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WED. APRIL 14

Opening Session
9:00-13:15

Directions about
Japan's Nuclear Future

IR Chalrman's
18:30-20:00

Large Meeting Room
Conference Center, 3F
Pacifico Yokohama

9:00-12:00

Why Plutonium Now?

Luncheon

12:15-14:15

Large Meeting Room
Conference Center, 3F
Pacifico Yokohama

13:00-14:00

Main Hall

Conference Center, 1F
Pacifico Yokohama

Session 8
14:30-18:00

Nuclear Technology

--from a Reliability
Engineering Viewpoint

FRI. APRIL 16

Session ¢
9:00-12:30

Seven Years After the

Chernobyl Accident

~-What is the Real
Truth?

Session &
14:00-17:30

Ways of International

Nuclear Non-

Proliferation

~~~~~~~~ Meeting the New
Situation



Baslic Theme

Nuclear Fnergy --- Tor the Earth’s Future

WEDNESDAY, APRIL 14

QPENING _SESSTON _9:00 - 13:15

Chairman: Masao Tani
President
Hokuriku Blectric Power Co.

Remarks by Chalrman of Prograwm Committee
Hajime Karatsu
Chairman
Program Committee
Professor
Tokal University

JATF Chairman’s Address
Takashi Mukaibo
Chalrman
Japan Atomic Industrial Forum, Inc.

Remarks by Chairman of Atomic Energy Commission
Mamoru Nakajima
Minister of State for Sclence and Technology

Special Lecture:

"A Planetary View of Nuclear Power"
James E. Lovelock
Fellow of the Royal Society, UK

Chairman: Shozo Shimomura
President
Japan Atomic Energy Research Institute

Invited Lectures:
"International Co-operation for the 8Safe and Peaceful Use
Nuclear Power™

Hans Blix

Director General

International Atomic Energy Agency

"Nuclear in the United States: The Challenge of Change”
E. Gall de Planque
Commissioner
U.5. Nuclear Regulatory Commission

"Nuclear Power in Russia: Today and Tomorrow”
Viktor N. Mikhailov
Minister for Atomic Energy of the Russian Federation

of



Chairman: Kiyoshi Nozawa
President

Japan Nuclear Fuel Limited

"The Status and Prospects for Nuclear Power Development in China”

Jiang Xinxiong
President
China National Nuclear Corp

"Prospects for Nuclear Energy in France

oration

Programme on the Back-Ind of the Fuel Cycle”

Yapnick d'Escatha

Deputy Administrator General

Commissariat & 1'Energie At
France

SESSTON 1. J14:30 -~ 18:15

DBirections about Japan's Nuclear

Chairman: Takamitsu Sawa
Professor
Director, Institute of
Kyoto Unlversity

omique

Future

and the Research

Fconomic Research

Keynote
"Issues on Long-Term Program for the Development and Utilization

of Nuclear Energy”
Mamoru Akivama
Professor
University of Tokyo

Panel Discussion
Panelists:
Mamoru Akivama
Professor
University of Tokyo

Yoichi Fujii-e

Professor

Director, Research Laborato
Tokyvo Institute of Technolo

Fdward D. Fuller
President Elect
American Nuclear Society

Coletie Lewiner
President
European Nuclear Soclety

Hajimu Maeda
Director
Kansal Electric Power Co.,

Commentators:
Edison C. Brolin

ry for Nuclear

BY

Ine.

Reactors

Acting Assistant Secretary for Nuclear Energy

U. 8. Department of Energy



Iyvos Subki

Deputy Director General
National Atomic Energy Agency
Indonesia

Discussion with the Audience
Note: Discussion with the audience means discussion between

speakers and the audience. The audience is invitaed to exchange
their views and make comments during each discussion.

JATE _CHATRMAN'S RECEPTION  18:30 - 20:00
LARCE MEETING ROOM, CONFERENCE CENTER, 3F, PACIFICO YOKOHAMA

THURSDAY, APRIL 15

SESSION. 2 . 9:00 - 12:00
Why Plutonium Now?

Chairman: Hiroyuki Torii
Editorial Writer
Nihon Keizai Shimbun

Keynote
Hiroto Ishida
Director General
Atomic Energy Bureau
Science and Technology Agency

Panel Discussion
Panelists:
Tadao Ishibashi
Attorney at Law

Tokio Kanoh
Director
Tokyo Electric Power Co.

Saburo Kikuchi

Director

Policy Planning Division

Power Reactor and Nuclear Fuel Development Corp.

Shiro Segawa
Science Writer
The Mainichi Newspapers

Discussion with the Audience
Note: Discussion with the audience means discussion between

speakers and the audience. The audlence is invited to exchange
their views and make comments during each discussion.



TONMCHEON  12:15 - 14:158
LARGE MEETING ROOM, CONFERENCE CENTER, 3F, PACIFICO YOKOHAMA

Remarks by Minister of International Trade and Industry
Yoshiro Mori
Minister of International Trade and Industry

Special Lecture
"Kokoro to Kotoba (Heart and Word)"
Jun Eto
Literary Critic
Professor
Keio University

FILM SHOW  13:00 - 14:00
MAIN HALL , CONFERENCE CENTER, 1F, PACIFICO YOKOHAMA

Latest films on Japan's nuclear research and development
activities will be presented to those who are not attending the
Luncheon. Films are in Japanese only.

SESSTON. 3 314:30 — 18:00
Nuclear Technology --- from a Reliability Engipeering Viewpoint

Chairman: Ryoju Katsube
Journalist

Keynote

"Nuclear Technology and Reliability Engineering”
Hajime Karatsu
Professor
Tokai University

Panel Discussion
Panelists:
Masanori Ozeki
President
Railway Technical Research Institute

Avatomo Kanno
Professor
Science University of Tokyo

Masao Nakamura
Fditorial Writer
The Yomiuri Shimbun

Masaharu Foujitomi

Director

