, indeed, be identified but also a number of positive
developments. Let me first focus on the dangers. At the time when the NPT was concluded,
the concern was that the more industrialized countries might use nuclear energy for military
purposes. This has not been the case. Japan and other advanced industrial nations have not
sought their security in these weapons. Today, however, more developing countries are
reaching a technological level that might enable them to make nuclear weapons., Traq was

secretly trying. India, Pakistan and Israel - not parties to the NPT - are deemed by most
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observers to have the capacity for the military use of nuclear energy. At present, an ominous
question mark is attached to the DPRK which has adhered to the NPT but which - despite
Security Council requests - is rejecting effective JAEA inspection, especially in the plant built

for plutonium separation.

Another new concern about proliferation is linked to the changes in and the break-up
of the former Soviet Union. It may be hoped that the risks identified are short-lived and that
not only Kazakhstan and Belarus but also Ukraine will join the NPT and will, with
appropriate economic and security arrangements, transfer any nuclear weapons on their
territories to Russia. With the active co-operation of these countries the IAEA is preparing

for snfeguards inspection of all nuclear facilities in them.

Another risk is that nuclear material, know-how and experts might trickle out to States
or groups potentially interested in making nuclear weapons. The response to this risk lies
in strengthened regulatory control in the States of the former Soviet Union and in increased
alertness against smuggling. So far, none of the many instances of smuggling which have
come to light has involved nuclear material of types or quantities thch give rise to

proliferation risks. Rut there is no mom for eomplacency.

The new risks of proliferation which I have mentioned have an important counter-
balance in new commitments to non-proliferation. Argentina and Brazil have opened the
wlivle uf thels nuclear progrannues w cacl uthics and W IAEA nspection. If - as we now
have reason to hope - Cuba joins the Tlatelolco Treaty, the whole of Latin America could
soon become a Nuclear Weapon Free Zone. In Africa, South Africa has become the first

State in the world to roll back from a nuclear weapon capability and to request JAEA
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verification of dic terutduativie ul its weapons programime. If, as rccently declarcd, Algeria
adheres to the NPT, the path would be open to Africa becoming a second nuclear-weapon-

free continent,

In the Middle East, the peace process offers some hope for the establishment of a
nuclear-weapon-free zone. Indeed, it is hard to see how the peace process could be complete

without a well verified nuclear-weapon-free zone or zone free of all weapons of mass

destruction. ‘'Ihe LAEA has been asked 1o assist the pardes {n exploring the necessdry

verification arrangements.

A special arrangement involving India and Pakistan and several other countries, may
also be needed as part of the efforts to free the world from military applications of nuclear

energy.

It is too early to speculate on the arrangements necessary for a world in which no
single nation can threaten others with the use of nuclear weapons. The genie is out of the
bottle. Until the United Nations has developed as an effective security system - and we are
far from that situation - the five declared nuclear-weapon States are unlikely fully to abandon
their capacity. There is much, however, that can and should be done to promote non-

proliferation before we reach that advanced level of global organization.

Above all, it is important that the major Slales continue the policy of detente. Since
the end of the cold war tremendous progress has been achieved, e.g. in Nicaragua and El
Salvador, Mozambique, Namibia and Ethiopia, Lebanon and the Middle East, Cambodia.

But there are still areas of large scale or limited armed conflicts, e.g. Bosnia, Somalia,
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Angola, Rwanda, Afghanistan, As security interests drive arms races, including nuclear
arms races, detente is the first barrier against nuclear proliferation. In this respect, we might
perhaps dare to be optimistic. We seem to be in an age of negotiated settlements of conflicts

- whether about territory, economics or even human rights.

A second barrier to proliferation may lie - as we have learnt from failure in the case

of Iraq in more offective controle oner exporte of nucloar matcrial and cquipment. A third
barrier may lie in verification so effective that it will help to deter States from any secret
military uses of nuclear energy. In this regard, too, experience in Iraq has helped us to make
progress. The safeguards system of the IAEA has been considerably strengthened. In the
case of the DPRK it was the use of the latest techniques which led the TAEA to sound the
alarm. Today it is not detection and verification techniques that are in question but rather
the means available for inducement and enforcement. However, further consolidation and
development must occur in the field of verification of the peaceful uses of nuclear energy.
Full national nuclear transparency coupled with full co-operation with the international
safeguards system may lead to greater confidence about the exclusively peaceful use of

nuclear energy.
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ABSTRACT

The speaker will describe the experience of the U.S. Nuclear
Regulatory Commission in efforts to improve regulatory
effectiveness, the practices that have developed during these
efforts, and the universal principles supporting those practices,
Effective nuclear safety regulation involves much more than
technological decision making. To achieve its primary regulatory
objective, regulation must involve many multi-dimensional aspects
including:

2 Development and maintenance of a broad base of knowledge.

@ Establishment of an early and active dialogue with all the
interested parties, particularly the public. '

<] Consideration of the resource requirements and impacts
associated with regulation.

® Ensurance of the timeliness of regulation.

] Frequent assessment of the regulatory infrastructure, and

revision as necessary.
Effective regulation results in an environment that fosters self-
assessment and the quest for excellence among those regulated. The
gspeaker will also provide examples of the application of the
universal principles including descriptions of gpecific regulatory
actions and processes. .

INTRQDUCTION

Good afternoon, ladies and gentlemen. I feel very honored and
pleased to speak to you today at this 27th annual conference of
the Japan Atomic Industrial Forum. After spending thirty years
in academe as a physics professor and administrator, for the past
gseven years I have been a Commissioner at the Nuclear Regulatory
Commission and, in that capacity, have been intimately involved
in ensuring that nuclear energy in the United States is developed
and utilized in a safe manner. I have brought to my work on the
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Commission my personal commitment to learn and generalize from
experience and to distill the essgence of that experience into
general principles.

The basic theme of this conference, "Toward a
Nuclear-Weapons-Free World — the Role of Peaceful Utilization of
Nuclear Energy," 1s most appropriate now with the ending of the
Cold War and the start of dismantlement of the world’s arsenal of
nuclear weapons. For the purpose of this talk, when I refer to
utilization of nuclear energy, I will be restricting myself to
the employment of nuclear reactors for power generation. There
are myriad other peaceful medical and industrial applications of
nuclear materials but these are more appropriately the subject of
another forum. Before further peaceful use of nuclear energy can
be realized in the United States and, I venture to say, in many.
other countries of the world, there are four primary conditions
that must be satisfied, namely:

1. The continued safe cperation of existing nuclear power
plants.
2. Resolution of the issue of how to dlspose of spent nuclear

fuel elements.

3. A regulatory process that provides a clear set of ground
rules for evaluating future nuclear power applications.

4. The ability of nuclear power plants to compete economically
with other available forms of power generation. Clearly,
this will be dependent, to a large extent, on particular
situations in each individual country.

Unless all of these conditicns are met, I seriously believe that
there will be no near term viable nuclear power option. The
nuclear regulatory process can have a significant influence on
the likelihood that the four conditions are met.

I will devote the rest of my talk to descrlblng to you how we at
the NRC have learned to improve the effectiveness of our
regulatory process, the universal principles that we believe
should guide and support improved regulatory practices, and the
practices that have developed from application of the principles.

EFFECTIVE REGULATION

While national regulations can influence nuclear safety, no
amount of regulation can ensure safety if those who run the
nuclear plants do not take it upon themselves to operate as
safely as possible. It is not possible, nor is it desirable, for
a regulatory agency to have ultimate responsibility for the
gsafety of nuclear power generation. There must exist in the
nuclear plants a safety culture which recognizes that the primary
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responsibility for safety lies with the operators of the plants.
Thus, effective regulation should promote an environment that
fosters self-assessment and a quest for excellence among those
regulated.

REGULATORY PRINCIPLES

At the NRC we have identified a number of universal principles
that we are using to gulde us in our decision making and in our
behavior as individuals and which we find help lead to effective
regulatory processes. We refer to them as the Principles of Good
Regulation and have made a commitment to adhere to these
principles because we believe they promote consgistently high
performance and address inadeguate performance.

Good regulation identifies the conditions necessary to ensure
safety and creates an environment which insists on compliance
with established standards while allowing and encouraging
licensees to take the lead in maintaining excellence and to
exercise initiative in jdentifying and solving potential as well
as actual problems. Good regulation encourages sound and
effective practices, discourages unsound practices, and
identifles questionable practices. It must, therefore, establish
both standards by which to judge practices and the means to
encourage the sound and discourage the unsound. To accomplish
this, regulation must be:

INDEPENDENT. Nothing but the highest possible standards of
ethical performance and professionalism should influence
regulation. However, independence does not imply isoclation.
All available facts and opinions must be sought openly from
licensees and other interested members of the public. The
many and possibly conflicting public interests involved must
be considered. Final decisions must be based on objective,
unbiased assessments of all information, and must be
documented with reasons explicitly stated.

OPEN. Nuclear regulation is the public’s business, and it
must be transacted publicly and candidly. The public must
be informed about and have the opportunity to participate in
the regulatory processges as required by law, Open channels
of communication must be maintained with legislators, other
government agenciesg, licensees, and the public, as well as
with the internaticnal nuclear community.

EFFICIENT. The public, the rate-paying consumer, and
licensees are all entitled to the best possible management
and administration of regulatory activities. The highest
technical and managerial competence is required, and must be
a constant regulatory agency gocal. The regulatory agency
must establish means to evaluate and continually upgrade its
regulatory capabilities. Regulatory activities should be

O0—-—17-23



consistent with the degree of risk reduction they achieve.
Where several effective alternatives are available, the
option which minimizes the use of resources should be
adopted. Regulatory decisiong should be made without undue
delay.

CLEAR. Regulations should be coherent, logical, and
practical. There should be a clear nexus between
regulations and agency goals and objectives whether
explicitly or implicitly stated. Agency positions should be
readily understood and easily applied.

RELIABLE. Regulations should be based on the best available
knowledge from research and operational experience. Systems
interactions, technological uncertainties, and the diversity
of licensees and regqulatory activities must all be taken
into account so that risks are maintained at an acceptably
low level. Once established, regulation should be perceived
to be reliable and not unjustifiably in a state of
transition. Regulatory actions should always be fully
consistent with written regulations and should be promptly,
fairly, and decisively administered so as to lend stability
to the nuclear operational and planning processes.

These principles have not merely been drafted and then forgotten.
They have served as the framework for the development of
standards of performance and professionalism within the NRC.

Each NRC employee has received a copy of the Principles. Each
technical staff member has also been given a set of performance
expectations, based on the Principles, for different types of
work responsibilities.

FPEATURES OF AN EBFFECTIVE REGULATORY PROCESS

We have developed a self-consistent set of regulatory processes.
that derive from the Principles of Good Regulation. From
application of the Principles, we have found that an effective
nuclear regulatory process must include certain essential
features:

@ Development and maintenance of a broad base of knowledge

Regulation of the operation of nuclear power plants to
protect the public health and safety requires a technically
well informed and skilled staff capable of employing
relevant technical knowledge in its decision making. To be
fully effective, this staff must be supported by a body of
technical information readily available to it in a useable
form. The NRC is a knowledge-based organization whose
vitality rests upon its ability to transform scientific and
technical knowledge into sound regulatory practice.
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Establishment of an early and active dialogue with all the
interested parties, particularly the public.

In order to ensure that all impacts and aspects of a
particular regulation are appropriately considered, it is
essential that all those entities that may be affected by
the regulation have ample opportunity to express their
views. The regulated community will generally offer their
views in the early stages of the regulatory process with
very little solicitation needed. However, special efforts
are needed to obtain the views of the general public during
the early stages of the formulation of a new regulation. If
the public does not have the opportunity to actively
participate early in the process, it is very difficult to
gain its acceptance of the eventual regulatory decisions
that are made. To move forward toward greater utilization
of nuclear energy, it is necessary to convince the public
that this can be done with no adverse safety impact.

Consideration of the resource reguirements and impacts
associated with regulation.

While the primary thrust of nuclear regulation must always
be that safety considerations are paramount, regulators
cannot simply add conservatigm upon conservatism. The
resources of both the regulators and the regulated are
limited. Unreasonably burdensome regquirements, with no
significant safety improvement, can dilute the available
human and financial resources and result in an emphasis on:
relatively unimportant issues. This can lead to reduction
in safety and, very likely, eventual elimination of the
nuclear option on both safety and economic conegiderations.

Ensurance of the timeliness of regulation.

For a regulatory system to be effective, it must be able to
guickly respond to the perceived need for a particular
regulation. Thus, when new operational experience or
regearch indicates that a new or revised regulatoxry position
is appropriate, the regulatory procesg must facilitate the
prompt achievement of a soundly based decisgion,

Frequent assessment of the regulatoxy infrastructure, and
revision as necessary.

The regulator must continuocusly monitor the effectiveness of
the regulatory process and revise it in response to changing
conditions. As the nuclear industry changes and matures,
new operational experience is gained, or new performance
trends and patterns develop, it may be necessary to adjust
the basic regulatory infrastructure.
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EXAMPLES QF NRC REGULATORY ACTIONS THAT REFLECT THE PRINCIPLES

Enhanced Participatory Rulemaking

Since early 1992, the NRC has been engaged in a rulemaking:
process to establish the radiological criteria for the
decommissioning and decontamination of licensed nuclear
facilities. 1In accord with the principle of openness and
the desire to provide for early and comprehensive input from
affected interests on important public health and safety
issues, the NRC decided to follow a process that would
include enhanced participation by the affected interests.
The objective was to obtain input on the rulemaking issues
from the affected interests before the NRC developed even a
provisional regulatory position.

This early participation was accomplished through a series
of saven public workshops, held in varicus locations
throughout the United States. The workshop format was
selected to provide the affected interests with an
opportunity to discuss the issues with each other and to
question each other about respective positions and concerns.
The workshops were open to the public and the public was
given the opportunity to comment on the issues. The
workshops utilized the services of trained facilitators who
were experts in setting up and conducting these types of
meetings thus improving the likelihood that all the issues,
positions and concerns of the parties were considered,
Participants were invited from many diverse groups including
gstate, local and Native American tribal governments, federal
agencies (including NRC), citizens groups, professional
societies, and the affected nuclear industry. Selected
participants who would not otherwise be able to participate
in the workshops were provided with financial assistance for
their travel expenses.

The Commission 1is very pleased with the progress being made
on this rulemaking. A draft of the resulting proposed
regulation is being circulated to all the workshop
participants and to other interested parties, and we expect
that a proposed regulation will be published for public
comment in the near future. During the course of the
workshops, there was a significant change in the attitudes
of citizen group representatives. From expressions of
distrust and lack of credibility of the NRC, there was a
shift toward the view that NRC was taking an important first
step in re-establishing the trust and credibility needed to
accept its regulatory decisions. NRC understands that it is
important tc demonstrate that the public comments at the
workshops were heard and seriously considered in arriving at
the final regulatory propcsal. We at NRC have been so
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pleased with this new regulatory approach that we are
seriously considering it for additional purposes.

Cost Beneficial Licensing Actions (CBLAs)

The NRC has encouraged its nuclear power plant licensees to
identify both a) regulatory requirements that provide little
or no safety benefit yet incur significant costs to
implement, and b) instances where licensee commitments to
the NRC exceed what is necessary to meet the regulatory
requirements and where cost savings can result if the
commitment is revised. Licensees have requested relief from
these requirements and commitments that are viewed to be
marginal to safety. They are referred to as cost beneficial
licensing actions or CBLAs. In many cases, after due
consideration of all the factors, the NRC has granted the
requested relief. For example, in 1993, out of about 34
requests the NRC approved 14 and has another 15 under
review. In 1994, we already have 25 new submittals under
review.

There are both direct and indirect safety benefits from
these CBLAs. A direct benefit results when the costs
averted are applied to safety enhancements in areas that
have greater risk significance. An indirect benefit ensues
when the reduction in operational and maintenance (O&M)
costs results in a more efficient and competitive
organization.

Siting of Nuclear Power Plants

The NRC’'s siting criteria for nuclear power plants have been
essentially unchanged since 13862. As a result of concerns
regarding the siting of nuclear power plants near major
metropolitan centers and following the Three Mile Island
accident, the NRC sought to revise 1ts siting criteria so as
to strengthen siting as an added element of
defense-in-depth. The intent was to decouple siting
congiderations from plant design so that plant design could
not be made to compensate for unfavorable sites.

A proposed rule was published for comment in late 1982 that
would decouple siting from plant design. It had the
following major features:

® A minimum distance to the exclusion area boundary of
0.4 miles;

® Offeite population densities averaged over any radial
out to 30 miles should not exceed 500 people per square
mile.
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® Site meteorology was to be eliminated as a factor in
determining site suitability.

Well, the response to the proposal was that almost everyone,
both within and outside the United States, was emphatically
opposed to it for many different reasons. Countries that do
not have the United States’ luxury of large open spaces felt
that if the United States adopted these regulations it would
be very difficult for them to justify the siting of plants
in their countries. As a result of this groundswell of
opinion, we have reconsidered our previous position. The
Commission now understands the undesirability of including
rigid numerical criteria in the regulations. Numerical
values for exclusion area size and population density will
probably not be part of the regulations and may or may not
be included in the guidance documents. We are in the
process of developing this revised regulatory approach which
will in turn be subjected to a full and open public
digcussion.

My primary motive in discussing this rulemaking is to
emphasize that, while we are independent regulators, we
cannot create regulations in isolation and must continue to
remain open to the ideas and concerns of all interested
parties.

National Performance Review

I would just like to mention a new initiative that we have
recently taken as a result of Vice President Gore’s National
Performance Review (NPR) for Federal Government agencies
initiated at the request of President Clinton. The NPR
began in March 1993 under the leadership of Vice President
Gore as a six-month review study to make government work
better and gost less. On September 30, 1993, President
Clinton issued an Executive Order on Regulatory Planning and
Review that began "a program to reform and make more

efficient the regulatory process." One of the objectives of
the program is "to make the process more accessible and open
to the public." The Order also includes a set of Principles

of Regulation that all Federal Agencies are urged to follow
and which contain many similarities to the NRC’s own
Principles of Good Regulation. As a result of the
President’s Executive Order, our plans to enhance public
participation in the regulatory process by giving the public
easy access to NRC information of interest to them have been
reinforced.

We are now considering a pilot rulemaking project in which
the public and other interested parties can directly
participate in the development of a regulation by
interacting with NRC personnel via an easily accessed
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computer network. The technical details are now still in
the conceptual stage but information and computer technology
currently exist to realize this idea. We are now in the
process of installing scftware and hardware, setting up the
necessary infrastructure, and exploring the legal
implications of the proposed process.

© INPO and NEI

I would like to end my discussion cof examples of the use of
our regulatory principles with a mention of the fruits of
the process. As I said earlier, effective regulation should
regult in an environment that fosters self-assessment and a
quest for excellence among those regulated. I believe that
the United States’ nuclear industry provides evidence of the
existence of a safety culture that emphasizes self-
agssessment and strives for excellence. The primary mission
of the Institute for Nuclear Power Operations (INPO) 1s to
promote excellence in safety and reliability. There is a
strong atmosphere of cooperation and exchange of information
through INPO and through other industry associations,
including the newly formed Nuclear Energy Institute (NEI).
INPO has a very rigorous program cof plant evaluations that
has contributed to continuing improvements in plant
performance as measured by various indicators. The industry
is taking upon itself, in many cases, the improvement of
safety without NRC prodding. There have been numerous times
when plant changes were made as a result of vulnerabilities
discovered during a probabilistic risk assessment conducted
by the licensee.

CONCLUSION

The initiatives and actions I discussed today reflect a
conviction that regulation in the United States must evolve in
response to changing conditions. We, as regulators, have been
subject to the criticism, whether earned or not, that nuclear
regulation has been a major factor in the failure of nuclear
power to achieve its full potential. I do not share this view.

I believe that we have provided a major impetus to ensure that
nuclear power is safe power. This is fundamental if nuclear
power is to be a viable option. However, I do believe that there
is room for improvement. The defacto moratorium on new plant
construction in the United States has provided us the time for
reflection and review, and the opportunity to search for a better
way to regulate... a way that will ensure safety while not
forcing nuclear power to be economically non-competitive... a
way that will not stifle entrepreneurial spirit but will ensure
that concerns of both the public and the industry will be fairly
and honestly considered.
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I have tried to describe what I believe are universal principles
and the essential features of an effective regulatory process
that may be a first step toward improved nuclear regulation.
Effective regulation of the users of nuclear materials requires
constant and faithful adherence to basic principles. . Only then
can the safety of nuclear energy be assured, to the satisfaction
of the decision makers, the nuclear industry, and the public at

large.

I am very pleased to have had this opportunity to be with you
this morning and would be happy to respond to any comments or
guestions you may have.
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Report of Minister V«N-Mikhailov, compiled for Japan Nuclesar
inaustriatl Forum,; April 1934.

NUCLEAR DISARMAMENT AND PROSPECTS OF NUCLEAR ENERGY IN RUSSIA

invention af each new source of energy alwavys resulted in
profound changes in society and led to new epoch pf the
mankind developments acquiring with the time its own history

and inevitably struggling throuch a hard developments

Russian nuclear industry has its own history and its own
current state. HMoreovers my Ccolleague and I are positive that
it alsc has a prospect in the future - a broad and significant
ane« But ta ensure that this future fits the pasts a great
effort iz wrequired from us and from all those who ave

interesied in 2 stable Just and confident future of the

planst-

1t so0 happened that the nuclear science from the very moment
of its entry in the broad arena kas been primarily associated

with nuclear weapons: But modern physics considers creation
onn the bhasis of science and technology grogress  as well as

comprehension of whole Universe as its principal task. And
that is why it is of synthesizing and unifvying character. I

hope that in the process of deliverance from cut of date
images and straight~vision the international compunity is

going to realize with increasing distinctiveness these
creative features of this sciénce ~ science of development of
nuclear energy and spaces microelectronics and intellectuat
calculators, laser and radiation medical technologies,

thermonuclear energy of fusion and technologies of 21 centurny-

In our country development of nuclear physics staried in the
pre-Horld War II vears. The most meritorious impact wnas
provided by the Leningrad Physics and Technical Institute,
headed by Academician £-F.Ioffe. That was the Institute wheres
Academicians I -¥Y:RKurchatovs, U-BR-Khariton,; HN:N:Semenov and
B.P.gleksandrov started their careers. They weve scientists -
creators, whoe have contributed enovrmously into science

development.

Students of A-F.loffe,s as wWeil as oOther prominent Russian
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scientists - I.E-Tamm, L-D<Landau, BN.Tikhonav,
E-I.Zababakhin, A-A.Samarsky, 1-M-Gelfand, H-A-Bochvanr,
M-B.Keldish, G:-N.Flerov, I.R.Z2eldovich, D:f-Frank-Kamensky,
I.K-Kikoinn, L-A:fptsimavich and a great number of others
formed the framework of the collective, which resalved the

problem of a nuclear bomb and peaceful use of nuclear energya

First practical steps in this direction were takem back in
1947 when, following the report of Serman physicist K.Fuks,
the Government instructed !-V-.-Eurchatov to take cover the first
nuclear scientific center - OBcademy of Science Laboratory of
Measurement EBguipment {(LIPAN). In Sugust 19459 First Main
Division (FMD) of Council pf Ministers ©pf the UBSR - an
intev-ministerial body for coordinaetion of works in nuclear
sphere - wWas organized. And as early as in December 1944 the
first European reactor with the controlled chain reaction of
Uranium nucleus fission WARS commissioned in what is5 now

Russian Scientific Center "Hurchatov Inastitute.

The task was a complicated one for the country which has Jjust
lived through Worid War I -~ the wmost merciless out aof all
wars in the history: to concentrate development of fundamental
science in such determinedly important sphere 0f science as

physics and at the same time to reach vitally urgent gsals af
defense. Thic determined, on the one hands secret character of
the newly born bhranchs ands on the cther hangd, - its unique

complexityv.

Let me remind vou the fact that during the vears, preceding
HWorid War I and even during herd post-war pericd gur countesy
occupied leading science and technology positions in a numbey
of areas of fundamental phvsics and wmathewmatics: Traditionsal
state policy of overall support of {fundamental science
provided peositive resulits ©f establishwent of first-class
snience and research institutes; such as HFoscow Institute of
Physics named after P-N-lLebedev, Leningrad Radium Institate,
founded by famous scientist Va.I-Vermaendskys Kharkov Physics
and Technical Institutey Leningrad Chemical Institute, Moscow
Institute of Thecoretical and Experimental! Physics. Ond &
rossilility to comcentrate ewnovmous material andd human
resources O ey divections of science and technolagy
develaopment provided an opporituinmity to create nek iadustry and
o exenrcise a decisive bhreakthrough in science and teckhninlogy

2Pogress -

O0—-8-—-12



The country praoved to be capable of establishment in a limited

reriod Df time of & wnumber news highly complicated and

qualified enterprises-. Prominent managers and enyineers
V.A-Malvshev; A-P.Zaveniagin, B-L--Vannikov, P.M.Zernov,
B.-G-Muzrukovs E.P-8Slavsky, N.L .-Dukhov, K.I.Shelkin,g

V-I.81fercv and many others of our conpatriots contributed
great effort and a lot of skills in the development of the new
branch- Today one com2s to thinks what made bright physicists,
designers and managers work selflessnessly from early mnorning
til1l late mnight. T believe; it was first of all devotion to
Motherland, real patriocotism and natural desire to demonsitrate
their knomledge and talent- It is this combination of statse
and pevrsonal interests that ensures encvease in real all-human
values putside any dependence oin epoch and geography-

On Sugust 29, 17249 first Russian nuaclear test explozion was
carried out at the test zsite in the vicinity of Semipalatinsk
and in early 17530 we have already developed thermonuclear
weapons of our own ("hvdreogen"” bombl): Leading role in  this

werk was playved by the brilliant physicist A-D.Sakharov.

These surcessss were of gdXceptional iwmportance for nationail
security and global stability. But development af such a
gualitatively nexr and potentially destructive method did not
Just announced 2 new stege of the humanity development:. At the
same time2 a number of new important probliems of philosophical
and ideoclogical character emerged. The level of respomsinility
of politicians and peocopls undepr their rule for the very globhal

existence of l1ife is becaming gualitatively differents

In our opinion i1t is important now mnot to lose what have
already been reached. In the process of dismantlement of the
Berlin Wall for souvenirs and creation of the Commonweal th of
Independent States it iz critical wnot te destroy the
militarv-political and defence and techmnical halances; which
sevrved as a basis for confident construction of a rather
stable building of the post-war world. The building that could
withstand the thrust of Caribean Crisis and prevent a new

world war. The Wapsan militapy and political treaty
disintegrated, but octher treatigs,: including NATO, today tend
tc spreads “opposing”  their right to determine Fates of

different regions TO United HNations (UN). Today the new
military and political map of the wopld of the XXI century is
stild undise develoupment; there is a cleayr desive of

redistribution of spheresz of strategic interests’ infiuvence and
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a mnaturai desire of some countries and treaties to define
fates of the humanitvy. Besides, peoples’ tendencies to {form
independent democratic states on  the basis of ethnic and
national interests, joint national will and religion create
Preconditions for reconsideration of post-war boardere- It now

depends on us what the future world would look likes

Today even conceptions of "Slohal state” and "Regicnal Gtate"
have become parts of the every-day vacabilary. No, peaople of
vur planet cannot be divided imto glghal and revional people,
and the reason for that -~ hiztory o©of the civilization

development.

I wrote about that befove and now I would just repreat: nuclear
weapons today rvepresent first of all a vehicle to maintain
global political, military and ecanomic stability on Earth
irpespectively of whether or nat there is any controversy

between the countriss holding these neapons - The only
alternative to the nuclear balance is the regime of
comprehensive itrusts completes transparency, regime of
elimination of military anG palitical treaties and
chmprehensive and comelete ban on nuclear wnRapons and

development theveof. But this is oyr final goals to reach which
wz’ve wot to undertake a lot of efforty keeping reasonable
amgunts of nucliear military and technicz! means gf stability

maintenance-

From the practical point of view it seems important o
distingumish those tywpes of puaclear weapons; which are most
capable of provoking agyressivensss, & desire to use nuclear
weapons in limited military conflicts or to deliver the first
strike: It is necessary to select and ta destrovy first of altl
those excessives politically cut of date and provokingly
dangerous types Qf.nuclear weapons: But we are living in &
complex anad dynamic world and that is why it is impoptant to
Eeep » S0 to say, most “stahle”s ®asily controlled and

pradicted svstems of strategic weapons.

Onother fundamental characteristic of the leaving century is
lavrgye-scale reductionn of Russian and the u.g. nuc iean
arsefnals. He can only welcome this process: it has long heen
evident for us, weapons’ designerss that the amount of nuclaan
weapons is  redundant. But we ave to be realistic in our
approach to pace and management of nuclear desarmamendt-. Fusg

and incompetence are capable of laving a trap here.
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The problem of nuclear arsenals reduction acguired extreme
international importance with the cis creations with

introduction of three more "nuclear states'.

Kazakhstans Ukrain and Eelarus found themselves in the most
dramatic situation afiter the wnprecedented since the Perestroika
stavrt-up anti-nuclean campaign in  these republicsy where
strategic nuclear weaponsy and in Kazakhstan and Ukrvain -
alsp nuclean power plants, are deploved. Economic and
scientific potential of these countries of the Commonwealth
does not encsble them sither o indeprendently ensure safety or
to carry aut dismantisment of nuclear weaponms, or (o maintain
safe cperation of HNPPs: which “now” gturned out to be so

important for sconomy stabilization-

Orvientation to the West did not resolve any of these problems,
as the cost of dismeantlement of only one nuclear mumition is
about one hundred thousand dollarss and 4 besides, a
saber-thinking politician would never allow foreign auclear
arsenals to be imported 1in the country and be dismantied
thevre: As far as neclear energy is concerned, NPP
decommissioning expenditures total to manvy tens of billions
dollars: let along their substitution by alternative scources

of enerdvy.

Russia, having inherited 80 per cent of industrial and 100 per
cent of nuclear weapons complexes of the USSR Ministry for

Medium Machine-Building, is capable of sclving =z2ll these
problems. Though that reguires good will, real patriotigm and
mnderstanding of common  interests of the Commonweal th

countriess tightly bound together in the history of the XX
century by cultural, scientific and economic life tiers.

Today we are spending up o thouwsand billion rubles per annum

for dismantlement of nuwclear weapons. This is an 2xtremely
complicated and responsible technological process, especially
in the circumstances of unztable political and economic state
pf the countrv. To encrease scale af nuclear wneapons
dismantlement in these conditions is & very important problem
for Russia; requiring vast investment. and today, I"m
stressing - today, there 18 ao place for any talk about profit
from dismantlement. As for the Agresment with the U.S. on

weapons grade uranium utilization over the pericd of 20 vearss
it can only be considered as & wartial compensation of
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nuclear arsenals dismantlement cost, we are incurring nows
through utilization of fissile materials as nuclear fuel fopr
NPPs. But RBussia again addresses transitional weriod problems

ogf the CI5 countries with uvunderstanding-

This work emplovs the whole of the nuclear weapons complex of
Minatom of the Bussian Federations that itself suffers through

the most hard financial Crisis.

at present more than 100 thousand pegple are working in the in

the nuclesr weapons complex of the country. The hasis of the
complex is in two largest national centers of nuclear weapons

development: federal nuclear centers in Arzamas—-16 and
Cheliabinsk-70, on the hank of +the Sinary Lake, Cheliabink

region.

The acldest oneg is the All-Russian Scientific Research
institute of Experimental Phvsics in Orzamas-16&- By the ways
the location of the center - Sarovsky cloisters is kmownn fon

its specific religicus role: Saint Seraphim Sarovsky was
living here in a largse monastery cf Sarovsky Desert bhetween
KVYIII and HIX centuries. At the beginning of this century
Russian tsar Hikolai the Second and his wife visited the place
to vray for a heir. The fact that a vear later the one was

born added ¢o the fame of Sarge:

Unfortunately, the time of miracles 1is gone: at present
depreciation of the nuclear weapons complex f{fixed assets is
more than S0 per cent. Even §for wnon-experts it should be
evident that profound modevrnizaltion is requirved te meet needs,
that include the needs of dismantlement and utilization of
nuc lgar weapgons, amount of which was hard to predict before
Perestroika-. In  terms of comparison I would remind that
similar complex of the U-5. DOE iz supposed to be updsted in
the next 20-23 vyears to meet environmental and staff health
regquirements- Naturally, at the esxpense of the; first of all,
state budget. This should sevrve us in Russiz an sxample. But
unfortunately, sometimes we have ta deal with different

approaches -

Unfortunatelys mentioned problems of the nuclear weapons
industry do not complete the list of complicated aspects of
the situation. The whole 0Of the country’ nuclear complex is
facing difficult situation. Is it mormal Oy matural? I thinlk,

it i1s gvident that there is & lack of logic and rationality in
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what is going ons when the most powerful potemtial oftem skids
and wovrks with far from high efficiency because of not only
insufficient turnover and investment, but alsg due to attempts
of hasty implementation of uwniversal "market orientation®

witkhout having an appropriate legal system-

In the short period 2 unique Dbranch of the most advanced
scientific and technical knowledge was created- From
scientist, to designers enginger and worker -  thise is  the
nbreakable chains that always served & guarantee of success,

based on the common technological process and tens of
thousands of developed Dbranch standards, concentrating
scientific knowledge; which keeps together the whole process
af creativity &mong the reasons of the branch success are
purpose-programming method of the scientific and technical
progress planning, as well as selected-target method of
managements  natural monopcly of the majority of designs and
enterprises; when conpetition is shifted to the level of
enterprises within the complex. Therefor, is it possible to
instantliy cut off pavr of this complex, even construction
companies, without losing them for the further develaopment of
the nuclear energy? A dgrext timze s needed to improve
gfficiency of work in the new sconomical situation: including
also development of appropriate state legislations sub-lan
legal acts and stendards on reliable and safe operation of

specific parits of the complexs

Many of the esnterprises and technclogiesy vitally important
for the society and states are not capable of producing divect
ecancmiczs] profit. But without them normal operation of other,
guite srofitables part of economy would be imppssible.
Important role here is played by the process of establishment
of fimancial-indusirisl groups with a system of licensing:
that would embrace gverybody from & director toc =
shopfloor worker:; head of group and etc. To achieve this time
and high competence throughout the whole of technelogical
cycle is reguired: Mere desire to accomplish that overnight is
clearly insufficient. In my opinion basis of successful
transition t0 a new econpmy system lies in reasonable
combination af vertical management and horizomntal enterprises’
links, developed on the basis of new legislation and the
stratagy “{from the shopfloor -~ upwards” .- This is 3 way towards
establishment of powerful market goods manufactures, operating
on the principle of competition in the international market

rlace, where monopolies are long gone-
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Econony demands an svalutionary way of developments not a
revaolutionary oue- He have struggled already along the

path of revolution-

The first thing to be created in the country is a basement of
market relationships, rvepresented by the free market of goods
and services manufactures to satisfy social and everyv-day
necessities of oupr people. It is this free markets aimed at
societys that is, in ite tern, to determine and to create
conditions for develapment of & market of high technologies

and of science and techndlogy prouress.

There is an international market of this kind, but, since the
davs of Cold War, we have been facing a number of ocbhstacles,
which we are today tb apply enormous effort to break though-
Situation is less complicated with develeopind countries,
striving for high technoleogies; but in this case ''big pelicy”

ics activatedss.

A prigrity of economical merit should be cliearly specified in
the course ot resolving rolitical problens af
strengthening safeguards of extsting N international

opganizations-

Today the whol® economy is a hostage of banking and curvency
stock market svstems. Currency stock market and bank market
rlace is rapidly integrating undeyr the authority of leading
world banks intc a world market; that takes in pledge what
constitutes in reality natural treasure of oupr country-. Ht the
same time home manufacturer, bound with outztanding ravments
and debts, splinteved into parts by the anti-wmonopoly campaign
is gstanding "in the sitreet with ouvtstretched avm': looking for
sponsers: State system of  tax regulation and mnanagement

skould become such a SPONSOTs

i I Thave mentiemerd alveardv. fvom the verv begianing our
principal distinctive features were secrecy and related to it

complex and universal charvacter of the branch. They are to be

added with the high level of nolovious budget dependence-

It had both positive and nsgative features. Secrecy is
gradually going and we welcoms® this process: But we should not
lnse complex Characters common purpase-driven management of
the branch and a rossibility of significant buduyet
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investments. Minatom 0f the Ruesian Federation is among those,
who, from the system point of view, are quite independent.

Today such structures should be elaborated instead of Dbeing
bhanned; since they concentrate advanced knowledge and
technolpngies and strongly facilitate scientific and technical
progrese in all aveas of industry. Being chsessed wmith social
and palitical troubles we miszs the fact that we are surrounded
by practical results of XX century physics ocience and

technology athievements. What sre we going to lsave for our

childrea and grand-childrea? If we do mnot preserve and
en-pease tnis pobtential,; we would be "swallowed” by developiag

cauntries.

Officially our HMinistry was arganized in ke year of 1953 as a
Ministsr of HMedium Machine-Building af the USSR. In  1%8% it
was transformed into Minislry for atomic energy and industryy
angd sinceg 1992 it has been existing as a Ministry of the
Russian Federation for Stomic Ensrgy. Purpose-driven
manadement inn the Ministry is carried out through opervational

units-.

Under the Ministry there avre dozems 0f big science and
research and design institutes, hundreds of state-of-art
minings Processing: machine-building and eqguipment producing
enterprises; facilities of the wnuclear snergy complex, as well
as well-eyguipped and well-staffed construction grganizations.

Minatom of Ruszia is in charge of all NPPs in the terrnitory of
Russias their designing, construction, and, following

Cherncbil accident, - cperation.

The branch science regresents in many aspects a basis for the
state fundamental science- Besides; our scientific centers are
characterized by diversifird character. Profound research and
applied works are carried ocut in the figsld of nucleus phyvsics,
phvsics 3f high energy and superconductivitys nuclear enerygys

thernonuclear fusion. electromnics, eguipment design and
automatization:; material =study, advanced technologiss and

machine bwilding-

Today the whole of this complex is in disastrous statedl new
developments collapss with crisis trends, successes of some
enterprises - with failures of others. RBut this is wnot the
theme I would like tu discusy nowe. The only veason for my

keeping going back o 1t is to addre=zs the issue o
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possibility and expediency of foreign investment in the
country’s nuclear branch. Mainly investment. coming from
countries with already developed market of scientific and
technological progress and advanced technologies.

My opinion is thats alonyg with large internail state
investment, our participation in the high technologies and
scientific and technical progress market with application of
the reasonable and mutuwally beneficial amount of foreign
capital waould be useful for sach party. Be have things to
demonstrate; to sell and, of course, to buy. Sometimes it may
he efficient to lock for foreign scurces of funding §for some
projectss developed in the Ministry institutes, ¥{ollowed by
joint utilization of the final prodect. Today we ave receiving
about 80 million USD per annum in terms of additional funding
of scieantific and technological ressarch. 1I'm still going to
raeturn to prospects and possible forms of cogperations but now
I would like to note: heing upset ogver difficulties 1s &
low-productive work. The best thing is to logk into the

futurey without forgetting, however, 0 watch vou fits

Snd in the future we are wmerely doomed to develap jaint
larye-scale and egual partnership with our neighbors on the

Planet-

GClobal motential aof the whole branch is peflected in the
example of the cldest weapons center Avzamas-16 - Institute of
Experimental Physics. Only several vears ago the level of
secrecy of this facility was so highs that even the name of
the "muclear"” city was not printed in official maps: 6t the
rlace of the city vast forvests of Mordov reserve were depicted

By now dozens of foreign delegations from the U.8«s Great
Britain, Germanv, {hinas Frances Nomay, etc. have visited the
Institute. Many experits. including those actively working in
uzapons development moctor. lecave for other rountries to
participate in sSYmRosSias conferences and negaotiations-

Bogreements are coincluded on joint development and research. In

late January 1974 Arzamas-1& hosted thirnd
Russian—-American simposia on hazardous goods s imcluding
radigactive materials, transportation safety- The first one
was held in Cheliabinsk-70, second one - in Albuguergue, USA.

in 1993. OHnd thizs is only one example from the list of joint

discussions of extremely sensitive problems.
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Not long ago neither of the parties could have imagined that-
It couldn’t have heen dreamt of gven at the best
of circumstances. But it turned out to be possible ta find
common language for specific talk even in sucth a vulnerakle
and peculiar area of national interests as nuclear weapons
safety, let alone cooperation in the field of peaceful
fundamental and applied science- Necessity of such coopsration
for world science development has alwavs been evident for our
scientists. It was back in 1956 when we established Joint
Institute of Nuclear Research in Dubnas a "path" towards
peaceful use of nuclear energy. This institute was visited by
the prominent Danish scientist N.Bor. American scientist
G-Siborgs Fremch physicist F-Jolic-Cupri. Is that not an
example of intevrnational acknowledgement of Russian science

achievements?

International science and technology and business cooperation
is & long known ia ogur country sphere of human rslations. But
new wider and much more extensive than previously ianvDlvement
af Minatom Cigsed organizaticns and institutes createss in my
ogpinions entirely guantitatively and gialitatively new

situation-

The map of internationz]l techwical progress used to lack
entivre "continents” of scientific and envineering kunowlesdge,
industrial achievements and vast opportunitizs. Only having
removed from this map a1l the "white spots” we will acquire
the right for full walug integration in the international

community.

Is there any other wav? Anv significant endeavor contains the
natural potential [«33 mutual attractiveness and ig
international by definition: This iz extremely important in

the conditions of large scale conversion-

Science and technology: as well as commercial cooperation with
lgading countries are vital for us. UWe see establishment of
joint manufactures of scientific and technical and industrial
products a3 a way o preserve our highly gualified experts and
t0 encrease 2fficiency of work in the intermational market of
high technologiess Opportunities for such cooperation are

TIUMeProus «

- from a search for neEw principles, framenworks and

element-datahbhase of highly 2fficient calculation systems to
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model ling of micro~- and macro-environment;

-~ from joint use of urtigue syvstemss modelling gammas navutron
and laser emission to development of new physical, chemical

and mechanical specifications of materialss that can bhe alszo

applied for medical treatment;

- %o fabrication of modern equipments diagnostic and
information devices., applying new technologies on the basis of
super~-powerful elecitro-maguetic fields and SUPRP-PUre
materials, energy of chemical gxrplosives, super-high pressare

and tempesErature-

In other words - on the basis of intellectual potesatial of the
branch. And no price is 1o high for human intellect.

Taday we arve facing a very important problem of exclusive
international importance. This i1s the problem of auclear
energy- Develorment of peaceful use of nuclear snergy is one
of the most important directions Of our work.