Nuclear Power Safety Adminlistration Division
Agency of Natural Resources and Energy
Ministry of International Trade and Industry

Shojiro Matsuura

Executive Director
Japan Atomic Energy Research Institute



Commentator:
Mr. Jurgen A. Paleit
Managing Director
URENCO Limited

Discussion with the Audience
Note: Discussion with the audience means discussion between

speakers and the audience. The audience is invited to exchange
their views and make comments during each discussion.

FRIDAY, APRIL 18

SESSION. 4. 9:00 -~ 12:30
Seven Years After the Chernobyl Accident —--- What is the Real
Truth?

Chalrman: Eizo Tajima
President
Nuclear Safety Research Assoclation

Keynote
"Evaluation of Effects of the Chernobyl Accident”
Atsushi Kuramoto
Professor
Director, Research Institute for Nuclear Medicine and
Biology
Hiroshima University

Panel Discussion
Panelists:
Fugene P. Ivanov
Director
Research Institute of Hematology and Transfusion
Ministry of Public Health
Belarus

Goro Koide
Commentator, Science and Technology
NHK (Japan Broadcasting Corp.)

Atsushil Kuramoto

Professor

Director

Research Institute for Nuclear Medicine and Biology
Hiroshima University

Gillian K. Reeves

Statistical Epidemiologist
Imperial Cancer Research Fund
Cancer Epidemiology Unit

UK

Anatoly . Tsyb
Academician of Russian Academy of Medical Science
Director of Radiological Science Center



Discussion with the Audience

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

SESSION. 5 1400 -~ 17:30
Wayvs of International Nucleayr Non-Proliferation --- Meeting the
New Situation

Chairman: Mitsuro Donowaki
Ambassador Tor Arms Control and Disarmament

Keynote
"Ways of International Nuclear Non-Proliferation”
Ryukichi Imai
Senlior Counselor
Japan Atomic Industrial Forum. Inc.
Former Ambassador to the Conference on Disarmament in Geneva

Papel Discussion
Panelists:
Ishfaag Ahmad
Chairman
Pakistan Atomic Energy Commission

Hans Blix

Director General
International Atomic Energy Agency

Hubert de La Fortelle

Director

International Relations Division
Commissariat a 1'Energie Atomigue
France

Ryukichi Imail

Senior Counsellor

Japan Atomic Industrial Forum, Inc.

Former Ambassador to the Conference on Disarmament in Geneva

Benjamin Sanders
Executive Chairman
Programme for Promoting Nuclear Non-Proliferation

Discussion with the Audience

Note: Discussion with the audience means discussion between
speakers and the audience. The audience is invited to exchange
their views and make comments during each discussion.
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Remarks by Chairman of Program Committee

Hajime Karatsu,

Chairman,

Program Committee

Professor,

Tokai University
Ladies and Gentlemen!

It is a great pleasure for me to be able to extend greetings
to you on behalf of the Program Committee at the beginning of the
26th JAIF annual conference. We feel it a great honor for us to
be able to hold this year's conference with the attendance of
representatives not only from Japan but also of international
organizations and many authorities from the world.

As you may know well, electric power generation accounts for
about 30% of the world consumption of primary energy. Today,
nuclear power represents an impressive portion of electric power
generation as an energy source. In concrete terms, nuclear power
accounts for one-sixth of the world's electric power generated
and for about 30% of Japan's electric power generation.

At a time when the world situation has undergone dramatic
changes recently together with the termination of the Cold War
and the consequent nuclear disarmament, Japan is required to make
a positive international contribution not only in the area of
nuclear power but also broadly in other areas. Particularly
at a time when a Summit meeting is scheduled to be held in Tokyo
in July this vear, great attention is focused on Japan's concrete
and positive measures for international contribution, political
as well as economic.

In consideration of these developments in the world, we have
decided to select "Nuclear Energy -- For the Earth's Future" as
the basic theme of this conference so that this conference may
concentrate 1ts discussions on present-day domestic and
international tasks for peaceful utilization of nuclear energy,
which greatly contributes to the conservation of the global
environment and energy security, viewing nuclear energy from the
standpoint of the earth as a planet. As a result of discussions
in the Program Committee, all the sessions excluding the opening

session have been decided to be held as panel discussion
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gessions. This means that today's tasks regarding nuclear power
are fraught with so many questions to be discussed and that it
has become a matter of utmost importance to ensure public
understanding on nuclear energy.

A highlight of this conference is a special lecture by Dr.
James E. Lovelock, who has been invited to this conference. Dr.
Lovelock is well-known for his Gaia hypothesis that the earth has