This vear we are celedrating £0th amniversary of the countries
nuclear energys On June 27, 1954 first nuclear power plant in
the worlid was commissioned in the city of Obninsk, USSH.
Therefor; we are goiny to celebrate also the anmiversary of
the world nuclear snergy. The veny word "atom” has become the
symbol of "creation" for inhabitants of Obninsk: The city af
peaceful nuclear energy is situated in the center of Russia at
the place of former village Turliki, known since XVII century.
It tock less then 3 years to construct the first nuclear power
plant in the world in the Institute of Physics and
Engineering, which became the core arcund which the city of
Obninsk was settled. The first NPP bhecame also an experimental
base for testing uranium-235 fuel assembles and new sciemtific
and engineering designs for nuclear energyv. Prominent
scientists and manaygers of the Institute AI-Leipunsky and
D-I.Blgkhintsev pionesred in development of fast reactors,
where now our country is occupving leading positions-

At present 17 per cent of overall 2lgcitvicity in the world is
generated by nucleay power plants the total number of which
ic more than 40C. In some of the iadustrially develaoped
cauntries nyclear energy share is from S0 to 80 por cent- in
aur COantrEy this share is 12 per cent, and in  the European

rart of Russia - about 30 per cent. Today a nuclear peactor is
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1ot only a source 0f heat and electricity,. but also a toal of
nuclear and thermonutlear fuel reproduction, synthesis of

artificial materials, materials’ properties tailoring,
tabrication of medical radioactive isgtorpess All  this
determines the futupe of electronics, medicine, metal
treatment and Gther areas - in octher words, determines

science and technolowyy progress.

The 40 vears of development were not associated only with

surcesses. Chernobvl accident and the folloning crisis
sericously challenged many of our contemporaries and the very

idea aof nuclear energy utilizmstion to produce electricity-

Those supporting the idea of ban on nuclear energy became very

active and again, as 1t already happened in Pprevious

centuriess there is a aumber of prosecutors of new science of

the ¥¥ century. But todayv’s inquisition is mnot after the
property of & prosecuted individual, but after enormous

scigntific and technical treasures of the whole country.

Recearch, Carried out in RBussia and abread demonsitrate 1imited
opporntunity of utilization of alternative enerqgy S0UPCESsS
without destroving heat &snd water balanices of the #lanet in
certain avreas. Besides, wWe should keep in mind concern over
the "green house!’  phenomenon and  deterioration 0f oczone
stratum through release into atmosphere 0f mineral fuels
burning products: Let along consumption of oxvgen - the saource
of life in the planet: That means that the marnkind cannol do
without nuclear energy resources. The only aspects  for
discussions are scale, pace and profitability of
implementation, linked with measures of safety of avclear
energy,; nuclear wastes utilization and measures of
precervation of mnatural radiation background; which defines

1ife development in ovr world.

1t shoygld bs mentioned that each source of energy is
associated with a certain risks; has its advantages and

disadvantages.

Development 0f designs for the new generation of heating and
eliectricity producing nuc lear reactors is hased on  the
rrinciple of emherent safetv, precluding 2 possibitity of
wncontrol led reactor runawavs principle of closed fuel cycle
with the safe system of wastes utilization, including reactors
on fast and slow neutrons, on MOX fuel and uranium—-thorium
cyCcles
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Today we consider an opportunity to raise additiona]l fuands for
investment in this bhranch by extending expart of nucliesn
equipment and fuel for NPPs, utilization of weapon yrade
uranium and plutonium. export of rare-garth elements, export
of high-calorie fertilizers we praoduce, medical isatores;

machine- and eguipment- building products, etc. The final
purpcse of this work is to encourage search for wavs o
resalve problems of safety and reliakility of nuclear
technologies. In the next vear our export is to encrease o 1

billion dallars-.

Qur state-af-art technologies already enahle us to create high
added value to the gur exporit uranium products: But my opinion
i that export of electricity genervated by NPPs is potentially
mpre profitables, especially when bassd on construction of
modern nuclear gpower plants. Besides, our technologiess of
underground leaching and drilling for extraction of gprecious
metals and gems have just started penetrating inte the world
markset and ave very potential in  the intermmational market

place.

1t is evident that close intevnational cooperationy including
world market; and mutval sueport of national programs  ave
needed to make use of economical and environmental advantages
of nuclear gnerdyvy. In my opinion this srea of Joint scigntific

and commerncial cooperation has no 1imiiss

By today designs have been developed for NPPFs of high and low
Capacity with enhefent safelty and principle of ioocalization of
fission products inside the reactor units. These projects have
successfully passed most thorough iaternational sxaminations-
Our next step 1s development of so-called Wwhreid NPPs with
axternpal source of penetrating pavticles initiating fizsion
process combined with the chain reaction of fission of
sub-critical mass of fissile materials. These ave veactors
which preclude a possibility of spontanecus chain reaction of
fission. And our long-term plans ave to master the eneray of

light nucleus fusion-s

Inplementation of the naucleay enerdy development programs in
Russia iz dirvectly linked with stabilization of economy. At
the scame Time stability of the nuclear energy complex is one of

the significant parts of overall scomomical stabilization-
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Nuclear energy of the XXI century is to be built on the basis
af joint efforts of leading states with keeping 1in mind
interests of developing countries throughout the world: Te cut
the cost of construction of NPPs and nmuclear district heating
rlants nuclear industry is to develop standard units of
reactor systems of the next century on the basi= of modulus
units plant assembling. Today we ave ready to start such
international projects. And we expect steps from partners.

Ne have  heard a 1ot about economical "mivacle” of Japan,
France: Germany and South Kovrea during the post-war period.
The key reason af it was industrial adaptation of nucliear
enerygy and intemnsive construction of nuclear power plants on

the hasis of broad cooeeratioh.

The great treasure of our green planet - organic fagls -
should not be burned wp in furnaces, but be preserved f{for
generations o come for more reasonable and expedient
gtilization. And we should do our best Lo ensure that

satisfaction of energy demand of the current gemevation will
ot undermine opporitunities for coming generatioms development

And for future dgenerations develcopment of nuclear energy in
all couniriez as & basis for science and technical progress
will lead ouvr planst towards the new understanding of peaceful
cooperation: (owards the world without local conflicts.

Nuclear energy bramnch of the Russian state was born and
developed under hard and dramatic historical conditions. Rut
gven a brief list of its achievements is sxiremely impressing:
nuclear and thermo-nuclear weaponss nluclear energys most
rpowerful accelerators of elementary particles, space and naval
energy systems; nuclear ice-breaking fleets metalluvgy and
production of precious and yrare-sarth metals, super-pure
materials and allovs: etc- UWithout these achievements there
wouwld have been no impressing successes in technologys nor the
whole industrial potential of the I=ading countriezs of the

wonld-

But the mosgt precicoys thing, created during the almost half a
century of wovrk, 15, first of alls reliably ensured national
sogvereignty and related to it global stability, and, secondly,
the very nuclear industry of curss our people, without whom
neither a scientific breakthroughs; nor any achievements would

have besn tangible-
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This treasure,; as well as any other itreasure obtained by the
humanity in its glohal movement aheady, belongs not omly to
Russian pecple:. but to the whole world- This is one of the
all-human ireasuress that; being in the disposal of specific
peopliess at the same tine belongs to the whole mankind in  its

development towards the prosperous worlid-
Today we are overcoming difficulties and are looking into the

coming dav with the hope for encreasing undevrstanding of
mutual merits and extending of mutually beneficial and equal

caoperation-

Minister of the Riuszian Federation for atomic energy

V-N-Mikhailov
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Tesucn goxaaga ma Aromuom
Mpombimaenuomn Popyme Anmomns

Anpear, 1994 roga

SIAEPHOE PA3OPYMEHUE H NEPCIIEKTHUBDI
ATOMHOU 3HEPTETHKHU POCCHUHU

Kaszeii HoBbif BHA HCTOUHHKA SHEpPrHYM HEMSMEHHO NPMBOAMA K KPYIIHDIM
usMmenenusvM B ofmjecTse, K HOBOH oMoXe paspurus ofbwecrBa, nppobperas co
BpeMeHeM CBOI) WCTOPHIO, HEM30EHHO TIPOXOAT CAOHBIA ITYTh CBOEr0 PABBHTHI.

Y oreuectsenuofl Aromeoll MpPOMBIIAEHHOCTH - CBOS HCTOPMS M HacTosyee . 5]
¥ MOH KOAAEIH YECPEHDBI, YTO eCcThb YV Hee W Oyzyiuee - MacurTabHoe B SHaUHTeAbHOE.
Opgnaxo zan Toro, urebni eTo Gynymee 6biA0 AOCTOHHO IPOLIAOTO, HAZO HeMaAo
TIOTPYAWTBCSA W HaM, W BCeM TeM, KTO BaVHTEPECOBAH B CTAGMABHOM, CIpaBELAMBOM H
yBepeHHOM OyAyieM Beell MAaHeThi.

Uecropun pacniopszamaach Tax, uro szepHas HayKa ¢ CaMOro HauyaAa CBOETO
BLIXOZa Ha INHPOKYIO apeHy CBA3biBAAACD TIpPeskJe BCErD € aTOMHBIM OpYKHEM.
Ogzmnaxo coppemensan @usHKa cBoell MarucTpaisHO# 2azadell BHAWT COSMASHHE Ha
NyTH HAYYHO-TEXHHYECKOrO MPOrpecca M NOHWMAHKE LEAOCTHOH KapTHHbl MHEQO3AAHMAL
M yae nostomy oua mocur xapaxrtep cumrernueckuit, obbemymmomui. Hazewcs, uro
o Mepe KsOaBACHHA OT CTapblX JAOTM H 32lU0PEHHOCTH, MHPOBOE c000LIecTBO Bce
Boree ortueTAuBO GYZET OCO3HABATD MMEHHO OTH, COBMAATEABHBIE YCHEXH 3TOH HayKH,
HayKH OCBOGHHSA s/IEPHON SHEpIrH¥ ¥ KOCMHYECKOTO IIPOCTPANCTBA, MUKPORASKTPOHHKH
¥ MHTEAACKTYAADHDIX BBIMHCAMTEAEH, AQ2€pHON TEXHHMKH W pajHalloHHOR Meauumnsl,
TEPMOSIZEPHON BHEPIHH CHHTE3A SEp M TEXHOAOTHH ZBANLATD TIEPBOTO BEKa.

Y mac B crpaue sgepmas (usuMKa 2apOKJarach B JoBoeHmble rozer
0coBeHHO BEAMKH TYT 3aCAYTH Aex—mmpaz;cxoro QHBUKO-TeXHHYECKOr'o HHCTUTYTAa BO
raese ¢ axegemuxom A.D.Hodge. B Musrexe nammain axagemuxu V.B.Kypuaros,
I0.b. Xapuron, H.H.Cemenos, A.IT.Arercannpos. Jro 6piam yuenbre-cosHAATEAH,
BHECHINE HeOoLeHHMBIR BKAAZ B MPOrPecc HayKH.

Yuermmcu Abpava Degopopnua HModde, a taxe apyrme kpymmefitme
oreuecteennbie yuenpie - VL.E.Tamm, A/ Aanzay, A.H. Tuzonos, E.M.3a6a6axmum,
AA.Cavapcruit, W.M.ersganz, A.A.Bousap, M.B.Keageun, I'.H.@repor,
A.B.Bervnosuy, J.A . Dpanx-Kavenemenii, WK Kuxoun, A A Apupmosny, ga pazse
ROLY “Rpﬁ'ﬂﬁ!‘ AUTITITHR, ¥ COCTARUWAL KOCTIERR TO'D KOAACKTHEBA, ROTOPBI& Pemﬂ.ﬁ- nposo&elfy
aToMHOR H0MOBLI ¥ MUPHOTO HCIOABBOBAHWA ATOMHON BHEPTHH.

[epsrie npaxtaueckue marn B sToM HanpaBAennu 6piwm czenampr eme B 1943
rozy, Koriia mocie wuHpopMauuH HeMenxore odusuka K.Dykca npasureancrso
nopyaurc Mropro Bacumasesuuy Kypuarosy posraasurn meppbiii aToMHbBIR Hay-HbIN
uentp -Naboparopmio HsMepuTeAbhnx npubopos Axagemmn nayx (AMITAH). B
asrycre 1945 roza 6piAn 06pasoBaH MeX<BeZOMCTBEHHBIM OpraH II0 KOOPZHHALIMH
atommubix pabor - [lepsoe raasmoe ympasaemme (T1TY) npu Cosere Mumuerpos

0—-8~117



CCCP. VYxe B nexabpe 1946 roaa B Mockse, B Hbmemnem Poccuiickom nayuHom
uenrpe "Kypuaroscknii uucrutyr”, 651A nymen mepsoii Ha EBponeiickom xomrumenTe
peaKkTop C yrnpaBAsTeMOH LIETIHOH peaKyMeH ZeAeHHs szep ypaHa.

Bazaua 6biAa He B3 ACTKHX AAR CTPaHbl, KOTOpasm TepesiMAl CaMYIO KECTOKYIO
Sa CBOIO HCTOPHIO DTOopyilo MHPOBY:» BOHMHY: KOHIEHTPHPOBAaTb  PasBUTHE
QYHAAMEHTaADHOH HayKH B TakoH, ONPeZEATIOIe BaXKHOH JAS  TEXHHYECKOro
niporpecca, o6AaCTH Kak ¢H3MKa, H NAPAAAEABHO PEllaTh KUSHEHHO HACYIUHDIE 3aZadvH
060pOHHOro XapakTepa. JTO OGYCAOBHAC C OAHOH CTOPOHBI BaKPLITOCTh HOBOH, TOABKO
elje COBZABAECMON OTPACAH, 2 C APYTOH - TIPHAAAC el YHHUKAABHYIO KOMIAEKCHOCTD.

Hanomuio, uto B goBoenHble rozui ¥ Zamse B TPYAHOE IOCAEBOEHHOE BpeMs
Hallla CTP2HA 3aHMMaAR TEPEAOBhIC HAYYHO-TEXHHYECKHE NOBHIKH B MHPE [0 PAZY
obracTel  (yHZaMeHTaAbHOM OQuIMKM M MaTeMaTWkE. Jlana  HoAosuTeAbHbIE
DESYABTATHI TPAZWIMOHHAs IOAMTHKA FOCYZApCTBA 110 BCEMEPHOH  IOAAEPISKeE
PyHAaMEHTAAbHBIX Hayk, Giarogaps koTopoll 6bIAM cOBZaHDI HEPBOKAACCHBIE HayHHO-
HCCASZOBATEAbCKME — MHCTUTYTBI, TakMe Kak (Dusuveckuii  WHCTHTYT  HMeRH
[TH.Ae6eaesa 8 Mockse, Pagmesnii uucturyr 8 Aeummrpage, ocoBatesem
xoToporo O6pin  smamenntemi  yuenpidi  B.M.Bepmwagcxu#, Xapoxomcxu#  usuxo-
eXHUYECKMH  MHCTHTYT, Kumuueckmii -mmctutyT B Nemmmrpaze, Mucrutyr
TeopeTHueckolt H  okcrmepuMentaibmHo usuku B Mockse. A cmocobmocTs
COCPEAOTAYMBATL OfPOMHBIE MaTepuaibHble Y UYEAOBEYECKHE DECYPChl HA TAABHLIX
HaTIPaBACHKAX PASBUTHA HAyKH ¥ TEXHUKH TIOSBOAMAZ COBJATH HOBYIO HHEAYCTPHIO H
CZAeAATb PEITHTEAbHbI PBIBOK B HAYYHO-TEXHUUECKOM MPOrpecce.

Crpaua oxasarach criocobHOR B KpaTualiumE Cpok O6PECTH psA HOBBIX,
YpeSBBMAlHO CAOMHBIX ¥ KBAAMQUUHPOBAMEBIX  TIPOMBBOACTB.  Dbigaiomuecs
oprauusaropnt ¥ minkeneph: DB.A.Manvnnes, A.Jl.3asensrun, b. A Baunuaxos,
[1.M.3epros, bB.I'Myzspyros, E.JLCasscxut, H.Adyxos, K.HWM.IUenrxus,
B.U. Axdepos u muorue zpyrie soijaiomuecs Hallli COOTEUECTBEHHMKK BAOKHAU B
ACAO CTAHOBAGHKHA HOBOH OTpacAM MHOTC cuA ¥ ymerma. Cerogmn zazympiBaemibes:
YTO  3BAaCTaBASAGC  SaMedaTeAbHBIX  (HSHKOB, KOHCTPYKTOPOB H  OPTaHHSaTopoB
CAMOOTBEPIHEHHO TOYAUTBCH C PaHHEro yTpa Ao moszsed wmoum? F aymato, mpemze
Beero A06oBb K PoauHe, HCTHHHBI NATPHOTHSM ¥ ECTECTBEHHOE KeAaHHe TIPOSBMTD
CBOﬁ yM H TM&HT\‘ MM@HHQ TAKOE CcoYveTaHue E‘QC}’@Q?CTBQHHE&IX H AWHHDIX HHTGPECQE
oOyCAaBAMRAET MPHYMHOMSEHWE HACTOMIHX  oblgeYercBedecKHX  LEeHHOCTeH BHe
3aBHCHMOCTH OT BHOXH M reorpadiui.

29 asrycra 1949 roga ma moaumrome moz Cemmmanatmmckom 6bin mpoBezeH
TepBblil COBETCKHE MCIbITaTeAbHbI AAepHbili B3pbiB, & yae B Hauare 50-x rogos -
coszano TepMosepoe opyzue { Bogopognas Gom6a). Beayimas poas npuHaziestans
34ech samevaTerbHomy usuky Amzpeio Jmurpuesuay Caxaposy.

ITH yCrexy HMEAR HCKAIOYHTEABHOE SHAueHHe AAL obecreveHus HALWOHAALHOH
6esoriacHOCTH H I‘J\OGEU\I:HDI':I cTabHADHOCTH. OAH&KO COBJAHME TaKOro KavdveCTBEeHHO
HOBOTO TMOTEHLMAALHO paspPYIIMTEADHOrO CpeJcTBa He NPOCTO 23HaMeHomaio coboit
HOBBIH @Tan B PasBHTHHM ucAoBedecTBa. (OZHOBPEMEHHO BOSHHMK P HOBBIX BaX{HBIX
PUAOCOPCKMX M MUPOBOS3PEHUCCKHX MpoGaeM. KayecTBeHHO HHDIM craHoBHACA K
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YPOBEHD OTBETCTBEHHOCTH TIOAHTUKOB ¥ PYKOBOZMMBIX MMH HapOZOB 38 €aMo
raobarbHOe cylecTBOBaHMe AsuaHH!

Ha naw Bsrasz, ceroams paxcHo me yTpaTMTb yake zocTuruyroe. Pasbupas ua
cyBenupbi Depaunciyio crerny, coszapas Cozpysecrso Hezasucumbix INocyzapers
BaXKHO HE PASPYNIUTDL TOT BOEHHO-TIOAMTHYECKUM H 060pOHHO-TexHueckHi Gananc, Ha
KOTOPOM YBEPEHHO BLICTPAHBAAOCH BeCbMa IIPOHHOE 3J8HHME IIOCASBOESHHOrO MHpa. 1o
3ZaHKE, KOTOpOEe MOTrAC Bpiaepssarb morpscenuss Kapubckoro xpusuca B HeZONycTHTD
paspasbiBaHKE HOBOH MHPOBOM BORHbL DBapillaBckuil BOeHHO-TIOAMTHHECKME colOS
pacriaAcs, ogHaxo Zpyrue comwossi, B Tom unche HATO, cerogun mmeror Tenzenumio x
pacmupenuto, ' rpormsonocrasans  Oprannsauyn Ob6beannennsy Hagudi (OOH)
cBOE TpaBo pemath Cyabbbi oTzeAbHbix peroHoB. Cerogus ToAbKo (QopMupyercs
HOBasl BOEHHO-TIOANTHYECKan kapTa Mupa XK Bexa, HaAHUO cTpeMAeHUE IEpECMOTPa
cpep BAUSHHS CTPATErHYECKUX HHTEPECOB M ECTECTBEHHOE CTPEMAEHHE HEKOTOPBIX
crpau B 6ACKOB onpezeAnTs cyAp6bl Beero yeroBeuecTBa. Jla M TeHAeHUMH HapozoB K
(POpPMEIPOBAHEIG CaMOCTOUTRARHRIK AEMOKPpaTHHECKHX rocyzZapcTs Ha OCHOBE
STHHYECKUX ¥ HalMOHaAbHDIX HHTepecoB, OOIUEH HALMOHAADHONW BOAM M PEAUTHM
COBZAIOT TIPEATIOCHIAKM K FEPECMOTPY IOCACBOGHHBIX rpaHuy, Kaxo# Gyzer 6yaymuii
BEK BaBMCUT OT HAC C BaMH.

Cerozua mywens: B ofuxos zesse TepMmumbt | AoBesbnas cTpama’ H
Peruonanvuan crpema’. Her, mapoap wmamedi naamern: meawss 6yzer paszeauTs Ha
TACGaAbHBIX ¥ PEIWOHMAABHBIX AWGZeH, a OCHOBA TOMY - HCTOPMS pPasSBHTHS
UMBRAUBALHH,

Mue yaxe npuxoguarocs mucats ob sToM, ¥ ceflyac A Auib roBTOpio: AToMHoe
opymue CeroMs - TPENAe BCETo cPeACTBO MOAAeprkaHus rAobaibHOfl NMOARTHHECKOH,
BOEHHON W BKOHOMHYecKOoH cTabHALHOCTH Ha -DeMAe BHe 3@BHCHMOCTH OT TOFO,
TPOTHBOCTONT AM B KaxoB-aubo ofracty crpamm, um obiajaiomue. EauHCTBeHRAsm
aABTEPHATHEA HACPHOMY pPABHOBECHIG - 8TO QEMMM IIOAHOrO JOBEPHS, IIOAHOH
OTKPBITOCTH, peMuM AMKBUZALMY BOCHHO-TIOARTHYecKHX OAokoB H Bceobigero H
TIOAHOTC SaliperjeHss SAEpHOro opyskHsa # ero paspaborox. Ho aTo - xoHewmas Hama
UeAb, Ha IyTH K KOTOPOH Hajo ellie MHOTOE CAEAATH, COXPAHAR pasyMHLIe KOAMYECTBa
AAEPHDIX BOCHHO-TEXHHYECKHX cpelcTB obecrederus cTabOHABHOCTH.

Jymato, » mpaxTHuecKkoM OTHOWEHHH BaXHO BLIZEAATD Te BHABI AAEPHOIO
opyxeHs, KoTopble B Hauboablliei cTemeny criocoOHbI TPOBCLMPOBATL AIPECCHBHOCTD,
MCAQHME HCTIOADBOBATD SAEPHOE OPYMKUE B OFPAHUYCHHBIX BOEHHBIX KOHPAMKTAX UAR
MpUMEHHTL €ro  TEePBbIM. DbizersTs ¥ MsbaBAATbCA TIpexse BCETO OT  BTUX
A3GBITOYHPIX, TOAUTHYECKY YCTAPEBINMX ¥ IIPOBOKAIMOHHO-OMACHBIX BUZOB SAZEPHBIX
Boopyucennit, Ozuarxo Mbl 2muBeM B CACKHOM W ZHHAMHYHOM MHPE H IIOSTOMY BaiHO
cOXpasuTh Hauboree 'ycrofiumenie’, Tak ckasaTb, HauboAee AErKo KOHTPOAMDYyeMbIE 4
IIPOTHOBKpYeMbIe CHCTEMbl CTPATEIHYECKHX BOOPYzKeHHH.

Eiwe oanoit @pymzamenTarsnoll ocoBeHHOCTDIO YXOAAILETO CTOACTHA CTAHOBHTCS
kpynHoMacwTabHoe cokpaigenne szepupix apcemaroR Poccmm um CLUA. Taxoi
TIDOLIECC MO2SHO AMIID HPHBETCTBOBATD: U3OGBITOYHOCTb KOAKUECTBa AZEPHOTO OpYrsHs
HaM, BOopy:KkeHUaM, 6bIAa BuAHa yase ZaBmo. Ho Hazo TpesBo M peaabHO MoaXozuTb K
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TEMMaM M OpPraHUaUMH SAEPHOr0 pasopyxcenus. | [OCMENIHOCTD B HEKOMITAEKCHOCTb

CTI0CO6GHBI COCAYZSHTE 3/ieCh HeZoOpyIo CAyxby.
[Ipobaema coxpausenus szepHbIX apCEHAAOB NPHHAAA HCKAIOYKTEABHO BazKHUE

mexsaynapoauoe sHawenne c cosgamveM CHI', ¢ Boixozom Ha cueny emge tpex
"AnepHBIX AepaB’ .

B wauboree zpamatmveckom NoAOMeHHH OKasaauch Kasaxcram, Ykpanmna u
Berapycs mocae BecripelieHAeHTHON ¢ Hatand MEPECTPOHKH aHTMRAEPHON KOMIGHRK B
BTHX pecrybAMKkax, Ha TEPPHTOPHH KOTOPBIX HaXOZATCA CTPaTerHYeckue AZEPHBIE
BoOpyaKeHHd, a2 B Kasaxcrane ¥ Ha Yxpauie - ¥ aTomubie cTaduyu. | lpoMprmaersbil
¥ HeyuHBii noteHuman srux crpaH CozpyskecTsa He MOBBOAAET UM CAMOCTOSTEABHO HH
obecricunTs Oe20MacHOCTb, HR IMIPOBOZHTH ZEMOHTaXK SAEPHOrO OpyxsHs, a Takie
noaaepssuBats Gesonacuyw pabory AJC, kax "Temepnh” oKasanoch, Tak HeobXoZMMBIX
AAR cTaOMAHBAINY DKOHOMHKH.

Bsraag wa SBanag He pemmia mm oamy w3 eTMX npobaeM, Tax Kak JEMOMTaX
TOABKO OZHOrO AJEPHOTO OOETPHIIACA CTOMT OKOAG COTHH THICHY AOAAapOR, Ja K
A060H  34DABOMBICASIUME TIOAMTHK HE IIO3BONWT »aBO3MTb B CTpamy # pasbupathb
uyM(He ANEPHBIE AOCEHAABI. “ITO KacaeTcst aTOMHON SHEPTEeTHKH, TO M 87ech 3aTPaThl
MCHHCASIOTCA MHOTHMH JACCATKAMH MMAARapAoR JoArapoB Ha ebnmox AIC us
SKCTIAyaTaLMy, He TOBOPSA Y2Ke O BaMeHe MX Ha aAbTePHATYBHDIE HCTOYMHHKH SHEpTHIL

Poceus, xoropas yHacAezomara or corosmoro Mummcrepersa  cpeamero
MammHocTpoeHus  0koA0 O [POLEHTOR MpOMBILAEHHOrO 1 TIOAHOCTBI) SZEPHO-
OpyaKeHHBIH KOMITAGKCBI, cmocolma pewwts Bee BTH npobAembl, HO AAS  BTOro
neobxoduMa J00pas BOAX W HMCTHHHBIM [aTPUOTHSM K BRauMoncHdMauue o6IIux
unrepecon crpan Coapyzsectpa, xoTopeix cama McTopust XX Bexa TecHo mepennera
HUTSMH KYABTYPHOIO, HEYYHOTO ¥ ®KOHOMHHECKOro ObITHI.

Cerogrst MbI TPAaTHM Ha JEMOHTANS SASQHOTC ODYXSHA [0 THICHMH MHAAHAPIOB
py6aell B rog. JTO OUEHD CAOMHBIN ¥ HPe3BbMAlHO OTBETCTBEHHBIN TEXHOAOTHYECKHH
npogecc, OCOBEHHO B YCAOBHSX HeCTAGMABLHOTO NCAMTHYECKONO M SKOHOMHYECKOFO
opranusMa rocyzapcrba. Passumare MaciiTabbi ZeMOHTaXka SZEPHOIC OPYKHS B BTHX
YCAOBHSX YPESBbIYaHHO OTBETCTBeHHas npobiema Aas Poccnu,cpAsamuas ¢ KpynHbIME
HHBECTHLMAMY, ¥ CETOAHSA, I[IOZYEPKMBAIO CerofWdA, MM © KakoM Hasape  OT
ZAEMOHTazKa 3Jech TOBOPHTD HeyMecTHo. “Ito xacaercs coraamenna ¢ CLIA mo
VTHARBALMK opyasellHOro YpaHa B TEHYEHHE ABAALATH AET, TO PEYb WAET O HACTHYHON
KOMIICHCALMH  8aTpaT Ha JEMOHTax AZEPHBIX apCceHaAOB, KOTOPLIE MbI YK€ CErofHd
HeceM, 3a CHET HCTIOAD3CBaHMS BTHX AEASIUMXCA MATEPHAAOB B KadecTBE TOILAMBA ZAA
A3C. Ho u szecp Poccus ¢ nommmanmem oTHocuTcs K TPYAHOCTAM NEPEXOJHOTO
[IepHOfAa B CTpaHax CHF-

Jra pabota Bcero saAepHo-opyxcehHoro KoMnaekca [Mumatoma Poccun,
KOTOPBbIK CaM [ePesKUBacT HanboAee TPYZHBIH PUHAHCOBDIA KPHBHC.

B nHacrosigee Bpems B ngepHOo-opyseHOM KOMILAGKCE CTpaHbl TPYIHTCA Goace
100 toicay uerosex. Ocuosa ero - gBa KpyMHEHUMX HALMOHAABHBIX UeHTpa AAEPHOTO
opymun: Dezeparsubie szepuble meHTpbl B ropoge Apsamac-16 n 3 Yerabumnckoh
obaacti, Ha 6epery ozepa Cunapnr,- Yeanbuuck-70..
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Crapefiumit us mux - Beepoccuficxnit uayumo-mccaeoBaTeAbCKRE HHCTUTYT
SKCIiepuMeHTarbHON ¢meuxr B Apzamace-16. K croBy, sto mecto - Caposcxan
obHuTEAb, MSBECTHO ¥ CBOMM 0COOLIM PEAMIHOSHBIM SHAUEHHEM: B CYLIECTBOBaBIUEM
szech KpymHoM My:ckoM Moactbipe Caposckoil mycromn Ha pybeme X VI u XIX
croneruit acua cesronr Cepadum Caporcimil, B navare namero mexa cioza mpuesscan
umrnepatop Huxonait Bropoft ¢ :memoll moamTbcs 0 JapobaHuu  HacAeJHHKa.
[Mosmaenme mocaeauero rog criycts eme Goaee ypeanunao nomyasprocts Caposa.

-beI, BpEMA WyZec HE BO3BpaiacTCH! CeroZHs HBHOC OCHOBHDIX QoHZ 0B
opyaseiioro KoMraexca cocrasaser Goaee 50 mpouenrton. Jame mecmeumanucram
zoxxkHo 6biTh scHo: Tpebyercs KpymHasd MoZepHU3AlMs, B TOM UHMCAE JAS AEMOHTaXa
W YTHAHBALWH SAEPHOre OPYXHA, MaciTabbl KOTOPBIX AO TEPECTPOHKH TPYAHO 6BIAC
NPEABHACTD, JLASI CPABHEHMA HAMOMHIO, YTO aHaAOTHYIHDIM KomIaekc [Vimmucrepcrsa
suepretur CILIA npeamoraraercs obmosuts B Gauzmaiimme 20-25 aer ¢ yuerom
COBPEMEHHBIX TpeboBauMH 110 OXpPaHE 3J0POBbA TEPCOHAAA M OXPaHE OKPYAIOUleH
cpeapt. EcrectBenmo, mpezze Beero za cuer 6romuseTHBIX cpegcTs rocyzapersa. M o
ZoAHO 6Bl cTaTh TPUMEPOM AAS ToApaxsamus u y Hac, B Poccun. Ho mopoil, ysui,
ﬂpﬁxﬂﬁ,ﬁ'rcg HMETh JeAo C Apyr MMM IOAXOJAMHE,

K coxanrenmio, ymomsuyrbmmu ripobaeMamy azepHo-opyzselHON MHAYCTPUH He
noHeps IDIMAMIICM  CAUZRHDIC CLUPOHDL CM'!'}’ dilliai. B HCE IPUC'L'UM NMOAOIRCHEKA Ci‘:ﬁqﬂ(:
OKABAACH BECh OTEUECTREHHBIN aAepHbii Kommarekc. Hackoavko ectectBenen nozobunii
nosopor coborrui?  Jymaw, UTO HAAMLIO HEAOTHMHOCTD M HEPaUWOHAABHOCTD
NPOHCXOAALET0, KOrZa MOIgHEHINH MOTeHUHaA Hepeako mpobykcosbiBacT n paboraet
C ZaAeKO He MOAHOH OoTZg4eH M0 TPHYMHE HE TOABKO HEZOCTATOYWHBIX OGOPOTHBIX
CPEACTB W MHBECTHUMM, HO K TIONBITOK MOCTCIUHOrO BHELPEHHS TOTAALHOH
"OLIHOYHOCTH 66€3 COOTBETCTBYIOILeH [PaBOBOH OCHOBDI,

B woporkue cpoku 6rina coszama YHMKaAbHas OTPacAb caMOM TiepezoBoil
HayYHO-TeXHHUeCKod MbicAU. Yuembill, KOHCTPYKTOp, TexmHorol M pabouumil . - ®TO
HepaspblBHaﬂ LEMD BCerga 6.‘0!')\3. BaA0roMm YCIICXa, 6&30!} KOTOPOI'O HBAHK)TCH C}IHHEII“'I
TEXHOAOTHUECKHH TIpoliece M AECATKM ThICSY PaspabOTAMHBIX OTPACAEBRIX CTAHAAPTOB,
rze Kak B (OKyCe CKOHLEHTPHPOBAH HaydHbIi 6arass, LEMEHTHPYILIHH Bechb IIPOLECC
TBODYECTBa X  COSHAAHHA. | |porpaMMHO-LIEACBOH METOZ NAQHEPOBAHHA HAYIHO-
TEXHUYECKOro pasBUTHS M LIEAEBOM METOZ YIpaBAEHHS, eCTeCTBEHHas MOHOMOAYS
GorpmuncTEA paspabOTOK M NPOKZBOACTE, KOrZAa KOHKYPEHLMA TNEPEHOCHTCH Ha
YPOBEHb TIPEAfIPUATHE BHYTPH KOMIIAGKCE - BOT OCHOBBI yCIEXa OTpacan. Kak e
MOMKHO B OJZHOUAChE  OTOPBaThb HacTb BTOr0 KOMIIAGKCA, JAAe CTPOUTEALHO-
MOMTAKHBIE Oprauusaluy, Oes Tovepd HX JAAS ZaAbHeHIllero pasBUTUS aTOMHOMH
uuaycrpuu?  Jlan nospmnenun spdexTHBHOCTH paboThl B HOBDIX DKOHOMHHYECKHX
YCAOBUSIX Heob6X0ZMMO HeMaAOe BPEMA, B TOM HHCAE AAfA COBZAHMUA COOTBETCTBYHOLUUX
TOCYZapCTBEHHBIX SAKOHOB, TOAZ38KOHHBIX AKTOB K CTAHAAPTOB MO0 HAZeHHOMY HU
GesoracHoMy QYHKLHOHHPOBAHHIO OTAEALHBIX 9aCTEH KOMIIAEKCA.

Mzrorre, copepmerto HeobxoauMbic 06IeCTBY H TOCYAapCTBY NPEATIPHATHA W
TEXHOAOTHH HE B COCTOAHMH MPHHOCHTD TPsMOH kommepveckuit sddext. Onuaxo 6es
HHX  HEBO3M(PKHAa  HOPMaAbHasi  paboTa  ZPYrHX,  BIOAHe  peHTabeAbHDBIX
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HAPOAHOXOBSUCTEEHHbIX CTPYKTYp. DBamoe 3HaueHne szech umeer pabora o
COSJAHHIO KPYTIHDIX (PUHAHCOBO-IIPOMBIIIACHHDBIX IPYNI € CHCTEMON AHLECH3HPOBAHUA
OT ZAHWpeKTopa ZO MacTepa lieXa, PYKOBOAHTEAs CMeHbl 4 Tak zaree. Jlas srtoro
TpebyeTcst BpeMs U BbICOKAS KOMIIETEHTHOCTh BO BCEM TEXHOAOIHHECKOM LKA, a, K
COMSAACHMIO, OJHOTO KEARHMS cAeAaTb BTO Ha yTpo HeZocrarouro. Pasymmoe
COveTaHHe BEPTHKAADHOTO YIIPABACHHS C FOPHBOHTAALHDIMM CBSSMM TIPEATIPHATHH Ha
OCHOBE HOBOH 3aKOHOZIATEAbHON 6asbl u [0 CTPATelWH CHHSY - BBepX - BOT Ha Mol
B3TASZ OCHOBA ycreXa MepexoZa K HOBOM BSKOHOMHYECKOH CHCTEME, K CO3ZaHKIO
KPYTIHbIX PBIHOYHBIX CTPYKTYP TPOHSBOAWTEAEH TOBAapOB Ha OCHOBE KOHKYPEHLIHH Ha
MUPOBOM PBIHKE, I7l€ Y2Ke 4aBHO HET MOHOIOABHBIX TPOU3BOLHTEACH.

OxoHOMHKa TpPeByeT SBOMOLMOHHOTO IYTH PAsBHTHS, a He PEBOAIOLMOHHOIO.
Peponotponnbii mMyTe MBI y2ke TIPOXOZUAN.

B crpame B nepeyio ouepeap sormen Obro coszen 6Hasuc  pbIHOYHbIX
OTHOWEHUH - CBOGOAHBIA PLIHOK MPOUSBOAUTEAEH TOBAPOB M YCAYT ZAd obCAyMMBAHMA
COLIMaAbHO-GBITOBBIX YCAOBHH aM3HH Hamero Hapoza. Yl yme sToT comuanbmo-
HaMpPABAEHHDIR CBOGOAHBIH pPBIHOK MOAXKEH OIPEAEANTh K COBZAaBATH YCAOBHA [JAs
PasBUTUS pPblHKa BHICOKUX TEXHOAOTHH, JAf PbIHKA HayyHO-TEXHMYECKOro Nporpecca.

SToT MEPOBOH PLIHOK CYIIECTBYET, OJHAKO €II¢ CO BPEMEH XOAOZHOH BOHHDBI
4Aq Hac JefCTBYIOT TakHe ' 3aBaAbl , uepes KOTOPBIE Mbl CETOAHA € TPYAOM
npobupaemca. [lpome B oTOM BOmpoce ¢ pPASBHBAICIMMMHCH CTPaHAMM, KOTOPDIE
TAHYTCSA K BHICOKMM TEXHOAOTHAM, HO TYT BBICTYMAET Ha cleHe OOAbIUas MOAUTHEKA ...

M 2xecy mazo uerko ompezeAnTs NPHOPHTET SKOHOMMUECKOH BLIFOZbI, pelias
MoAMTUYECKHE NPo6AeMbl B paMKax  YKpENASHMS TapaHTHil  CYUIECTBYIOMHX
MeskgyHapozubix opranuzaguit OOH.

Cerozmn BcAd TIPOMBIIIAGHHOCTS CTaAa 3aAOKHHIECH OamKOBcKOf M BaAlOTHO-
6upncenoit cucrembr. Bantorno-6upzcesoif u GamcoBckult poiHox GHICTPO MHTErpHPYeTCs
B MHDOBOH QBIHOK TOJ BSrUAOH Beaylux O6aHKOB MHPDL, HCTIOABSYA IO BaAor [0
CYWIecTBY mpHpogHbie GorarcTaa HemeH crpambl. A OTeMeCTBEHHBI! TIPOH3BOAMTEAD,
OfyTaHHbIA HENAATENMaME M JLOACAMH, pasipPOBACHHBI Ha KyCKM aHTHMOHOTIOAbHOH
KOMMaHUeR CTOMT ¢ 'NPOTAHyTo# pyxoil , miger choHcopos. | ocysapcTBennas cHcTema
YIPaBAEHHS M  PErYAMPOBaHMS HAAOTOB JOMKHA 6ObITE  CHOHCOpOM — Halmux
NIpOH3BOAUTEACH.

Kax yae 6biao ckasamoe, ¢ caMoro HAMaAa HAC OTAMMZAH: BaKPBITOCTD ¥
cBasaHHas ¢ HeH KOMILAEKCHOCTD, YHHBEPCAALHOCTE OTpacAH. [ sroMy Hago
NpubaBUTL BHICOKUH YPOBEHD BCe TOH € | GIOZMSETHOCTH -

Tyr 6b1au ¥ curbHbIe MoMeHTSI, B crabpie. Hime sakpbiTocTs yxozuT, B ®T0
Mbl mpuBercTyeM. OfHAKO HeAb2R YTpayHWBATh KOMITAEKCHOCTD, EJMHOE LEACBOE
YIIpaBAEHME OTPACABIO M BO2MO2HOCTbD KPYNHBIX GrosserTHbix HHBecTHimit, Mumarom
Poccnu oTHocUTCR K TOMY THITY CTPYKTYp, KOTOPDbIE B CHCTEMHOM OTHOLICHHH BIIOAME
CBMOCTOSITEAbHBL. | AKHE CTPYKTYpbl CErOZHS HaZo Me R3/KUBATD, 3 COBEpINEHCTBOBATD,
TaKk Kak OHM, OYAyuM HOCHTeAAMHU I[IEPEJOBOIHl MBICAH ¥ TEXHOAOIHH, OKasbiBaIOT
BBICOKOE CTHMYAMpPYIOIee BOSJCHCTBHE Ha HayYHO-TEXHHYECKME mporpecc Bo Bcex
OBAACTAX MPOMBILIACHHOCTH. B TPYAHOCTAX COLMAABHOrO M TIOAHTHYECKOI'O OLITHS Mbi
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FIpOCTO He BaMeuaeM, HUTO OKPYMAIT HAC NPAKTHYECKHE PESYAbTATbI MMEHHO HAYHO-
TeXHHYECKHX zocTHxenul @usukn XX crorerus. A uTo Mbl OCTaBHM CBOMM XeTAM K
BHyKaM miocie cebg, Za Hac NpocTo 'TIPOrAOTAT pa3BUBAIOIIHECS CTpPaHbl, €CAM He
COXPAHMM Y He TIPHYMHOMHM STOT IIOTEHLMAA,

O¢puiumarbno wHame MHHHCTepCTBO 6blac  cosgane B 1993 rogzy xax
Mummcrepcrso cpeauero mammunocrpoenus CCCP (Muncpeamam). B 1989 roay ono
6b1r0 npeobpazoBano B MuHucTepcTRO aTOMHOM BHEPTETHKM M TIPOMBIUIACHHOCTH, & C
1992 roza cymectyer xax Munucrepcreo Poccumiickoii (Dezepaimm no  atommoi
SHEPTHU, TZ¢ LEABOE YIIPABACHHE OTPACADIO OCYWIECTBARETCS 4epes (YHKUHOHAABHLIC
6.10KH.