functioned and evolved as a living body. Furthermore, our
invited lecturers include representatives of the IAEA, and
organizations related to nuclear energy in the United States, the
Russian Federation, China and France. We expect them to speak
about the question of international cooperation in nuclear power
generation, as well as the nuclear energy policies of and
conditions in their respective countries.

In the international panel in the afternoon on the first day
of this conference, where "Directions of Japan's Nuclear Future”
are to be discussed, opinions are invited to be expressed on a
broad range of problems concerning formulation of a new long-term
nuclear program, on the basis of the current Long-Term Program
for the Development and Utilization of Nuclear Energy, which is
now being reviewed by the Atomic Energy Commission of Japan. We
hear people say that the long-term program is being formulated
behind closed doors. Therefore in this occasion, we hope that
not only Japanese representatives but also forelign participants
will express their views frankly on and their expectations of
Japan's nuclear policy and an active exchange of views will be
held in this session.

On the second day of this conference, a panel discussion
session is scheduled to be held on the theme "Why Plutonium Now?"
The marine transportation of plutonium from France to Japan was
reported noisily by mass media. This panel session will focus
directly on the plutonium problem which is now a hot issue. The
panelists include those who are for utilization of plutonium and
others who take a critical attitude toward the policy of
plutonium utilization, and also a science reporter who covered
news on plutonium utilization on the spot and who will vividly

describe actual scenes and present related problems. It 1is



expected to be a session where discussions will be lively
animated.

Now, reliability engineering has long been advanced in the
areas of space science, electronic equipment, aviation and other
industries and efforts have been made to reduce failures in
equipment, improve its operation rates and its safety.
Reliability engineering which is a science of assuring the safety
of equipment, is the area of scientific research 1 myself
specialize in. At this conference a panel discussion will be
held to review the experience and achievements of reliability
engineering in conventional technologies and to discuss the
concept of reliability assurance 1in the field of nuclear
technology and also to search for future tasks related to the
development of nuclear technology under the theme "Nuclear
Technology ~- From a Reliability Engineering Viewpoint."” 1In this
panel session I will take the lead and present problems regarding
the reliability of technology as related to nuclear energy to
unfold discussions on this matter. I would 1like to see the
discussions in the session focus on the difference of concepts
between incidents and Tfailures, which are 1liable to be
misunderstood by the public.

It is seven yvears on April 26 this vear since the Chernobyl
accident. Even now there are different views regarding the
evaluation of the effects of the accident, so that the situation
is such that we are not certain about the truth. In view of
this, on the last day of this conference, an international panel
discussion 1is scheduled to be held concerning the evaluation of
the effects of the Chernobyl accident under theme "Seven Years
After the Chernobyl Accident -- What is the Real Truth?" Joining
in the discussion as panelists will not only be Japanese
scientists but alsco radiologists from the Ukraine where the
accident occurred and from Belarus where the effect of the
accident 1is reported to be serious, and also a cancer
epidemiologist from Britain. We expect that we will be given the
latest information on the effect of the accident on the health
of people in the affected region.

The discussion theme also on the last day of this conference



is "Ways of International Nuclear Non-Proliferation -- Meeting
the New Situation.” The purpose of this panel session is to
search for ways of maintaining and strengthening the
international non-proliferation regime, including the extension
of the NPT after 1995, in view of the fact that the NPT is to be
terminated in 1985, or in two years from now. Particularly in
view of serious recent developments, namely, the fact that North
Korea has declared that North Korea will pull out from the NPT
and the astounding revelation that South Africa was manufacturing
nuclear bombs, I think great attention will be paid ¢to
discussions and results of discussions in this session.

In the above, I have outlined as Chalrman of the Program
Committee the intent and purpose of this conference. Since the
23rd Kyoto conference held three years ago, the annual JAIF
conferences have been planned so as to give sufficient time to
Japanese and foreign speakers and also to participants and 1 hope
as many participants in this conference will be given time as