B cocrar Mumnmcrepcrsa BXoaaT AeCATKHM KpYIHBIX HayWHO-HCCAEOBATEALCKHX
M TIPOEKTHbIX WHCTUTYTOB, COTHH COBPEMEHHBIX ZoObIBAIOIIMX, NepepabaTbIBAIOMINY,
MAIIMHOCTPOUTEABHBIX H TIPHG0POCTPONTEADHDIX TIPENPHATHA, IPEATIPUATHH aTOMEHO-
SHEPreTHYeCKOTO KOMIIAGKCA, & TaKsKe XOpOoIl0 OCHAIUEHHBIX TeXHHYECKH U
YKOMILAEKTOBHHPBIX OTBITHbIME PabOTHRKAMU CTPOMTEAbHO-MOHTAKHBIX OpraHM3alHi.

B eaenvu Munartoma Poccum mHaxossres Bce aToMHbIe CTaHuaM Ha
Tepputopun Poccum, uX [POEKTHpPOBaHHE, CTPOUTEABCTBO, a TOCAE COGBITHE B
Yeprobbire - 1 srchAyaTayys.

OrpacaeBas mayka - BTO, BO . MHOTrOM, OCHOBA M (QYHAAMEHTAALHON
orevecTBennol Hayxm. | lpuMeM JAs HallAX HAYYMHDIX LEMTPOB  XapaKTepHa
MHOTOIPOMHALHOCTD. B HUX BezyTcs MHPOKHE MCCACLOBAHUA H TIIPUKAaZHble paboThl B
oGracTH (usHKM fA4Pa, PUAHUKH BHICOKHX BHEPTMR 1 CBEPXIPOBOAMMOCTH, aTOMHOH
SHEPreTHKH,  TepPMOMJEPHOTO  CHHTeSa,  BACKTPOHWKH,  NprOOPOCTPOeHMA W
aBTOMATUSAIMHK, MaTepPHaACBEACHHUS, TIPOrPECCHBHBIX TeXHOAOTHH K MaIIMHOCTPOEHHS,

Ceroans Bech 8TOT KOMIIAGKC - B CAOXHOM IIOAOMKEHMM: HOBbie pa3paboTKH
TIEPENACTRIOTCS C KPHBHCHBIMY TEHZEHUMAMH, YCHEXM OAHKX TpeATpUATHR - C
GeacTBEHHBIM TIOAONiEHHWeM ZPYrHX. o He 06 sToM XoTeroch 6bi cefiuac rosoputh. K
ecAd f BO2Bpawjaloch K aToH TeMe, To MIlllb ZAS TOTO, YTOGhI HEMHOTO HOPABMBIIAATE
O BOBMOMSHOCTY ¥ WEAecOOBPASHOCTH MHOCTPAHMbIX HHBECTHLMHK B OTEYECTBEHHYIO
aToMHY10 OTpacAb. VluBecTmumu oT Tex crpas, rze yzse aBHO cOPMHPOBAACA PHIHOK
Hay4HO-TeXHUYECKOTO [POrpecca ¥ MepeioBbIX TEXHOAOTHH.

Jyvaro  9r0 Hapssy ¢ KpyOHbIMM = BHYTPEHHHMH  TroCYAapCTBEHHBIMH
BAOXSEHMAMH, Hallle Y4acTHE Ha PbIHKE BBICOKMX TEXHOAOTHE H HAYYHO-TeXHHYECKOro
rporpecca ¢ TPHBACYEHHEM B PASYMHBIX M B3aHMOBBIFOAHBIX 0OEMAX MHOCTPAHHOIO
KarHuTara Gbia0 6bi MOACSHO BCeM CTOpoHaM. ¥ HAC €CTb 4TO M TIOKa»aTh, M HPOZATD,
#... W, ecrectsenmo, xymuts. Muorga wmoxer 6bitb  sd@exTHBHDIM  BHelIHee
@UHaHCHPOBaHHe KaKMX-To paspaborTok, NPOBOIZMMEIX Ha JPEANPHATHAX ¥ B Hay9HO-
HCCAZOBaTeAnCKUX wWHCTHTYyTax [VHHHCTepcTBa, a 3aTeM MHCIIOADSYeMBIX Y€
cosmectHo. JlAm Hac cerozma oTo yie faeT emerozno okoAo 80 MuArMOHOB ZoAAapOB
JOTIOAHMHTEABHOTO (DHHANCHPOBAHMA Hay4HBIX M TeXHOAOrHYeCKHx paspaborox. K
MePCTIEKTUBAM ¥ BOSMOZSHBIM HATIDABACHHAM COTPYZHHYECTBA A €ILE BOSBPaIych, a
MoKa 3aMevy: BBZABIXaTb TI0 TIOBOAY TPYAHOCTEH - MaAOHPOZYKTHBHOe samsaTHe, Jywme
cmoTpeTb B byaymee, He 3abblBas, KOHEUHO, NOTANABIBATD U 10 HOTH.
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A B 6yaymem Mbl npocto-Takz obpedeHbl Ha COBMECTHYX) MaclITabHYIO
paRHONPABHYI0 paboOTy C NMapTHepaMH MO *KUSHU Ha TLAGHETE.

' [roBaabHblil noTenumas Hamell oTpacAH Kak B Karae BOAB! 3PHMO OTPAMSAETCH
Ha TIpUMepe CTapeiiluero Boopy:ceHdeckoro uentpa B Apsamace-16 - BHHUHMID.
Ewe mneckorbko Aer Hasaz ®TOT 0bbekT 6BIA 3aceKpedyeH HacTOAbKO, 4TO Ha
OHUKAALHBIX KaPTaX He CYLIECTBOBAAO CaMOrO HasBaHMA aToMHoro ropoza. Bmecro
Hero seacteAn Aeca Mopaosckoro saroBesnuKa.

A cerogus Bo BHUHM3® nobusaru zecatkm uHOCTpamubix Aereraigil us
Coegunenunix [1lraros, Aurnm, epmanmu, Kuras, Mpanpun, Hopeernu u apyrux
crpan. Muorue crenyenucTsi, B Tom uuMcAe M aKTHBHO paboTarollile BOOPYH(EHLIBI,
BBICS:KAIOT B OTH H JZPYTHE CTPaHbl Ha CHMIIOBHYMDBI, KOH(pEPEHUHH, IEPEroBOpEL.
BaKAl0uaroTCA OroBOPHI O COBMECTHBIX pa3paboTKax M wcchezoBammax. B Apaamace-
16 5 womue mupaps 1994 roza cocrosmaca ye TpeTwH poccHiicKo-aMepPHKEHCKHH
CHMIMOZHYM TIO BOMPOCaM 6esoMacHOCTH TPAHCIIOPTHPOBKY ONAacHbIX IPY30B, B TOM
uMcAe M COZEPMKAIMX pPAZMOAKTMBHble Marepuaabi. | lepsoiit 6piA TpoBezen B
Yennbuucke-70, a sropoit - B CLLIA, 5 Anbyrepke B 1993 rouy. U sro - zarexo
HE CAMHCTBEHHBIH TPHMEP COBMECTHOro o0cyasgeHus OMeHb AEAMKATHBIX mpobieMm.

Heaasno o mozobrom Heabss 6biAc ¥ NOMBICAMTD Kak OZHOM, Tak K APyroH
CTOPOHC! ﬂaﬂ;e B CaMOM (Pa:HTaCTquCKUM CHE 'THRUC HT MULAU HPHC.HHTDCEY HO
OKABLIBAETCHA, YTO BIIOAHE BOBMOXHO HaXOAMTb OOILYI0 TNOYBY JAA IIPEAMETHOTO
pasroBopa Jaxke B TaKOH TOHKOH, YyBCTBUTEADHOHM Cepe HALMOHAABHBIX HHTEPECOB,
Kak 6e30MacHOCTb AAEPHDIX BOOPY?KeHMH. “ITO YK TOrZ2 TOBOPHTH O COTPYZAHUYECTBE
B obAacTi mupHol (YHAaMEHTaAbHOH M npuxiagxoll Hayku? Heobxomumoctn Takoro
COTPYZHHUYECTBa B PasBUTHM MHPOBOH HayKu Obira BCera OYEBHZHOR AAR HalUHX.
yuenbix. Eme B 1956 rozy mamu 6bin cospan O6bezumennbii MHCTUTYT AZEPHDIX
uccaegopammit B r./ly6ue, oTo "oxuo" A% MHPHOTO HCTIOAD3ZOBAHMA aTOMHON SHEPrHH.
B cBoe Bpems sToT MmCTHTYT NoceTnAn Boimarommiica ZaTckuH yuenbii Huasc Dop,
amepuKasckui yuensti | . Cubopr, dpanmysckuii pusux ®.2Moamo-Kiopu. dto au ue
npyuMep MEXsAYHAPOAHOTO TIPH3HAHHA YCIIEX0B OTEYECTBEHHOR (DHUIHKH.

Mexzaynapozroe HayuHo-TeXHHYeCKOe K AEAOBOE COTPYAHHUECTBO - 06AACTb
YeAoBeHweCKHX OTHOIUEGHHH, JaBHO OCEOeHHas Halled Jep:saBoi, OJHAKO HOBOE,
HaMHOTo HoAee MMPOKOE U SHAUATEABHOE HeM pauHee, TOAKAIOYEHHE K HEMY SaKpbIThIX
opraHusauui u uxcTuTyToB Munaroma Poccun cosgaer, Ha Mol B2raaa, coeepilieHHO
HOBYIO ¥ KOAHYECTBEHHYIO M KaueCTBEHHYIO CHTYaLHK).

Ha xapre mMuposoro Texmmueckoro mporpecca OTCyTCTBOBaAM LeAble MaTepHKH
HayYHOH W MHMKEHEPHOM MbICAH, IIPOMBIUAEHHBIX ZOCTH:KEHMH ¥ GOABIIHX
BosmozkHocTedl. Y ToABKO monmocTBIO y6pas ¢ eToM KaprTer BCe GeAble mATHa , MBI
obpereM NPaBO Ha ITOAHOLEHHYK) HMHTErPALMI0 B MHPOBOe coobiiecTso.

N momer au 6orp uHaue? Begp awboe wxpynuoe zero mecer B cebe
€CTEeCTBEHHbIH  IIOTCHIMAA B2aWMHOIO THAMOTeHMS M IO CaMOH CBOEH CYTH
HHTepHalioHaAbHO. B YCAOBHHX MacinTabHoH KOHBEPCHE ﬂ.aepHo—opyzxeﬁHoro
KOMIIAEKCA - BTO 0COOEHHO BaxcHO.
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mupa 3zece npocto neobxozumpl. CoszaHue coBMeCTHDIX KOMNaHHH NpOM3BOJHTEAEH
HaydHO-TEXHH4SCKOH ¥ MPOMBIIACHHOR I[POAYKUMM AAR HAC OCHOBA COXPAHEHUS
BBHICOKOKBAAHMHLMPOBEHHBIX KaZpOB, OCHOBAa HepexoZa K 6oaee MPOUBBOSHTEABHOMY
TPYLY HMa MHMPOBOM PbIHKE BRICOKHX TEXHOAOTHH, A MPOCTOP Takoro coTpYAHHYECTRa
O4eHb IHPOK:

OT TOWCKA HOBBIX TIPHMHLMIIOB, apXMTeKTyp H  HOBOH  OAeMEHTHO-
VHPOPMELMOHHOA 6a8bi BHICOKONPOMSBOAHTEADHBIX BDMUCAUTEADHDBIX CHCTEM JAf
MOJEAMPOBaHHs MRKPO- B MaKpOMHEpA,

OT COBMECTHOI'O WCTIOAD3OBAHMS YHHKAABHDIX CHCTEM, MOZCAHPYIOLIMX ramMa,
HeHITPOHHOE M AaSEepHOe WBAYHCHMS, AAS TPHAAHMS HOBBIX (USHKO-KUMHYECKHX H
MEXaHUYECKHX CBOHCTB MaTepHaAeM H BEIUECTBAM H ZAL MEJULMHCKHX LIEACH;

0 BDINYCK2 COBPEMEHHOR TEXHWKH, JMATHOCTHYECKMX TIPHGOPOB W
MHGOPMALMOHHBIX  CHCTEM C  HCIIOAb3OBaHHEM HOBLIX TeXHOAOrMH Ha Oaze
CBEPXCAABHBIX DACKTPOMETHHTHBIX TIOAH M CBEpXYMCTHIX MaTepHanoB, Ha Gasze
{IHPOKOTC HCIIOADIORBAHNS SHEPTHH XMMHYECKUX BIPLIBYATHIX BEIECTB, CBEPXBLICOKHX
JABACHHUER ¥ TEMITepaTyp.

Ogzumv cropoM Ha 6ase MHTEAAGKTYaABHOTO IIOTeHIHaia oTpacad. A Mosr
YeAOBEKA He HMEET IieHbi!

Yace cerogma ectp ozua Bamuas — NpobAeMa, WMEWIIas MCKAIOUHTEABHO
GorpInoe MeNAYHAapPOZHOE 3HAYeHWe, HA KOTOPOH MHE XO0TeAoch Obl KpaTKo
OCTAaHOBUThCA - 2TO ngepHan dueprernka. (Jcmoenue sAepHOd sHEPTrHH JAAA MHPHOTO
COZHZAHMS - OAHO H3 BAXKHEHINHX HanpaBAcHUU Haluell paboThl.

B sroM rozy oreuectmennanm smzepmas sHepreTmka OTMewaeT CBON COPOKAaAETHHE
wbureii. B 1954 rogy 27 wious 8 Coperckom Coioze, B ropoge O6mmncke nog
Mocxksofi, 61aa mymena fnepsas aTOMHad DAEKTPHYECKasd CTAHLMA B MHpe, Tak 4TO Mpi
oTMEHaeM oaHOBpEMEHHO Iobmaeil ¥ MupoBoR AaeproR smepretuxu. Caoso "atom” s
O6uuucke cTaAc CHMBOAOM COSHZQHMA. | 0pPOJ MMpPHOTO aTOMa, KOABIGEAB aTOMHON
sHepreTHKM - B uHentpe Pycyu Ha mecte 6piBmero ceaa |ypamku, uspectHoro ¢ XVII
Bexa. Menee wem sa Tpu roza B (Dusuko-sHepreTHyeckoM MHCTHTYTC, BOKQYT
xAoToporo shipoc ropog O6mumck, 6bira NOCTPOEHA NepBas B MHPE aTOMHAas CTAHLUMA.
[epsan ADC crara u sxcrepuMenTaAbHOR 6asoll MO MCHBITAHKMIO TENAOBDIACASIOLIHX
c6opox ¢ ypanom-235, ¥ HOBBIX HAYUHDIX ¥ WHAKEHEPHBIX DENIEHMA B aTOMHON
sHepreTHKE. | lo MHHIMaTHBE MPEKPACHDIX YMEHbIX M PYKOBOZMTEAEH STOr0 HHCTHTYTA
AN . Netirryncxoro u Jl.M.Baroxuniiesa 6biau mavatnl paGoTbl N0 aTOMHBIM peakTopaM
Ha 6BICTpbIx HEATPOHaX, TAe Hallla CTPaHA 3aHUMAET BeAYILHE ITO3HIIHH.

Ceroaus yse 17 nporenros Bcefi ®aekTposmeprum Mmupa BhipabaTblBaeTcs Ha
aTOMHDIX CTaHUMHX, KOTOPBIX B MHpPe GOAee HETBIPEXCOT. 3 HEKOTOPLIX pPaSBMTLIX
crpanax zoas AIC B npomssoactee anextposneprun cocrapager 30-80 npouentos. B
Hameil cTpase aTa Aoan 12 mpouentos, a ro Epponefickoit wactu Poccun- yzce oxoro
30 mpouentos. Cerogma aTomHpli peaxTop BTO HCTOYHMK He TOABKO TeENAZ H
JAEKTPUYECTBA, HO M BOBMOXHOCTD BOCIIPOMSBOACTBA SAEPHONO H TEPMOAZAEPHOrO
TOIAMBA, CHHTE3a HCKYCCTBEHHDIX BAEMENTOB, MOAH(HMKAUMH BElecTBA JAs IIPUZAHHHA
eMy HeobBXOZMMBIX KauecTB, HapaBOTKH PAAKOAKTMBHBIX HSOTOMOB AAd MeZMUMHbL A
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3TO BCe ONpeleAdeT TEPCHEKTHBY SAEKTPOHHKH, MEZKLMHBI, MeTaaroo0bpaborku H
MHOroe Jpyroe - OXHHM CAOBOM OfpezeAseT HaydHO-TEXHHYECKHH Mporpecc.

3TH COpPOK AT MPHHECAM HaM He OZHH TOAbKO ycIlexd. lepHo6blAbcKas
KaTacTpoda K IOCAEAYIOWIKH KPH3INC CTAAM CepbesSHEHINHM MHCIIBITAHHEM JAS MHOIHX
HAlllMX COBPEMEHHHKOB Ja M CaMOM HJEH MHCHOAbIOBAHHA SAAEPHOK SHEPTHH B
BHEPTeTUYECKHX LeAfX. AKTHBUSHPOBAAMCD CTOPOHHUKM BATipeTa aTOMHOH BHEPreTHKH
#, Kak yzse OGblA0 B IOJOOHBIX MEPEXOAHBIX  HCTOPUYECKHX BIIoXaX, HaXoAATCH
uHKBU3HTOPHT HoBOH Hayxu M B XX peke. Ho cerogms e kongucxauus umyuiectsa
OTACAbHOrO OOBHHAEMOTrO CTaAa CTHMYAOM MHKBH3WLHM, & OrpOMHbIE Hay4YHo-
TexHUYeckue BoraTcTBa 1eAol crpamnl - Poccun. |

Hccrenobanns 8 Poccun u sa pybersom IMOKasbBAIOT, UTO HCIIOADSOBAHHE
pPasHOTO poZa 8AbTEPHATHUBHDIX WCTOUHHKOB SHeprHM O6yJAeT BOBMO2(HO AMIIb B
orpanAyueHHoM obbeMe (He HapyImas TErAOBOrc M BoZHOTO GaraHca Halued TAHETBI Ha
OTZEALHBIX OrPaHMYEHHbIX TeppuTophax). K Tomy e Hago Z0BaBHTh OINACEHHs
OTHOCHTEABHO NapHUKOBOro sp(peKTa M paspyIIeHHs O30HHOTO CAOA 104 BAHAHHEM
BbIGpPOCcOB B aTMocdepy TPOAYKTOB CTOPAHHA MUHEpAABHOTO TOMAHBA. A cbejanHe NpH
aroM KHcaopogal-sroro ucTounmka xusHR Ha Hawlelt maamere. A 8To o3Havaer, 4TO
6es sAfepHBIX BHEPTETHYECKUX PECYpCOB YeaopeuectBy He obofituch. Peun Moxser maTH
TOABKO 0 MacuiTabax, TeMmraX H peHTabeAbHOCTH, B COYETAHHM ¢ Mepamu Oe301acHOCTH
aTOMHOK BHEPreTHKK, C MepaMu ro Oe3omacHOR yTHAMBAUMM OTXOZ0OB aTOMHbIX
CTaHWAM, ¥ C MepaMH 10 COXPaHEeHMIO €CTECTBEHHOrO pazuallMoHHOro (oMa Ha Hauled
DIAQHETE, KOTOPbIH M ONpeseAdeT pasBuTHE (PAOPR! H (BayHbI HAIEro Mupa.

Chrezyer oTMeTHTD, YTO Kaskzbii MCTOWMHHK SHEPIHWH CBARAH C OPEZEACHHLIMU
pHUCKaMH, BMeeT CBOH HPeUMYIUecTBa U HeZOCTaTKH.

Pazpaborka npoexTos HOBOro HMOKOAGHMS aTOMHBIX SHEPTeTUYECKHX U TEIIAOBBIX
CTEHLIME  OCHOBBIBAETCA Ha  ecTeCTBEHHON HX  6e30MacHOCTH, HCKAOYaIOLIeH
HeYTIPaBAAEMYIO LIETIHYIO PeakiMio AEACHHA sazep, Ha 2aMKHYTOM TOIAMBHOM LMKAE ¢
GesolacHOH CUCTEMOH OGe3BPEMHBAHMA OTXOZOB, B TOM WYHCAE pPEaKTOpbi Ha
MEAAEHHBIX KW ObICTpbix HelitpoHax W ¢ ucrnioAbzosamueMm MOX romausa w ypan-
TOPUEBOro LHKAA.

Ceroans Mp1 paccMaTpuBaeM Kak ZAOMOAHHTEABHBIN KCTOMHHK MHBECTHHH B STY
06AaCTb pacllMperie. BKCOPTa aToMHOro obopyzosanus # tomuea aa AJC, 5 Tom
YHCAE OT YTHAHMBALMH OPYA(CHHOro ypaHa u IAYTOHHAZ, B TOM HHCAE OT SKCIIOPTa
pPeAKOBeMEeAbHBIX JAEMEHTOB, OT BKCHOPTA NPOMSBOZWMBIX HaMH BBICOKOKAAOPHEHBLIX
yzobpeHny, MEAMUMHCKMX M30TONCB, MALIMHOCTPOMTEALHON W npuOOPOCTPOHTEADHOR
MPOAYKUMH, M BCe 3TO AAA CTHMyAHpoBaHHs IOMCKa peileHni rpobiem GesoracHocTH
H HAZEe:KHOCTH AZEpHbIX TEXHOAOTHH. B HoBOM roZy mam BSKCHopT JoAdeH
YBeAHMYHTbCS 40 1 MHAAHapza ZOAAApOE.

B sxcmopTHOM ypaHOBOH mpoayKUEM CerofHA Mbl YK€ WMeeM BBICOKYIO
ZOGABACHHYI0 CTOMMOCTD 38 CYET CBOMX CoBpeMeHHbx TexHoaormi. Ho gymao, wro
Nepexox Ha SKcnopT dAekTputueckodl smeprud ot AIJC Taur B cebe eme Goabmme
ToTeH[IHaAbHble BOBMOXHOCTH, 0coBeHHO Ha 6ase CTPOHTEADCTBA COBPEMEHHBIX
aTOMHBIX CTAHIMA. /A HalM TEXHOAOTMM IIOA3EMHOTO BBLIUEAIYHBAHMA H BHIGYpHUBaHHA
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no Jobbrde JparoneHHbIX METAAOB M KaMHeH, KOTOpble TOABKO NPOOHBaOTCA Ha
MHPOBYIO apeHy, UMeloT HOoAbllIHe IepCrIeKTHBBI Ha MUPOBOM PbIHKE.

Co Bceli onpezereHHOCTBIO MONSHO CKasaTb, YTO JAd HCIIOAb3OBaHHUA
SKOHOMMYECKMX M SKOAOIHYECKHX TPeHMYIUecTB fAZepHOH SHepruu TpebyeTcs TecHoe
MeKAYHAPOAHOE COTPYAHHYECTBO, BKAKOYAS MHPOBOH pbIHOK, H BSaMMHas IIOAZepaika
HaloHaAbHbIX TporpamM. Ha moil Baramg sTa 0BAQCTD COBMECTHOrO HaydHOro M
KOMMEPHECKOr0 COTPYAHUYECTBA HE MMeeT IPeleAos.

Ceroaus paspaboTanbt TPOEKTBI aTOMHBIX CTaHUME 6OALINIOM M MaAoH
MOILHOCTH, OOAaZlalolHe €CcTeCTBEHHOH 6e30MAaCHOCTHI0 ¢ AOKaAMBayHeH IIPOAYKTOB
ZCACHHS BHYTPH PEAKTOPHOrO 6Aoka. IJTH IIPOEKTHI YCNEmMHO IIPOUIAM —Camble
NpUAVPYMBBIE MEXAYHapPOAHble sKchepTusbl. B mepcriexTnre y Hac - paspaborky, Tax
HasbiBaeMbIX THOPHAHBIX ATOMHbIX CTAHLMH, e BHELIHUH MCTOYHHK IPOHHKAOMIUX
YacTHI] HHHLMHUPYET ZAEACHHE snZep M COYeTacTCs C LeNMHOM peakumell ZeAeHus
NOAKPUTUYECKHX MAacc AeAdIUHXCs MaTepHaAOB, Korza B NpPHHIMIE HCKAIORaeTcd
CaMOIPOKBBOABHAS LIeMHas PEAKLMs JeAeHHs sgep. A B gaasHell MepcrieKTHBE - BTO

BHEPIHA TEPMO-ALCPHOIO CHHTEBA ACTKHX AZEeP.
Pearusaliusi mnporpamMmbl  pusmnind  AAcpHOR  oucpretmins B Poccun

HETIOCPEACTBEHHO cBsszaHa co cTabHAMzaudell SKOHOMHKH crpaHbl. B To e Bpems
cTabUABHOCTD aTOMHO-DHEPTETHYECKOrO KOMIIAEKCA SBASETCS BKHOM  COCTABHOM
YacTbH) BKOHOMMYECKOH CTabMAM3aLuy.

Aromuas sueprermxa XX Bexa Zoamma cTPOHMTBCA Ha KOMIAGKCHPOBAHHH
YCUAMH MEPefOBbIX I'OCYAAPCTB € YYETOM HMHTEpEeCOB BCEX DasBHBAIOLIMXCH  CTPaH
Hamero Mupa. ©ITOGbI YMEHbIINTD K3JEPAKH O cozzammio u crpouteanctBy ADC u
ACT (aromupbix cramuuli TemaocHabcenns) szepHas KHAYCTPHR JOAXHA paspaGoTaTb
CTaHZapTHble KOHCTPYKLMH peakTOPHBIX cHcTeM GyZyllero Beka Ha OCHOBE GA0YHO-
MOZYABHOTO MHpHHUMIA HX mocTpoenus. Cerogus Mbi roroBbl MPHCIYIHTD K TaKUM
COBMECTHDIM MC?K]J,}’H&{}OZIHDIM IIPOCKTaM. H ASACM OTBETHDIX BCTPEYUHDLIX IUIArOB.

Mpr mHoro sHaeM o skoromuueckom uyae Slmommm, Mpammn, [epmanun n
IOxuoit Kopen mocre mropoli Mupomoi Bofimbi. A Bce ZeAo B NPOMBIIAEHHOM
OCBOEHUH STHMH CTpaHaMM aTOMHOM BHEprul, B OYPHOM CTPOUTEALCTBE ATOMHBIX
BACKTPHYECKHX CTaHIVMA Ha OCHOBE LIHPOKOHM KOOMEpalyH.

Beruxuii sap mameit zereHol TAamerbl - OpraHMYecKoe TOMAMBO Heo6X0AHMMO He
CXUraTbh B TOMKAaX revell, & COXpaHMTb HauMM TOTOMKAM AAs 6OAee PalMOHAABHOIO H
pasyMHoro wuchmoAbzoBamus. ¥l Bce »aeAaTh ZAst TOro, YTOGBL YAOBAETEOpPEHHE
BHEPreTHUECKUX  NoTpefHOCTeR  HbIHEIIHEro0 IOKOAGHHS He HaHecAo  ymepba
BOBMOMSHOCTAM PasBUTHA OYAYILHX [TOKOACHHMY.

A prs 6yaymmx mokoAeHmi pasBHTHE aTOMHOH SHePreTHKM BO BCEX CTpaHax,
i':aK OCHOBa [Hay4IHO-TCXHHMECKOTO HPOFPECC&, BegeT Hany JLAaHEeTY K HOBOMY
NOKKEMAaHUIO MHEPHOIC COTPYAHMYECTRA, Kk MHPY 6€3 AOKAABHBIX KOHPAHMKTOB.

O-8—-21



Aromnaz orpacab Poccmiickoro rocyaapcTsa BosHMKaAa M pasBHBAAACD B
HEAETKMX M JpaMaTHYeCKHX WHCTopuueckumx ycaoBusx, [Ho zake camoe kparioe
TepeyHCAEHNE AHIUD HEKOTOPbIX €C AOCTHMSCHMM BBYHUMT, BHe COMHEHMS, SIIOXaALHO:
AZepHOE M TEPMOAZiEpHOE Opy:kue, azcpHas BHePreTHKa, MOISHEHINHe YCKOPHTEAH
BAEMEHTAPHBIX YaCTHL, KOCMHYECKHe H CYJOBbIe BHEpreTHYeCKHe YCTAHOBKH,
ACZIOKOABHBIH  aTOMHBIM  (PAOT, METAAYPIHS K IPOM2BOACTBO  JParolEHHBIX K
PEAKOBEMEABHDBIX METAAAOB, CBEPXUMCTBIE MATEPHAAbl M CIIAABbI H T.A4., 6e3 KOTOPBIX
ceroaun He Gplro ObI BHEYATASIOWIMX YCIIEXOB B TeXHHKe, Aa M BCEro MPOMBILIACHHOTO
MOTeHUMaAa [lepesOBBIX CTpaH MHPA, KaK IO TEeXHH4YEeCKOMY YpPOBHIO, Tak M TIo
TEXHOAOTHUYECKHM BO3MOXKHOCTAM. ‘

Ho, nomanyii, raaembm "sorotom’”, Z0BLiThIM oTeYecTBEHHBIMY ATOMILUKAME
8a yase TIOYTH IIOABeKa CBOeH paGoThl CTAAM, BO-NIEPBBIX, HaZexstio obecriedeHHbIN
HaUMOHAABHDIY CYBEePEHHTET W CBf3aHHasd ¢ HHM HaupsaMylo raobaibHag cTabuABHOCTB,
& BO-BTOPBIX - CaM Hall, HEKOrZa CeKPeTHO 3SHaMeHuThil Cpeamam’, Haima
OTeyeCTBEHHasn sflepHasd HHAYCTPUS K Ce AIOZAM, 6e3 KOTOPLIX HEBOBMOMHBI HE
HayyHbIM TIOPBIB, HH YCIIEXH, HH AOCTHXCEHWA- CMELUUAAMCTHl BbICKOTO TeXHHYECKOro
YPOBHA M TEXHOAOTHYECKOH JAHCLMITAMHDI. ,

M =10 "z0r010", Kak Bece, 206bITOE UeAOBEUECTBOM B IAODAABHOM JABHIHSCHHU
BIiepes, TIPHHAAACKHT He OZHHUM AWML Hapogam Poccun, a Bcemy Mupy. 310 - 0gHO
U3 Tex ofIledeAoBeyecKHX 60raTCTB, 'KOTOPbIMH BAAACIOT OTAEABHBIE HApoOAbl, HO
NpUHaJAEXaT OHH BCEMY YEAOBEYECTBY Ha NYTH K COBPEMEHHOMY U OAaTOMOAYYHOMY
MHEPY.

C wuagemsgoli Ha Bce 6Goaee sicHoe ocosHaHme dTOM o06IIel — mMOAb3bI, Ha
PasBUTHE OTEYECTBEHHBIX YCHARH 110 ee 0GpeTeHm:o, Ha pacluipeHHe MeXIYHapoZHOro
B3aHMOBbITOZHOIO M PaBHOMPABHOrO COTPYZHMYECTBA Mbl CMOTPHM B  SaBTpa,
TIPEOAOACBAA CEroJHsIIHNHE NPOOAEMBDL.

Munmcrp Poceniicrolt Wegepaunu
0 ATOMHOH SHEPIHH,
mpodeccop B.H.Muxatiros

22.03.94
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The History and Future of Nuclear Disarmament

Ryukichi Imai
Senior Advisor

Japan Atomic Industrial Forum

How will nuclear disarmament develop in future? What will happen
to the nuclear weapons possessed by the United States and the former
Soviet Union? How will China and France respond? How should we deal
with Israel, India, Pakistan, South Africa, and North Korea
{Democratic People's Republic of Korea)? These issues are extremely
uncertain. In addition, there is an issue of the extension of
Non-Proliferation Treaty of Nuclear Weapons (NPT), which will be
discussed at the meeting to be held in 1995. It is difficult to
answer these questions definitively at the moment. There is also a
question of whether we can leave the present situation as it is, in
the light of that the five permanent members of the U.N. Security
Council represent the five nuclear powers. In my speech, I will
present the problems and describe the status quo, and I would also
like to refer to the nuclear issues, since it may be considered that
these issues have been distorted throughout the cold war of almost

50 years.

1. Changes in Concept and Scope of Nuclear Weapons

Substantial "technical progress”™ has been made since nuclear weapons
were first used for attacking Hiroshima and Nagasaki in August 1945
(though it is very much questionable whether this can be called
"progress” or not). There are big differences between the atomic

bombs dropped on Hiroshima and Nagasaki and nuclear weapons of these



days which are subject to ban and reduction under the 1991
U.S.~Soviet START treaty. This 1is because the latter have gone
through the subsequent changes in design, manufacture and
experiments.

-- First two atomic bombs.

-- Dry hydrogen bomb which appeared in 1953's Bikini nuclear test.
-- Small and 1light nuclear bombs loaded on 1long-range ballistic
missiles, which came to light after launching of a Sputonik in 1957.
-- Compact warheads and multiple independently targeted reentry
vehicles (MIRV), by which missiles could hit targets with, more
accuracy.

-- Development of the command system, such as man-made satellites and
radar, used for the selection of targets and strategic commands.

-- Safety and permissive action 1link in controlling tens of thousands
of nuclear warheads.

-- Control of radiation effects of warheads in nuclear war, etc.
Today's discussions on non-proliferation of nuclear weapons tend to
treat equally all the nuclear weapons, from extremely primitive
nuclear explosive devices, to extremely sophisticated warhead systems
which make most of high technology. Nuclear weapons nations do not

make enough efforts to clarify these differences.

2. Changes in Mechanism and Aim of International Control of Nuclear
Weapons

In the early stages of the nuclear age, nations recognized confusion
brought by this new energy, and tried to exert an international
control urgently, considering the future. The U.S.-Soviet cold war,
which started in 1945, was intensified by the existence of nuclear

weapons. Consequently, it changed the issue of international control



of nuclear weapons from "the global matter to be addressed by the
whole mankind” to "an element of the cold war".

-- Concerns of Niels Bohr, et al., and the negative response from
U.S. authorities.

-- The international control proposed by Oppenheimer, Acheson and
Lilienthal was presented to the United Nations as "Baruch Proposal”
in 19486.

-- Proposal by Eisenhower advocating peaceful use of nuclear energy
in 1953 and establishment of International Atomic Energy Agency
(IAEA); internationalization of knowledge of nuclear energy, special
fissionable material, utilization of radiation, etc.; U.N. Geneve
Conference on peaceful use of nuclear energy,; and revision of the
1954 U.S. Atomic Energy Act.

-- Initial IAEA safeguards (INFCIRC 68) and confidentiality of
commercial secrets.

-- Russel/Einstein declaration in 1955 and PUGWASH conference.

-— Article 3 of 1968 NPT and 1970 Safeguards Committee (INFCIR 153).
-~ Nuclear power generation after o0il crises, and meaning of
plutonium and INFCE.

-~ Physical protection and common safety standards.

-~ Global propagation of information on nuclear weapons, and the
history and management of nuclear weapons (Smice Report, homemade

atomic bombs, Nuclear Weapons Databook).

3. Arms Reduction after World War II

When the United Nations Charter was prepared, the nations did not
recognize the existence of nuclear weapons and their potential, or
U.S.-Soviet confrontation and the cold war between the East and the

West. It took some time before the international community realized



these two problems and a connection between them and began to take
actions. During this time, a number of serious mistakes were
committed. The turning point of the argument lies in the recognition
that it is not physically possible to carry one million tons of TNT
gunpowder with bombers and attack factories and military facilities
in cities, but it is possible to attack them by loading one megaton
of warheads on intercontinental ballistic missiles (ICBM). The
concept of war, armaments, military guards, etc. have changed, and
the scope and method for arms reduction also have undergone a great
change.

-~ U.S.-Soviet confrontation and beginning of the strategy of
massive retaliation.

-- JInitial U.N. arms reduction talks. Comprehensive Program of
Disarmament. Negative Security Assurance. No first use.

-- Changes in targets for a nuclear attack and formation of
deterrent, and the era of MAD (mutual assured destruction).

-~ The Partial Test-Ban Treaty (1963)

-~ Non-Proliferation Treaty of Nuclear Weapons (1970)

-- Flexible Response

-~ SALT II, invasion into Afghanistan, collapse of detente.

-- NATO dual decision in 1970 and Geneve arms reduction talks

-~ Denouncement of nuclear wars at the Geneve summit meeting in 1985
-~ INF Treaty, START Treaty, collapse of the former Soviet Union,
control of nuclear weapons possessed by the former Soviet Union, and

reduction of conventional forces in Europe (CFE).

4. Uncertain prospects of nuclear disarmament

Even though massive expansion in armaments was denounced by both U.S.

and U.S.S.R., the world has not yet reached an agreement on how to
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control nuclear weapons in future, or how to achieve a new order.
The major problems are shown in the following list. The 1important
task for Japan would be to take an initiative 1in solving those
problems. In the light of the national policy of "abolishing nuclear
weapons"” has tended to lead to "negation of the existence of nuclear
weapons altogether and ignorance of matters which need to be
resolved”.

-- Effectuation of Lisbon Protocol: Reduction of nuclear weapons
under the START Treaty was applied to four republics: Russia,
Ukraine, Belarus and Kazakhstan, and the latter three republics
joined NPT as non-nuclear weapons states.

-~ Specific measures will be provided to decrease the total number
of nuclear warheads possessed by U.S. and Russia to 3,000 by the year
2003, and international verification will be carried out. These
measures include disposal, storage and utilization of 200 tons of
weapons-grade plutonium possessed by both countries, conversion into
civilian industry of nuclear weapons industry covering 100,000
employment, decontamination of areas contaminated by radiation
(submarines, etec.), disposal of high-level waste, etc.

-- Satisfactory explanation should be made as to what strategy will
have control over each 3,000 warheads possessed by U.S. and Russia
in the year 2003, and how China and France will participate in the
dialogue of nuclear disarmament. China has developed strategic
nuclear weapons, deferring modernization of the army. France has
maintained its independent defense program in Western Europe, by
deploying nuclear missiles which do not reach the former U.S.S.R.
-- In what way will the United States materialize substantial
reduction of war expenditure? How will U.S., Russia and China

control and curtail exports of highly developed conventional weapons?
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How should we control so-called "dual use technology” on the
international level? What should COCOM, London Guide Line, and MTCR
(missile technology) be dealt with in future?

-- CTB (comprehensive ban on nuclear tests) will be handled by Geneve
Arms Reduction Conference, but what progress can we expect to achieve
by the year of 1995 when a meeting is to be held to discuss the
extension of NPT? How many nations can obtain nuclear weapons
without nuclear tests? What scale of weapons industry will be needed
for U.S., Russia and China to maintain the nuclear weapons system?
Will the development of new warheads ever stop?

-- What are the prospects of security with regard to the NATO area,
Central Europe, Russia, Central Asia, the Middle East, Eastern Asia,

and the western hemisphere?

5. Post-Cold War Structure and Involvement of Japan

Recently, it has been drawing people's attention whether Japan will
be a permanent member of the U.N. Security Council.. This issue has
begun to take a concrete form, as Japanese contributions to U.N. now
account for 12.5% of the total, the second largest amount next to
U.S. At the same time, the world is paying attention to how Japan
will contribute to collective security under Chapter 7 of the U.N.
Charter and to what extent Japan will participate in peace keeping
operations not stipulated by the Charter (especially PKF). Japan
will need to take a lead in dealing with issues in which Japan has
not been very interested or about which Japan has not been required
to express its opinion. Haiti, Abkhaz, and Sarajevo issues are some
of them. Also, with regard to arms reduction, Japan has merely
insisted on abolishing nuclear weapons without substantial

contributions. In future, however, Japan will need to play an active
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role in dealing with the matters mentioned in Section 4, including
disposal of nuclear weapons ({(contributing by way of funds and
technology), and providing specific measures for utilization and
control of plutonium. The era has come when the world would not be

satisfied with the explanation that Japan takes a non-nuclear policy.
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The 27th JAIF Annual Conference

Toward Nuclear-Weapons-Free-World -- the Role of Peaceful Utilization of
Nuclear Energy

International Conference Center Hiroshima, Japan

April 13-15 1994

Facing the Reality of Ultimate Abolition of Nuclear Weapons : The Message of Peaceful
Use of Nuclear Energy

Panel Discussion (Session 1)

YVES BOYER

Introduction

The awesome fate of Hiroshima and Nagasaki has stirred world demands that after
making the atomic bomb and let loose the evil genius, it returns to the bottle. Since that
time there has been an impressive numbers of proposals aimed at "eliminating the use of
atomic energy for destructive purposes” as already proposed by Great Britain, Canada
and the United States in November 15, 1945. But, was the problem really put in the right
manner? Military forces are not the source or cause of tensions and hostility among
nations. They are only the reflection of political disputes. Nuclear weapons reflect the
same needs for protection. To attempt any contro] and limitations of them, separately
from their underlying political causes, is to put the cart before the horses. Historical
precedent of such mistake already apply in recent history : if World War I was provoked,
not exclusively however, by an unlimited arms race, on the contrary World War II was
partially caused by an uncontrolled race for disarmament. Therefore, any proposal
intending to limit or forbid nuclear weapons shall be carefully assessed to its sheer merits
and deficiencies.
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1 - Is a Nuclear-Weapons Free World desirable ?
As a matter of principles, the answer to that question shall definitly be positive :

- the apocalyptic vision of a divided and fragmented mankind using the weapons of
Armageddon when overcomed by its evil genius of hate and death demand a particular
attention. History teaches that unpredictable events with cataclysmic effects may happen
unexpectedly from a unstable situations among countries or inside a country, then
escalate into armed violences and conflicts. In the nuclear era such risks are unacceptable
when they reach a level where world stability is jeopardize and when concatenation of
events may led to the unbridled use of mass destruction weapons.

- a positive vision of mankind, drawn from the philosophical heritage from the
Enlightement period, make us believe that human behavior can be made more or less in a
rationale way. Therefore international disputes shall be growingly solved by others
means than war as exemplified by the increasing importance in modern history of
international agreed norms aimed at reducing tensions, bringing stability and establishing
confidence building measures among nations. In this framework, nuclear weapons are a
useless sword of Damocles, leaving untamed the dramatic specter of the destruction of
mankind and diverting ressources to the detriment of pressing needs.

Both assumptions however carry their own contradictions. The dark side of mankind
should dispose to think twice before getting rid of all nuclear weapons. Armaments
including nuclear weapons have not been built up entirely out of sheer cussedness. They
have been built up, by the nuclear powers, in part to perform a legitimate function, that
consist in trying to protect the state against infringements of its rights, Late,r
legitimization of nuclear weapons was based, and continue to be based, on the fact they
do contribute to assure a minimum of stability. It logically follows that we cannot merely
get rid of nuclear weapons and leave a vacuum that could prove to be dangerous. The
existing deterrent forces shall not be eliminated until new systems for enforcing peace
have been created to insure international order under law and justice. Complete
disarmament without such arrangements for security and stability would merely lead to
rearmament. It is irresponsible and narrow minded to encourage the hopes of people for
the sake of a still unrealistic and unreachable goal. Neither can we be satisfied with the
establishment of mutual deterrence as a satisfactorily goal in the long term. Taking into
account this contradiction, what shall govern the function of nuclear deterrence in the
future ?
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2-1s a Nuclear-Weapons Free World realistic ?

In the current international system and for the foreseable future, a nuclear-weapons free
world seems more a chimera than a realistic goal. Firstly because emotional
considerations whatever be their legitimacy have never made a sound policy. Indeed,
the ideological principles underlying the assumption that a nuclear free world is desirable
can be discussed. From an arms control perspective, one can argue that today and for an
undertermined period of time, the restructuration of current nuclear arsenals towards a
minimal posture will continue to offer guarantees against the worst in time of major
world crisis. This can explain why even among arms-controlers, the idea of minimal
deterrent forces carries its own virtues. It would be indeed irresponsible to deny the
current stabilizing function of nuclear deterrence : an abolition of nuclear weapons could
certainly have the potential to generate international instability. This would means a
return to the pre-nuclear era, the classical age when war wasthe most common mean for
conflict resolution.

Last but not least he proposals fora NWFW would required approbation by the current
possessors of nuclear weapons. The flaw in those proposals is that they are short of
genuine incentives for the members of the nuclear club to renounce the possesion of their
arsenal, Proposals to get rid of atomic weapons have their own virtues but in no
circumstances they provide for the nuclear states the sense, to paraphrase a former
Scientific Advisor to the British Ministry of Defense, that "no one can afford to make
them desperate”.

3- A nuclear world : to make a virtue of necessity.

With the end of the Cold War, the international community faces positive perspectives to
put an end to the nuclear arms race. This race had contributed to an insane spiral of
building weapons for the sake of "overkill" which led the United States and the former
Soviet Union to acquire 125 000 nuclear weapons, i.e. 98% of the world stockpile built
between 1945 and 1993. Positive prospects do now exist to put an end to this
senslessness race. Three of them are worth mentionning :

a) The 1995's NPT review and the recent opening negociations at the Conference on
Disarmament in Geneva for a Comprehensive Test Ban aimed at contributing
"effectively to the prevention of the proliferation of nuclear weapons in all its aspects, to
the process of nuclear disarmament and therefore to the enhancement of international
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peace and security". This welcomed development shall not be however understood, at
least seen from Paris, as the begining of a process leadind towards the total elimination of
the nuclear weapons of the Five nuclear powers, France enters indeed the CTB
negociation for contributing to avoid proliferation, but still with the clear will to maintain
its deterrent force. For the success of the CTB negociations, the French are working to
broaden the number of participants to the CTB that shall be universal in its application :
nuclear states shall be signatories of the CTB as well as all states having nuclear rescarch
capabilities particularly those of the nuclear threshold. In addition, to French's officials
mind, a direct link stands between progresses in the negociations for a CTB and the NPT
review in April-May 1995, where a positive outcome would confirm France's desire to
contribute actively to the success of those negociations. This attitude has to put into a
broader perspective linking France's good will in negociating the CTB and the stability of
the strategic international scene based on various arms contro] agrements such as the
ABM treaty, the CFE agrement, the START process and of course the NPT,

b) The second positive element in limiting the risks of an unbridled nuclear arms race
stems from the progresses made by the former Soviet Union and the United States in
concluding START I and later START II. This provides a sound and balanced
framework for defining the deterrrent posture of those countries going away from a war-
fighting posture.

¢) The last and probably the most promising evolution regarding the function and also
understanding of the nuclear deterrence is the current shift away from this war-fighting
vision towards a more existential conception of nuclear deterrence. This understanding of
nuclear deterrence has always been underlying the French concept of deterrence based on
the notion of "strict sufficiency". "Strict sufficiency" means having enough weapons but
no more. It consits in being able to inflict any potential adversary losses cancelling out
the gains his aggression could bring him. Consequently, French's vision of nuclear
weapons is characterized by their double functions : in one hand a last ditch protection
against the threat of annihilation but also in the other hand weapons to prove the
absurdity of war. In that case the function of nuclear weapons is to make unconceivable
the resort to war to settle political disputes. As a corollary, the amount of weapons is
strictly limited as demonstrated by the share of French nuclear weapons in the total of
warheads built between 1945-1993 : 0,8 %.
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History and Prospects
of the North Korean Nuclear Issues

There would be six possible inspection formats as
follows: :

In the case of the IAFA inspection, IAEA could inspect
the two sites and the US bases together (option A) or
inspect the two sites only (option B). As for the
reciprocal inspection, there are 3 options: the South
inspects the two sites and the North does the two US
bases (option C); only the North inspects the two US
bases (option D); and no reciprocal inspection occurs at
all (option E). Combining these two sets of options
makes Six.

Six Possible Inspection Formats

Format North Korea | South Korea [AEA

1. (A and C) O @) I
2. (A and D) O X AN
3. (A and E) X X A
4. (B and C) O O O
5 (B and D) O X @)
6. (B and E) X X O

Format 1: (A and C)—The IAEA inspects the two
undeclared sites and US military bases and reciprocal
inspections are performed on the same objects. The
two Koreas would welcome format 1 (O), but the IAEA
would not be enthusiastic (A) because the two US
bases are obviously not related with nuclear activities.
A modified version of format 1 would let the [AEA



inspectors participate in reciprocal inspections.

Format 2: (A and D)—The IAEA verifies the two
undeclared sites and the US bases and only North
Korea is allowed to inspect tow US bases. The North
would like format 2 but the South would reject it
because reciprocal inspections would not be realized.
The IAEA would hold the same position as in format 1.

Format 3: (A and E)—Only IAEA inspection of the
two sites and two US bases. Pyongyang would reject
format 3 since it wants to inspect US bases, and Seoul
would not accept it either for the same reason as in
format 2. The IAEA would take the same position as in
format 1. |

Format 4: (B and C)—The two undeclared sites and
two US bases are inspected through reciprocal
inspections and the IAEA would inspect only the two
sites at Yongbyon. The two Koreas would welcome
format 4 and the IAEA would like it as well.

Format 50 (B and D)— The IAEA inspects the two
undeclared sites and North Korea verifies two US
bases. The North would like format 5 but the South
would reject it because reciprocal inspections would not
be realized. The TAEA would take the same position as
in format 4.

Format 6: (B and E) —Only the IAEA inspects the
two sites at Yongbyon. As in format 3, Pyongyang and
Seoul would reject format 6 but the IAEA has no
reason to refuse it.

Among the six possible inspection formats, format 4
is most likely to be realized since all three parties
would be satisfied. If the IAEA inspection of the two
undeclared sites at Yongbyon and the first reciprocal
inspection are conducted, it is thus highly probable that
the IAEA will inspect the two undeclared sites while
South and North Korea, through reciprocal inspections,
verify the two sites and two US bases, respectively.

In principle, Pyongyang would like not only an
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upgraded dialogue but the establishment of full
diplomatic relations with the United States. It would like
the US. to be neutral as between North and South
Korea, not siding with South Korea in every dispute. It
would like the U.S. not to block other nations and
international institutions, especially economic ones, from
getting involved in its trade and investment activities.
The North would like the United States to withdraw its
forces from the South and to take other military steps
including suspension of the Teem Spiirit exercise to
reduce pressure on the North. Pyongyang claims that all
outstanding issues with Washington can be resolved
through face-to-face talks. But while North Korea
presses for such talks in a variety of ways, at this
point its greatest concern seems to be not that the
United States should go along with an easing of its
terms, but rather to prevent the U.S. from actually
toughening its position.

The United States is willing to improve relations with
the DPRK, but only on a basis that serves its broader
aims on the peninsula, in the region and globally. From
Washington's perspective, the most basic requirement is
to undergird peace and stability in North-South Korean
relations and to gain meaningful assurances regarding
long-term security and prosperity for South Korea. U.S.
position would not allow the American “neutrality”
between North and South Korea or compromising on
the U.S. security guarantee to Seoul.

Whether the U.S.-DPRK relations develops into
establishment of full diplomatic relations will depend
first and foremost on inter-Korean developments.
Current issues of the U.S. concern——nuclear
non-proliferation, control of missile exports, and
anti—terrorism--still have relevance not simply to the
Korean Peninsula but to broader American concerns as
well. As a result, not only the Korea-policy community
but a larger set of Washington actors will need to be
satisfied in order for the U.S. government to forge the
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necessary consensus to move ahead in its relations with
the DPRK.

Regardless of the change in North Korean approaches
to the United States, it is generally believed that the
U.S. is not going to move toward more normal relations
in the absence of an ongoing, effective North-South
inspection regime alongside a continuing pattern of full
North Korean cooperation with the IAEA. Even if the
nuclear issue 1is resolved, however, and highlevel
dialogue proceeds, the problems to be addressed in the
course of that dialogue will not be easy.
Communications with the North Koreans are by no
means easy for the U.S.. The problem of speaking
across significant cultural barriers is magnified by the
eccentric ideology of the Kim II Sung regime and its
relative unsophistication vis—a-vis the ways of the
outside world.

If Pyongyang wants to continue pushing for direct
talks with the U.S., the North Korean leadership should
understand that the result may be merely to harden
U.S. attitudes if they only reiterate previous positions, if
they seem to be seeking to go around Seoul’s back, or
if they lie about North Korean pclicies and actions (ie.
on nuclear issues or missiles)--that is what the U.S.
should take into consideration in making its policy
toward the DPRK.

Given complexity of the so-called "the Korean
Triangle”--the United States and the two Koreas,
however, it should be understood that North Korea
alone cannot untie the triangular knot without help from
Washington and Seoul. There is no doubt that such
help can and should be prompted by a signal of serious
change of the North Korean attitude.

Anyway, the "package solution” to the nuclear dispute
proposed by Pyongyang on Nov. 11, 1993 envisages
North Korean concessions on U.S. nuclear inspection
demands synchronized with U.S. diplomatic recognition,
together with the removal of restrictions on trade and
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investment and help in obtaining multilateral credits
similar to the role being played by the United States in
the case of Ukraine.

Diplomatic recognition is the top priority because the
North fears that the United States wants to promote its
collapse and absorption by South Korea, repeating the
German unification model. In the North’s perspective,
the normalization of political and economic relations
would signify U.S. readiness to coexist. Equally
important, economic help would compensate for the
crippling loss of the economic subsidies provided during
the Cold War by Russia and China.

The North is also seeking a U.S. pledge not to use or
deploy nuclear weapons in Korea, through a bilateral
agreement with North Korea or a multilateral accord
involving Russia, China, North and South Korea and
Japan.

In an effort to convince Washington that it has no
intention of developing nuclear weapons, Pyongyang has
asked for help in shifting from its graphite-based
nuclear reactors to light-water reactors, which are less
easily adapted to a weapons program. This would
involve an estimated $2 billion in credits over 10 years
to be shared by the United States, Japan, South Korea
and multilateral agencies.

Pyongyang, for its part, has signaled that it is
prepared to return to full membership 1n the
Nonproliferation Treaty and to open up its declared
nuclear facilities to unimpeded, regular International
Atomic Energy Agency inspections. This would include
full access to the key five-megawatt reactor and
reprocessing plant at Yongbyon.

A compromise formula to permit inspection of two
suspected waste dumps appears increasingly likely,
provided these are not designated as “special
inspections,” thus setting a precedent for inspection of
other undeclared nuclear facilities. The North Korean
armed forces fear that random access to military bases
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through “special inspections” could be wused for
espionage purposes by U.S. and South Korean
intelligence agents working under IAEA cover.

Ukraine is in a stronger bargaining position than
North Korea because it possesses intercontinental
nuclear missiles that pose a clear threat to America.

North Korea, by contrast, poses a hypothetical future
threat.

Using identical evidence available to all of them,
American intelligence agencies differ on whether North
Korea has accumulated enough plutonium to make one
or more bombs and whether it has the trigger
technology necessary to detonate a nuclear weapon.
Nevertheless, the United States is properly concerned
that continued uncertainty over North  Korean
capabilities is stimulating pronuclear sentiment in
Japan and South Korea.

The essence of Pyongyang’s position is its insistence
on simultaneous concessions. Washington has argued
that the North must give in on inspections first to fulfill
its obligations as a signatory of the Nuclear
Nonproliferation Treaty. The tortuous preliminary
negotiations during the past three months have been
over how much Pyongyang would have to concede on
inspection before the United States would agree to link
a nuclear settlement with political and economic issues.

The Clinton administration is deeply divided over
whether to engage in negotiations on a "package
solution” at all and what tradeoffs to offer if it does.
Hard-liners argue that giving too much would tempt
Iran and other would-be nuclear powers to engage in
"nuclear blackmail” of their own. But the benefits of
getting North Korea to give up its nuclear option
outweigh this concern.

Apart from defusing pro—nuclear sentiment in Tokyo
and Seoul, resolution of the nuclear dispute with
Pyongyang would remove the need for a costly
conventional military buildup throughout Northeast Asia.
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The Pentagon is already planning for a possible increase
in U.S. capabilities in South Korea, including Patriot
missiles, and for an $8 billion U.S. -Japanese Theater
High-Altitude Area Defense System to counter the
threat that would be posed by nuclear-capable North
Korean missiles. -

In its latest retort in the dispute over its nuclear
program, North Korea warned on 3 February 1994 that
U.S. pressure could provoke an intense response -— one
that "will be carried into practical action.”

In a strongly worded commentary distributed by the
Korean Central News Agency, North Korea said it had
an "expedient to counter any other option of the United
States.”

"It is not the United States alone that has the
expedient,” it said, "and the option is not open only for
a big power.”

The comments appeared as a partial response to a
resolution passed earlier this week by the U.S. Senate
urging Washington to prepare to return tactical nuclear
weapons fto South Korea if talks with North Korea
remain at an impasse.

In Hong Kong, the U.S. evangelist Billy Graham said
he had received a message for President Bill Clinton
from President Kim Il Sung of North Korea. Mr.Graham
said leaders on both sides should pray ”“that somebody
doesn’t make a mistake.”

Japan and South Korea also have urged Washington
to tread carefully on the issue, fearing an extreme
reaction by the unpredictable North Korean leadership.

Russia’s new envoy in Seoul criticized U.S. policy
toward North Korea on 3 February 1994 saying that
pressure tactics should not be used.

"The nuclear issue must be solved,” Ambassador
George Kunadze said,” but not by backing North Korea
up against a corner.”

By the way, the only way to stop nuclear
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proliferation without paying off would-be nuclear
powers in one form or another is to move purposefully
toward a nuclear-free world.

NY'T raised a "nuclear-free Korea” as follows:

It is especially important to resume regular
inspections by summer, when Noritin Korea will have to
shut down its reactor and replace the fuel rods. At that
time, inspectors will be able to weigh and assay the
nuclear material to find out whether any of it was
diverted in the past, and if so, how many bombs’
worth. Special inspections of suspected North Korean
nuclear waste sites might also be necessary for that
purpose. Those, too, would have to be negotiated.

The Clinton administration should be prepared to pay
a reasonable price to gain such access—by meeting the
North’s demands for improved relations, giving security
assurances, providing reactors that are less
proliferation-prone, and offering trade and aid.
Diplomacy will cost a lot less than confrontation, and
it just might get what the world wants—nuclear—free
Korea.

Now, what is more important is that the conception
of a "nuclear-free world” will be also addressed in the
logic of a "nuclear—free Korea”.

For the logic of a "nuclear—free Korea” raised by The
New York Times' editorial on 18 February, 1994, is
closely related to "moving toward a nuclear—free
world.”
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BOUTH AFRICA‘’S NUCLEAR PROGRAM

Address given at the 27th Japan Industrial Forum Conferencs
in Hizoshima, 13-18% April 1994

DR J W L DE VILLIERS

INTRODUCTION (CHAIRMAN: ATOMIC ENERGY CORPORATION

South Africa’s nuclear development program had its origin in the
occurrence of uranium in the Witwatersrand gold mines. As early as
1994, during the Manhattan Project, these uranium-bearing ores were
investigated and uranium production methods developed in a joint
program between South Africa, the USA and the UK. Uranium was first
produced in 1952, and until the mid-1960’s the total output was =old
to the Combined Develcpment Agency, the purchasing organizatilon sat
up by Britain and the USA to secure adeguate uranium supplies for
their nuclear weapons programs.

In 1948 the Atomic Energy Board was established by Act of Parliament
to control the production and sale of uranium on behalf of the
Government. In 1959 the Atomic Energy Act was amended to provide for
the establishment of a nuclear research and development program.
This program was aimed at peaceful harnessing of nuclear energy and
the devslopment. of nuclear technology for the benefit of the country.
There were four major avenues of development:

° Development of the production and refining of nuclear
materials, such as uranium, thorium as well as other
appropriate raw materials.

¢ Investigation into the application of nuclear energy for

electricity generation.
° Ongoing research fundamental to a nuclear energy progran.

i Research into the uses of isotopes and radiation in
medicine, agriculture, commerce, industry and research.

. THE EBARLY YEARS

The first few years, after the 1959 amendment of the Atomic Energy
Act, were devoted to the selection and training of suitable staff to
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man the Research and Development Program. They were sent overseas

for periocds of up to three years to train in nucléar sclence and
technology at various centres in Europe and the USA. Construction
of research facilities was started at the Pelindaba site in 1961.

The research reactor SAFARI-1 was imported from the USA and
commissioned in 1965, by which time the R&D Program had been firmly
established at the National Nuclear Research Centre at Pelindaba.

During the 1960’s, in view of the USA’s Plowshare Program, an
investigation was also launched into the feasibllity of using nuclear
explosives for the construction of harbours, mines and mountain
passes. This program was abandoned in the late-1970s when it became
clear that there was limited scope for such applications in South
Africa, while the world was fast turning against the use of nuclear
explogives for civil applications.

In 1969 the success achieved with the research inte an indigenous
uranium enrichment technology resulted in government approval for the
constructlion of a pllot plant to prove <¢the technoleogy on an
industrial scale and to undertake the further investigations into
enrichment technolegy. The pilot enrichment plant was commissioned
in 1977 and the first production was achieved in 1978,

The ability to enrich uranlum opened new avenues for the R&D program.
It also made it possible for Secuth Africa to pursue the utilization
of nuclear power reactors based on enriched fuel. A contract was
concluded between FRAMATOME and ESKOM in 1974 for the construction
of a nuclear power station at Xoeberg. Contracts for enrichment
services and fuel manufacture were concluded by ESKOM with USDOE and
FRAMATOME.

However, in 1976 the USA suspendsd 1lts supply of enriched fusl for
.- the SAFARI research reactor. This fuel had already been manufactured
and paid for, when an export permit was refused by the US
administration.



In 1978 the Nuclear Non=Proliferation Act (NNPA) was passed by the
US Congress and applied retro-actively on all previous agreements and
contracts. This led to the refusal of export permits to France for
the uranium already enriched by USDOE for the Koeberg Nuclear Power
Station (KNP3).

These events were seen by South Africa as an unilateral breach of
existing contracts and agreements for political reasons, and South
Africa loet felth in the viability of international contracts to
ensure the availabillity of fuel for lts research reactor as well as
for its civil nuclear power program.

It was therefors decided in 1978 '"toc go it alone" and to erect a
seml-commercial enrichment plant to produce low enriched uranium
(LEU), as well as to erect a fuel manufacturing plant to provide fuel
to the Koeberg Nuclear Power Station.

THE PROGRAM FOR THE MANUFACTURE OF NUCLEAR EXPLOSIVES

The avallability of enriched uranium also provided the means to
develop nuclear explosives, and approval was obtained in 1871 to
conduct preliminary investigations intoc the feasibillty of producing
nuclear explosives for peaceful appllications. These investigations
were limited to theoretical calculations.as well as to preliminary
investigations ints the ballistics of such devices. Ne serlous
development was carried out at this stage. For example, only three
englneers were involved in the ballistlics research into a guntype
azsembly and in limited theoretlcal studies in implosion technology.

In 1974 the AEEB reported that the development of a nuclear explosive
was found to be feasible, and the Head of Government approved the
develcpment of a nuclear explozive capability, limited to peaceful
applications, and approved the budget for the development of a
testing site.

In August 1977 the discovery of the Kalaharl testing slte aroused
widespread international reaction and it was realized that a nuclear
device could not be tested without incurring the wrath of the
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international community. The site was therefore abandoned in August
1977. No nuclear explosive test whatscever was ever conducted by
South Africa.

After the discovery of the testing site, the nuclear deterrent
strategy was developed and the responsibility for further development
was transferred to ARMSCOR.

The reasons for this change in policy, the development of a nuclear
deterrent strategy and the subsequent eventz leading up to the
decision to abandon the nuclear explosives option in 1990, have been
discussed extensively slsewhsre "%, and will not be repeated here.

It must, however, be emphasized that the South African Government was
throughout the program very much aware of the trsmendous destructive
power of nuclear explosives, and therefore also firmly convinced that
South Africa could never employ such a device offensively. The final
phase of the deterrent strategy therefore only included an under-
ground test as a final step to convince the international community
to intervene should South Africa be attacked.

THE FUTURE PROGRAM OF THE AEC

The abandonment of the nuclear deterrent program provided for ths re-
assessment of the AEC’s role in the nuclear development of South
Africa as well as in the African region.

In the 1light of the changed circumstances, the Atomic Energy
Corporation’s mission was revised and reformulated in 1990, resulting
in the so-called AEC 2000 Plus Plan. This plan has repositioned the
AEC from a strategic and heavily state dependent organisation to a
national asset that addresses the needs of the country by applying
its vast array of high technological skills and capabilities towards:

- assisting South African industry in its movement towards greater
competitiveness in exports;

= addressing the environmental needs of our country and its

communities, and
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- the development of the technological skills of our soclety.

The new domain of the AEC consists of ¢two distinct mainstream
business areas, namely:

(1) a future internationally competitlive nuclear fuels business that
adds significant value to our local uranium exporte and

(ii) an industrial business arm of the AEC called Pelindaba
Technology Products (PTP) which manages an industrial product
portfolio on a strict profit basis in global market niches.

Both of these ventures are supported by a focussed Technology
Development function and, in the case of industrial non=nuclear fuel
products, by a Business Development Unlt that is responsible for the
marketing and industrializatlon of new commercial ventures within the

AEC’s core competencies.
Significant progress has already been achieved, for example:

- External income from sales of industrial products rose on
average by between 25% and 35% annually over the last three
financial years and is expected to exceed income from nuclear
fuel related sales within the next year or two.

- Exports increased by more than 50% over the last three years and
is currently representing 11% of turnover. A sharply targeted
export strategy was implemented last year to increase exports
to more than 50% of total sales within the next few years.

= Internationally acknowledged positive results on the well
advanced Molecular Laser Isotope Separation project have been
achieved recently. The demcnstration of single step enrichment
has now placed the objective withln reach of increasing South
Africa’s raw uranium exports from the current approximately R150
million per annum to a figure two to three times as much by high
value addition on a strict commercial basis.
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The creation of the Pelindaba Skills Ingtitute to address ths
dire nseds of our country in its development of technological
skills amongst its broader society. These initiatives range
from those of job creation through basic skills to that of
actively redressing deficiencies 1n secondary school education
through joint ventures with other industries and communitiles,
and co-operation agreements with Technikons and Technical
Colleges providing for the practical training of all their
students at the AEC.

The industrial product portfolio expanded from a very limited
range of approximately 20 products 1ln early 1990 to more than
250 products that are in various stages of market acceptance,
These range from:

° large scale radiolsotope production for exporte used in the
medical and 1ndustrial markets for radlotherapy,
radiopharmaceutical and radiation-source purposes;

° a8 so-called Frothman flotation probe which measures the
pulp and froth thickness in flotation processes used in the
minerals industry:;

¢ @& revolutionary air filter for passenger "and industrial
vehicles that has besen patented world-wide:;

° a wide range of product applications in the mining,
aerospace, food, agriculture and chemical markets;

: radle 1luminescent (non-powered) light sources with
potential application to safety signage in mines;

° a recently patented low-cost smoke elimination device for
coal=burning stoves which is now undergoing

industrialisation development;

: an easy-to-operate moblle membrane separation unit for the
purification of surface water in rural areas;
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° a8 blogas unit for obtaining methane from city refuse dumps
which can be used as a ‘clean’ fuel for vehicles;

¢ an on-line c¢oal-ash monitor developed together with the
CBIR;

° the intended venture, in collaboration with the South
African chemical industry, into large-scale teflon (PTFE)
manufacture based on the AEC’s recently patented
environmentally friendly tetrafluoroethylene manufacturing
process;

° involvement, through local industry, in the specialised
further beneficiation of high=-value small=-volume minerals
recovered from beach sands;

° the recernt introduction inte South Africa of surface
fluorination of plastic containers which render the
container Iimpervious to organic chemical seepage, making
possible, amongst others, plastic fuel tanks and cheaper
plastic car bumpers;

: a world leading project to develcp an internationally
competitive laser enrichment process for South Africs’s
uranium exports, thereby adding value of between 100% and
200% to foreign exchange earnings and securing employment
in the mining sector.

Many of these products and processas are largely almed at the export
market and already more than 15% of the AEC’s income from sales is
earned in exports. Furthermore, it 1s the AEC’s strategy to avold
the direct =ale of technology to overseas partners but instead to
encourage lnvestment in local joint manufacturing ventures in order
to alleviate South Afrlca‘s unemployment problem.

Significant progress in the implementation of its new policy has

already placed the new AEC firmly on its way towards the creation of
national wealth through the application of its vast array of
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technological gkills and capabilities to meet the vital needs of our
future South Africa.

BOUTHE AFRICA AND THE NPT

South Africa has always supported the international non-proliferation
policy of zafeguardling the use of nuclear material and technology for
peaceful purposes. It was one of the seven member countries involved
in the drafting of the IAEA Statute and one of the sighteen founder
members of the IAEA in 198857, and served on the Board of Governors of
that body from 1957 to 1877.

When the Nuclear Non-Proliferation Treaty came inte force in 1970,
South Africa’s nuclear research and development program was well
advanced. It has already successfully developed an Indigenous
uranium enrichment technology on a laboratory scale, and a "zero
ener§y critical facility®, based on its sodium-cocoled heavy water-
moderated power reactor concept, was in operation.

When the Prime Minister informed Parliament on 20 July 1970 that a
new uranium enrichment process had been developed, he stated that
South Africa was prepared to collaborate in the exploitatien of the
process "with any non-communist country

desiring to do so®.

He added: "I wish to state emphatically that South Africa is prepared
‘to subject its nuclear activities to a safeguard system including
inspections, subject to the conditions that:

(a) South Africa wilill in no way be limited in the promotion of the
peaceful application of nuclear energy:

(b} South Africa will not run the risk of detaills of the new
process leaking out as a result of the safeguards imspection
system; and

{c) the safeguards system, while efficient, is to be implemented on
such a reasonable basis as to avoid interference with the normal
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afficlent operation of the particular industries.”

The Government’s hopes for international nuclear collaboration were
destined, for political reasons, to fall. During the 1970s cartain
nuclear weapon atates tended to deny access to "sensitilve" technology
and materlals to "politically unacceptable! states - a category into
which South Africa increasingly fell. As a result, export permits
for highly enriched <fuel for SAFARI-1 were refused by the US
administration in 1976, while 1in 1977 Congress enacted non-
proliferation legislation precluding the transfer of nuclear
technology to states not party to the NPT. In this political climate
the search for partners to exploit South Africa’s enrichment process
on a commercial scale, proved futile.

The bilateral agreement on nuclear co=operation with the United
Btates was, after the 1978 enactment of the Nuclear Non-Proliferation
Act (NNPa), treated as a dead letter. South Africa was also
concerned that the nuclear weapons states were exceedingly reluctant
to heonour their obligations in terms of Article IV, namely the
parties’ '"inalisnable right to develep research, production and use
of nuclear energy without discrimination”, and "to participate in the
fullest possible exchange of equipment, materials and scientific and
technological information”; and in terms of Article VI relating to
the active pursuilt of nuclear disarmament.

While its international political relations continued to deterlorate
in the 1970s en 1980s, South Africa could discern no particular
advantages 1ln acceding te the NPT, but reconfirmed its adherencs to
non-proliferation as far ags 1ts own international nuclear relations

waere concerned,

In the latter part of the 1980’s, far-reaching changes occurred 1in
the internatlonal political arena, as well as in the Southern African
reglon. South Africa’s security position had improved dramatically
by September 1989 and the pollitical reforms introduced by new-eslected
State President, Mr F W de Klerk, paved the way for the termination
of the nuclear deterrent program and South Africa’s accession to the
NNPT, and the resumptilon of its participation in the activities of
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the IAEA.

This also paved the way for closer participation with other African
countries in the field of nuclear technology, and to unconditionally
support the long=sought goal of declaring Africa a nuclear wsapons
free zons.

As South Africa is the first State to veoluntarily give up the nuclear
weapong option, the guestion arcse; "How does a state which by the
definition in NPT terms i1s not a nuclear weapons state, but which
does possess nuclear weapons, acceed to the NPT?" For example, if
such a State should accede to the NPT befere it has destroyed 1ts
nuclear weapons, 1t would immedlately be in breach of the Treaty.

One could, perhaps, as an alternative, enter inteo an INFCIRC-66 type
Safeguard Agreement, by defining the nuclear devices as "nuclear
explosives for peaceful purposes" and dismantle them under IAEA
supervision. In thils case only IAEA personnel from Nuclear Weapon
States should be allowed to supervise the process and to prevent
proliferation of weapons technology. Clearly, such an option cannot
saeriously be considered.

The only viable alternative iz the '"do=it-yourself" option, which was
a'so the option chosen by South Africa, namely to dismantle and
de stroy the nuclear explosive devices completely and then acceed to
i@ NPT as a truly non Nuclear Weapon State.

“‘nfertunately, as South Africa was well aware, such a State then
taces the problem of convincing the IAE2 and the internstional
community of 1lts credibility and of the so-called "completeness" of
lte inventory of nuclear materials and installations.

South Africa therefore offered te the Director General of the IAEA
in February 1991, six months before itz accession to the NPT, to make
all the operating records of the enrichment plants available to the
IAEA.

The only way in which the international community can be assured of
such a State‘s credibility, is to adopt a policy of £ull
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transparency. This, in fact, entails that the IAEA should have free
access to all past records of all nuclear activities and to all
locations previously engaged in nuclear activities, as well as to any
other location identified by the IAEA.

In practice, the IAEA inspectors were able to make use of the
following in their verification sxercise:

- all historical nuclear material inventorles and flows for a
period of more than 15 years:;

- all available commlssloning and operating records of both
enrichment plants, spanning a period of more than 15 years for
the pllot enrichment plant, where the HEU was produced, and a
perlod of more than 6 years for the semi-commercial ennrichment
plant where LEU production still takes place;

= full detalls of the nuclear deterrent prégramme:

= free access by the IAEA to numerous former facilitles, now
converted to commercial nonenuclear use as well as to private
industrial companies, military testing siltes and conventional
armaments factoriss;

= free access to ldentified key individuals associated with the
past deterrent programme, of whom a number had already
transferred to private industry:

- free access to the indepandent auditor appointed by the State
Prasldent to audit the dismantling process of the nuclear
devicas;

= permizsion teo take as many environmental samples £rom any
location as they wished; and

- supervision of tha destruction of the two test shafts in the
Kalahari.
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In return, South Africa insisted on the IAEA maintaining:
(a) no political bias;

(b) continuity of, and professionalism by safeguards lnspectors, and
the

(e¢) maintenance of confldentiality of ell sensitive information
transferred to thes IAEA.

The last requirement 1s for non-proliferation as well as for
commercial and security reasons.

These conditlons were f£ully met by both parties, and by Beptember
1993 South Africa was given a "clean bill of health” by the IAEA ®-

When the NPT was drafted in the 19602, the world was simply divided
into non=Nuclear Weapons States and Nuclear Weapons States. In the
non-ideal world of the 1980s and 908, however, a third categry,
namely that of so-called ‘threshold countrlies’ has come into
eaxistence, which shows up the inadequacies of the NPT and its
agssociated instruments for safeguards application, even if such a
country exercises the roll-back option before accesslon to the NPT.

The experlence of South Africa’s journey inteo .the NPT is that thase
difficulties can probably only be overcome by a consclous political
declslon to be fully transparent and open towards the IAEA. In
‘return the IAEA must respect the reasonable wishes of the country
acceding to the NPT, so contributing to openness and transparency.
Finally, with the objective o0f Zfurthering the cause of non-
proliferation, the international communlty should take care not to
impogse undue political stresses and stralns on an already difficult
process.

THE FUTURE
' South Africa’s policy in the - future will be directed towards

supporting the nuclear non-proliferation regime and developing the
peaceful uses of nuclear energy, to the beneflt of all its people.
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South Africa is implementing export policies commensurate with
established nuclear non-proliferation guidelines, which also include
dual use technologies. A new Act on the Non-prollferation of Weapons
of Mass Destruction was passed by Parliament in 1993 making it
illegal for any South African citizen to assiet 1ln any program
related to the construction of these weapons. South Africa also
intends to co=operate fully with ite African neighbours in creating
a climate conducive to the establishment of a NWFZ for Africa.

Bouth Africa has also accepted membership of the Zangger

Committee and has indicated its willingness to join in the activities
of the Nuclear Suppliers Group. It bscame a member of the Missile
Technology Control Regime in 1993.

Az a major producer of uranium, South Africa will continue to pursue
the commerclal enrichment of uranlum. Likewise, the fabrication of
nuclear fuel will remaln for as long as this actlvity is commercially
viable.

CONCLUSION

The NPT, although severely flawed, and perhaps outdated by global
developments 1n the past 24 years since 1t came into force, is still
the only international treaty which has as its main goal the
limitation and ultimate eradication of nuclear weapons on this
planet.

‘Whether this treaty will be extended in 1995 in its present form or
not, we sincerely hope that a way will be found, even 1f it entails
a redrafting of the NPT or a completely new treaty, to which all
countriles of the world will accede, of ensuring that nuclear enerxgy
and technology shall be used solely for the benefit of all mankind
and not for 1ts destruction.
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1. Introduction

North Korea warned on 31 January 1994 that if the
United States continued to demand comprehensive IAEA
inspections of its nuclear facilities, it could reverse its
decision to stay in the NPT.1

The U.S. State Department, commenting on North
Korean threat to withdraw from the Nuclear
Nonproliferation Treaty (NPT), reiterated on 31 January
that the United States will have to refer the North
Korean nuclear issue to the United Nations if there is
no progress in negotiations between Pyongyang and
the International Atomic Energy Agency (IAEA).2

A U.S. State Department spokesman noted that North
Korea still has not agreed to all the inspections the
IAEA is asking for.

“If this approach doesn’'t bring progress toward
resolving this issue,” the spokesman said, "we’ll have
no choice but to return the matter to the UN. Security
Council."3

Meanwhile, it was reported that South Korea and the
United States have agreed to refer the North Korean
nuclear issue to the U.N. Security Council if Pyongyang
and the IAEA fall to make any progress in their
negotiations on inspections by Feb. 21, when the [AEA
1S scheduled to hold a board of directors’ meeting in
Vienna.4 |

By the way, Foreign Minister Han Sung-joo on 2
February 1994 called on Korean diplomats to stop seeing
the inter-Korean issue from a negative or confronta-
tional perspective.

Han said South Koreans who deal with inter-Korean
issues including Pyongyang’s nuclear question should
understand these issues are not zerosum games.

“We also gain when North Korea gains something,”

1 The Korea Herald February 2, 1994
2 Ibid
3 Ibid
4 Ibid




he said.

Han said Seoul’s short-term goal in the issue is, of
course, securing transparency of North Korea’s nuclear
program. But what's also important is to prevent the
situation from deteriorating, he said.

"We should take into account our relations with North
Korea in general,” Han said in a speech at the opening
session of the annual conference of heads of Korean
diplomatic missions. |

But the minister said North Korea would not gain
anything from its nuclear program, although some may
say 1t 1s successfully delaying negotiations with the
South and the United States and therefore has earned
time to develop nuclear weapons.

“Time 1s on our side. North Korea cannot win
anything by delaying the settlement” he said.®

South Korea opposition Democratic Party leader Lee
Ki-taek said on 1 February that he is opposed to any
international sanctions against Pyongyvang to resolve the
North Korean nuclear issue.

"I expect the nuclear problem on the Korean
Peninsula to be settled in a peaceful way within this
year,” Lee said in a news conference with the Seoul
Foreign Correspondents’ Club held at the Press Center,
downtown Seoulb

Commenting on the declaration by the Seoul and
Pyongyang governments on denuclearization of the
peninsula in 1992, Lee said peaceful use of the nuclear
energy should not be hindered.?

"For the same reason, I object to turning the
declaration into an international treaty,” Lee said.8

Lee reaffirmed his position on his plan to meet with
North Korean President Kim Il-sung in Pyongyvang.

5 The Korea Herald, February 3,1994
6 The Korea Herald, February 1, 1994
7 Ibid
8 Ibid




"As soon as the special National Assembly session
winds up in early March, I will file an application with
the government to visit North Korea,” said Lee.

“I' will discuss with Kim Il-sung various pending
inter-Korean issues such as the easing of tensions on
the peninsula, resumption of talks, economic cooperation,
and reunion of separated families,” he added.®

Lee said a recent poll by the DP found 55 percent of
the people in favor of his planned visit to Pyongyang,
while just 22 percent responded negatively.

The opposition leader also urged the administration to
show 1nore independent attitude toward the negotiations
to solve the North Korean nuclear problem.10

"The absence of Seoul negotiators in the talks to
settle the nuclear issue can be serious obstacle to the
national unification,” Lee said.

“The government should break away from the

practice of depending too much on the United States,”
he said.ll

North Korea 1s reported to know how to process
plutonium, and has achieved considerable level in means
of warhead delivery, the last stage of nuclear weapon
development. Nevertheless, they deny they have a
nuclear weapons project and are pursuing an ambiguous
policy in order to maximize the interests of the regime.
Through accepting nuclear inspection and then
withdrawing from the NPT, North Korea has indirectly
revealed its capacity in nuclear development and at the
same time has achieved military, political and diplomatic
objectives, all the while denying any intention to make
nuclear weapons. In consequence, North Korea has made
possible Dbilateral talks with the U.S. through a
diplomacy offensive of withdrawing from the NPT, and
has succeeded in producing joint statements on some

9 Ibid
10 Ioid
11 Ibid



crucial points towards its own advantage.

While Pyongyang is using a procedural strategy of
achieving nuclear armament through this policy of
anbiguity, the United States is making every possible
effort to Dblock it from achieving its objective. Such
contrary pos‘itions of the concerned parties i1s indeed a
deteriorating factor in their relationship. Yet North
Korea is gradually inducing the U.S. into an improved
relationship by taking advantage of the nuclear issue.
North Korea can now control the U.S. by accepting to a
limited degree the demands for . inspection, while
attaining political, economic and security benefits from
the United States.

After the heightened three weeks, North Korea fmally
bows to deadline on the UN inspection of its nuclear
sites.

Just days before a deadline that would have
heightened its confrontation with the West, North Korea
on 15 February reversed itself and told the International
Atomic Energy Agency that it would permit a full
inspection of its suspected nuclear sites.

The UN agency said: "Representatives of the
Democratic People’s Republic of Korea today informed
the International Atomic FEnergy Agency that DFRK
authorities accept the inspection activities which have
been requested by the IAEA 1n the seven declared
nuclear facilities.”

North Korea sent a telegram informing the IAEA
secretariat that it would issue visas for members of the
IAEA inspection team after seeing the outcome of its
talks with the United States, held in New York on 22
February.

North Korea and the United States may hold a
working-level meeting in New York on 22 February to
discuss the schedule for outside inspection of
Pyongyang’s nuclear facilittes and a third round of
high-level talks between the two countries.

It is reported that at this working-level meeting, the



U.S. and North Korea agrees to hold a third round of
high-level talks between the two countries. And also it
is reported-that both agrees to IAEA inspection teams’
entry to Pyongyang.

South Korean President Kim Young-sam also said on
23 February that he had become “very sure that in the
end North Korea will accept the nuclear inspections”
that the United States and its allies have demanded for
more than a year.12

Now I myself think that it is better for me to fix
analyzing order as follows: (DHistory of North Korean
Nuclear Issues @Prospects for Resolution of the North
Korean Nuclear Issues 3)Concluding Remarks.

12 The Korea Herald, February 25, 1994
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2. History of the North Korean Nuclear Issues

(1) North Korea’s signing of the I[AEA fullscope
safeguards agreement

The two Koreas signed the Joint Declaration on. the
Denuclearization of the Korean Peninsula on 31
December 1991. This declaration established eight
principles for the denuclearization of the peninsula.
Both sides would be prohibited from testing,
manufacturing, producing, receiving, possessing, storing,
deploying, or using nuclear weapons. The declaration
also banned the operation of nuclear reprocessing and
enrichment facilities and confirmed that nuclear energy
would be used for peaceful purposes only. Immediately
after signing the agreement, on 7 January 1992, South
Korea announced that 1992 Team Spirit annual military
exercises would not be conducted and simultaneously
North Korea promised to sign the IAEA safeguards
agreement and accept its inspections.