much as possible to participate in the discussions. Furthermore,
ordinary public audience 1is welcome to participate in this
conference on the second and third days, that is, on April 15 and
16, so that it is hoped that discussions will be more activated.

Lastly I would like to express my gratitude on behalf of the
Program Committee to those who have willingly consented to our
request to act as Chairman of this conference and speak as
panelists, and also to those who have come to participate from
various parts of our country and also from foreign countries.
I sincerely wish this conference will be held successfully and

fruitfully. Thank you very much.
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The 26th JAIF Annual Conference
Address

Takashi Mukaibo
Chairman
Japan Atomic Industrial Forum, Inc.

April 14, 1993

Chairman, distinguished guests and participants, 1 am
Takashi Mukaibo, Chailrman of the Japan Atomic Industrial Forum.
I have the pleasure of opening the 26th JAIF Annual Conference
with an address on behalf of the sponsoring organization.

Nearly 40 years have passed since we started the development
of nuclear energy in Japan. The peaceful use of nuclear energy
is the only purpose we have pursued all this while. We have
consistently used our efforts to promote the development of
nuclear power, following it up from a long-range point of view
with the closing of a nuclear fuel cycle based on the recycling
of plutonium. We have not exactly made fast progress. But the
primary motivation for the idea of making full use of uranium
resources in Japan 1is the understanding that nuclear power, a
technology-intensive source of energy, assures greater stability
of supply than may be expected from coal, 0il and any other
fossil fuel. That is why I believe that the utilization of
nuclear energy can only have real significance if use is found

for plutonium in the years ahead. It is only natural that a



technology should be established in Japan which will enable the
people of the victim country of atomic bombing to take the
initiative in promoting the peaceful use of nuclear energy. I
would say that is also the way the Japanese should discharge
their responsibility to the world.

Nuclear technologies were first started with the harnessing
for peaceful purpose of technologies originally developed for
military purposes in the United States and European countries.
Great efforts have had to be made to put them to use in the
commercial fTield of energy supply. Many alterations and
improvements have been needed to make light water reactors fully
available today under the control of mankind. As a result, the
whole world was supplied through nuclear power with more than
2,000 billion Kwh of electricity in 1892, as it was 1in the
previous year. This represented an annual saving of some 480
million kiloliters of oil. In Japan, nuclear power plants
produced 216 billion Kwh of electricity in 1992, contributing to
29 percent of the nation's total generated electricity that year.
This achieved a saving of some 14 percent on imported oil.
However, when viewed in the long term, the underlying principle
of nuclear technology is in the closing of a nuclear fuel cycle.
Spent fuel should be reprocessed to recover plutonium and
depleted uranium for use in cycles, so that efficient use can be
found for nuclear energy, eventually to 1let it show 1its
advantages in protecting the global environment.

By the time when the population increase and economic



development of the world are 1likely to disturb the balance of
energy supply to the point of disruption in the middle of the
21st century, we must find out measures for an uninterrupted
supply of energy. To achieve this goal, efforts are needed to
establish technologies which will make the use of o0il, coal and
other resources free of pollution, on one hand, and which will
promote energy conservation and raise the efficiency of energy
use, on the other. It is also important that nuclear power, an
energy source that has come through the agency of mankind,
assures constant supply of the safe and economic energy needed
for the survival of mankind. The FBR and all other requirements
for recycling must be provided to make nuclear energy hundreds
of times as useful as can be expected from any fossil fuel. I
believe in the capability of nuclear power to play this role.

Meanwhile, increasing consumption of fossil fuel is adding
to the spread of S0, and NOy emissions. The use of fossil fuel
in recent years has caused the Increase of CO, to make global
warming a serious problem. Many studies have been made on CO,.
They have produced data showing that coal, o0il and natural gas
are responsible for CO, emissions to the extent of 34 times, 26
times and 23 times respectively over the per-Kwh level of nuclear
power . In other words, nuclear power 1is expected to go a long
way toward preventing air pollution.

The Japanese interests involved in the development of
nuclear power have spent a lot of time trying to commercialize