The North signed the IAEA fullscope safeguards
agreement on 30 January 1992, and ratified it on 9
April. The IAEA carried out three ad hoc inspections
of North Korean nuclear facilities in May, July, ‘and
September of 1992. Pyongyang also signed a subsidiary
agreement with the IAEA on 10 July 1992. That North.
Korea agreed to the Denuclearization Declaration and
accepted the [AEA inspections signified a retreat from
previous rigid positions. The North originally wanted to
turn the Korean peninsula into a nuclear-weapons—free
zone that would effectively bar transit of US aircraft
and ships to or through South Korea. After joining the
NPT in December 1985, Pyongyang had not fulfilled its
obligation to sign within the 18 months and IAEA
agreement and accept inspection of its nuclear facilities.
These policy changes reflect its struggle to escape
economic and diplomatic difficulties. North Korea had
wanted to normalize its relations with the US and Japan



and get economic help from them, but to do so was
obliged to reduce tensions on the peninsula by resuming
dialogue with the South and removing international
suspicions over nuclear activites. The changes also
make it possible to presume that the reformers got the
upper hand over the hard-liners in the North Korean
bureaucracy. | :
To wverify denuclearization, the two Koreas will
inspect objects or sites chosen by the state conducting
the inspection, but agreed upon by both sides. A Joint
Nuclear Control Commission(JNCC) was established on
19 March 1992, to negotiate and 1implement these
reciprocal inspections. Until 30 September 1992 the two
Koreas held eight plenary and five working-level JNCC
meetings. But the negotiations were unsuccessful
because the two sides disagreed on how to choose
inspection objects and methods.l3 Nevertheless, the two
Koreas did have in-depth discussions on the inspection
regulations and reached some consensus on the
verification of nuclear materials and faciliies.14

@ Resumption of the 1993 Team Spirit Joint Military
Exercises :

Even though North Korea accepted three ad hoc
inspections, South Korea and the United States believed
that suspicions over the nuclear program had not been
fully cleared. Seoul and Washington decided to resume
the 1993 Team Spirit exercises unless meaningful
progress were achieved in the JNCC negotiations on
reciprocal inspections. It seems that the South Korean
and US Bush administrations felt that further pressure

13 For more details on North and South Korean positions on reciprocal
nuclear inspections, see Seong W.Cheon, “Verifying a Denuclearized
Korean Peninsula: Current Negotiating Agenda,” in Steven Mataija and J.
Marshall Beier (eds.), Multilateral Verification and The Post-Gulf
Environment: Leaming From the UNSCOM Experience (Toronto: York
University, 1992),pp.173-86.

14 Hankook Ilbo, September 20 1992.



on North Korea would be effective. According to Selig
Harrison, since the first DPRK-US high-level meeting
m New York on 22 January 1992, Seoul and
Washington abandoned the carrot-and-stick policy,
"refusing to engage in further high-level dialogue or to
discuss at any level what the size and content of the
carrot would be."15 , |

In response, rather than yielding to pressure North
Korea strongly criticized the resumption of the Team
Spirit exercises and stopped all North-South Korean
dialogues except the JNCC. Pyongyang rejected the
establishment of a hot-line between the two Korean
military authorities and revoked scheduled meetings of
four Jomt Commissions including the Joint Military
Commission.

At the subsequent JNCC meetings, North Korea
continued to demand the cancellation of the Team Spirit
exercises. Five plenary and three working level JNCC
meetings were held from 14 October 1992 to 25 January
1993. Pyongyang argued that it would negotiate
mspection regulations on condition that the Team Spirit
exercises would stop, and thus no progress was
achieved at all. On 26 January 1993, Seoul and
Washington issued an official announcement that the
1993 Team Spirit exercises would be carried out as
planned. North Korea reacted by declaring it would
close all the North-South communication channels
including the JNCC.

In spite of increasing tensions between the two
Koreas, however, IAEA inspections of North Korean
nuclear faciliies continued. Three more ad hoc
inspections were carried out in November and December

15 He {further stated that “this approach has been completely insensitive
to the internal debate in Pyvongvang and has progressively undermined
the position of the reform elements.” Selig Harrison, “Korea at the
Crossroads: Absorption, Confederation or Chaos?” paper presented at an

international conference held by Seoul Shinmun, in Seoul, April 9-10
1993.
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of 1992 and February of 1993.

(3 IAEA resolution demanding special inspection over
the North Korea

At the initial report to the IAEA, North Korea
declared that it extracted 90g of plutonium in March
1990. The IAEA is suspicious of the truthfulness of the
North's report and is sure that Pyongyang extracted at
least 148g of plutommum on  three  occasions
1989,1990,1991).16 In order to clarify this point, the IAEA
requested inspection of two undeclared facilities. North
Korea rejected the demand and a confroversy came
about over the special inspection. |

The IAEA concluded that there existed “significant
mconsistencies” between what Pyongyang reported to
the JAEA and what the IAEA has found. In order to
resolve them the IAEA demanded special inspection of
the two undeclared sites believed to be nuclear waste
sites. North Korea argued that they are military sites
and thus not subject to the inspections. Pyongyang also
warned that it would take “self-defensive measures” if
further improper actions were taken against it. The
IAEA took serious note of the significant inconsistencies
and adopted resolution 2636 on 25 February 1993. It
called upon the DPRK to cooperate fully and accept the
special inspection within a month. North Korea argued
that the request of special inspection infringed on its
sovereignty and the IAEA had lost its fairness, that it
would mnot accept the demand and would take
self—defensive measures to protect its sovereignty.

Pyongyang refused to accept the special inspection
saying that the [AEA has no right to use intelligence
provided by a third country, and that military facilities
not related with nuclear activities should not be

16 Kim Hyeh-won, “P’'yong agrees on IAEA examination of N-samples,”
Korea Herald March 6 1993.



inspection objects. The North Korean argument,
however, is not justified.

Firstly, there is no provision either in the NPT or in
the IAEA fullscope safeguards agreement that prohibits
the use of information provided by a third country. The
IAEA with its lack of independent ~monitoring
capabilities finds it essential to have nuclear-related
information. For example, Hans Blix, the director
general of the IAEA, said that intelligence from :the
member countries including the United States had been
critical to find secret nuclear facilities in Irag, and
emphasized the importance of information.l?

Secondly, it is not correct to say that the IAEA has
no right to conduct inspections of military facilities not
related with nuclear activities. Again, there is no
provision either in the NPT or in the IAEA fullscope
safeguards agreement that excludes military facilities
from inspection objects. Facilities where nuclear material
does not always exist can be inspected.18

With the IAEA adoption of the special inspection
resolution, tension has greatly increased on the Korean
peninsula. One day Dbefore .the Team Spirit field
maneuver began on 9 March 1993 North Korea
proclaimed a state of semi-war.l® Subsequently, on 10
March 1993, North Korean Minister of Foreign Affairs
sent an official report to the IAEA and refused its
special inspection request.

@) North Korea’'s decision to withdraw from the NPT

Criticizing the Team Spirit military exercises and the
IAEA’s enforcing special inspection, the DPRK

17 Arms Control Today, Vol. 21, No.9(November 1991), pp.3-6.

18 George Bunn, "“Does the Non-Proliferation Treaty(NPT) require its
non-nuclear weapon members to permit inspection by the Intermational
Atomic Energy Agency(IAEA) of nuclear activities that have not been
reported to the 1AEA?" CISAC Working Paper (Stanford: Center for

International Security and Arms Control, Stanford University, May
1992), p.12.

19 Pyongyang lilted the semi—war state on March 24 1993.
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government announced that it would withdraw from the
NPT to protect the supreme interests of its country.
North Korea also argued that it would counter any
collective offensive and pressure expected from the UN
Security Council.20

Although the decision to withdraw from the NPT was
a surprise to international society, Pyongyang made it
clear that it would not preclude the possibility of
negotiation. In the withdrawal announcement, North
Korea stated that it would not change its attitudes until
the American nuclear threat ceased and the I[AEA
restored 1its impartiality. In addition, almost every
statement issued by the North Korean authorities since
the withdrawal announcement have emphasized settling
the problem through bargaining with the United States.
The North Korean ambassador in Geneva and deputy
ambassador in the United Nations, for example, have
listed the following conditions as quid pro quo for
returning to the NPT: (1) termination of the Team Spirit
exercises, (2) inspection of the US military bases in
South Korea, (3 removal of the nuclear threat against
North Korea, @) no US nuclear umbrella over South
Korea, () respect for North Korean socialism, (©)
restoration of IAEA impartiality and neutrality.2!

On the other hand, the IAEA repeatedly called for
North Korea to accept the special inspections, and the
North rejected the demand. Pyongyang further argued
that it would take “strong self-defensive measures” if
North Korea's nuclear problem were presented to the

UN Security Council and pressure continued from
there.22

20 Press conference of the First Deputy Minister of Foreign Affairs, Choson
Central News Agency(Pyongyang: March 12 1993).

21 Segye Times, March 16 1993 Mainichi Shimbun, March 17, April 21 1993.

22 A statement issued by the spokesman of the Ministry of Foreign Affairs,
Rodong Shinmun, March 29 1993
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(&) The UN Security Council resolution

On April 1, 1993, the Board of Governors of the IAEA
accused the DPRK of non—compliance and submitted the
North Korean nuclear problem to the UN Security
Council. In response North Korea blamed the IAEA for
attempting to liquidate her socialism and declared it
would take ‘“effective and strong  self-defensive”
measures.2? Even having called for UN involvement and
in spite of Pyongyang’'s vehement criticism, the [AEA
made clear its willingness to hold consultations with
Pyongyang.24

At the United Nations, extensive consultations and
negotiations were held to find an optimal solution to
settle the problem peacefully, and on 12 May 1993 the
Security Council adopted resolution 825. It (Dcalls upon
the DPRK to reconsider the announcement that it would
withdraw from the NPT, (@calls upon Pyongyang to
respect its nonproliferation obligations and to comply
with the JAEA safeguards agreement, requests the
director general of the IAEA to continue to consult with
North Korea, Durges all member states to encourage
the North to respond positively to the resolution, and )
decides to consider further Security Council action as
necessary.

6) Pyongyang-Washington bilateral talks

After the Security Council adopted that first
resolution, dialogue was activated among the concerned
parties. In particular, just as North Korea had long been
seeking, government-level talks were realized with the
United States. A series of bilateral meetings were held
in two consecutive rounds from June to July 1993.

At the first round, in New York on 2-11 June 1993,

23 Press conference of the North Korean ambassador to Vienna, Joong-ang
Daily News, April 2 1993.
24 Press conlerence of Hans Blix, Joong-ang Daily News, April 2 1993.
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the DPRK government decided to suspend as long as it
considers necessary the effectuation of its withdrawal
from the NPT. And both sides agreed on the following
principles:()assurances against the threat and use of
force including nuclear weapons,(@impartial application of
fullscope safeguards,@)mutual respect for each other's
sovereignty,@non-interference in each other’s internal
affairs,(®support for the peaceful reunification of Korea.
They also expressed their support for the Joint
Declaration on the Denuclearization of the Korean
Peninsula. There were divergent assessments between
Washington and Seoul on the result of the first round
of the talks. US President Clinton praised North Korea's
decision not to leave the NPT and stated that the talks
were the first and important .step to resolve North
Korean nuclear problem.2> On the other hand, South
Korean President Kim Young-sam repeatedly indicated
that the US should make no further concessions to
North Korea.2

The second round of the bilateral meetings was held
at Geneva on 14-19 July 1993. Despite hawkish remarks
on the part of President Clinton,2? the two sides also
produced some meaningful results. At the meetings,
both sides agreed that full and impartial application of
IAEA safeguards is essential to accomplish a strong
international nuclear nonproliferation regime. They also
reaffirmed the importance of the implementation of the
North-South Denuclearization Declaration. North Korea
promised to begin consultations with the IAEA on
safeguards issues and to resume North-South talks on
bilateral issues including the nuclear one. The United
States specifically reaffirmed its commitment to the

25 Joong-ang Daily News, June 12 1993.

26 Han-kyoreh Shinmun, June 26 1993; Choson libo, July 3 1993.

27 During his visit to the Demilitarized Zone near the border between North
and South Korea, he warned the North Koreans that if they ever use
nuclear weapons, "it would be the end of their country as they know
it”  Ruth Marcus, “Clinton to North Korea: Forget the Bomb,”
International Herald Tribune, July 12 1993.

13



principle of assurances against the threat and use of
force including nuclear weapons. Washington also made
clear its intention to support the conversion of the
North Korean nuclear reactors from the current graphite
moderated to light water moderated reactors(LWRs).
The two sides agreed to meet again in the next two
months. Unlike the first round of the talks, Seoul and
Washington agreed that the second round made some
mmportant progress towards resolving the issue.

3. Prospects for Resolution of the North Korean Nuclear
Issues ' '

() DPRK-US talks

In the midst of mixed assessment of the U.S. policy
circles over the North's nuclear capability, the earliest
worst case scenarios positing a highly sophisticated,
extensive, and advanced nuclear weapons program have
been replaced by a more factual assessment.? Most
observers expect that ongoing IAEA inspections will
make it extremely difficult for the DPRK to use its
Yongbyon faciliies for illicit reprocessing of plutonium
on a significant scale, or for other purposes related to
nuclear weapons development.

This does not, however, “solve” North Korea's nuclear
problem or remove the need for a separate, bilateral
nuclear inspection regime between South and North.
The U.S. strongly supports the ROK government's
position that two Koreas must adopt a credible and
effective inspection regime, allowing inspections, at short
notice, of any site (so-called no sanctuary) to which

28 US. serious concern was raised by Bill Gates, CIA Director’s testimony
before the U.S. House of Representatives, Armed Services Commitltee on
March 27, 1992 which presented “Pyongyang is close, perhaps very close
to having a nuclear weapon capability.” But in the process of the
North's acceptance of the series of the IAEA’s ad hoc inspections, such
urgency seemed to be faded until recently when the IAEA's 6th round of
inspection in January 1993.
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suspicions are attached.

Pyongyang has tried in making efforts to shift world
attention away from the nuclear issue, but finally faced
the challenge of no excuse in February 1993 when it
denied the access of the IAEA inspection to two
undeclared sites, which are presumably containing
nuclear waste. In addition, the IAEA’s disclosure of the
inspection results of some discrepancies between the
North’s reports of nuclear materials and the IAEA’s
findings heightened the international suspicion. In a
scheduled meeting of the IAEA in February 1993, the
IAEA strongly requested the North to accept the special
inspections on two unreported sites and is waiting for
the North’s response before March 25.29

Even though North Korea’s nuclear issue is now at
the international community which seeks a strong
determination to regulate proliferation of mass-
destructive weapons, the issue is intrinsically the one of
the Korean Triangle--two Koreas and the United
States.30 That is why North Korea is claiming that the
[AEA is manipulated by the U.S. counting upon the
U.S. intelligence reports on the North’s nuclear
program.3!

North Korea has recently been demonstrating its
eagerness to normalize its diplomatic relations with' the
U.S. and tended to believe that it has taken necessary
steps to satisfy the U.S. demands including the
mmprovement of inter-Korean dialogue, accepting the

29 North Korea did not respond favorably before March 31, 1993, an extended
deadline for the North's reply to the IAEA regarding acceptance of
special inspection by the IAEA.

30 Sung-Joo Han, “The Korean Triangle: the United States and the Two
Koreas,” in Chong-Sik Lee and Se-Hee Yooleds.), North Korea in
Transition (Berkeley, CA:Center for Korean Studies, Institute of East
Asian Studies, University of California at Berkeley, 1991), pp.43-53.

31 Just after North Korea’s announcement to withdraw from the NPT, several
statements by North Korean high-ranking officials including Ambassador
to Beijing Chu, Deputy Foreign Minister Kang have justified their
decision by criticizing the U.S. which manipulates the JAEA to impose
unfair inspections over the North.



IAEA inspections, and return of the Korean War
remains. After rounds of efforts with friendly gesture,
but with no substantive outcome, the North became
realized that the new Clinton administration in the U.S.
won't be flexible in its policy of mon-proliferation and
even tougher in solution of the North’s nuclear weapons
problem.

Despite the rhetoric of North-Korean statements, the
defensiveness of their position and the precariousness of
their situation are all too evident. North Korea is
currently grappling with several sets of conflicting
goals: to guarantee its separate status while
championing reunification; to severely criticize the ROK
regime as an imperialist puppet while seeking to engage
the South in economic enterprises in the North and
mutual security assurances, to deal with its hostility
toward Japan while seeking Japan's economic help; to
use the United States as a whipping boy while urging
immproved U.S.-DPRK relations; to maintain serviceable
ties with Moscow and even better relations with Beijing
while smarting from those governments’ movement
toward Seoul; to plan for outside economic involvement
in North Korea from all these sources while containing
the impact of that involvement on the DPRK political
and economic system; and to maintain a high level of
military expenditure when the rest of the economy cries
out for attention.32

Whatever the nature and dimensions of debate within
the power structure of the DPRK over the desirability
of various courses, the DPRK leadership recognizes its
problems and hopefully has the capability to take at
least some difficult decisions, even if within the
constraint of preserving the core domestic system. This
has been and still is an important factor in the growing
inter-Korean dialogue and the North's relations with the

32 Alan D.Romberg, “North Korea: An American Approach,” a paper prepared
for Center for Strategic and International Studies Project on
“Implications of Korean Peninsula Developments for U.S.-Japan
Relations,” January 1993, Seoul, pb5.
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United States and Japan.33
(2) DPRK-ROK talks

During the second round of the DPRK-US
negotiations in Geneva, North Korea promised it would
resume dialogue with South Korea. Since Washington
made progress in the second negotiation track a
precondition for its own future talks with Pyongyang,
Seoul-Pyongyang talks will resume in parallel with
Pyongyang-IAEA talks.

The ROK Foreign Ministry stated that the second
round of DPRK-US talks was important progress for
the resolution of the North Korean nuclear problem.34
The Foreign Ministry also noted that the North's
recognition of the need for a non-proliferation regime
and the importance of the Denuclearization Declaration
as well as its willingness to begin consultations with
the IAEA and South Korea are all on the right path to
solve the current dilemma.

Since the North Korean NPT  withdrawal
announcement the two Koreas have attempted to meet
and resolve the pending issues. On May 20, 1993, Seoul
proposed that talks on the nuclear and other bilateral
issues take place between the members of delegation of
the inter-Korean High-Level Talks. North Korea, in
response, came up with a counterproposal offering three
stages of inter-Korean contacts:()working level contacts
at the deputy minister level @exchange of presidential
emissaries to each side’s capital®an inter-Korean
summit. South Korea accepted part of the North Korean
proposal and offered to have a working-level meeting to
discuss the nuclear and special-envoy issues together.
North Korea insisted that at the working-level meeting,
only the presidential emissary issue should be discussed

33 See Jeong Woo Kil, “Changes in U.S.-North Korean Relations,” in Seou!
and Washington: New Governments, New Leadership and New Objectives
(Seoul: The Korean Council of Area Studies, 1993), pp.158~150.

34 Han-kyoreh Shirvnun, July 21 1993



and the nuclear issue could be an agendum for special
envoys. In spite of subsequent offers and counter—offers,
the two sides’ positions were not narrowed. On June 26,
1993, Pyongyang unilaterally withdrew its proposal to
exchange special envoys and the bilateral contacts
stopped.

Since the first round of the DPRK-US talks, the ROK
government’s position on the North Korean nuclear
problem was: (Dif North Korea accepts the inspection of
the two undéclared sites, a breakthrough for the nuclear
issue will be achieved and businessmen will be allowed
to visit North Korea, @ if the North-South reciprocal
inspection regulations are agreed, bilateral economic
exchanges can proceed fully.3> After the DPRK-US
meetings in Geneva, the ROK government seems to be
cautious but willing to promote active dialogue with
Pyongyang. For example, Deputy Prime Minister of
Unification Han Wan-Sang remarked that : the
government puts a high value on the results of the
Geneva DPRK-US negotiations by praising North
Korea's staying with the NPT and her reconfirmation of
the importance of implementing the Denuclearization
Declaration.36 Based on such judgments, he added, South
Korea would try to resume bilateral talks soon. At the
moment, the Seoul government stands by the principle
that improving  Dbilateral relations and economic
exchanges and cooperation should be preceded by the
resolution of the nuclear issue. South Korea would want
to resume the Joint Nuclear Control Commission(JNCC)
and resolve the nuclear issue at the JNCC.

The format of the future DPRK-ROK talks would
depend on whether the North Korean suggestion to
exchange special envoys is realized. Noting that Kang
Sok—Ju, the North Korean chief delegate of the
DPRK-US talks, reemphasized that the exchange of
presidential emissaries for the inter-Korean summit

35 Choson Ilbo, June 23 1993.
36 Han-kyoreh Shinmun, July 22 1993.
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should be held and the nuclear issue could be discussed

during the exchange?3’ Pyongyang is expected to ask
Seoul formally for such an exchange. The South Korean
position is yet to be decided but there seems to be
more flexibility on the issue than before38 Even if
presidential emissaries are exchanged, only guidelines or
some framework for inspection provisions can probably
be agreed. Therefore, follow-on negotiations on detailed
imnspection regulations should be held regardless of the
realization of the exchange of special envoys.

It is not clear whether the North has decided to
accept the inspection of the two undeclared sites. It is
presumed that intensive debates are going on in the
North Korean bureaucracy. There is a good chance that
Pyongyang will accept a modified version of the special
inspection of the sites given that it receives reasonable
benefits from Washington and Seoul including its own
inspection of US military bases. The US and South
Korea are willing to provide some  concrete
compensations for the North if the two sites are
inspected regardless of the name and type of the
inspection. The [AEKA wants its reputation not to be
damaged by failing to be able to exercise its special
mspection right. At the same time, the IAEA has
shown flexibility to an extent that it would not stick to
the name of the special inspection so long as it is
allowed access to the two sites. Based on these
positions, as mentioned earlier, the JAEA and North and
South Korea are likely to work out compromises to
allow North Korea to save face.

Under the circumstances, an optimal solution might be

37 Kang’s remarks during his press conference after the second round of the
DPRK-US meetings. The Choson Central News Agency (Pyongyang:

July 20 1993).

38 For example, the Deputy Prime Minister of Unification stated that the
format of the bilateral negotation i1s a secondary issue although he
viewed that the tming for an exchange of special envoys is not ripe.
Hankook Ilbo, July 23 1993.



found Dby associating the I[AEA inspection with the
North-South reciprocal inspection. To give a face saving
solution to the North, who will be embarrassed by the
discovery of nuclear materials at the supposed military
facilities, it is likely that the IAEA inspection and the
reciprocal inspection of the two undeclared sites and the
two US bases in South Korea will be conducted
simultaneously.39 In this case, the IAEA’s determination
to exercise its special inspection right will not be
undermined. . On . the other hand, North Korea could
argue that it had only allowed the IAEA officials for a
visitd0 and could give maximum publicity to her own
inspection of US bases, which it has been long
wanted.41

According to Seong W. Cheon, there would be six
possible inspection formats as follows:
In the case of the IAEA inspection, IAEA could inspect
the two sites and the US bases together (option A) or
inspect the two sites only (option B). As for the
reciprocal inspection, there are 3. options: the South
inspects the two sites and the North does the two US
bases (option C); only the North inspects the two US
bases (option D); and no reciprocal inspection occurs at
all (option E). Combining these two sets of options

39 After meeting Choi U-jin, the chairman of the northern side of the JNCC,
in November 1992, Peter Hayes revealed that North Korea determined they
would limit their inspections to perhaps one or two designated sites in
the South. Peter Hays, Nuclear Inspections in Korea: Rough Waters Ahead?
(Berkeley, CA: Nautilus Pacific Research, November 1992), p. 4.
Previously, the North had insisted on simultaneous inspection of all US
bases in South Korea. Although this issue was not discussed in depth
between the two Koreas due to the confroversy surrounding the 1993 Team
Spirit military exercises, there is no sign that the North altered their
position. Considering that two undeclared sites are in dispute, two US
bases are likely to be the objects of the first reciprocal inspection.

40 Choi U-jin distinguished on November 13 1992, the IAEA ‘“officials’
visits” from the IAEA “inspectors’ inspection.” Choi stated that the
North had permitted visits to some of undeclared sites in order to
extend a spirit of cooperation to the IAEA. Peter Hayes, Nuclear
Inspections in Korea: Rough Waters Ahead? p.3.

41 See Seong W.Cheon, “North Korea’s Nuclear Problem: Current State and

Future Prospects,” The Korean Journal of National Unification, Vol2, 1993,
pp.96~90.
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makes six.42

Six Possible Inspection Formats

Format North Korea | South Korea IAEA

1. (A and C) O O A
2. (A and D) O X A
3. (A and E) X X A
4. (B and C) O O O
5. (B and D) @ X O
6. (B and E) - X X O

Format 1: (A and C)—The IAEA inspects the two
undeclared sites and US military bases and recipfocal
inspections are perforrmed on the same objects. The
two Koreas would welcome format 1 (O), but the IAEA
would not be enthusiastic (A) because the two US
bases are obviously not related with nuclear activities.43
A modified version of format 1 would let the IAEA
inspectors participate in reciprocal inspections.

Format 2: (A and D)—The IAEA verifies the two
undeclared sites and the US bases and only North
Korea is allowed to inspect tow US bases. The North
would like format 2 but the South would reject it
because reciprocal inspections would not be realized.
The TAEA would hold the same position as in format 1.

Format 3: (A and E)—Only IAEA inspection of the

42 Ibid., p.100.

43 The IAEA inspection of US bases was suggested by Leonard Spector of
the Carnegie Endowment. Choson Ilbo, March 18 1993. The IAEA would
not take to the idea, however, in consideration of these two points:it is
against the IAEA's long tradition not to inspect purely military bases, and
IAEA inspection of the US bases could set a bad precedent for other
regions. For example, countries in the Middle East might refuse inspections
until the IAEA were to inspect military bases in Israel, which is believed
to possess nuclear weapons.
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two sites and two US bases. Pyongyang would reject
format 3 since it wants to inspect US bases, and Seoul
would not accept it either for the same reason as in
format 2. The JAEA would take the same position as in
format 1.

Format 4: (B and C)—The two undeclared sites and
two US bases are inspected through reciprocal
inspections and the ITAFEA would inspect only the two
sites at Yongbyon. The two Koreas would welcome
format 4 and the IAEA would like it as well.

Format 5: (B and D)— The IAEA inspects the two
undeclared sites and North Korea verifies two US
bases. The North would like format 5 but the South
would reject it because reciprocal inspections would not
be realized. The [AEA would take the same position as
in format 4.

Format 6: (B and E) —Only the IAEA inspects the
two sites at Yongbyon. As i format 3, Pyongyang and
Seoul would reject format 6 but the IAEA has no
reason to refuse it.

Among the six possible inspection formats, format 4
is most likely to be realized since all three parties
would be satisfied. If the IAEA inspection: of the two
undeclared sites at Yongbyon and the first reciprocal
inspection are conducted, it is thus highly probable that
the JAEA will inspect the two undeclared sites while
South and North Korea, through reciprocal inspections,
verify the two sites and two US bases, respectively.44

4. Concluding Remarks

In principle, Pyongyang would like not only an
upgraded dialogue but the establishment of full
diplomatic relations with the United States. It would like

44 North-South reciprocal inspections may not be as intensive as those by
the IAEA, which allow inspectors to enter buildings and take samples.
Until a certain level of confidence is developed between Seoul and
Pyongyang, reciprocal inspections would permit mere visits of sites but
not allow any buildings to be entered.
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the US. to be neutral as between North and South
Korea, not siding with South Korea in every dispute. It
would like the U.S. not to Dblock other nations and
international institutions, especially economic ones, from
getting involved in its trade and investment activities.
The North would like the United States to withdraw its
forces from the South and to take other military steps
including suspension of the Team OSpiirit exercise to
reduce pressure on the North. Pyongyang claims that all
outstanding i1ssues with Washington can be resolved
through face-to-face talks. But while North Korea
presses for such talks in a variety of ways, at this
point its greatest concern seems to be not that the
United States should go along with an easing of its
terms, but rather to prevent the U.S. from actually
toughening its position.4o

The United States is willing to improve relations with
the DPRK, but only on a basis that serves its broader
aims on the peninsula, in the region and globally. From
Washington's perspective, the most basic requirement is
to undergird peace and stability in North-South Korean
relations and to gain meaningful assurances regarding
long-term security and prosperity for South Korea. U.S.
position would not allow the American “neutrality”
between North and South Korea or compromising on
the U.S. security guarantee to Seoul.

Whether the US.-DPRK relations develops into
establishment of full diplomatic relations will depend
first and foremost on inter-Korean developments.
Current issues of the U.S. concern—-nuclear
non-proliferation, control of missile exports, and
anti-terrorism--still have relevance not simply to the
Korean Peninsula but to broader American concerns as
well. As a result, not only the Korea-policy community
but a larger set of Washington actors will need to be

45 Alan D.Romberg, "North Korea: An American Approach,” a paper prepared
for Center {or Strategic and International Studies Project on
“Implications of Korean Peninsula Developments for US.-Japan
Relations,” January 1993, Seoul, pp.15-16.
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satisfied in order for the U.S. government to forge the
necessary consensus to move ahead in its relations with
the DPRK.

Regardless of the change in North Korean approaches
to the United States, it i1s generally believed that:the
U.S. is not going to move toward more normal relations
in the absence of an ongoing, effective North-South
inspection regime alongside a continuing pattern of full
North Korean cooperation with the [AEA. Even if the
nuclear issue 1is resolved, however, and highlevel
dialogue proceeds, the problems to be addressed in the
course of that dialogue will not be easy.
Communications with the North Koreans are by mno
means easy for the U.S.. The problem of speaking
across significant cultural barriers is magnified by the
eccentric ideology of the Kim Il Sung regime and its
relative unsophistication vis—a-vis the ways of the
outside world.46

If Pyongyang wants to continue pushing for direct
talks with the U.S., the North Korean leadership should
understand that the result may be merely to harden
U.S. attitudes if they only reiterate previous positions, if
they seem to be seeking to go around Seoul’s back, or
if they lie about North Korean policies and actions (i.e.
on nuclear issues or missiles)--that is what the U.S.
should take into consideration in making its policy
toward the DPRK.

Given complexity of the so-called “the Korean
Triangle”—-the United States and the two Koreas,
however, it should be understood that North Korea
alone cannot untie the triangular knot without help from
Washington and Seoul. There is no doubt that such
help can and should be prompted by a signal of serious
change of the North Korean attitude.

46 Danie! Russel, "US.--North Korean Relations,” in Current Issues in
Korean-U.S._ Relations: Korean-American Dialogue (Seoul: The Institute
for Far Eastern Studies, 1993), p.50.
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Anyway, the “package solution” to the nuclear d18pute
proposed by Pyongyang on Nov. 11, 1993 enwsages
North Korean concessions on U.S. nuclear inspection
demands synchronized with U.S. diplomatic recognition,
together with the removal of restricions on trade and
investment and help in obtaining multilateral credits

similar to the role being played by the United States in
the case of Ukraine.

Diplomatic recognition is the top priority because the
North fears that the United States wants to promote its
collapse and absorption by South Korea, repeating the
German unification model. In the North's perspective,
the normalization of political and economic relations
would signify ~ U.S. readiness to coexist. Equally
important, economic help would compensate for the
crippling loss of the economic subsidies provided during
the Cold War by Russia and China.

The North is also seeking a U.S. pledge not to use or
deploy nuclear weapons in Korea, through a bilateral
agreement with North Korea or a multilateral accord
involving Russiag, Chma, North and South Korea and
Japan.

In an effort to convince Washington that it has no
intention of developing nuclear weapons, Pyongyang has
asked for help in shifting from its gra/phite-based
nuclear reactors to light-water reactors, which are less
easily adapted to a weapons program.4?7 This would
involve an estimated $2 billion in credits over 10 years
to be shared by the United States, Japan, South Korea
and multilateral agencies.

Pyongyang, for its part, has 31gnaled that 1t 1is
prepared to return to full membership in the
Nonproliferation Treaty and to open up its declared
nuclear facilities to unimpeded, regular International
Atomic Energy Agency inspections. This would include

47 Woo Chung,” North Korea’s Nuclear Weapons Development Program
Emerges as Threat to Global Village,” FEAST ASIAN REVIEW,
Vol.V.No3 (Autumn 1993), pp.118-120.



full access to the key five-megawatt reactor and
reprocessing plant at Yongbyon.

A compromise formula to permit inspection of two
suspected waste dumps appears increasingly likely,
provided these are not designated as “special
inspections,” thus setting a precedent for inspection of
other undeclared nuclear facilities. The North Korean
armed forces fear that random access to military bases
through “special inspections” could be wused for
espionage purposes by US. and South Korean
intelligence agents working under JAEA cover.

Ukraine is in a stronger bargaiming position than
North Korea because it possesses intercontinental
nuclear missiles that pose a clear threat to America.
North Korea, by contrast, poses a hypothetical future
threat.

Using identical evidence available to all of them,
American intelligence agencies differ/ on whether North
Korea has accumulated enough plutonium to make one
or more bombs and whether 1t has the trigger
technology necessary to detonate a nuclear weapon.
Nevertheless, the United States is properly concerned
that continued uncertainty over North Korean
capabilities 1s stimulating pronuclear sentiment in
Japan48 and South Korea.

The essence of Pyoﬁgyang’s posifion is its insistence
on simultaneous concessions. Washington has argued
that the North must give in on inspections first to fulfill
its  obligations as a signatory of the Nuclear
Nonproliferation Treaty. The tortuous preﬁminary
negotiations during the past three months have been

48 In téstjmony in Congress in November, Paul D Wolfowitz, a former
Defense Department official and ambassador to Indonesia, expressed
fear that North Korea would “push Japan into military programs that
Japan has so far strongly resisted.”

Brent Scowcroft, George Bush's national security adviser, and Arnold
Kanter, who dealt with North Korean issues in the State Department,
have made similar statements.

David E. Sanger, “Japan Makes It Sharp and Clear: Nuclear Arms Are
Qut," Intemational Herald Tribune, Februay 2, 1994.
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over how much Pyongyang would have to concede on
inspection before the United States would agree to link
a nuclear settlement with political and economic issues.

The Clinton administration is deeply divided over
whether to engage in negotiations on a "“package
solution” at all and what tradeoffs to offer if it does.
Hard-liners argue that giving too much would tempt
Iran and other would-be nuclear powers to engage in
"nuclear blackmail” of their own. But the benefits of
getting North Korea to give up its nuclear option
outweigh this concern.

Apart from defusing pro—nuclear sentiment in Tokyo
and Seoul, resolution of the nuclear dispute with
Pyongyang would remove the need for a costly
conventional military buildup throughout Northeast Asia.
The Pentagon is already planning for a possible increase
in US. capabilites in South Korea, including Patriot
missiles, 49 and for an $8 billion U.S. -Japanese Theater
High-Altitude Area Defense System to counter the
threat that would be posed by nuclear-capable North
Korean missiles.®0

In .its latest retort in the dispute over its nuclear
program, North Korea warned on 3 February 1994 that
U.S. pressure could provoke an intense response —- one
that “will be carried into practical action.”

In a strdngly worded commentary distributed by the
Korean Central News Agency, North Korea said it had
an “expedient to counter any other option of the United
States.”

"It i1s’ not the United States alone that has the
expédient,” it said, "and the option is not open only for
a big power.”

The comments appeared as a partial response to a

49 Mary B. Kim, "For business, politics or security,” The Korea Hemald,
February 3, 1994.
50 Selig S. Harrison,
"Incentives to Make Renunciation of Nuclear Arms Pay,” International
Herald Tribune, February 1, 1934 '
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resolution passed earlier this week by the U.S. Senate
urging Washington to prepare to return tactical nuclear
weapons to South Korea if talks with North Korea
remain at an impasse.®l

In Hong Kong, the U.S. evangelist Billy Graham said
he had received a message for President Bill Clinton
from President Kim II Sung of North Korea. Mr.Graham
said leaders on both sides should pray “that somebody
doesn’t make a mistake.”52

Japan and South Korea also have urged Washington
to tread carefully on the i1ssue, fearing an extreme
reaction by the unpredjctable North Korean leadership.

Russia’s new envoy in Seoul criticized U.S. policy
toward North Korea on 3 February 1994 saying that
pressure tactics should not be used.

“The nuclear issue must be solved,” Ambassador
George Kunadze said,” but not by backing North Korea
up against a corner.”s3

By the way, the only way to stop nuclear
proliferation without paying off would-be nuclear
powers in one form or another is to move purposefully
toward a nuclear—free world. ’

NYT raised a "nuclear—free Korea” as follows:

It 1s especially 1mportant to resume regular
inspections by summer, when North Korea will have to
shut down its reactor and replace the fuel rods. At that
time, inspectors will be able to weigh and assay the
nuclear material to find out whether any of it was
diverted 1in the past, and if so, how many bombs’
worth. Special 1nspections of suspected North Korean
nuclear waste sites might also be necessary for that

51 "North Korean Threats Mount: A Warming of ‘Practial Action’ Agains:
U.S.,” International Herald Tribune, February 4, 1934
52 Ibid

33 Ibid
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purpose. Those, too, would have to be negotiated.

The Clinton administration should be prepared to pay
a reasonéble price to gain such access—by meeting the
North’s demands for improved relations, giving security
assurances, providing reactors that are less
proliferation—prone, and offering trade and aid.

Diplomacy will cost a lot less than confrontation, and

it just mught get what the world wants—nuclear—free
Korea.®4

Now, what is more important is that the conception
of a "nuclear—free world” will be also addressed in the
logic of a "nuclear—free Korea”.

For the logic of a "nuclear—free Korea” raised by The
New York Timnes’ editorial on 18 February, 1994, is

closely related to "moving toward a nuclear—free
world."95

54 Editorial of The New York Timnes, February 18, 1994
5 Ibid
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Plutonium and Civilization

Address for April|4, 1994,
Hiroshima International Convention Hall

27th Annual Meeting of the Atomic Energy Industry

Yumi Akimoto

Mitsubishi Materials Corp.

. Why Plutonium?

1. Gold and Plutonium (Angel or Devil?)

Since the ancient days of the lonic States, gold has been the
standard of wealth in all nations, and has been a bastion of the world
economy. In search of gold, pioneers poured out their sweat and their blood
to open the frontiers of the New World. It is no exaggeration to say that the
enchanting power of gold has changed history and built civilization.

However, | am convinced that, in the future, plutonium, an element discovered
only in the middle of the 20th century, will become far more important than

gold for bolstering human civilization.

quing said this, | expect some criticism for my comparison of gold,
a beautiful metal that has entranced millions, with plutenium, which
conversely is feared and despised by all. And, to be sure, the images our
modern society holds with respect to these two elements could not be more

different.

Misfortune, for plutonium, begins in the fact that the very firsts use of

its enormous energy was against the people of Nagasaki. For those who

— 2 -



believe in the potential of nuclear deterrent, plutonium remains the symbol of
military force. It is understandable, thus, that for many people plutonium is

tainted with the smell of blood.

Nonetheless, we must remember that the Aztec and Mayan cultures
perished because of their immense stores of gold. If Marco Polo, in his
journals, had not written that "in the Far East, there is a country that is made
of gold,” Columbus would have never set sail on his great journey.
Fortunately for the people of Japan, it was not a "country in the Far East" that
Columbus discovered. For after discovery of the New World, the continent of
Central and South America was forn apart by a whirlwind of piltage and
destruction. It is said that the native populations of Jamaica and Cuba were
entirely wiped out. As the population died off, people were forcibly brought
from Aifrica to work as slaves in the harsh labor of the gold mines. In the
16th century, gold must had been for non—Europeans a far more evil and
more feared metal than plutonium today. Whatever the substance, it can be
viewed as either a devil or an angel according 1o the uses that humans make

of it.

2. The information revolution and the energy revolution

(the million—fold potential for change)

Plutonium the element is a veritable bundle of energy. Plutonium
can produce several million times the energy of a lump of coal of the same
weight. The difference that "several million® makes to civilization may be
difficult to conceptualize, but proof in parallel already exists in information
technology. One—megabyte LSls are no longer uncommon, but consider that
this tiny chip contains a million elements, each acting as a vacuum tube.
Thanks to technological advances of this kind, we are able fo perform the

complex calculations that allow us to map the secrets of genetic structure,
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and information networks have been created that allow us to learn instantly

about events happening around the world.

Plutonium is a material that will permit us to bring about, in the field
of energy, the same kind of technological revolution that we have seen with
information systems. Moreover, because energy, unlike intangible
im‘ormation,‘ is directly connected to human lifestyles, it will take considerable
effort and time before humanity comes to appreciate the immense paradigm
shift that access to million—fold energy will occasion. The steam engine
invented by James Watt produced less than a hundred times the power of a
horse, and even in theory could produce no more than a thousand
horsebower —— yet this was sufficient to usher in the Industrial Revolution.
In the last hundred and some years, Japanese have gone from riding "kago"
the carriages to jet planes, but the power differential between these two forms

of tfransportation barely exceeds about one million,

The greater the potential, the greater the force that is brought to
resist change. By the groups of people who feel that the pace of civilization
today is too fast, and by the people who are still unable to extricate
themselves from the thinking of the Cold War, plutonium is surrounded with

malicious myths.

Il. Myth and Reality

1. Is plutonium a man—made element? (its origins)

Speaking of myth, plutonium was named after Pluto, the outermost planet in

the solar systern. The name of Pluto reminds me the scene of famous

Gluck's opera , in which Pluto is given the role of tenderhearted king of
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underworld, who releases Eulidice from the land of the dead, deeply been
moved by tone of the harp which Orpheus, her husband, plays. Interesing
enough, in Grecian mythology the underworld ihat Pluto reignes is the
country of wealth and riches, apart from the image of gloomy Hades. In the
horn which Pluto always carry on his shoulder, he puts everything he wants
taken from his wealthy crop fields.

Plutonium, together with gold, came 1o earth 4.6 billion years ago
from outer space. It is believed that the earth vsas formed when swirls of
matter in this part of the universe condensed. Most stars, like our sun, create
helium through nuclear fusion of hydrogen, eniitting energy into space, but as
a star reaches the end of its life, temperatures within the star rise, and
progressively heavier elements are created, fromn helium up to iron. Elements
that are heavier than iron, such as gold, silver, copper, and of course
plutonium, are thought to be formed in the instant when the star becomes
unable to support its own weight and collapses inwards, then explodes in a

violent nuclear reaction known as a supernova.

2. l|s radiation without benefit?

(Our Earth was created by *radioactive waste®" of the universe)

At any rate, our Earth is, in contemporary parlance, a collection of the
"radioactive wastes® of the universe. | don't like the term “radioactive wastes,”
because it seems fo me the product of an opportunism that says, "once
we've got électricity from it, the rest is garbage." In fact, it was precisely this
radioactive energy that melted the *wastes of the universe® into one body of
primitive earth, as the heavy metals sank to the core and the lighter ones rose
to the surface, forming the crust and finally the surface of the earth as we
know it.

This ball of radioactive wastes we live on continues to undergo

radioactive decay. The original plutonium that came to earth 4.6 billion years
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has since disappeared. There are now only traces of plutonium 244, an
element that cannot be produced in any normal nuclear reactor. However,
the earth still contains about half of its original uranium—238, which has a
half—life of 4.5 billion years. Nuclear technology performs a modern—day
alchemy by taking the "wastes from the universe,” which otherwise have no
use, and recreating from them the precious enerqy source plutonium.

Life on earth thus exists surrounded by radioactivity —— the
radioactivity remaining from the earth’s formation, and the radioactivity that
pours down on us from the universe. When life first began on earth, the level
of environmental radiation was at least three times higher than it is today.
The fact that life arose and evolved in such a radicactive environment is one
that our modern society, which tends to treat radioactivity as a kind of horrid
witch, should examine more rationally.

When living cells are irradiated, there is a certain probability that the
radiation will set off chemical reactions within the cell, producing free radicals
that destroy the cell or do irreparable damage to the chromosomes. This
effect, along with the added risk of cancer, is what has contributed to public
paranoia about radioactivity. However, there are innumerable other
substances in the environment that have the same effect on cells. In fact, it
is far more difficult to point out a substance that is confirmed not to increase
risk for cancer. For example, oxygen, which we breathe every day, produces
free radicals in the lungs at a rate 50 times greater than that of natural
background radioactivity.

We know that cancer cells are cells that have lost the ability to die and
proliferate without limit, and so we can appreciate that cell death is a
necessary part of the program if life is to coniinue; thus, we cannot categorize
as evil all factors that damage the cell. It is not unreasonable to say that
small amounts of radiation may actually stimulate the organism and work to
its benefit. The human body is made up of 53 trillion cells, 500 million of

which die and are replaced every second. The free radicals produced by
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environmental radiation may kill 1 out of every 5000 of these cells, and the
radiation from nuclear power plants, which is talked about so much, kills less
than 1/1000 of the free radicals produced by environmental radiation.

| think it would be great if radiation detectors could be made smaller
and more affordable, so that you could wear one as casually as you would a
watch. Then we would all come to appreciate just how much radiation there
is in our surroundings. When we understand that radioactivity is as much a
part of our lives as the light from the sun, then we will be ready, as a society,

to push ahead with truly effective policies for the use of radioactive materials.
3. Is plutonium a deadly poison?

Recently reports in the mass media have attached to plutonium the
label of "deadly poison," thus amplifying fears beyond reason. The truth is that
there are many, many substances in our world that are more toxic than
plutonium, but which are far more difficult to detect or isolate.

Plutonium is most hazardous if you inhale a particle one micron in
size, which then stays in your lungs. However, beryllium and asbestos, which
pose similar risk, are used more freely despite being very hard tfo detect. In
contrast, plutonium is isolated and rigidly controlled like no other substance
on earth, and even if you did come into contact with it, the slightest amounts
can be detected easily and measures taken at once.

Plutonium is normally transported and used for fuel in an oxidized
form, but of all the non—soluble ceramics, plutonium is one of the most
resistant to solution in water. Two years ago, there was a worldwide uproar
about the shipping of plutonium, but only 10 days after that an 85,000—ton oil
tanker ran aground off the Shetland Islands, covering 40 kilometers of the
coast with crude oil and causing severe environmental damage. [n contrast,
the oxidized plutonium carried in the ship Akatsuki is less soluble in water

than either earthenware or fine china, and even supposing it had been
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dropped into the sea without its container, it would have simply sunk to the
bottom and sat there with no effect on the biosystem. (Of course, this is a
completely fictitious scenario, as the Akatsuki would not travel through
hazardous passages as shetland coast, and it is a double—hulled ship with
negligible possibility of sinking. Moreover, plutonium is safely enclosed in a
shielded container safe under pressure as deep as 1000 meters.) It had been
a perplex experience to see the mass media handsomely been manipulated by
the group which propagated fictious image of the "deadly poison® throughout
the world. It seemed as if the mass media was bound under the spell of

slogan which they easily accepted.

4. Can reactor grade plutonium be used to make nuclear weapons?

(Theory and reality)

Another myth is that, given some plutonium, even an amateur can
put together a nuclear bomb. However, a nuclear bomb is a high—precision
instrument that must be controlled within tolerances of one one—millionth of
a second. What's more, the plutonium obtained from light—water reactors,
which are designed for peaceful production of energy, is different in nature
from the plutonium applied to military uses, and cannot easily be used in
bombs. The former contains considerable amounts of isotopes which impairs
the control of detonation and add up heat and radioactivity, to resul in
manufacturing a reliable and maneuverable nuclear bomb rather difficult.
There have been some 70,000 of nuclear bombs which ever since been made
in the world, but there is not a single case where a weapon was made from
plutonium produced in a peaceful nuclear reactor, certainly not in the mass
producers like the United States and the Soviet Union, and not even in the
"one~bomb shop" countries such as North Korea.

In theory, of course, it is possible to use reactor plutonium for

manufacturing a nuclear bomb, and to prevent this from happening plutonium
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is guarded with unsurpassed vigilance. Even so, there are some people who
say that all peaceful uses of plutonium should be halted at once to prevent
the bad guys from possibly obtaining some for the bomb, but this argument
can be compared to demanding a ban on knives because a madman might
use one to kill someone, It is ironic that this argument is heard most often
from a country which has no controls on guns and which is suffering from an

increase in violent crime.
5. Are nuclear weapons symbolic of a country's power?

Last spring, South Africa announced that in the past it had had its
own nuclear bomb program, but that it had disassembled all bombs and
related production facilities. The fact that South Africa made this
announcement voluntarily (that is, there was no pressure from the nuclear
superpowers, nor were they "found out® through inspection by the IAEA)
shows the fundamental change that has taken place in the worldwide
perception of nuclear weapons. The era when having the Bomb was a
symbol of "leading nation" status is over, and nuclear weapons today are
considered more immoral, illogical and useless even than chemical or
biological weapons. Even during the Gulf War, what Hussein had to fear
most was not nuclear weapons, which if used would have exposed the user to
a barrage of criticism from the rest of the world, but rather the rockets with
guidance circuitry that were able to pin point and destroy military targets.

In an age when war comes into our very living rooms via the
television, no country can afford to set the world against it by repeating
another Hiroshima, no matter for what reason, and not even a powerful
country like the nuclear weapon states. Moreover, this strong worldwide
distaste for nuclear weapons can be atiribuied to the ceaseless efforts of
Japan, which, as the only country to have suffered the effects of the nuclear

bombs, early on established a policy of not making, using, or allowing the
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transport of nuclear weapons, and has continued from Hiroshima and
Nagasaki to proclaim the immorality of nuclear weapons. Today, no
self—respecting nation places any value on nuclear weapons, so that they are
essentially useless as weapons. Japan deserves to be very proud of this
achievement, and should intensify its push for a total ban on nuclear
weapons. We should have more confidence in the poteniial for peaceful uses
of nuciear power, so as not to be troubled by the bogeyman of possible

militaristic maneuvering.

lll. The Gifts of Helios and the Gifts of Pluto

(A discussion on energy and civilization)

1. Mankind in biosphere; Mankind in civilization

All creatures living on earth, regardless of their kind, are governed by
certain laws. For example, the energy needed to maintain metabolism varies

in proportion to body weight raised to a power of three—fourths, and the

territory occupied by one animal is in @8£&® proportion to body weight.
Thus, estimating mean human body weight as 60 kg, we can calculate that
the optimum population density for humans is one person per 0.7 square
kilometers, and the amount of energy consumed per day would be 180 watts.
In actuality, the population density of Japan is a mean 230 people per 0.7
square kilometer (the world mean is 30), and the daily energy consumed is
4400 watts —— an enormous difference. It is clear from these figures that
humans can no longer subsist under the same conditions as other creatures.
Although humans have emerged from the biosphere and remain a
part of it, we cannot survive under the strictures of the biosphere. We can
even say that civilization began when humanity stopped being subordinate to
nature. So what is it in human civilization that allows us to tower above the

biosphere, what is the source of our strength? Let's examine this question a
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bit further.

When we look back at the history of human progress, we see that
progress is never smooth, but leaps ahead rapidly, then suddenly pauses
again. It seems to move in stages, almost rhythmically, like a pulse. This is
a feature characteristic of living systems. Whan we look at each of the
plateaus across history, we see humanity passing through the Stone Age,
Bronze Age, and lron Age, then, in modernity, the Industrial Revolution and
the age of fast transportation ~— symuolized by the steam engine, the
automobile, and the jet airplane —— and finally the new age of information.
The Industrial Revolution was built upon coal, modern transportation upon oil,
and the new age of information on the silicon diode. This shows us that, for
civilization to leap ahead into a new paradigm, it is essential o find new
practical uses for resources. The effective use of underground resources,
which is impossible for other creatures, is the key that has allowed humanity
to step beyond the bounds of the biosystem and develop civilization.

The next question, then, is why resources within the earth have such power?

2. Why are the weather forecasts usually wrong?

{Features of a non—linear system)

In the last ten years, there have been great advances in the science
of complex, non—linear systems. Non-—linear means that a system cannot be
expressed merely as the sum of its parts. No matter how complicated a
spaceship becomes, in the end you anly need study the nature of its
individual parts to understand the whole. Modern science has in the past
attempted to perceive the world surrounding us in a linear fashion, and made
great progress, as evidenced by the work of Newton and Darwin, but recently
many people have come to see the enormous implications for a world that
cannot be captured by this approach. For example, in the brain individual

neurons do not perceive the world outside or store memories by themselves,
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but instead perceive the outer world in holographic manner in relation to the
network which consists of huge nummbers of neurons. For this reason, it is
impossible to know the totality of the brain by analyzing its parts. This applies
not only to the brain, but to all living creatures, the societies that we form, the
biosphere, and the entire environment of the earth. The reason that weather
forecasts remain inaccurate despite all the progress of science, despite the
improvements in meteorological measuring systems, is that the earth's
environment is essentially a non—linear system —— so the weatherman isn't
at fault.

Recently considerable attention has been given to the order that
emerges in such non—linear systems under certain conditions. In this case
the order does not mean the rigid order of moiecules or atoms in a crystalline
array, but rather the flexible, changing orders such as those of by
cirrocumulus clouds, or the colonies created by ants and bees.

For these systems to maintain internal order and evolve without
surrendering to the limitiess chaos that surrounds them, they must
ceaselessly take beneficial energy from the environment, from that extract the
essence needed for ordering (in physics expressed in reciprocal of entropy, or
negentropy), and release the excess energy fo the environment again.
Systems that create internal order through such mechanisms have been
termed "dissipative structure® by Nobel Prize winning chemist llya Prigogene.

In order for a dissipative structure to maintain its integrity against the
outside chaos, it must have within it a network of mutually responsive loops
that distribute the negentropy to all parts of the system. rh‘ the loop is too
simple, the system can be easily destroyed from the ouiside, like the clouds
streaming across the sky. But when there is a appropriate balance between
the mutual feedback loops and iluctuations in energy, the system begins to
organize itself for still greater stability. As multiple reinforcing loops are added
and diversification progresses, the stability of the system —— its homeostasis

—— increases, and it becomes able to actively seek sources of fluctuating
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energy, to grow, 1o evolve. The ultimate dissipative structure network, which
has acquired a high capacity for self—sustenance and propagation, is life

itself.
3. The biosphere and the gift of Helios

Most of the negative entropy that is necessary for life on earth to
maintain internal order, remain in homeostasis, and continue evolution comes
from the sun. The sun is a source of high qualily energy, the negentropy of
which is converted, by photosynthesis, into organic compounds incorporated
into plants. Animals eating these plants indirectly consume the sun’s energy,
while microorganisms in the soil take the secondary or tertiary energy of the
sun from the dead bodies of plants and animals. In addition to these food
chains, the biosphere has developed a variely of routes —— parasites,
symbiosis, social systems of which bees and ants are typical —— to spread
the negentropy derived from the sun (fo save myself from stumbling over that,
I'm going to resort to mythology and call this the gift of Helios) throughout
the system. Thanks to these mechanisms, the stability and self—organizing
properties of individual life forms are reflected throughout the system of
which they are a part, and the biosphere, which is the dissipative structure
that incorporates all the systems beneath it, behaves itself very much life a
living system.

Lovelock was the first to observe that relationships of this kind exist not only
‘ among life forms, but among non-living systems such as the earth's
environment. Plants take in carbon dioxide through photosynthesis, and
release oxygen into the atmosphere. The atmosphere is indispensable for the
growth of life, but obviously the atmosphere itself is not alive. Lovelock
wondered why the composition of the atmosphere has not changed
appreciably for a million years, and why it has fallen into balance at exactly

the composition most suited to life forms. Calculations based on the theory



of equilibrium in thermodynamics showed that the atmosphere of the earth
should be similer to that of Mars containing almost no free oxygen.

In later research, Lovelock and others discovered further proof that
the relationship between life and the earth is highly multifaceted and
multi—dimensional, and that the environment of the earth self—organizes
sustain homeostasisis and evolve together with the biosphere. To express in
anthropomorphic terms this image of the environment as a living thing, he
used the word Gaia, which is the name of the goddess of the earth. Gaia
takes the gifts of Helios directly from the sun, but also abhsorbs them back
from the various life forms on the_ earth, and evolves together with the
biosphere. It is of vital necessity that when we interact with the environment,

we be fully aware of this essential characteristic of Gaia.

4. Civilization and the gifts of Pluto

We must not forget another source cf negative entropy, quite apart
from the gifts of Helios, that plays an important role as Gaia goes about
establishing a flexible order as a dissipative structure. The radioactive
elements trapped within the earth’s core from the time of its formation
continue to emit radioactivity that provides energy and negentropy to many
substances, and manifests itself on the earth’s surface in the form of
geothermal energy. | will call this the gift of Pluto, the god of the underworld
in Greek mythology.

In terms of energy balance at the earth's crust, the gifts of Pluto may
pale in significance beside the gifts of Helios, but they have overwhelming
power within the earth. Through the formation of mountains and volcanic
activity, Pluto control the long—term meteorological activity of the earth’s
atmosphere. Moreover, he carries an abundance of elements to the earth's
surface, providing the biosystem with the means for evolution.

From this standpoint, we see that Gaia can be defined as a

— 14 -



dissipative structure supported on two circles, the gifts of Helios and the gifts
of Pluto. The biosphere, meanwhile, is a dissipative structure that relies
principally on the gifts of Helios, and has had ve:y little involvement with the
gifts of Pluto, except within a limited and passive part of its mutual evolution
with Gaia.

Mankind is the first creature to make active use of the gifts of Pluto
for his own purposes. Heavy metals distributed throughout the earth’s core
are selectively carried to the surface by magma in concentrated form, where
they are mined by humans. The sources of negentropy that constitute the
gifts of Pluto —— metal resources —— are created this way. By taking into
our hands, from Pluto, a source of negentropy unavailable to other creatures,
humankind created civilization, a dissipative structure of its own, and assured
itself of mutual evolution with the biosphere and with Gaia.

Nonetheless, as far as energy goes, the underground wealth that
humans have traditionally sought does not represent the true, pure gifts of
Pluto. Coal and petroleum in fact are derived from the energy of the sun,
captured in living matter, then converted by the high temperatures and high
pressures within the earth o a low entropy energy source; in that sense, these
resources are actually born of Helios and only raised by Pluto. The final
accounting for the fossil fuels that mankind has consumed must be made
within the biosphere, where they originated; however, considering that at the
present rate humans will use up in barely 200 years an energy source that
took 300 million years to create, it is only natural that immense distortions
should appear in both Gaia and the biosphere as a result. Global warming
and acid rain, etcetera, are all problems that arise directly as a result of this
mismatch between consumption and production of energy, and depending on
how we handle these problems, they pose a great danger, threatening the
bases of civilization.

The fact that, at this juncture, humans discovered a powerful energy

source entirely independent of the gifts of Helios and began to walk the road



of peaceful use of nuclear power, is for human civilization good fortune of a
sort that can hardly be accidental. As | mentioned before, from
uranium-—235 and plutonium we can extract energy millions times that from a
similarly sized piece of coal. Moreover, in contrast to fossil fuels, reserves of
which will be depleted at the current rate in only a few more decades, nuclear
power can sustain us for at least a thousand years on currently known stocks
alone, once technology for the use of plutonium has been perfected. Thanks
to the gifts of Pluto for the mankind who generate energy, we have been

granted an unprecedented chance for the evolution of a new civilization.
5. The limits of renewable energy

| would like to take a minute to discuss renewable energy in terms of
its role in civilization. Technologies for the use of solar power, the sun's heat,
or wind power can essentially be no more than imitators of the knowledge
which the biosphere has acquired. The life forms on earth have labored for
billions of years to create flexible and extremely subtle mechanism whereby to
capture the admittedly vast but capricious and thinly distributed light of the
sun. Although the efficiency of conversion of sunlight to energy by plants
does not reach even one percent, the biosystem has evolved an extremely
high capacity fer storing and being usedas the resource of energy; moreover,
through regulation of the carbon cycle, photosynthesis also greatly
contributes to the homeostasis of Gaia.

However, even if, through amazing advances in photo—conversion
technology (this is impossible, but just say if), it became possible to convert
100 percent of the solar energy into electricity, this would only be a 100—fold
improvement over the efficiency of plants, and nowhere near the million—fold
gain in energy offered by plutonium.

Additionally, to capture the thinly spread rays of sunlight we would

need an immense structure for solar collection; thus, when we subtract the
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energy required for installation and maintenance, we see that it would be
extremely difficult to create a practical system that could deliver even 10
times the power of the hiological systern. Moreover, biological systems or
systems that collect solar power are in direct competition for humans for the
space needed to collect the energy in {excluding those areas that have already
been taken over by humans).

This type of energy has some value if developed for local use, as a
selective, adaptable energy source. But it is inherently inadequate as an
energy source that can support our future civilization, so that one cannot

possibly trade it against technologies for the peaceful use of nuclear power.

IV. Towards Completion of a System for Peaceful Use of Nuclear Power

1. Using the million—fold potential

(Improve the ratio of energy use and output)

The figure shows a comparison, drawn up by Dr. Uchiyama of the
Central Research Institute for Electral Industries (CRIEPI), of the total
efficiency of energy production by an electric power plant —— this includes
everything from construction and operation, building materials, and the
energy expended in finding and transporting resources 1o disposing of the
wastes afterwards —— against its energy output. You can see that the total
energy produced by a solar power plant is only 3—4 times the amount of
energy that went into producing it.

This figure also clearly points up the current problems with the
peaceful use of nuclear power. Almost all of the fuel used in Japanese
reactors is based on enriched uranium produced in the US. or France by the
gaseous diffusion method, but with these fuels the ratio between energy
consumption and output is lower than even a coal —burning power plant.

That is because the gaseous diffusion method was originally developed for
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weapons technology, with no thought of using the materials for production of
electrical power.

To eliminate this paradox of expending energy only to obtain energy,
a number of other methods for enriching uranium have been studied. Gne is
the centrifugal method, which is being used at the enrichment plant in
Rokkasho—mura on the Shimokita Peninsula, and which greatly reduces the
amount of energy needed for enrichment. Thus, its production/consumption
ratio has been increased from 16 to b5, but that stili is barely three times
better than a coal—burning power plant, so we are left wondering what
happened to our million—fold potential.

The problem, and whére the criticism should be direcied, is in the
basic workings of the current light—water reactor, and the fact that we have
focused on the use of uranium—235, which constitutes only 0.7% of uranium
in its natural state. If we take the course the United States has adopted and
tried to force upon other countries, and treat spent fuels as high—level
wasies, forbidding their reuse, we will end up with utilizing as little as 0.5
percent of the natural energy resource. This is not only a frivolous waste of
resources, but costs society doubly because we are converting precious

resources straight to waste.
2. Wastes as resources

Essentially, the distinction between "resources® and "wastes” is an
artificial one, made by humans, and there can be no such distinction in
nature. |f human society views something as useful and tries to place a value
on it, it becomes a "resource®; once we lose interest in something, it becomes
*waste.”

Fission products comprise only 3—4 percent of spent nuclear fuels
from the light—water reactor; the remaining 96—97 percent is plutonium or

uranium, both highly valuable resources. The concept when



we first began to make peaceful use of nuclear energy was, quite naturally, to
plan from the beginning fo effectively reuse fuel resources. The light—water
reactor was in effect the gateway system to peaceful use of nuclear power,
and certainly was never meant to be its endpoint. The reason that policies
have changed to a wasteful one, like the lord who tasted the very best portion
of a complete carcass leaving the rest to be discarded, is the direct result of
the American groups who put the nuclear deterrence before everything, i.e.
who dont hesitate o sacrifice the peaceful uses for keeping up their nuclear
weapon supremacy.
Nevertheless, the big brains from Harvard University who advised former
president Carter {o adopt the "no reprocessing® policy were mostly policy
specialists who knew very little about nuclear energy systems. Seemingly,
they believed simplistically that if they could only separate and contain
plutonium, they would be able to maintain America's worldwide military
dominance and it's supremacy in the field of peaceful uses, all in one stroke.
However, not only did this new policy greatly detract from the international
influence of the United States, which theretofore had been the world leader in
nuclear power, but it instigated confusion of nuclear energy world both in the
U.S. and abroad, and thus drove the US. into a cul—de—sac, as exemplified
in the furor over the Yucca Mountain disposal site.

Our present nuclear reactors unavoidably produce plutonium at the
same time as electricity. To take only the electricity and ignore the plutonium

is the type of thinking that is inconceivable in an industrial system.

3. Plutonium essential for peaceful use of nuclear power

lronically, the policies that attempted to shut out plutonium from the
world of the peaceful use of nuclear energy have back to haunt the U.S.
nuclear deterrence lobby, dropping their contradictions squarely on the heads

of them.
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Through the ending of the Cold War, numerous nuclear weapons are
going to be disassembled, leaving the United States and Russia with about
200 tons of nuclear weapons grade plutonium. However, the United States no
longer have any way to dispose of this plutonium. In the meantime, they
have decided to take the balls of plutonium (which are called bits), alter the
shape physically, and simply store them —— but who knows when the
countries involved might have a change of heart and convert them back into
weapons? There is no way to eliminate the possibility of military conversion
except to extinguish all the plutonium. Various ways have been proposed for
getting rid of it, including putting it in rockets and firing it into outer space ),
or confining into the form of glass and stering them in 4000—meter deep
wells, but all of the proposed solutions present technical problems, and,
above all, no sponsors are liklely be found to pay for such retrogressive
projects. Recently, the American Academy of Science has produced a report
to the US. government on this issue. The most recommendedscenario 1o deal
with the weapon grade plutonium has been that to put into American and
Canadian civilian nuclear reactors. So as o avoid contradiction to the
present policy, prevarications have been made such that, it is not aimed at
burning but contaminating the weapon grade plutonium in the civilian
reactors with the spent fuels, or it is an exceptional treatment only applicable
o the case of weapon dismantlement, but it is abundantly clear that the
policy of eliminating plutonium from the peaceful uses of nuclear energy has
failed utterly. |

Nevertheless, even if the United States were to heed this scenario,
after the witch—hunt of plutonium in the American nuclear industry, the U.S,
no longer has the facilities, people or technology to handle plutonium
peacefully. Even if the U.S,, in its troubled state, asks for cooperation from
Japan, which has pursued a policy of plutonium use for peaceful uses only, or
other countries such as Great Britain or France, the request would be

considered, quite frankly speaking, a great annoyance. Most countries would



be willing to cooperate if it contribute o the ultimate abolition of nuclear
weapons, but the honest reaction is that America should look at the realities

of the post—Cold War era and devise policies that are more practical.

4. "Warming oneself with a match™ The light—water reactor

To run a million—kilowatts power plant takes about 2.5 million tons
of coal a year, but only 25 tons of nuclear fuel. Still, 150 tons of natural
uranium are needed to create 25 tons of nuclear fuel, and some 50,000 tons of
ores must be mined to collect this uranium. In practice, a good deal of earth
more than this must be moved to uncover the ores, which means that the
effect on nature is by no means. insubstantial.

After going to all this trouble to mine uranium, only about 800
kilograms will actually be used to produce energy, which means that all we
have done is increase the amount of waste products. No matier hovy plentiful
uranium is, at this rate we will use up all available sources within a matter of
decades. Such wastefulness may have been tolerated in the 'who gives a
damn’ milieu of the nuclear arms race, but as a method of basic industry that
must sustain human civilization, it is totally unacceptable even from ethical
point of view.

Uranium-238, which comprises 99.3% of all natural uranium, cannot
be converted directly to energy; you might think of it as wet firewood. Just as
firewood is converted in a carbon kiln to charcoal, so is uranium—238
converted in a nuclear reactor to plutonium, whereupon it first gains value as
an energy source.

The concept of today’s light—water reactors is similar to setting aside
the wet firewood and trying to warm oneself with nature's maich,
uranium-—235. Of course, if you keep burning enough matches you can turn a
little bit of the surrounding firewood into cinder, and make it burn. In fact,

when you burn fuel in a light—water reactor, at the end of its life span the
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amount of energy produced from plutonium which has been created within
the reactor will exceed the energy originated from uranium—235. Looking
across the total life cycle of nuclear fuels, we can calculate that the plutonium
produces about a half as much energy as the uranium—235 that served as the
original match. But in the American way, the 95% bulk of wet firewood is
thrown out with the cinder as "high—level wastes."

Plutonium thermal recycling is where the cinder is retrieved and put
back into the light—water reactor one more time. However, the light—water
reactor was never designed to burn charcoal, and is very finicky about the
kinds of fuels it can use, so repeating this cycle degrades the quality of the
plutonium and increases the amount of isotopes that cannot be used for fuel

(and which therefore must be treated as wastes).
5. Fast reactors change *wet firewood" to energy

Fast reactors are reactors that make most efficient use of “wet
firewood." The fast réactor can even use even—numbered isotopes of
plutonium that will not burn in finicky light water reactors. There is also
much less deterioration of plutonium than there is in a light—water reactor,
allowing us to transform the gifts of nature into energy with minimal waste.
To use my earlier analogy, fast reactors produce not spent charcoal, but
high—grade charcoal, and burn them with far greater efficiency.

The two—layer structure makes optimum use of the merits of the fast
reactor by buming “charcoal” in the center of the reactor, and at the same
time, in the outer layer, using the surplus heat to dry out the firewood and
convert it into charcoal. This type of reactor, if managed well, can
accomplish the amazing feat of producing more plutonium on the outside
than it is using on the inside. Because the reactor is able {o create more of
an energy—producing resource while at the same time extracting energy from

it, tis often called a fast breeder reactor, but this is only one idealized type



of a fast reactor, and does not represent the totality of fast reactor types.

| thiﬁk it safe to say that, on a worldwide basis, thinking about
development of fast reactors has tended to concentrate on the aspect of
competition with light—water reactors, and regrettably not enough has been
done to place fast reactors in their proper light as complementary to
light—water reactor systems. Light—water reactors are superior reactors
backed by completed technology. Moreover, there are now more than 300
light—water reactors worldwide, with a growing fund of experience in
construction and operation to draw on, and further improvements are being
made yearly. To expect fast reactors, which are a later development, to
overtake the light—water reactor technologically is like asking the Norwegian
ski team to catch up to the Japanese ski team after being given a 5—minute
handicap at the start: it may be possible to do it by sheer physical strength,
but it will not be easy. Moreover, one type of reactor is being used to
produce electricity and is steadily amassing money and experience, whereas
the other still needs costly development to accumulate the experience, so the
winner of the competition is clear.

The fast reactor originally was positioned as a-complementary
technology, not to compete with light—water reactors, but to solve some of
the problems associated with the light~water reactor and coexist with it as
one element in the nuclear fuel cycle. Whereas only a small fraction of the
gifts of Pluto can be converted into energy in the light—water reactor, the fast
reactor takes up where the light—water reactor leaves off: this is the essence
of the fast reactor. The very concept of the fast reactor is predicated on the
nuclear fuel cycle. Even the breeding ratio or doubling time has meaning
only when we take into account the time for reprocessing and recycling. fuel.
To look at breeding ratio only as a benchmark for reactor efficiency and focus
on cost competition without thought for the entire cycle leaves no hope for
the fast reactor.

The inherent advantage of the fast reactor is that it is a multipurpose,
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adaptable reactor that can moderate performance to suit the needs of the fuel
cycle. It can breed plutonium, it can burn plutonium, and it can even use as
fuel TRU, which in a light—water reactor is regarded only as a waste
byproduct. In view of this multidimensionality, the need for fast reactors is
certain to change with time. Today, when light—water reactors are still in the
overwhelming majority, we have more plutonium than we need. The
plutonium obtained through dismantling nuclear arrmaments is adding to the
surplus. In this day and age, fo disperse the fears of nuclear proliferation, we
need to put more emphasis on the development of fast reactors, reactors that
can burn plutonium and even TRU, and at the same time, | believe it is
important that we press forward with research into reprocessing technology.
If fast reactors come into practical use, we may eventually find
ourselves using their breeding capacity so as to eliminate delays in plant
construction due to plutonium shortage. However, to avoid untoward
suspicion, it is necessary that we ensure there is no excess of plutonium by
carefully maintaining a balance between production and consumption. This
is why it is desirable to get a clear picture of what society needs, in
conjunction with the fuel cycle, when moving forward with fast reactor

development.

V. Nuclear Power Plants: A Foundation for the 21st Century

In the 21st century, it is unavoidable that we will see further
expansion of human civilization: witness the astonishing pace of economic
development in Asian countries, and explosive population growth. However,
we do not have the right fo demand that the citizens of the developing
countries forego the good fortune that the leading countries have enjoyed, or
the right to take away the lives of the children being born. To support the
burgeoning needs of civilization without losing our relationship with Gaia or

the biosphere, it is essential that we implement comprehensive policies for
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resources, energy and recycling in society.

For people today, who are accustomed to the carefully cultivated
*nature” of New Zealand or England, or to seeing the spectacles of "nature”
on their television screens, it may be difficult to appreciate how people from
the Middie Ages on back could have viewed nature as harsh, cruel and
frightening. Today rational measures o preserve the environment and
conserve resources are increasingly mixed up with emotional diatribes against
civilization, with slander, and with egotism: this is where the difficulty lies in
modern environmental problems. But there is not time left for humanity of
the 21st century to indulge in the sentimental "back to nature" romanticism of
Jean Jacques Rousseau, like the nostalgia of a youth who has run away from
home, castigating civilization while being steeped in its benefits.

Securing the necessary supply of energy is a critical prerequisite if
human civilization is to maintain its existence as a tlexible dissipative
structure, if it is to continue to evolve together with Gaia and the biosphere.
And, if we are 1o leave to the developing nations those resources that are
easier for them to use, it is important that the technologically advanced
countries put all their efforts into developing a higher form of energy.

As | have said many times before, nuclear energy has incomparable
potential, and is the only qualified paradigm technology in the 21st century.
But even today, when nuclear power plants supply one—third of all electricity,
we have only just begun to develop nuclear power as a fotal system. A
nuclear power system that leaves aside the realities of the nuclear fuel cycle
to press forward only with technology for light—water reactors is like a
dilapidated mansion, of which only the front door has been kept in repair ——
it's not worth living in for long. Plutonium is the key to building a solid
edifice from the very start.

Whether nuclear power disappears into the ripples of history as an
energy technology that left the payment to our descendants, or becomes a

driving force that supports the civilization of the 21st century, whether we fall



under the burden of our rapidly increasing population and economic
expansion in developing nations or continue to evolve —— plutonium holds
the key to all of these.

| hope that this discussion has been useful to you. Nothing could
please me more than if my little talk allowed you to learn more about the true
nature of plutonium, and brought you to an appreciation of the role that

plutonium plays in our civilization.
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Good (time of day).

| would like first to summon-up my meagre resources of the Japanese language
and say to my hosts (v JAPANESE) Thank you very much for inviting

me here. I feel very honoured. (REPEAT IN ENGLISH)

The British Nuclear Industry Forum, which I represent, fully
accepts that the need for Plutonium is not, at the moment,
anything like as great as it was. We also accept that there
is more than one way of using, or managing the Plutonium that
at present exists or is still being created. Indeed, as I am
sure you all know, within the British Nuclear Industry there
is extensive expertise in both reprocessing and the dry
storage of high level waste.

But I do not propose in this presentation to argue the merits
of either case. Today I want simply to deal with the facts of

Plutonium, the public perception of the risks of Plutonium and
the ways in which we can improve that perception and defuse
and de-mythologise it so that rational and informed debate can
take place. 1In other words, how we can diffuse the fear and
expose the myths.

Standing in this city, above all others, no-one can deny the
hellish power of plutonium when it is specifically~-harnessed
for destruction. Nor do I seek to do so.

Nevertheless, properly-stored and carefully-maintained
Plutonium is nowhere near the hideously lethal monster which
popular imagination (aided and abetted by newspapers and green
groups) makes it out to be.
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In general, 1in the United Kingdom, public attitudes towards
nuclear generation are encouraging. In a series of surveys of
public attitudes carried out in 1993 we revealed some very
encouraging results:

For example, when 1000 adults in the UK were asked what they
thought was the most important problem facing Britain today,
only 1% (ten people) said “nuclear waste” - which put it at
the bottom of a list of 18 other major and more popular
concerns - ranging from pollution and traffic to the
greenhouse effect and acid rain.

In another study in 1992 the UK nuclear generation industry
Ywas rated as the one industry doing most to reduce harm to

the environment.

These good figures are, I am sure, the result of a policy
which has been carried-out for many years now in the UK; a
policy of openness and education; a policy of presenting the
facts and of inviting the public right into our generating
stations and other nuclear facilities.

At the same time, public attitudes toward Plutonium are still
highly anti - predictably, perhaps, because of the close
connection in most people’s minds between Plutonium and

weapons.

It is easy for us - because we know the facts - to say that
weapons~grade Plutonium and civil-grade Plutonium are two very
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different things. Of course they are. We can also say, with
confidence, that the contrels on both kinds of Plutonium are
so strictly applied that there is very little risk of any of
it falling into the wrong hands. This is also true.

We can go further and assert with perfect confidence that
stocks of civil-grade Plutonium are monitored and inspected to
the highest levels and that military-grade Plutonium has the
highest-possible security classification.

We can add that we are actually destroying Plutonium in our

nixed-oxide reactors.

But too many people won’t believe us. Unless, that is, we
say all these things in the right way.

It may be unfortunate; it may be unfair; but we must face the
universal truth that perceptions are facts because people
believe them - or, in other words: what people believe is as
true to them as any fact. You cannot argue directly with
belief - you have to approach it with skill and care and be
prepared to present mind-changing arguments subtly and
frequently.

This is something which we in the UK are already addressing
and I like to think that, with my particular expertise in the
field of public relations, I have a useful role to play.

It is, of course an jinternational task and that is why I am so

glad of this opportunity to address you all here today. To
begin with we must co-ordinate our messages internationally.

I-2—-1-4



Ours is a global business with global problems and global
solutions.

So, a perceived problem in one part of the world reverberates
across nuclear programmes in other countries. The delays in
commissioning the UKAE’s Thorp facility - now at last finally
resolved - had an impact on nuclear plans in many regions and

countries - not least here in Japan.

Eight years ago, Cherncbyl was a recent and dramatic example
of the way in which nuclear events reach out across natiocnal
boundaries and I am presently chairing a European-wide
committee - the first of its kind - to present and position
the issues raised for the 10th anniversary in 1996.

This Kind of international presentation of nuclear issues must
continue. One assessment o©of the global wvalue o©of nuclear
business is ten billion US dollars a year and we all
potentially own a share in that market.

Internationalism can have major benefits in the kind of public
communication I am talking about. For example, positive
messages about successfully-operated waste sites in Sweden, or
the low-level waste disposal methods employed by Japan Nuclear
Fuel’s at Rokkasho-mura, can be employed elsewhere in the
world - offering valuable synergy to the never-ending nuclear
story.
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I'm talking about much more than just an exchange of views;
I'm talking about interactive and creative co-operation to
find and use common solutions to the problems we all face. 1
am already working very closely with my Japanese, French,
German and American counterparts , as well as co-operating
with the international bodies.

Our strategy is to focus on the positives - whilst always
being ready to eXpose and attack the negatives. Because no
matter how hard we try, the negatives won’t go away. There is
a long term PR task for all of us there whether we like it or
not.

At this point I'd like to quote briefly from some of our BNIF
campaigning on behalf of the British nuclear industries. On
the positive side we are currently running a press campaign
which asks a series of questions such as “If a British
industry proved it was worth billions, would you back it?”;
“If a British industry supported 100,000 jobs, would you back
it?” and “If a British industry offered real hope for the
planet, would you back it?”

The industry in gquestion, of course, as the advertisement
reveals, is the Nuclear industry. And the advertisement goes
on to argue the case for a government decision to press
forward now with nuclear development. It is being very well
received by the public at large.

At the same time, as I said just now, we must always be ready
to expose and attack the negatives. And, I am bound to tell
you that we found a recent Greenpeace press campaign in the UK
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wholly negative and grossly misleading.

Our response was a detailed seven-page letter to the UK
Advertising Standards Authority. The letter contained a full
rebuttal of the Greenpeace arguments and statistics and
exposed their use of false and irrelevant photography. At
this moment, the case is still being considered but I have
high hopes that our prompt and spirited response will bring
this offensive campaign to an end.

I am talking about changing public attitudes toward nuclear
power in general but, of course, everything I have said goes
double for the particular problems relating to public
acceptability of the various Plutonium solutions.

We should not allow ourselves to be frightened by the public
image of Plutonium. We should point out that the nuclear
power industry can destroy military grade Plutonium safely in
its mixed oxide reactors.

We can show how, by helping other countries to develop nuclear
power, we are able to sign them on to the non-proliferation
treaty - with all its concomitant inspections - and thus
actively discourage the development of nuclear weapons.

At the same time we should be seeking to de-couple wWeapons-
grade Plutonium from civil grade Plutonium, whilst stressing
the extremely stringent controls which apply to them both.

We should go for the high moral ground, and carve out a piece
of intellectual territory of our own.- At the same time, I
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believe, we should not be over-ready to make too many public

pronouncements on those matters that worry people most.

The world’s airlines don’t attract business by publicising
their accident record.

The chemical industry doesn’t focus continually on the events
at Seveso or Bhopal.

And the o0il industry isn't forever telling us why the Exxon
Valdez disaster won’t happen again.

We should learn the lesson from this.

Public exposure is important; we should not be afraid of the
facts. But we should seek to give the positive the promotion

it deserves.

Public education is equally important; a well-informed and
educated public is, on the whole, a pro-nuclear public. But
we should make sure that the education we provide places
nuclear energy and the use and storage of Plutenium in context
with the environmentally-damaging fossil fuels.

As an international industry - and one which will become more
and more vital as the years go by - we should be positioning
ourselves not as a problem, but as a solution to other, wider
and deeper problems.
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We should seek to identity issues on the move and take up a
position showing how it is “on the right side” of an issue.
And we should do our damnedest to do that before these issues
gain too higher a profile in the public understanding.

Plutonium, of course, already has too high a profile, but, as
I have indicated, there is still much we can do and say to put
it into perspective.

We should not seek to do all of this by ourselves. A few
words of support from trade union leaders, industrialists,
politicians or academics are worth many hours of press
briefing from people like me. The more independent the
advocates; the greater the effect they will have.

We know, from our research, that few people can maintain a
deep interest in more than three big issues. For the rest,
they look for a quick off~-the-shelf opinion, without
ambiguity, finesse or intensive debate - they welcome the
opportunity to accept a one-line opinion from someone they
respect and trust. This is the power of third-party advocacy.

The images which we deal in range from, on the one hand, the
concept of Plutonium as, and I quote, “the most evil element
in world” and, on the other hand, the concept of a limitless
source of safe, clean, non-polluting power.

We must normalise these extremes and walk down the middle in
terms of imagery. We should avoid extravagant and
controversial claims and look to powerful folklore imagery -
building on such ideas as “Atoms for Peace”, “Swords into
Ploughshares” and the growing use of nuclear sources in
medicine.
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We should also make more use of creative imagery; employing
movies and music to enhance our message. Because in many
cases it’s true - one picture is worth a thousand words.

And when we do come to use words we should choose then
carefully; avoiding “loaded” words 1like “critical” and

“contamination”.

To sum up, the way people feel is often quite independent of
what they kXnow. Consegquently we need to deliver our messages
- both about Plutonium and about other controversial aspects
of nuclear power - in ways which are not only factual, but
which also feed the emotional and imaginative needs of
ordinary people.

In conclusion I can only say (IN JAPANESE FIRST AND THEN IN ENGLISH)
Ladlies and gentlemen, thank you for your attention.
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Good Morning,

First of all, | would like to say how pleased | am to attend this
conference and to meet you all in this city.

My speech will be devoted to the destination of plutonium from
dismantled warheads. We have, as industrialists, a day-to-day
experience of managing fissile materials.

With this background, we think that the leadership that the European
and Japanese industries currently enjoy in the management of reactor
plutonium can help the governments of the United States and Russia
finding the best way to dispose of their excess warhead plutonium
inventories.  Such co-operative actions were identified as very
important at the recent (February 14-15, 1994) Tokyo Roundtable of
Experts on the Current Issues of Plutonium?.

BELGIUM'S FUEL CYCLE STRATEGY
First a few words about our own nuclear fuel cycle strategy.

My company, Synatom, is responsible for the management of the
nuclear fuel cycle for the seven pressurized water reactors which
provide 60 % of the electricity consumption of Belgium.

Regarding the back-end of the nuclear fuel cycle, we have a balanced
viewpoint : we are not pro-reprocessing nor anti-reprocessing; we are
not pro-direct disposal nor anti-direct disposal. Qur principle is very
simple : with due regard to assurance of supply, we aim at the safest
and lowest cost operation of our nuciear plants.

Today there is an industrially proven method for spent fuel
management, namely reprocessing followed by conditioning of waste
of all activity levels. Hence, we have in force reprocessing contracts
covering part of our back-end requirements. We have also built the
necessary radioactive waste storage facilities. Since about ten years,
an underground laboratory is gathering extremely valuable data on
waste disposal in deep clay layers.

But we also believe it is of paramount importance to qualify the
alternative : direct disposal of spent fuel, which is currently under
development. For the future, i.e. after the year 2000, we think that the
time is not yet ripe for us to make irreversible back-end choices. We
have recently launched, in accordance with the instructions from our
Parliament and our Government, a full-scale review of the two
possible routes for the back-end. A full comparison is expected to be
made by the end of 1998.

1 “Various Plutonium Problems Discussed by Experts at Tokyo Roundtable", Atoms in

Japan, February 1994, pp. 16-17.



UTILITY EXPERIENCE WITH REACTOR PLUTONIUM

The wuranium and plutonium which we get from our current
reprocessing contracts is committed for immediate recycling in our
nuclear units.

Plutonium use as mixed oxide fuel (MOX) has been the subject of a
parliamentary debate last year in Belgium. After detailed examination,
the Parliament and the Government approved commercial use of our
reactor plutonium as mixed oxide fuel.

Mixed oxide fuel is currently in industrial use in Switzerland, France,
Germany. lt is not a novelty to us. Since 1963 it has been used in a
pressurized water reactor at the Belgian Nuclear Research Center.
More than 300 tons of mixed oxide fuel have been fabricated to date,
among which more than 200 tons in Belgium. This has permitted the
recycling of more than 15 tons of reactor plutonium, which yielded, in
a number of reactors in Europe, the equivalent of twice the annual
electricity consumption of Belgium. Thirty pressurized and boiling
water reactors are now fully licensed in Europe for mixed oxide fuel
usage. There are currently fifteen reactors loaded with plutonium fuel.

European utilities have detailed knowledge and experience of
plutonium and mixed oxide fuel handling, transports, physical
protection and safeguarding. The European industry has first-hand
information on prices and costs. Its experience is not based upon
paperwork but on actual achievementsZ.

2 p. Woolf, "Mixed Oxide Fuel - Past, Present and Future", US Council for Energy
Awareness Conference, Dallas, Texas, March 21-24, 1993.
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WARHEAD PLUTONIUM : USE IT AS MIXED OXIDE FUEL

With this background, how do we see the question of destination of
warhead plutonium ?

We think that the United States and Russia could and should benefit
from the experience that Europe has gained with reactor plutonium
management techniques.

Their governments should encourage their utilities to burn excess
warhead plutonium as soon as possible, in existing light water
reactors3.

The major advantages of mixed oxide fuel use are :

the technique is readily available and technically mature;

it takes only 3 to 5 years to build the required MOX fuel factories,
once they are licensed?;

it is the most economic solution, as | shall demonstrate in a few
moments;

it provides a high level of verifiability® and safety’;

it converts warhead plutonium into reactor plutonium contained in
spent fuel, which is as proliferation resistant as standard light water
reactor spent fueld;

it creates no new waste management difficulty since mixed oxide
spent fuel can be finally disposed of in the same way as standard
light water reactor spent fuel.

In order to give an appropriate incentive to the utilities, the governments could commit
themselves to take back the spent mixed oxide fuel at no cost to the utilities, and be
responsible for its final disposal. This could be for the governments a cheap way to
dispose of excess warhead plutonium, as proposed by P. Goldschmidt, "Corral Plutonium
for Peaceful Use", The Wall Street Journal Europe, January 14-15 1994 (see also
"Washington Public Power] Supply System Eyes Plutonium Stockpiles for WNP1 and 2",
Atom vol. 432, January/ February 1994, p. 2).

OECD Nuclear Energy Agency, "Plutonium Fuel . an Assessment', report by an expert
group, 1989.

A. Pay & A. Vandergheynst, "MOX Fuel Fabrication Plants in Dessel-Operating
Experience with PO-P1, A Second Generation Plant", W. Fournier & J.P. Mouroux
"MELOX Progress Status"”, both papers to be presented at the 4th International
Conference on Nuclear Fuel Reprocessing and Waste Management, London, United
Kingdom, 24-28 April, 1994,

International Nuclear Fuel Cycle Evaiuation, "Reprocessing, Plutonium Handling, Recycle",
report of INFCE Working Group 4, published by IAEA, Vienna 1980, pp. 123-169.

OECD Nuciear Energy Agency "The Safety of the Nuclear Fuel Cycle", report by an
expert group, 1993.

US National Academy of Sciences, "Management and Disposition of Excess Weapons
Plutonium”, Prepublication Copy, February 1994
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WHAT ABOUT VITRIFICATION & DISPOSAL ?

Some people consider that vitrification of plutonium oxide blended
with high level radioactive waste and its final disposal would be a
better solution.

A better solution ? At first glance, public opinion might indeed prefer
solutions allowing final disposal of material perceived as hazardous.
Nevertheless, safety authorities in Europe seem today to favour
radwaste management options with as little reactor-grade plutonium
remaining in the waste as possible. In such a context, would
deliberately throwing-away weapons-grade plutonium in high
concentrations seem rational ? Would it be acceptable from a non-
proliferation standpoint ? | very much doubt it.

Further, plutonium vitrification & disposal is only conceptual at this
time . it must first be established and followed by practical application
at the same safety level as MOX industry. Its costs/benefits balance
remains to be assessed from a number of standpoints : criticality,
long-term stability, radiation protection, environmental impact,
economics and non-proliferation. It will certainly reach, at a point in
time, the safety standards already achieved right now in the European
plutonium industry. But when ?

This will require at least a decade of R&D and major budgets®. Such
developments should not be used as an excuse for not starting the
elimination of excess warhead plutonium as soon as possible.

As said above, it would take only 3-5 years to build the corresponding
MOX fuel fabrication plants according to industrially established
techniques, provided there is no political hindrance to the siting and
licensing process.

LicENSING AND PuBLIC ACCEPTANCE PROBLEMS WITH MoXx FUEL ?

Some people have argued that use of warhead plutonium as mixed
oxide fuels would be controversial : obtaining licenses and gaining
public approval would be difficult, especially in the United States.

But why should it be so ? Would the vitrification & disposal option
really be more acceptable to the public ? |t is doubtful.

Let's first look at the point of licensing : the experience in Europe
definitely shows that licensing the use of mixed oxide fuel in light
water reactors is not that difficult.

9 us Congress, Office of Technology Assessment, "Dismantling the Bomb and Managing
the Nuclear Materials", OTA-O-572, Septermber 1993, pp. 97-98.
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Independent licensing authorities in Germany, France, Belgium, and
Switzerland, for instance, which have built their conclusions on
decades of experiments, all agree that mixed oxide fuel usage is fully
acceptable. Indeed, loading, say, one third of mixed oxide fuel in a
light water reactor does not notably alter the operational and safety
characteristics of the reactor. Some reactors are already licensed for
operating with up to 37 % or even 50 % of mixed oxide fuel in the
core.

Why should it be different in the United States ? Would the opponents
to MOX suggest that the licensing authorities in Europe are more
accommodating or less qualified than their counterpart in the United
States ? The outstanding safety record of nuclear energy in densely
populated Europe'® denies such claims.

It is true that licensing of mixed oxide fuel fabrication plants has not
been easy in Europe, to say the least. But it must be stressed that
those difficulties arose from actions by certain political circles and
anti-nuclear activists. None of them was technical.

Turning now to public acceptance, the argument seems equally
wrong. Everyone everywhere would be very satisfied if valuable
material previously destined to destructive aims, such as highly
enriched uranium and warhead plutonium, would be used for peaceful
purposes. A recent opinion poll in my couniry, Belgium, has shown
that twice as many people would favour recycling warhead plutonium
in civilian nuclear reactors rather than oppose it.

A real problem one is facing in the United States (I should perhaps
say in Washington) might well be the disproportionate influence of
pressure groups which are dogmatically opposing anything connected
with nuclear energy.

The attention of policy makers in the United States should be drawn,
as did Gerald Holton in his recent penetrating book "Science & Anti-
Science" published by the Harvard University Press, at (quote) "the
type of pseudo-scientific nonsense that manages fo pass itself off as
an ‘alternative science' and does so in the service of political ambition"
(unquote). One must be prudent and watch carefully at the reasons of
some benevolent advisers' positions.

10 There might be a need to remind that in the United States the average capacity factor of
the nuclear power plants only reached 70 % for the first time in 1993. By comparison all
seven Belgian nuclear power plants have reached a cumulative load factor of 80 % from
their first commissioning date nineteen years ago (Nuclear Engineering International,
"Load Factors : 1993 Annual Review", April 1994, pp 16-21).
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EcONOMIC ANALYSIS

It has been said that revenues from power sales from MOX fuel would
not be enough to offset the costs of destroying surplus warhead
plutonium.

Let me demonstrate that this is wrong.

Our calculations are not based upon theoretical cost assumptions but,
when available, on actual prices and offers made by industrial
companies striving not only for cost recovery but also for profit, while
keeping outstanding safety records. Our experience with economic
calculations for reactor plutonium can be easily extended to warhead
plutonium.

Let's compare the two main destination options :

e MOX scenario : use of plutonium as mixed oxide in current light
water reactors;

e V&D scenario : plutonium Vitrification with high level waste
followed by Disposal of glass canisters.

The economic assessment of the two options request consideration of
the following main items :

e to compare the energy production costs in both cases : i.e. the
fuel cycle costs with mixed oxide fuel and the fuel cycle cost with
standard uranium fuel;

e to assess in both cases the costs of plutonium storage,
depending on their respective duration;

e to estimate the vitrification & disposal costs of unrecycled
plutonium.

Let us look at those items in sequence.
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e Energy production costs

Warhead plutonium procurement costs, under oxide form, can be
considered nil for the purpose of this exercise, since they are the
same in both cases. Thus, in the MOX scenario, the energy
production costs are limited to the mixed oxide fuel fabrication price',
the mixed oxide spent fuel management and the operation of the
nuclear station. In the V&D scenario, the replacement power is
supplied by standard enriched uranium fuel. In that case, the energy
production costs comprise uranium purchase, conversion into hexa-
fluoride, enrichment and fuel manufacturing prices, as well as spent
fuel management costs and operation costs of the nuclear station.

When comparing the two cases, the two latter items, spent fuel
management and reactor operation costs, are equal and thus cancel
out, leaving only the costs associated with the "front-end" of the
nuclear fuel cycle. We use the following reference values and a very
wide sensitivity range for market values :

Reference Range
Average burnup 42.5 MWd/kg 35-50 MWd/kg
Uranium purchase 20 $/IbU5Og 5-35 $/IbU30g
Conversion 6.5 $/kg U
Enrichment 100 $/SWU 75-125 $/SWU
U fuel fabrication 275 $/kg Ue
MOX fuel fabrication 1,600 $/kgHM

The range of cost differential between MOX fuel and standard
uranium fuel is shown on the following graph, covering a rather wide
range of uranium prices :

Energy Production Costs
Differential (in $/gPu)

MOX / U fuel difference ($/gPu) SWU price : $100/SWU
$20 MOX fabr. price : $1,500/kgHM
$15 : 3

K P 1§ S 5 A
$10 2 r ’A’/‘Wd 7\.:‘”/’ Wd/r’({g
g T — A
$5 ]
$0 ‘M
s —
-85 20—
-$10 N
5 10 15 20 25 30 35

Uranlum Price $/1bU308

11 The MOX fuel fabrication price includes the conversion of depleted uranium hexafluoride
into oxide and its use as matrix for the plutonium oxide.
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The calculations show, in the reference case, that MOX fuel costs are
about 12 % more than standard fuel. This, translated in dollars per
gramme of warhead plutonium, represents $ 4/g plutonium. This value
depends on the market assumptions as well as on burnup. With
higher burnups, such as the 48 or 50 MWd/kg currently achieved in
Europe, there is a break-even : in other words, there is equivalence
between MOX fuel and standard enriched uranium fuel.

This graph shows that, except in extremely improbable scenarios
(very low burnups, very low uranium and enrichment prices), the cost
differential between MOX fuel and standard enriched uranium fuel
costs ranges between - $ 5 and + $ 10 per gramme plutonium, with
the equivalence being quite likely.

Warhead plutonium recycling will take place on a time span of a
decade or so, i.e. equivalent to the duration of standard long term
uranium and enrichment purchase contracts. Hence, in these
calculations, one needs to consider as market indicators the long fterm
prices, namely today about $ 15/lbU30g and $ 100/SWU or more.
Looking at the graph above, we get rather close to the economic
equivalence between energy production costs with MOX fuel and
standard fuel'2.

12 This graph also suggests a very interesting conclusion. Since warhead piutonium would
replace uranium, its use will decrease uranium demand and thus have a depressing
effect on uranium market prices. This pure market effect may significantly benefit the
giobal fuel cycle costs. Let us assume that one-third of a given nuclear park uses MOX
fuel and the two remaining thirds standard uranium fuel. Further, assume that MOX,
when used, represents 30 % of the corresponding core. Now, what does this yield for the
economics of plutonium recycle ? The calculations show that if such plutonium recycle
has the indirect effect of decreasing the average uranium market price by, say,
1 $/bU30g (for illustration), the money saved on uranium purchase is equivalent to an
additional plutonium credit as high as 3.5 $/gramme plutonium. This side-effect (which
could also apply to enrichment) might well turn out to be more important in practice than
any direct effect such as calculated above. But its level cannot be demonstrated now.
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e Plutonium storage costs’!3

The plutonium oxide storage costs (investment and operating costs)
mainly depend on the size of storage facilities and on the duration of
storage. Regarding the size, we assume that individual storage faci-
lities would contain 100 tons warhead plutonium'4. The duration of
storage is dependent on the route selected. Since MOX fuel factories
can be built in 3-5 years one can take 10 years storage of plutonium
oxide as conservative in this option, when accounting for licensing
processes’s. In the V&D scenario, R&D will take about one decade,
during which storage shall be needed. To those years, one should add
approximately 10 years assumed to be needed for licensing and
building the vitrification and disposal facilities'®. Hence, in this case,
storage can be reasonably estimated to last 20 years.

The following graph compares the storage costs in $ per gramme
plutonium for a number of discount rates (in real terms)'’ :

Figure 2

Plutonium storage costs

storage costs $/gPu total storage cost for a

14 ~ V&D-20vears 100 tonnes Pu facility
pending MOX fabrication or

123 ‘ / ) vitrification

10
8
6

MOX -10 years ol

4
0% 2% 4% 6% 8% 10%
discount rate (in real terms)

This graph shows that in realistic circumstances (discount rate 5 % in
real terms), the plutonium storage costs are about $ 2 per gramme
lower with the MOX scenario than with the V&D scenario.

13 For a discussion of the need for storage, see e.g. A. Jaumotte & A. Michel, "Recycling also
Military Plutonium : Time has Come to Act', International Amaldi Conference of Academies
of Sciences and National Scientific Societies, Heidelberg, July 1992; see also, more
recently, the consensus on this point at the international Policy Forum : "Management &
Disposition of Nuclear Weapons Materials”, Leesburg-Va, 8-11 March 1994.

14 1t is assumed, for this exercise, that Russia and the United States shall each recover

about 100 tonnes plutonium from their dismantled warheads (cf. Uranium Institute,
"Disarmament and Nuclear Fuel”, Ul Briefing n® 93/4, April 1993)..

15 US National Academy of Sciences, op. cit. (1994).

16
17

US Congress, Office of Technology Assessment, op. cit. (1993).

Assuming a capital cost of $ 300 million for a 100 tonnes plutonium storage facility and
annual operating costs of $ 45 million, all in constant money (B.G. Chow &
K.A. Solomon, "Limiting the Spread of Weapon-Usable Fissile Materials", RAND's
National Defence Research Institute, Santa Monica -CA, 1993, pp. 67-69).
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e Plutonium vitrification costs

The European reprocessing industry has a long experience in
vitrifying fission products and minor actinides. This experience can
serve to estimate roughly the costs to be borne if such high level
radioactive waste would be blended with plutonium and then vitrified,
although many difficult technicalities remain to be solved.

Those costs will mainly depend on the technically allowable plutonium
content in the final glass, on the absolute size of the vitrification
facility and on the availability rate of high level radwaste quantities for
blending.

Figure 3 below shows schematically the annual capacity required to
vitrify 100 tons of warhead plutonium within 10, 15 and 20 years
respectively, as a function of plutonium content in the final glass pro-
ducts®8. One can notice that, for such 100 tons and reasonable time
frames, one would need a capacity equal to at least two vitrification
plants of the size of the Cogema industrial facility associated with
UP3-La Hague.

Figure 3

Plutonium Vitrification
Capacities for 100 tonnes Pu
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The plutonium content of glass canisters will be limited by a number of
factors, such as: solubility'®, criticality? and non-proliferation resi-
stance. In the latter instance, one will have to very carefully weight the
proliferation risk arising from the concentration, within a single glass
block, of amounts of weapon-grade plutonium large enough in
principle for explosive uses.

18 |n this graph, 4 kg plutonium per canister is equivalent roughly to 1 % plutonium assay in
the glass. For reference, the maximum allowed content in each glass canister produced
at reprocessing plants in Europe is 110 grammes of plutonium-239 per canister (see
R. Odoj, "Plutonium in Betriebsabféllen”, Mensch+Umwelt, Magazin der Gesellschaft fur
Strahlen-und Umweltforschung Minchen, 8. Ausgabe, September 1989, pp. 25-26).

9 And other technical factors, such as giass cracking by helium production (alpha particles)
and alpha radiation embritiement.
OH.p Berg et al., "Criticality Considerations of the Final Disposal of Alpha-Bearing Waste",
International Symposium on Geological Disposal of Spent Fuel, High-Level and Alpha-
Bearing Wastes, Antwerp, Belgium 19-23 October 1992 (IAEA-SM-326/17).
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Figure 4 below gives rough estimates of the warhead plutonium
vitrification costs in $ per gramme plutonium (discounted at the time of
first operation of the Vvitrification plant2!), as a function of the
plutonium content of the glass product??, for different operating lives
of the relevant facility, always for a totai of 100 tons plutonium :

Figure 4

Plutonium Vitrification Costs
for 100 tonnes Pu
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It appears that, with a cost equal to or higher than $ 20/g in practical
cases (yet unproven), vitrification is a costly process.

To be fully consistent in our comparison of plutonium destination
options, we must now discount those vitrification costs to a common
base date. This base date might be set at the time of MOX fuel
fabrication (i.e. after 10 years storage in our example). This
vitrification costs should be discounted 20 - 10 = 10 years. With a
5 % discount rate this results in vitrification costs equal to or higher
than $ 10 per gramme plutonium in real terms.

21 We assumed $ 1 billion investment cost (including R&D) for a 300 tonnes glass per
annum capacity ("DOE Considers Using French Process for HLW Vitrification at Hanford",
Nucleonics Week, March 17, 1994, pp. 7-8) and appropriate scale effects for other
vitrification plant sizes. It should be noted that, for high capacities, the results shown on
Figure 4 may be too optimistic since only "smaller" units (similar in size to the current
vitrification plant associated with UP3-La Hague) might be technically feasible.
Operation costs are estimated at $ 230,000 per ton of glass. Discounting is done at 5 %
per year in constant money.

22 |n this graph, 4 kg per canister is equivalent roughly to 1 % plutonium assay in
the glass (see note 18 above).
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e Vitrified plutonium final disposal costs

| now turn to the storage and final disposal of glass canisters. Here
too, European experience can help assessing the costs, since a
number of interim storage facilities of glass canisters produced at
civilian reprocessing plants are in industrial use in Europe and large
R&D programmes on disposal in many types of host rocks are
currently underway.

We have disregarded the interim storage costs in our study on warhead
plutonium. Indeed, we may assume that, by the time such glass
canisters would be produced, the final disposal site shall already have
been selected, that the licence will have been granted, and that the
installations needed will have been built. This assumption might look a
bit optimistic, especially in the United States' case, knowing how slowly
the Yucca Mountain spent fuel disposal project is proceeding. Never-
theless, one can be sure that when there will be a real political will to
expedite those matters, solutions will be available rather quickly.

The cost of final disposal of vitrified waste mainly depends on the
waste volume and thus, again, on the plutonium assay in the glass. Our
estimates are shown in the following graph, in a now familiar format23.
The costs are discounted (5 % p.y.) at the time of first operation of the
disposal facility, assumed to be at the same time as the vitrification
plant startup.

Figure 5
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According to these calculations, final disposal of vitrified plutonium
may be estimated to cost about $ 10 per gramme plutonium or more.
After discounting to the base date discussed above, i.e. the time of
MOX fuel fabrication, this yields disposal costs equal to or higher than
$ 5 per gramme plutonium in real terms.

23 Our estimates are based upon final disposal costs of canisters containing vitrified high-
level waste from reprocessing, i.e. about $ 65,000 per glass canister. For a discussion of
the uncertainties in those costs : OECD Nuclear Energy Agency, "The Costs High-Level
Waste Disposal in Geological Repositories, an Analysis of Factors Affecting Cost
Estimates”, report by an expert group, 1993.
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o Summary of the cost analysis : MOX scenario versus V&D
scenario

Let me now summarize briefly the costs calculations on the main
items involved in the economic comparison between use of warhead
plutonium as MOX fuel for reactors and its vitrification & disposal as a
waste :

e energy production : the MOX scenario may bring an additional cost
of up to $ 10 per gramme plutonium or may save up to $5 per
gramme, depending on the uranium and enrichment market
conditions. The equality between the MOX scenario and the V&D
scenario is quite likely;

e plutonium storage costs are $ 2 per gramme plutonium lower in the
MOX scenario than in the V&D scenario;

e plutonium vitrification leads to costs only in the V&D scenario,
which can be estimated equal to or higher than $ 10 per gramme
plutonium;

e plutonium final disposal as vitrified product increases the costs of
the V&D scenario by at least $ 5 per gramme.

The conclusion is clear enough : warhead plutonium recycling in light
water reactors makes economic sense?4. It should be stressed, again,
that these resulis are based upon first-hand commercial information
on prices and costs. Many other studies in this domain are based
upon paperwork; ours are rooted in actual achievements.

The money saved in this option, compared with the V&D scenario,
ranges between $ 10 and $ 20 per gramme plutonium.

For 100 tons warhead plutonium, this means savings of $1 to $2
billion.

24 Even without taking into account the possible indirect impact on the uranium and
enrichment supply markets.
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GENERAL CONCLUSION

Assuming that the superpowers really have the intention to de-
militarize their warhead plutonium inventories, the fastest, safest
and most economical currently available way for disposing such
plutonium is to use it as MOX fuel in existing light water reactors?s,

Reloading one-third of the nuclear reactors presently in operation
in the United States with 1/3 of MOX fuel would use 100 tons of
warhead plutonium over ten years. This would generate 750 billion
kWh, i.e. as much as the total electricity consumption of the State
of New York during five years?.

This approach does not preclude burning plutonium in fast neutron
reactors, nor further technological developments currently
underway to optimize the destruction rate of plutonium in new types
of reactors?’. But these developments will only bear fruit decades
from now. This should not be used as an excuse for not starting
the elimination of excess warhead plutonium as soon as possible.

The civilian nuclear industry, especially in Europe and Japan, is
well equipped to help the United States and Russia achieving this
aim safely.

The MOX route is fully proven on an industrial scale, as opposed to
other techniques such as vitrification & disposal. Such alternative
techniques are at very early stages of development and there is no
guarantee that they will attain the same proliferation resistance as
irradiated MOX fuel (i.e. the "spent fuel standard" set by the US
National Academy of Sciences)?8.

25

26

27

28

Similar conclusions may be drawn from recent independent research reports, such as:
the United States Department of Energy Technical Review Committee, "Plutonium
Disposition Study”, July 2, 1993; US Congress, Office of Technology Assessment,
"Dismantling the Bomb and Managing the Nuclear Materials", OTA-O-572, September
1993; N.J. Numark & T. Suzuki, "Spoils of Peace, What To Do With US Warhead
Plutonium”, Nuclear Engineering International, January 1994, pp. 43-46; US National
Academy of Sciences, "Management and Disposition of Excess Weapons Plutonium”,
Prepublication Copy, February 1994; H. von Hardung, "Options for the Limitation of
Undesirable Access to Plutonium”, Atomwirtschaft, Februar 1994, pp. 142-145; G. Clark
(Uranium Institute), "Uranium to 2010", paper to be presented at the 9th Pacific Basin
Nuclear Conference, Sydney, Australia, 1-6 may 1994.

Cf. P. Goldschmidt, "Corral Plutonium for Peaceful Use", The Wall Street Journal Europe,
January 14-15, 1994,

See e.g, two review articles in Proceeding of the International Conference
SAFEWASTE '93, ENS, ANS, OECD, IAEA, CEC, SFEN, 13-18 June 1993, Avignon,
vol. 1: A. Suzuki, "Japan’'s Strategy on High-level Radioactive Waste Management'
(pp. 408-415); J. Lefévre et al, "Partitioning and Transmutation of Long-lived
Radionuclides" (pp. 416-429).

US National Academy of Sciences, op. cit.
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e To consider as a waste a material with large energy content like
plutonium would be irresponsible in a world with finite resources?.

I will end my talk with a word of concern.

If no practical step is taken in the United States and Russia within the
next two years for the destination of excess weapons plutonium, by
starting the construction either of MOX fuel fabrication plant or of a
plutonium vitrification facility, the world might question that there is a
real desire in the United States and Russia to solve this problem.
Such a suspicion might complicate the discussions on the extension
of the Non-Proliferation Treaty.

And a word of hope.

The use of warhead plutonium for electricity production could become
the symbol of real efforts towards a safer and more peaceful world.
Being gathered here, in Hiroshima, we all feel strongly about this
ultimate goal. Let us not waste this chance.

29 gee e.g. World Bank, "World Development Report 1992, Development and the
Environment”, Oxford University Press, 1992 : "Policies that encourage efficiency lead to
less waste, less consumption of raw materials, and more technological innovation™.

OD-2-7-1%
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SIX REASONS FOR DEFERRING
THE USE OF SEPARATED PLUTONIUM
IN THE CIVIL NUCLEAR FUEL CYCLE

1. IMPROVE CHANCES FOR HUMAN SURVIVAL

e Small quantities of reactor and fuel-grade plutonium can be
used to make efficient, powerful nuclear bombs as well as
inefficient crude bombs and terrorist explosive devices.

2. LIMIT SPREAD OF NUCLEAR EXPLOSIVE MATERIAL

e National separation, recycle, and breeding of plutonium on a
commercial scale place an impossible burden on the current
capabilities of the IAEA safeguards system to detect promptly
thefts or diversions of Pu-bomb quantities from peaceful use.

3. PREVENT ABUSE OF NUCLEAR TECHNOLOGY

e "Civil" plutonium programs provide a legitimate civilian cover
for any country to acquire a stockpile of nuclear explosive
materials, while sustaining a global technology base in
chemical separation, processing, and metallurgy that has been
-- and will continue to be -- applied to clandestine military
programs.
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4. REDUCE POTENTIAL FOR NPT "BREAKOUT"

@ The JAEC vision of a future plutonium economy ignores the
problem of future "break-out" from the NPT by nations that
have "legally" acquired a stockpile of separated plutonium
under safeguards, but then undergo political upheaval and
emerge as nations determined to build nucleér arsenals.

S. ENCOURAGE DESTRUCﬂON OF WEAPON STOCKS

e Stockpiles of separated "civil" plutonium and operational Pu-
production facilities will act as a barrier to deep reductions
and eventual elimination of nuclear weapons held by declared
and undeclared nuclear weapon states.

6. ENSURE EFFICIENT ALL.OCATION OF CAPITAL RESOURCES

e Separation and use of Pu in the civil nuclear fuel cycle is not
justified now by current or foreseeable energy market
conditions, which favor investments in conservation,
efficiency, and a range of competing power sources, including
safer, more reliable and efficient advanced LWR technology.
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1. Small Quantities of Reactor or Fuel-Grade Plutonium Can be
Used to Make Nuclear Bombs.

e Regardless of the fuel burnup level, the critical mass of
plutonium separated from spent fuel will be between that of
Pu-239 and U-235, the most favorable isotopes for making
weapons.

e Recent reviews by J. Carson Mark, Director of the Theoretical
Division, Los Alamos 1947-72, and the U.S. National Academy
of Sciences show that:

-- a basic fission weapon with a probable yield in the vicinity
of 5 kilotons, having a radius of destruction two-thirds that of
the Hiroshima bomb, can be made from as little as 4 kg of
plutonium recovered from high burn-up fuel.
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e MODERN EFFICIENT HIGH YIELD WEAPONS USING
REACTOR-PLUTONIUM ARE POSSIBLE:

-- The threshold for initiating fusion reactions in the
fissioning core is reached at about 300 tons.

-- This is less than the worst expected ('fﬁiile") yield of 700 tons
expected from maximum "preinitiation" of the original Nagasaki-type
. bomb by spontaneous neutron emission in the weapon material.

-- The National Academy Report notes: "Regardless of how high the
concentration of troublesome isotopes is, the yield would not be less
[than one kiloton]" for "a relatively simple device."

-- Therefore, a few grams of a deuterium-tritium mixture
present in the fissioning core will increase the yield of a
reactor-grade bomb by a factor of 5 or more.

-- The NAS Report notes: "With a more sophisticated design [than the
original Nagasaki weapon], weapons could be built with reactor-grade
plutonium that would be assured of having higher yields."
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e HOW MUCH HIGHER CAN THE YIELD GO??

-- Unfortunately, reactor-PU fission weapons with yields of a
few to tens of kilotons can produce the X-ray energy needed
to compress and ignite fission or thermonuclear "secondary"
stages with yields of hundreds of kilotons to megatons.

-- Three decades ago, Chinese scientists successfully tested a
3 megaton thermonuclear weapon only 32 months after their
first atomic test.

e CONCLUSION -- Production or acquisition of HEU, or
separated Pu without regard to isotopic composition, by any
competent industrial state carries with it the potential to
develop not only "crude" fission bombs of the Nagasaki type,
but also weapons of even greater destructive potential.
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POINT ONE DISCUSSION: Requirements for a Bomb - Any "Grade" of Plutonium Will
Do the Job.

Plutonium can vary widely in its isotopic composition, and can exist in six metallic forms
corresponding to six different arrangements of its crystal structure. The two forms most
often associated with weapons are the most dense "alpha-phase," and the more stable "delta-
phase." '

The plutonium in U.S. nuclear weapons is "weapon-grade” (less than 7% Pu-240) in the
form of delta-phase metal (density = 15.7 g/cc). The bare critical mass of delta-phase
plutonium metal is dependent on the concentrations of the various plutonium isotopes, and
varies from about 16 kg for plutonium with 6% Pu-240, to about 22 kg for plutonium with
30% Pu-240, reactor-grade plutonium from high burn-up fuel.!

The less stable, more brittle alpha-phase plutonium metal has smaller critical mass values
ranging from about 10 kg for plutonium with 6% Pu-240 to about 15 kg for plutonium with
30% Pu-240.2

Thus, regardless of the fuel burnup level, the critical mass of the extracted plutonium will
be between that of Pu-239 and U-235. The Trinity device (and the Nagasaki bomb) used 6.1
kg of weapon-grade plutonium, and modern compact fission warheads require as little as 3
kg of weapon-grade plutonium. As shown below, a basic fission weapon with a yield in the
vicinity of 5 kilotons could be made from as little as 3 kg (alpha-phase) to 6 kg (delta-phase)
plutonium recovered from high burnup fuel.

! The bare critical masses for plutonium in the delta-phase (density = 15.6 g/cc) range from about
16 kg for Pu-238 and -239, to 19 Kg for Pu-241, to 63 Kg for Pu-240. All the various isotopic
combinations fall within this range.

2 The bare critical mass for plutonium in the alpha-phase (density = 19.6 g/cc) are about 10 kg
for Pu-238 and -239, 12 kg for Pu-241, and 40 kg for Pu-240.
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TABLE 1A: ROUGH DESIGN CRITERIA FOR A WEAPON

Critical mass M, = amount needed to sustain fission chain reaction.
The assembled weapon system needs to contain about 2 "crits" (two critical masses)
or more. For example: :

Explosive Yield (KT)

No. of Crits
1.5 0.6
2.0 4.6
2.5 15.0 (Hiroshima)
{ ¢«— 20.0 (Nagasaki)
3.0 34.0 '

icality (M) can be greatly reduced by use of a neutron

The mass required for cri
reflector (e.g. beryllium, tungsten, U-238) and compression.

Example (Alpha-phase Pu):

M, = 10 kg at normal density, unreflected
M, = 6 kg at normal density, reflected
M, = 6/ kg with x-fold uniform compression

s at least two crits, with uniform

Therefore, if an assembled weapon system require
d be made with 2 x (6/2°) = 3 kg.

2-fold compression an alpha-phase Pu weapon coul
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TABLE 1B: NOMINAL TWO CRITICAL MASS REQUIREMENT FOR WEAPONS

(Kilograms)®
Bare With moderate Compressed
Nuclear explosive material No reflector reflector 2-fold
U-235 (93.7%) 105 524 13.1
Alpha Pu-240 80 42 10.5
Delta Pu MOX-Grade 48 | 24 6.0
(32.1% Pu-240) :
Delta Pu "Reactor-Grade" 42 21 5.3
(24.3 % Pu-240)
Delta Pu "Weapon-Grade" 34 17 42
(6% Pu-240)
U-233 (98.11%) 33 165 4.1
Delta FBR blanket 32 16.2 4.1
(4.0% Pu-240)
Delta Pu-239 32 16 4.0
Delta Pu-238 32 16 4.0
Alpha Pu MOX-grade 31 15 3.8
(32.1% Pu-240)
Alpha Pu "Reactor-Grade") 26 13 32
(24.3% Pu-240)
Alpha FBR Blanket Pu-239 21 10.5 2.6

(4.0% Pu-240)

* Uncompressed values for plutonium are mainly hypothetical, as the high spontaneous fission rate of plutonium severely
complicates assembly of an explosive "supercritical® mass at normal density by means of the "gun-assembly” technique used
in the Hiroshima uranium bomb. However, a "Little Boy" gun assembly of "2.5 crits" (32 kg) of reactor-grade plutonium could
produce an explosion with a yield on the order of 10-20 tons of TNT equivalent, enough to knock down a very large building,
seriously contaminate a downtown district, and cause thousands of prompt fatalities and later cancer deaths from Pu-
inhalation.
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Pure PuO, as well as MOX blends with PuO, concentrations greater than about 20-
30% appear to be directly usable in an illicit nuclear device.> However, the material
requirements are substantially larger and the explosive yields of such devices would be
substantially less than if plutonium metal were used, other design factors being the same.*

Plutonium with a high Pu-240 content is less desirable for weapons purposes than
weapon-grade plutonium, because for low-technology weapons designs the neutrons
generated by the high rate of spontaneous fission of Pu-240 can increase the statistical
uncertainty of the yield by “pre-initiating" the chain reaction before the desired compression
of the plutonium core has been achieved. In spite of this difficulty, militarily useful weapons,
with predictable yields in the kiloton range can be constructed based on low technology designs
with reactor-grade plutomum According to the conclusions of a recent study by the National
Academy of Sciences in the United States, based in parton a classified 1994 study by
scientists at the Lawrence Livermore National Laboratory:

even if pre-initiation occurs at the worst possible moment (when the material
first becomes compressed enough to sustain a chain reaction), the explosive
yield of even a relatively simple device similar to the Nagasaki bomb would
be on the order of one or a few kilotons. While this yield is referred to as the
“fizzle yield," a one kiloton bomb would still have a destruction radius roughly
one third that of the Hiroshima weapon, making it a potentially fearsome
explosive. Regardless of how high the concentration of troublesome isotopes is,
the yield would not be less. With a more sophisticated design, weapons could
be buigt with reactor-grade plutonium that would be assured of having higher
yields.

The same conclusions can be drawn from a recent unclassified review of this subject
by J. Carson Mark, director of the Theoretical Division, Los Alamos National Laboratory,
1947-1972. Based on the now unclassified probabilities of preinitiation estimated for the
original Trinity test device -- built with very low Pu-240 content delta-phase plutonium to

3 USS. Nuclear Regulatory Commission, Safeguarding a Domestic Mixed Oxide Industry Against a
Hypothetical Subnational Threat, NUREG-0414, May 1978, p. 6-9.

* The bare critical mass for reactor-grade plutonium oxide (PuQ,) varies from 30 to 70 kg. Bare
critical masses for MOX at 30 and 10 percent PuO, concentrations vary between 250 and 600 kg
and 3,000 to 10,000 kg, respectively; ibid.

5 Management and Disposition of Excess Weapons Plutonium, Committee on International Security
and Arms Control, National Academy of Sciences, Nat10na1 Academy Press, Washington, D.C.
1994, (Prepubhcatlon Copy) p-37.
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achieve a nominal yield of 20 kt and a "fizzle" yield of about 700 tons (i.e. the "worst-case"
yield obtainable short of .mechanical component failure) — Mark then estimates the
probability of achieving a given yield with higher levels of spontaneous neutron emissions.
Assuming the Trinity device used super-grade material, the neutron source level
corresponding to reactor-grade material would be some 20 times larger, resulting in a 67%
probability of achieving a yield in excess of one kiloton, a 29% probability of achieving a
yield in excess of 5 kilotons, and an 8% probability of achieving a yield in excess of 20 kt.

Assuming a more modern implosion system that assembles twice as rapidly as the
Trinity device, the corresponding probabilities are 82% above one kiloton, 54% above 5
kilotons, and 28% above 20 kiloton. Of course, improving the speed of assembly can also
increase compression of the core and hence the nominal yield. The United States, for
example, twice tested a "levitated core" version of the Nagasaki "Fat Man" bomb during
Operation Sandstone in April-May 1948 that took advantage of the increased momentum
obtained from propelling a outer metal shell through free space before striking the
plutonium core. These tests achieved yields of 37 kt and 49 kt compared to the 20 kt yield
of "Fat Man." Thus if this improved but still relatively “primitive" design were built today
with reactor-grade plutonium, it would have a better than even chance of producing an
explosion greater than 11 kilotons.®

That is far from the end of the story, however. The threshold for initiating fusion
reactions in the fissioning core -- to provide additional free neutrons to accelerate ("boost")
the fission reaction - corresponds to an energy release in the vicinity of three hundred tons,
less than the fizzile yield of the original Trinity device. This means that a few grams of a
deuterium-tritium mixture present in the fissioning core can increase the fission yield by a
factor of 5 or more, virtually guaranteeing that even a severely preinitiated reactor-grade Pu
weapon will provide a yield of several to tens of kilotons.

Unfortunately, fission weapons with yields of a few to tens of kilotons can produce
the x-ray energy needed to act as the "primary" or triggering stages for thermonuclear
“secondary" stages with yields in the hundreds of kilotons to megatons. Four decades ago,
U.S. and Soviet scientists designed two-stage thermonuclear devices, without the assistance
of high-speed computers, that worked the first time they were tested.

¢ For further discussion see, J. Carson Mark, Reactor-Grade Plutonium’s Explosive Properties,
Nuclear Control Institute, August 1990, and a revised version of this paper published as
"Explosive Properties of Reactor Grade Plutonium, Science and Global Security, 1993, Volume 4,
pp- 111-128; Thomas B. Cochran, et al., Nuclear Weapons Databook, Volume I, U.S. Forces and
Capabilities, (Boston: Ballinger Publishing Company, 1984), p. 24, footnote 17; T.B. Cochran,
"Hydronuclear Testing or a Comprehensive Test Ban, NRDC draft report, April 10, 1994, p. 12.
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A decade later, Chinese scientists likewise exploded a thermonuclear weapon on their
first attempt, only 32 months after their first aromic test.” Clearly, the production or
acquisition of separated plutonium or highly enriched uranium by any reasonably competent
industrial state today means an inherent potential to develop not only fission bombs of the
Nagasaki type, but also thermonuclear weapons of even more horrendous destructive
potential.

" Robert S. Norris, et. al., Nuclear Weapons Databook, Volume 5, Britfish French and Chinese
Nuclear Weapons, Westview Press, 1994, p.420.
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2. National separation, recycle, and breeding of plutonium places an
impossible burden on the current capabilities of the IAEA safeguards
system to detect promptly small diversions of material from peaceful
use.

e To reliably detect theft/diversion of one bomb’s worth of Pu (i.e.
half the IAEA’s current 8 kg “significant quantity" ) above
measurement "noise" with 95% confidence, 3.3 times the
uncertainty in the Inventory Difference (amj must be less than 4
kgs. The value of o, is dominated by the error in measuring
plutonium input into the plant, usually about one percent of
throughput.

-- For Tokai Mura: Avg. throughput = 90 MTHM/y
Avg. Pu content = .09%
Input error = 1.0%

Therefore: .
3.3 (ID) ~ 3.3 x (.009 x 90 x .01) = 27 kg/yr
(27 kg/4) = 6.75 x "bomb quantity"
-- For Mayak Combine
(Chelyabinsk-65):  Avg. throughput = MTHMYy
Avg. Pu content = 9%
Input error = 1.7% per campaign
# campaigns = 2fy
-- Therefore:

(ID) = (.009 x 100 x .017) = 15.3 kg/campaign
3.3 (ID) = 50.49 kg/campaign
50.49/4 = 12.6 x "bomb quantity"
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e CONCLUSION: Reprocessing safeguards need to be
improved by a factor of 6 to 12 above present performance
levels to provide the international community with confident
detection of stolen or diverted material.

e QUESTION: Can this be done in a way which meets the
requirement that safeguards provide "timely warning" of
diversion or theft?

-- Detection time should be < “conversion time" to weapon
component

-- For metallic Pu and HEU, conversion time is 7 -10 days;
For other materials, 1-3 weeks.

-- These times are much shorter than the period between
inventories at any fuel reprocessing plant operating today.

-- Implementing more effective safeguards would require
frequent shutdowns, further driving-up the cost of
reprocessing,. '
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e CONCLUSION: No assurance that primary objective of
safeguards -- timely detection of missing significant quantities
of Pu -- is now being met, or will be met in the future.

-- Near Real Time Accountancy (NRTA), involving frequent on-line
measurements without shutting down the facility, would improve
sensitivity and timeliness of safeguards; BUT

-- practical implementation of a commercially viable and effective
NRTA system is an open question.
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POINT 2 DISCUSSION: Do IAEA Safeguards and Physical Security Measures Provide
Sufficient Insurance Against Proliferation?

Adequate physical security is essential to prevent the theft of any quantity of material,
even as little as one bomb’s worth. Highly accurate material accounting and control
measures are essential to determine whether a theft has taken place, and to provide timely
warning to prevent the material from being used for illicit purposes. It is well established
-- from experience at existing civil and military chemical separation (reprocessing) plants,
naval fuel facilities, and mixed-oxide fuel facilities —- that it is extremely difficult (some would
argue impossible) to provide in practice a sufficient level of physical security and material
accounting and control, at bulk handling facilities that process large amounts of nuclear
weapons-usable material. |

The difficulty in providing adequate physical security is that theft of materials can involve
a collusion of individuals, including the head of the guard force, or even the head of the
company. Despite having guards at every bank, employees at the Bank of Credit and
Commerce, Inc. (BCCI) were able to steal millions of dollars from bank customers because
the thieves were running the bank - the collusion was at the top. If the threat includes the
potential for collusion involving the guard force and facility directors, providing adequate
physical security in the West would require turning the facility into a heavily armed site
occupied by an independent military force. In Russia physical security has relied on heavily
guarding not only the facilities, but also the towns where the work force resides. These
closed cities are anathema to a democratic society.

Of course the principal role of physical security is completely reversed when the
collusion involves elements of the government itself. In this case the primary mission of the
security apparatus is to hide the program from outside scrutiny. It is now known that at
various times in the past, the governments of the United States, Japan (during World War
II), Soviet Union, United Kingdom, France, China, Israel, India, South Africa, Sweden,
Argentina, Brazil, Taiwan, Pakistan, North Korea, South Korea, and Iraq have had secret
nuclear weapons development programs. In light of this history, combatting the "norm of
secrecy" surrounding the operations of nuclear research and development complexes can be seen
as an integral part of any serious nuclear nonproliferation strategy.

The international community’s principal tool for penetrating the secrecy of nuclear
facilities is the power of the International Atomic Energy Agency to conduct inspections and
require adherence to strict material accounting and control procedures, collectively referred
to as "safeguards." These are meant to provide timely detection of the diversion of
significant quantities of weapons-usable material. The IAEA’s Standing Advisory Group on
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Safeguards Implementation (SAGSI) in 1977 defined a significant quantity of plutonium as
8 kg. Depending on the type of plutonium metal used, the thickness of neutron reflectors,
and the compression achieved by chemical explosives assembly mechanism, the true
significant quantity can be considerably less - on the order of 3 kilograms.

To provide assurance that a significant quantity of fissile material has not been diverted,
the uncertainty in the inventory accounting must be small compared to the quantity of fissile
material considered significant, e.g., compared to 8 kg of plutonium or less. At a bank each
deposit and withdrawal has a precise numerical value which, if accurately recorded, permits
a precise daily balancing of the books. At a bulk handling facility the books never balance
because of inherent limitations in the ability to measure the material quantities entering the
plant. 2

In the parlance of nuclear material accounting the inveliiory difference (ID) is defined
as
ID =Bl +1-R-E]L

where BI is the beginning inventory, EI is the ending inventory, and I and R are,
respectively, the material added and removed during the inventory period.® For the
minimum amount of diverted plutonium (assumed here to be 8 kg) to be distinguished from
measurement noise with detection and false alarm probabilities of 95% and 5%, respectively,
it can be shown that 3.3 o, must be less than 8 kg, where oy, is the uncertainty in the
inventory difference.’

At existing reprocessing plants in the West that handle tons of weapons-usable
plutonium, o, is dominated by the error in measuring the plutonium input into the plant,
which is about one percent of the throughput. The Japanese Tokai Mura plant, one of the
smallest plants in the West, has an average output of about 90 Metric Tons of Heavy Metal
per year (MTHMY/y), and the LWR spent fuel processed has an average total plutonium
content of about 0.9 percent. Thus, 3.3 oy, for Tokai Mura is about 27 kg of plutonium per
annual inventory. Even if inventories were taken every six months, 3.3 o, would be about
14 kg, which is still greater than 8 kg. One simply cannot detect the diversion of several
bombs’ worth of plutonium annually from Tokai Mura.

¢ In the literature "inventory difference" (ID) is sometimes called "material unaccounted for"

(MUE).

® Marvin Miller, "Are Safeguards at Bulk-Handling Facilities Effective?, Nuclear Control Institute,
Washington, D.C., August 1990.
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We are told that material accounting and control at Russian plants handling nuclear fuel
in bulk form is rudimentary at best. The RT-1 chemical separation plant at Chelyabinsk-65
has a capacity of about 400 MTHM/y, and until 1991 had been operating at about 200
MTHM/y. Therefore, the situation at RT-1 would be two to six times worse than at Tokai
Mura, even if it were brought up to current western standards.® It is difficult to imagine
running a bank in which you counted the money only a few times a year, and then only
counted the notes larger than 10,000 rubles. Yet the Russian nuclear establishment
sanctions the commercial use of nuclear weapons-usable material under safeguards that are
no better.

Detection time (the maximum time that should elapse between diversion and detection
of a significant quantity) should be in the same range as the conversion time, defined as the
time required to convert different forms of nuclear material into components of nuclear
weapons. For metallic plutonium and HEU, the conversion time is 7-10 days; for other
compounds of these materials, 1-3 weeks. These times are already much shorter than the
period between inventories at any fuel reprocessing plant operating today. Thus, there can
be no assurance that the pnmary objective of safeguards - the timely detection of significant
quantities of plutonium - is now being, or can be, met.

To meet the timely detection criteria reprocessing plants would have to undergo clean-
out inventories every few days, or weeks. But this would reduce their annual throughput -
and utility -- practically to zero. It would also drive up the cost of reprocessing. Plutonium
recycle, the use of MOX fuel in standard commercial light-water reactors (LWRs), is already
uneconomical due to the high costs of reprocessing and fuel fabrication even when
conducted without a technically adequate level of safeguards. Similarly, the cost of the fast

19 According to Evgeni Dzekun, chief engineer of the Mayak civil reprocessing plant at
Chelyabinsk-65, a plutonium input-output balance for the plant is calculated every 3-4 months
when the plant is cleaned out between reprocessing campaigns. About one percent of the
plutonium is lost to waste streams, and a lesser amount to plateout in the plant’s plumbing. The
ID is typically 15 kilograms of Pu per campaign, amounting to a total ID of about 3% percent of
throughput. In other words, the ID is almost twice the IAEA’s significant quantity for plutonium.
According to Dzekun, if the ID in a given campaign is larger than can be explained by
measurement errors, a "special investigation” is carried out, but what this consists of is not known.
To assure detection of an 8 kg. diversion at this plant with 95% confidence and a 5% false alarm
rate, 3.3 x ID must be less than 8 kg., so this plant apparently falls short of the minimum IAEA
standard by a factor of six. If 4 kilograms is regarded as the amount needed for a weapon, then
the "safeguards” at Mayak need to be improved by a factor of twelve in order to provide confident
detection of diverted material. See "Report on an International Workshop on the Future of
Reprocessing, and Arrangements for the Storage and Disposition of Already-Separated Plutonium
(Moscow, 14-16 December 1992) by F.v.Hippel, Princeton University, and T.B. Cochran, C.E.
Paine, Natural Resources Defense Council, 10 January, 1993, p. 5.
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Similarly, the cost of the fast breeder fuel cycle is greater than that of the LWR
operating on the once-through cycle without plutonium recycle.

In Western Europe and Japan, consideration is being given to Near-Real-Time
Accountancy (NRTA) as a means of improving the sensitivity and timeliness of detection.
NRTA involves taking inventories at frequent intervals, typically once a week, without
shutting down the facility. It and similar concepts are likely to be opposed by operators due
to the added costs that would be imposed. In any case the methods and adequacy of
practical NRTA system implementation are open questions.
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3. Use of plutonium in civil power programs provides any country
with a legitimate civilian cover for acquiring a stockpile of
weapons-usable nuclear material, while sustaining a global
technology base in chemical separation, Pu-processing, and Pu-
metallurgy that can be acquired for "peaceful uses" and applied to
clandestine military programs.

e The plutonium inventory needed to supporta éingle commercial-
size 1000 MW breeder is staggering -- 11-22 METRIC TONS --
depending on the fraction of the core replaced annually (.33 -
.5) and the reprocessing/fuel fabrication interval (3.5 - 7 years)

e 10 gigawatts of electric capacity supplied by breeders -- hardly enough
to justify an R&D program -- means a plutonium inventory of 100-200
MT, enough for 25,000-50,000 bombs.

e India recovered the plutonium for its first nuclear explosive
device in a reprocessing plant developed as part of its
national breeder program
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e Sufficient plutonium has already been separated worldwide to
support any rational scale of breeder R&D effort. There is no
requirement to continue separating Pu for this purpose.

e There is no need to separate plutonium today to insure a stockpile for
starting breeders in the future. Should that day ever arrive,
commercial deployment can begin with cores of about 20% enriched
uranium, making commercial deployment of the breeder relatively
independent of the accumulated stock of separated plutonium.
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POINT 3 DISCUSSION: Deferring the Use of Separated Plutonium in the Civil Nuclear
Fuel Cycle.

Deployment of plutonium fast breeders would entail staggering amounts of nuclear
weapons-usable plutonium in the reactors and the supporting fuel cycle."! There is no
adequate means of safeguarding this material to prevent some of it from being used for
nuclear weapons.

The continued development of plutonium breeders in the few remaining countries that
have strong breeder research and development programs will continue to legitimize breeder
programs and plutonium stockpiles in non-nuclear weapons ;states that may use these
programs to cover the development of a weapons option. India recovered the plutonium
for its first nuclear device in a reprocessing plant that was ostensibly developed as part of
its national breeder program.

Consequently, breeder research and development programs should be limited to conceptual
design efforts only, with an emphasis on advanced proliferation resistant fuel cycles that do
not require mastery of the technology for isolating and fabricating weapons-usable nuclear
materials. To the extent that this is politically impossible, sufficient plutonium has already
been separated to meet the needs of R&D programs, so at a minimum there is no
requirement to continue separating plutonium for this purpose. In this connection it should
be noted if plutonium breeders some day prove to be economically competitive, and if the
breeder fuel cycle can be safeguarded with high confidence under stringent international
controls, then commercial deployment could begin with cores of non-weapons usable 20%
enriched uranium. In other words, there is no need to accumulate a stockpile of separated
plutonium today to insure the possibility of deploying breeders at some point in the future.

By giving sanction to reprocessing the world is confronted with large flows of recovered
plutonium and plutonium stockpiles. If only 10 gigawatts of electric capacity were supplied
by breeders - hardly enough to justify the R&D effort in any country even if the economics
were otherwise favorable - the plutonium inventory in the reactors and their supporting fuel

1 With a plutonium breeder economy the quantity of plutonium involved would be enormous.
The plutonium inventory in a commercial-size breeder is about 5 MT, of which 3.5 MT is fissile -
about 600 atomic bombs worth. A Russian BN-800 breeder reactor would require over 4 MT.
Although the net amount of plutonium produced in a fast breeder reactor annually is generally
less than that produced in a conventional thermal power reactor of the same size, one-third to
one-half of the FBR fuel must be removed annually for reprocessing, plutonium recovery, and
remanufacture into fresh fuel. Since the fuel will be outside of the reactor for 3.5 to 7 years the
plutonium inventory needed to support a single commercial-size plutonium breeder is 11-22 MT,
about 1400 to 3700 bombs worth.
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cycle would be on the order of 100-200 MT, or about 25,000-50,000 bombs’ worth. By
comparison, U.S. nuclear weapons stockpiles in 1987 consisted of 23,400 warheads, and the
weapon-grade plutonium inventory, most of which was in weapons, was about 90 MT. The
Russian warhead plutonium stockpile consists of an estimated 135-170 MT of plutonium in
a total stockpile which peaked in 1985 at about 45,000 warheads.

About one half of the plutonium created in a breeder reactor is bred in the blanket rods.
The burnup of the blanket material is low. Consequently, the resulting plutonium is weapon-
grade, with a Pu-240 concentration lower than that used in U.S. and Russian weapons.
Thus, any non-weapons country that has large stocks of breeder fuel, has the capacity to
produce a ready stock of weapon-grade plutonium. It only has to segregate and reprocess
the blanket assemblies separately from the core assemblies. .
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4. The JAEC vision of a future plutonium economy does not take into
account the problem of "break-out" from the NPT by a nation that has
"legally" acquired a stockpile of separated plutonium under
safeguards, but then undergoes political upheaval and emerges as a
nation determined to build a nuclear arsenal.

e Nations and their motivations can change,dr'ématically, as
do the relationships between nations.

-- Compare today’s relationship between the U.S., Germany, and
Japan with that of 50 years ago.

-- Compare China’s shifting relations with Russia over the same
period.

-- Compare the U.S. relationship with Iraq in 1985 - 89 with
1990-94.

e The JAEC, MINATOM, BNFL, and CEA programs offer
a justification, and serve to encourage, Pu stockpiling and
technology acquisition by other countries.
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e Without violating safeguards agreements, these countries can
design and fabricate non-nuclear weapons components. From
a technical perspective, they can move within hours or days of
having nuclear weapons without other states being able to
draw the firm conclusion that these countries have violated
the NPT’s prohibition on the "manufacture" of nuclear
weapons.

e Absent urgent and compelling energy short term needs that
cannot reasonably be met in any other way, no country should
unilaterally resort to the use of technologies that pose a
significant risk of seriously destabilizing relations between
nation states.

-- National energy independence must not be pursued at the expense

of international security.

e To limit the likelihood of "break-outs" from the NPT, any
use of nuclear explosive material in the future nuclear fuel
cycle must be managed on supra-national basis:

-- national control over Pu exchanged for access to energy
service.

-- Any other approach to nuclear explosive materials in the fuel
cycle is just tickling the dragon of proliferation.
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POINT 4 DISCUSSION: The Risk of Breakout

Reprocessing of spent fuel and the recycling of plutonium® into fresh fuel for reactors
permit non-nuclear weapons states to justify the acquisition and stockpiling of nuclear
weapons-usable material — ostensibly for peaceful purposes. At the same time, without
violating any international safeguards agreements, these countries can design and fabricate
non-nuclear weapon components. By moving to a point of being within hours of having
nuclear weapons - perhaps needing only to introduce the fissile material into the weapons -
- a nascent weapons state would have all of its options open. Under these conditions,
international safeguards agreements can serve as a cover by concealing the signs of critical
change until it is too late for diplomacy to reverse a decision to "go nuclear."

Likewise, acceptance of the plutonium breeder as an energy option provides the
justification for the early development of a reprocessing capability by any country. A non-
nuclear weapons country would always have the option to shift its "peaceful" nuclear
program to a weapons program, but this would require the politically difficult decision to
attempt evasion or overtly abrogate IAEA safeguards. Without national reprocessing
facilities and breeder reactors, countries wishing to develop nuclear weapons capacity face
very considerable political problems and cost. Obtaining large quantities of weapon-usable
plutonium requires that they build one or more specialized production reactors and chemical
separation facilities. By establishing their nuclear weapons option through a plutonium-using
nuclear electric generation program, they can circumvent these obstacles.

12 Or any other weapons material, such as highly enriched uranium or uranium-233.
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S. Stockpiles of separated plutonium in civil programs will
act as a barrier to deep reductions and eventual
elimination of nuclear weapons held by declared and
undeclared nuclear weapon states.

e How far is China likely to go toward eliminating its nuclear
arsenal if Japan accumulates an inventory of nuclear explosive
materials in pursuit of a civil plutonium program with no obvious
commercial justification. "

e Likewise, how deep will the cuts be in the U.S. nuclear weapons
stockpile if Russia proceeds to large-scale deployment of the breeder
fuel cycle, with its inventories of hundreds of tons of separated
plutonium and inherent capacity for creating super-grade blanket
material, or if Russia maintains "civil" reprocessing plants while the
U.S. reprocessing plants are shut-down?

e A failure to proceed to very deep cuts and international monitoring
of residual weapons stocks -- as the prelude to ultimate abolition --
could lead to further erosion of the nonproliferation regime.

. . necd . . .

e Hence there is a seriouspto review the mistaken legitimacy afforded
civil plutonium programs under the current loose system of
international controls
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POINT 5 DISCUSSION: Toward "Virtual Abolition" as the Interim "End State" of the
Nuclear Arms Reduction Process

As deep nuclear and further conventional force reductions proceed, and international
control mechanisms are built-up, it should become both possible and desirable to shift the
international security role of nuclear weapons from "active" day-to-day deterrence of nuclear
and large-scale conventional attacks to the largely "passive" role of "discouraging” potential
proliferant nations who might be motivated by the prospect of a regional or global nuclear
monopoly. This shift can be achieved initially through international commitments to "no-
first-use" of nuclear weapons, and through the retention of modest internationally-monitored
residual nuclear forces, the size and combat readiness of which are steadily diminished over
time.

Over the long term, as greater confidence is achieved in an international control regime
and capabilities for prompt nuclear attack are eliminated, this proliferation "discouragement"
mission could be performed by secure deep underground storage of residual nuclear
warhead inventories -- under international monitoring -- that would be remated with their
delivery systems only in the event a serious nuclear threat to international security emerged
that justified redeployment of a nuclear deterrent force.

However, this denuclearizing vision is threatened by, among other difficulties, the
accumulation of large stockpiles of separated plutonium in nominally civil programs. One
need only ask how far China, for example, might be willing to go in accepting limits on, or
reductions in its nuclear weapons stockpile if Japan is poised to accumulate an even larger
inventory of weapons usable fissile materials in pursuit of a civil plutonium program with no
clear commercial rationale.

Likewise, Russia’s continued operation of reprocessing plants and potentially large-scale
commitment to the breeder reactor fuel cycle could abort U.S. political support for
continuing toward very deep reductions and ultimate abolition of nuclear weapons stockpiles.
The lack of such a commitment by the U.S. and other nuclear weapons states, could, in turn,
lead to continued erosion of the nonproliferation regime. Hence the need to forthrightly
address the (in our view) mistaken legitimacy afforded civil plutonium programs under the
current system of international controls.
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6. Separation and use of Pu in the civil nuclear fuel cycle is not
justified now by current or foreseeable energy market conditions,
which favor investments in conservation, efficiency, and a range
of competing power sources, including safer, more reliable and
efficient advanced LWR technology.

e Investing in plutonium recycle today ignores three
fundamental laws of economics:

-- (1) money has "time value," i.e. never invest capital or
accumulate inventory until you need to do so to satisfy
market demand;

-- (2) every capital investment has an "opportunity cost"
equal to the most productive alternative use of the invested
capital;

-- (3) future improvements in technology can reduce capital
costs at the time the investment is actually required.
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e Accumulating a Pu-inventory in the current and projected
energy market is a poor ivestment of resources.

-- RAND STUDY: At the current cost for reprocessing
services, the price of uranium feedstock for enrichment
would have to increase by a factor of 16 before Pu recycle
in LWRs becomes competitive.

-- At current reprocessing costs and an FBR/LWR capital
cost ratio of 1.5, the yellowcake price would have to
increase by a factor of 45 before the breeder becomes
competitive. When might this happen?

-- The earliest date, based on the most optimistic
assumptions about nuclear energy growth, reprocessing
costs, and breeder capital costs, is at least 50 years away,
and the more likely case is 100 years away.

e A period of 50 -100 years is a long time, during which
more efficient fission options may emerge, not to
mention advanced solar and new technologies not yet
mvented.
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e Accumulating a Pu-inventory today is not required to insure
a sufficient start-up fuel supply for breeders. If the time ever
comes when Pu-breeders are economically competitive and
proliferation resistant, startup cores can be made from
reserves of uranium enriched to about 20% U-235.

e To make a bomb out of 20% enriched material would require the
theft or diversion of at least 125 kilograms of material, compared to
3.2 kilograms of reactor-grade alpha Pu.

e BOTTOM LINE: Plutonium separation and thermal recycle is a bad
investment in today’s energy market, and a separated Pu-inventory
larger than that needed for R&D is not required to preserve the Pu
breeder option for the future.
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POINT 6 DISCUSSION: Pu Economics

Development efforts worldwide have demonstrated that plutonium fast breeders are
uneconomical -- unable to compete with thermal reactors operating on a once through
uranium cycle - and that breeders will remain uneconomical for the foreseeable future. The
putative benefits of the plutonium breeder, associated with its ability to more efficiently
utilize uranium resources, are not diminished if commercial breeder development is
postponed for decades, and the spent fuel from existing conventional reactors is stored in
the interim. As thoroughly documented by Paul Leventhal and Steve Dolley of the Nuclear
Control Institute in the U.S., energy security in the nuclear sector can be achieved more
cheaply and more quickly by stockpiling uranium.®

The use of plutonium in the form of mixed-oxide (MOX) fuel in conventional power
("thermal") reactors is likewise uneconomical, because the costs of using MOX fuel cannot
compete with those of enriched fresh uranium fuel for the foreseeable future. A recent
study by the RAND Corp. in the United States estimates that, at the current cost for
reprocessing services, the price of uranium feedstock for enrichment would have to increase
by a factor of 16 before Pu recycle in LWRs becomes competitive.™

At current reprocessing costs and an FBR/LWR capital cost ratio of 1.5, the yellowcake
price would have to increase by a factor of 45 before the breeder becomes competitive.
When might this happen? The earliest date, based on the most optimistic assumptions
about nuclear energy growth, reprocessing costs, and breeder capital costs, is at least 50
years away, and the more likely case is 100 years away. On the timescale for technology
development, a period of 50 -100 years is a very long time, during which more efficient
fission options may emerge, to say nothing of advanced solar and new energy technologies
not yet invented.

Accumulating a Pu-inventory today is not required to insure a sufficient start-up fuel
supply for breeders. If the time ever comes when Pu-breeders are economically competitive
and proliferation resistant, startup cores can be made from reserves of uranium enriched to
about 20% U-235 (to make a bomb out of 20% enriched uranium metal would require the
theft or diversion of at least 125 kilograms of this material, compared to 3.2 kilograms of

B See, for example, P. Leventhal and Steven Dolley, "A Japanese Strategic Uranium Reserve: A
Safe and Economic Alternative to Plutonium,” Nuclear Control Institute, Washington D.C.,
January 14, 1994.

4 Brian G. Chow and Kenneth A. Solomon, Limiting the Spread of Weapon-Usable Fissile
Materials, RAND National Defense Research Institute, Santa Monica, CA, 1993, p.36-38.
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reactor-grade Alpha Pu). Consequently, there is no sound economic or energy security
justification for continued commercial reprocessing.

Despite these realities, however, by the end of the decade France, the U.K and Japan
alone will have separated an additional 120 metric tons, more plutonium than in the U.S.
nuclear weapons stockpile. The global inventory of surplus separated civil plutonium (i.e.
not fabricated into fuel or in use in reactors) will rise to an estimated 180 metric tonnes, a
figure about twice the size of the U.S. weapons plutonium stockpile at its peak.”® This
amount would be in addition to more than 100 MT of plutonium likely to be removed from
retired US and former Soviet weapons.

1 Capacity data and production estimates are from F. Berkhout, et al, "Disposition of Separated
Plutonium," Center for Energy and Environmental Studies, Princeton University, July 8, 1992,
Appendix A.
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CONCLUSION

At the dawn of the nuclear age, the authors of the famous Acheson-Lilienthal plan for
international control of atomic energy clearly recognized the inherent military potential of
fissile materials used for ostensibly peaceful purposes. Indeed, they believed that no
widespread use of nuclear energy for civil purposes was possible or desirable without
international ownership and control of the full nuclear fuel cycle.

Today it remains the unanimous opinion of the weapons design and arms control
communities that the pacing consideration in a country’s acquisition of a nuclear weapon is
not the capability to design a nuclear device, but the availability of fissile materials which can
be turned to weapons purposes. Ending -- as opposed to "managing" — nuclear weapons
proliferation will likely prove impossible as long as: production of highly enriched uranium
(HEU) and chemical separation of plutonium for national security needs remain legitimate
activities in a particular class of "nuclear weapon states,” and; the international control
regime permits civil nuclear fuel reprocessing in any state that asserts a peaceful interest in
plutonium recycle and future deployment of plutonium breeder reactors for energy
production.

With the end of the cold war, and the reductions in the superpower arsenals, the United
States and Russia have huge surpluses of weapon-grade plutonium and highly-enriched
uranium. Undoubtedly, there is no need for additional weapons plutonium production in
other declared weapons states. By completely renouncing the production, separation, and
isotopic enrichment of weapons-usable nuclear materials, declared weapons states can put
pressure on undeclared weapons states to do the same. Weapon-usable fissile materials have
no legitimate application in today’s energy marketplace, and can always be produced in the
future should the appropriate market and international security conditions emerge.

Despite the fact that all types of plutonium in relatively small quantities, irrespective
of their designation as civil or military, have an inherent capability to be used in weapons,
the current nonproliferation regime allows national separation and acquisition of plutonium
(and highly-enriched uranium) under an internationally monitored commitment of peaceful
use. A more effective nonproliferation approach would be a global ban on the production,
transfer, acquisition, or isotopic enrichment of separated plutonium, and on the isotopic
enrichment of uranjium to greater than 20% U-235.

The heavy commitment of Japan and other countries to spent fuel reprocessing and
recycle of plutonium, and the lingering hopes of a future revival of the plutonium fast
breeder program in the United States and abroad, have effectively barred consideration of
such a simple and direct step as outlawing production and acquisition of weapons-usable
fissile materials on a global basis.
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While there are obvious technical advantages in such a comprehensive approach,
tangible political progress will more likely be achieved in the near term by adopting paraliel
approaches that seek separate controls — in the initial stages at least — on the military and
civil applications of weapon-usable fissile materials.
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ABSTRACT

Small quantities of reactor and fuel grade plutonium can be used
to make efficient, powerful nuclear bombs as well as crude bombs
and terrorist devices.

National separation, LWR recycle, and breeding of plutonium on
a commercial scale place an impossible burden on the IAEA
safeguards system to detect promptly the theft or diversion of Pu-
bomb quantities from peaceful use.

The vision of a future "plutonium economy" provides a legitimate
civilian cover for any country to acquire a stockpile of nuclear
explosive materials, while ignoring the problem of future "break-
out" from the NPT by countries that have "legally" acquired a
plutonium stockpile under safeguards, but then decide to build
nuclear arsenals.

Stockpiles of separated “civil" plutonium will act as a barrier to
deep reductions and eventual elimination of nuclear weapons held
by declared and undeclared weapon states.

Separation and use of plutonium in the civil nuclear fuel cycle is
not justified by current or foreseeable energy market conditions,
which strongly favor other fuels for generating electric power, and
represents a grossly inefficient allocation of capital resources.
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Current Status of Education in _Science

and Technology: A Problem

Kenichi Fukui

Science was born in the interface of "nature" and "human nature,"”
to provide the technology that satisfies desires. Science and
technology have stimulated each other, causing each to accelerate
its development, and have led to a science-and-technology society
unprecedented in 1its sophistication. No one would deny the
benefits -- comfort and convenience, the elimination of hunger
and disease -- that human beings have enjoyed. Education had
played a major role in the realization of such a society; yet,
because the motives and objectives of the educational effort have
corresponded in the main with the human wish to clarify natural
mysteries, difficulties hidden in the educational process have

not been clearly revealed.

There is, however, an inherent instability attached to education
in the advanced science-and-technology society, caused by various
restrictions stemming from the finiteness of the earth and the
unigueness of nature. Accelerated developments in science and
technology have also accelerated the consumption of natural
resources and energy -- and human desires -- which are not
consistent with the finiteness of the earth. A very high level
of science and technology 1is required to solve associated
problems, including exhaustion of natural resources and environ-
mental deterioration, while still meeting accelerating human
demand. This will, in turn, require a very high level of

education, imposing a much heavier burden on science-minded young
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people than ever before. In addition, during this century,
scientific studies have revealed essential features of nature
through discovery of the principles of quantum theory, relativity
and life. As a result, it is no exaggeration to say that most
work in advanced scientific and technological fields in this
century is dependent on the special features of nature represent-
ed by those three concepts. It is also becoming clear that
science, which must contribute to solutions to the difficult
problems human beings will have to face, should be based on those
three concepts as well as enter more deeply into the fundamental
questions posed in nature, beyond the range to be logically
deduced from those concepts. The realization of this will be
helpful in inspiring and encouraging young students, but,
sometimes, could also make them hesitate to leap into careers in

science and technology.

As 1living creatures, human beings evolve hereditarily, but
scientific history 1is not yet long enough to encompass a
genetically engineered acceleration of human scientific ability.
Accordingly, 1in order for human beings to keep pace with
technological developments, which occur irrespective of the
biological ability to assimilate them, extraordinary effort is
required. Human beings also have the biological capacity to
react negatively to a worsening of the global environment by
technology. This aspect works as a restrictive factor in the
irresponsible promotion of technological development. In the
future, therefore, scientific and technological education cannot
be driven only by humanity's instinctive tendencies toward

nature, but will require new motivation for the promotion of
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scientific and technological development.

Human beings have believed in the universal value of science and
technology, and that development would unconditionally bring
benefits to themselves. The government has bannered the theme
of "Establishing a nation on a scientific and technological

Al

base,” with the expectation of economic returns from scientific
and technological endeavors. Accelerated developments in science
and technology have, however, brought a non-uniformity of
civilization to the earth. Before being able to correct that,
human beings have to deal with other problems, such as environ-
mental deterioration, shortages of resources and foods, and the
explosive increase in population. It is now clear that the
direction of scientific and technological promotion should be
changed to encompass a more global view. We are beyond the time
when a nation should seek to dominate the world through its
scientific and technological power. Values in science must also
change, from convenience and comfort to global protection; from
the prolongation of life to the prevention of disease for keeping
health; and from "economics almighty" to spiritual fulfillment -
- all of which will provide young people interested in scientific
careers with motivation appropriate and responsive of the changes
of the times.

In order for humanity to enjoy the fruits of future scientific
education, it is important that the cultural aspects of the
indirect educational environment be fostered -- commonly, the
working conditions, both physical and financial, of the scien-
tists and engineers. Then, it is necessary that the whole of
society appreciate and encourage those young people brave enough

to undertake the challenges of science and technology, which are
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becoming ever more difficult and advanced; who wish to correct

the imbalances and strains; and who will become fighters for the

protection of the earth. In nurturing such important human
resources =-- 1in order to educate them effectively -- it is
necessary to fully utilize their individuality. Those, for

example, who possess sufficient intuition, or a logical way of
thinking, should be led to develop those abilities. Continuing,
strengthening, even expanding current uniform methods of
scientific and technological education, which tend only to fill
students with knowledge, will merely make them components of the
science-and-technology society at its present level, serving to
maintain that, but will not be effective in producing scientists
and engineers who will be the protectors of the earth, or the

benefactors of humanity.

It should go without saying that scientific and technological

education must be addressed in at 1least the foregoing two

respects in the future.
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Peaceful Utilization
of

Nuclear Energy For Benefit of Mankind

Li Yulun
Vice Chairman/Vice Minister
China Atomic Energy Authority
Vice President
China National Nuclear Corporation (CNNC)
April, 1994.

Abstract

The discovery of natural radiation in 1896 marked a new milestone in
modern science and technology. Since then, great development has been
achieved in nuclear science, technology and industry. Nowadays the electricity
supplied by nuclear power plants accounts for 17% of the total electricity
generated in the world.

China started to develop its nuclear industry in 1955. Today, a fairly
complete system of nuclear scientific and technical industry has been established.
China attaches great importance to the position and role of nuclear power as an
alternative power source in China's energy infrastructure. The first nuclear power
plant--Qinshan NPP with 300 MW(e) designed and constructed by self-reliance
reached full load in July 1992. Its operation marked the ending of the history
without nuclear power in China. The booming economy of China provides a huge
marked for nuclear power. Most provinces in coastal areas show strong interests
in building NPPs.

China is one of the nuclear weapon possessive countries. However, It
consistently stands for a complete prohibition and thorough destruction of
nuclear weapons. During the past decades, great efforts have been made by
China to assume its responsibility and obligation of non-proliferation of the
nuclear weapons, as well as promotion of nuclear disarmament.

China is a peace loving country, pursuing an independent policy for peace
and 1s making every endeavor to create and maintain a peaceful environment.
For this purpose, China attaches a great importance to strengthen international
cooperation with foreign countries in the field of nuclear energy and safety.

CNNC, the former Ministry of Nuclear Industry, is an economic entity and a
nationwide industrial conglomerate. It was also authorized by Chinese State
Council as " China Atomic Energy Authority" performing certain administrative
functions entrusted by the government.



NUCLEAR POWER DEVELOPMENT IN THAILAND
hy
Tatchai Sumitra
Associate Professor in Nuclear Technology and
Dean of Engineering, Chulalongkorn University
Bangkok, Thailand.

Abstract

In the last 10 years (1884 - 1992) electricity demand in Thailand
has actually tripled due to very rapid economlC and 1NAuUsStrial expanslon of
the Country. An everage increase of about 13.1% per year was coxpcrienced
during this period and the peak demand in November 19893 was at 9839 MW. The
total electric energy consumption in 1993 was 56,0384 millions kwh. This
trend is expected to continue in the next 2 decades and about 1000MW of new

generation capacity would be required per year.

At present, electricity is generated by various sources. The
installed capacity 1s roughly: lignite 17.4%, Lhermal 35.0%, combined cycle
24.6%, gas turbine 2.0%, diesel 0.2%, hydro 20.8%. In the future the
indigeneous sources will be exausted and new sources have to be imported.
The possible candidates for this purpose are imported coal, liquid fuel

such as liquid natural gas, and nuclear.

Nuclear power 1s an interesting option for Thailand. It can
lessen the problem of air pollution associated with coal-fired power plants
and lessen the problem of large areas flooded by construction of dams for
hydroelectric power stations. The problems associated with the adoption of
nuclear power are mainly public acceptance, decision making process and
uncertainty about comparative costings done by diverse agencies. There is
a groving trend of acceptance among informed and educated citizens. But
the word "nuclear” is still causing spectral images among the uninformed
and  less educaled population and sometimes wrongly aszoccianted with the
unhappy event at Hiroshima in World War II and the sccident at Chernobyl.

There is also apprehension about the danger and the management of nuclear
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These concerns are legitimate and public education programs are

waste.
There is also concern about the ability of the Thai technical

necessary-.
personnel to evaluste and to eventually operate nuclear power plants

safely. The Thais can operate and have operated successfully many complex
systems but suitable human resource development program in nuclear power is
still needed. And Thailand nust look to other experienced countries like,
Canada, France, Germany, Korea, Japan, USA etc. for help in developing her
nuclear human resources. The decision process in also very important and
Thailand has Lo lmprove her decislon process for large and long-term

projects like this one.

In conclusion, nuclear power is an option for Thailand It

extensive programs for public education and human resources development.
nave To De unaertaken betore the project can become g reality.
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ATTRIBUTABLE RISK OF RADIATION FOR DEATHS OF
A-BOMB SURVIVORS (35 YRS)
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RELATIVE RISK FOR MAJOR CAUSES OF DEATH AT 1 GRAY
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EFFECTS OF RADIATION: STUDY RESULTS AND FUTURE ISSUES

Seymour Jablon

It is a privilege to talk about radiation effects on human health in Hiroshima, the
source of most of what we know about the effects of radiation on man. You know about
the studies at the Radiation Effects Research Foundation. There have been a few other
studies of long duration, but most of them have been concerned with particular issues
such as thyroid cancer following childhood irradiation or lung cancer following exposure
to radon in miners. The experience of the survivors in Hiroshima and Nagasaki has been
unique because those exposed were ordinary people of all ages, not miners or children,
and because the excellent Japanese system for recording vital events has made it
possible to trace the results of the A-bomb exposures in more than 100,000 people,
including both those exposed and those not in the cities and not exposed. The whole
world owes a great debt of gratitude to those Japanese people who have made the
studies possible.

Fifty years ago few people were exposed to ionizing radiation. X-rays were used
in the diagnosis and treatment of tuberculosis and other diseases. But today radioactive
materials are used routinely for diagnosis, radiation is used to sterilize medical supplies,
to search for defects in welds and it has many other uses. All of these activities carry the
possibility of radiation exposure to the operators. The generation of electricity by nuclear
plants carries a risk of population exposures from accidents, such as at Chernobyl.
Exposures occur also from mandfacturing processes, as happened at Hanford and other
nuclear facilities in the United States. We cannot, however, even if we want to, abolish

entirely the use of radiation and thus avoid any exposures; the uses of radiation are too
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tightly bound into our technological civilization. What we can, and must, do is understand
the risks as well as we can so as to minimize them and provide appropriate protection
both to radiation workers and people generally. Our understanding of those risks
principally depends on knowing what has happened, what is happening, and what will
happen to the exposed survivors in Hiroshima and Nagasaki.

What have we learned? That unborn children, particularly those in the eighth to
fifteenth weeks of pregnancy, may be greatly harmed by large radiation doses: mental
development is impaired and growth and development is damaged. Genetic effects of
radiation - the induction of mutations, occur in laboratory animals, and must occur in
humans also. Fortunately, however, the rate at which genetic effects are induced by
ionizing radiation is low enough that, despite diligent search, involving tens of thousands
of observations, it has not been possible to detect any genetic effects in the children of
the survivors in Hiroshima and Nagasaki. Cataracts of the eye can be induced by large
doses, but only a few survivors have been so affected. But the most prominent harmful
effect of radiation is the induction of cancer. Cancers may not occur until many years
after the exposures that induced them, so the possibility is a worrisome one for the
survivors. We will concentrate attention on the cancer-inducing effect of ionizing
radiation.

Some kinds of cancer occur more frequently in persons who have been exposed
to radiation. Although many kinds of cancer have been increased, the most prominent
have been some forms of leukemia, breast cancer, lung cancer and cancers of the thyroid

gland. The resuits of the follow-up of the A-bomb survivors have been summarized in a
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report from the National Research Council (1) that examines the occurrence of cancers
at many sites and compares the results with those of other studies. We will have time
for only two issues, the importance of age at exposure and time after exposure for two
forms of cancer: leukemia and breast cancer.

Table 1 shows some data that have been adapted from the report by Shimizu and
her colleagues concerning cancer mortality in 76,000 Hiroshima and Nagasaki survivors
through the year 1985. There were nearly two thousand deaths from cancer, a third of
them from stomach cancer. The excess risk of death from any kind of cancer, as a resuli
of radiation, was calculated to be 39 percent, that is, survivors who received 1 Gray, or
100 rads, had nearly 40 percent more cancer deaths than would be expected among the
same number of non-exposed persons. There were 202 deaths from leukemia, only a
small fraction of the total, but the leukemia deaths after exposure to 1 Gray were
increased by nearly 400 percent. Breast cancer mortality accounted for 155 deaths and
the risk after 1 Gray was twice the risk among the non-exposed. Other kinds of cancer
were responsible for varying numbers of deaths, but for all of the kinds shown in the table
the excess mortality among the exposed survivors was significanily largerthat would have
occurred had the exposure to radiation not occurred.

Table 2 shows how the age at which the person was exposed affected the cancer

risk. For the children exposed when less than ten years old the extra leukemia deaths

were nearly twenty times the number among the non-exposed, while after age 40 the
excess risk was a little more than three times the background rate for non-exposed

persons. For breast cancer, the results were similar, but less extreme than for leukemia:
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girls exposed below age ten had an excess of 190 percent of the baseline rate, but for
those exposed after age 40, the excess was only 11 percent.

Table 3 shows how the radiation cancer effect changed as time passed: For
leukemia, the risks were very large during the decade 1950 to 1960, but were ten times
lower in 1976 to 1985, for breast cancer, however, the pattern was the opposite: there
was no risk of radiation-induced cancer during 1850-1960, but the cancer rate was more
than doubled in 1976 to 1985. What the future holds for the late-developing cancers only
future follow-up can tell us.

These data form only a small part of the wealth of information for which we are
indebted to the survivors. Nevertheless, those data cannot answer all of the questions
that we have. What, for example, are the effects from very low radiation doses? The
Hiroshima and Nagasaki data are strong because they come from survivors who were
subjected to large doses, much larger than those received from natural background
radiation, or from reprocessing plants or nuclear power plants. Some believe that such
very low doses may actually be beneficial, but no strong evidence that this is true has yet
appeared.

Although the data do not answer all of the questions we might have, most of our
knowledge about radiation effects on health comes from the studies of the atomic bomb
survivors, and we owe them an enormous debt of gratitude. We express that gratitude
to the survivors for the knowledge they have given us out of the disaster that they have

suffered. And we earnestly hope that no such disaster will ever be repeated.
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Table 1

CANCERS SIGNIFICANTLY INCREASED AMONG A-BOMB SURVIVORS'

1950-1985
Site of Cancer Number of Deaths Excess Risk at 1 Gray
All Survivors (percent)
All Sites 5936 39
Leukemia 202 392
Stomach 2007 23
Colon 232 56
Lung 638 46
Breast (female) 155 100
Cervix uteri 90 43
Ovary 82 81
Urinary bladder 90 113
Multiple myeloma 36 186
Central nervous system
except brain 14 209

! Source: Shimizu et al. Ref. (2).
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TABLE 2

CANCER RISK IN HIROSHIMA AND NAGASAKI SURVIVORS' 1950-1985
by Age at Exposure

Site of Cancer Number of Deaths Excess Risk at 1 Gray (percent)
All Survivors All Ages <10 40+
All Sites 5936 39 -~ --
Leukemia 202 392 1910 340
Breast Cancer 155 100 190 11
TABLE 3
CANCER RISK IN HIROSHIMA AND NAGASAKI SURVIVORS' 1950-1985
by Years
Site of Cancer Excess Risk at 1 Gray (percent)
1950-1960 1976-1985
Leukemia 1027 104
Breast Cancer (-8) 174

1

' Source: Shimizu, et al. Ref.(2).
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CHILDHOOD CANCER AND NUCLEAR INSTALLATIONS

Presentation at the 27th JAIF Annual Conference,
Hiroshima (Japan), 13-15 April 1994

C.R. Muirhead
National Radiological Protection Board,
Chilton, Didecot, Oxon, OX11 ORQ, UK

There has been considerable interest in recent years in reports of cxcesses of childhood
cancer, specifically leukaemia, in the vicinity of nuclear installations in the United Kingdom. A
Government inquiry' confirmed an excess of childhood leukacmia in the village of Seascale, close
to the Sellafield reprocessing plant in West Cumbria. In particular, 4 cases of lymphoid
malignancy were diagnosed during 1963-83 at ages under 15 years, compared with 0.25 expected™
However, it was concluded that this excess could not be explained in terms of radioactive rcleases
into the environmenr from Sellafield’. Studies around the Dounreay reprocessing plant in
northern Scotland®, the Aldermaston and Burghfield weapons plants in southern England’®, and
around nuclear installations in England and Wales generally® have indicated cxcesses of leukacmia
in young persons. Again, however, these findings could not be cxplained on the basis of
environmental discharges. Indeed a leukaemia excess was observed in areas where nuclear plants
had been planned or were later buill’. Studies around nuclear installations in countries other than
the UK, such as France® and the United States’, have generally not shown raised levels of either
childhood leukaemia or childhood cancers overall.

Among the hypotheses put forward o explain the above findings are that conditions in
isolated areas, such as where the Sellafield and Dounreay plants were built, may be conducive 10
exposure to some specific infectious agent' or to general infections' which increase the risk of
childhood leukaemia, Kinlen’s hypothesis for an effect of ‘population mixing’ receives supporn
from, for example, studies in new towns'®, although no specific infectious agent has been
identified. A large amount of antention has been devoted to the results of Gardner et al’s case-
contro! study of leukaemia among young persons in West Cumbria'?, This found a staristically
significant association with recorded pre-conception cxternal dose for fathers employed at
Sellafield, although based on only 4 cases. Further investigation of leukaemia in the offspring of
Sellafield workers' showed that the association with external dose was confined to children bomn
in Seascale, and that there was little evidence for associations with potential exposure o internal

emitters or 1o chemicals.

Studies of the offspring of the Japanese atomic bomb survivors' and of radiation workers
in Scorland" and Ontario (Canada)'® have not shown associations between childhood leukaemia
and paternal pre-concepiion irradiation, although these worker studies did not have large statistical
power. A much larger study which involves linking the UK National Registry for Radiation
Workers with national darabases of childhood cancer is currently in progress'’, and will have high
statistical power to address Gardner ¢t al’s hypothesis. More generally, large case-control
investigations are currently being conducted in England and Wales and in Scotland to test
hypotheses relating to infections, chemicals, electromagnetic fields and natural radiation. Thesc
studies may be able to provide deeper insights into the causes of childhood cancer.
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