light water reactors. The LWRs are likely to retain their



dominance for some more time in the future. So the necessity
exists to organize measures for an extended service life, greater
safety and all the other features necessary to keep them in
existence. Striving to improve the safety and reliability of
nuclear power will eventually lead to a solution for the problem
of nuclear siting. One way to assure power supply for a small
country short of additional building sites, like Japan, is to
make full use of existing facilities.

As a step toward the further improvement of LWR technology,
Japan and the United States have been cooperating 1in the
development of advanced light water reactors, such as the so-
called ABWR and APWR. The first ABWR to come off is scheduled
for inauguration as Kashiwazaki Kariwa Unit 6 in Decewber, 1996.
Studies of a long-range supply and demand situation for energy
in Japan have led it to project the proportion of nuclear power
as some 40 percent of all electricity to be generated for the
vear 2010.

I said earlier that the utilization of nuclear energy can
only have significance if efficient use is found for plutonium.
That is why Japan is preparing, while promoting the development
of ATRs and FBRs, to use plutonium in light water reactors. For
present purposes, we are under the necessity of developing such
technology, plus the expertise necessary for us to put it to
commercial use.

The stock of plutonium for use in ATRs and FBRs will be kept

in equilibrium under plans to let there be no surplus in Japan.



The basic policy is to bring it into clear balance fTor the
purposes of nuclear material control. The FBR is a technological
development designed to have 1its resources in increasing
quantities. It is also considered as a method fTor the disposal
of high level radiocactive waste in the future. I believe in the
human wisdom that the way will eventually be <cleared for
technology to play an important role in the future supply of
energy .

An organization 1is to be set up soon which will make
preparations for the disposal of high level radiocactive waste
from reprocessing plant. All interests involved, government and
industry alike, are advised to face up to the implications of
this issue, as it is providing a major factor for public distrust
with the development of nuclear power. Establishing long-range
control over the disposal of high level radioactive waste is the
key to facilitating the promotion of nuclear power development.

Amid U.S. and Russian moves as two military superpowers
toward nuclear disarmament, the Nuclear Non-Proliferation Treaty
is scheduled for review in 1995 as an important step toward
peaceful use of nuclear energy in the years ahead. Many people
give the NPT credit for its long-standing contribution to the
prevention of nuclear proliferation. But since some countries
are suspected of moving toward developing nuclear weapons in
recent years, the need is arising to reinforce the nuclear non-
proliferation regime. In view of the fact that the NPT itself

has been open to doubt with many countries finding it to be an



unequal treaty, it is also important that nuclear-weapons states
show what scenarios they have under which to get rid of their
nuclear armaments.

Many big problems remain to be solved before we can push
ahead with all the plans that I have stated above for the
development of nuclear energy.

We have so far acquired technologies from advanced nuclear-
energy countries and followed them up with research and
development under a priority funding policy, until they have been
assimilated with indigenous Japanese technologies. From now on,
however, Japan is advised to contribute actively to the world
nuclear community. In this respect, problems remain over the
conduct of research and development, including fundamental
research, as well as the development of FBRs, the management and
disposal of high level waste, and the study of nuclear fusion.
the first step toward FBR commercialization, 1in particular, is
to ensure the secure and reliable start-up of the prototype
reactor, "Monju" as scheduled for the Tall of this yvear. I might
suggest that this project could be put to work overseas as a
proposition for international joint development.

IT the nuclear community is to be recruited with competent
engineers and researchers, it is important to build up university
education in fundamental research and provide research reactors
and other facilities for fundamental research. It might be
advisable, for example, to set up something like an

"international nuclear research center" as a means of
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revitalization.

So far, I have gone over the development of nuclear energy
in Japan as it is, and as I personally see it. Now this Annual
Conference offers a program for debate on world ideas and
Japanese plans for the development of nuclear energy, as well as
the reliability of nuclear technology, the prevention of nuclear
proliferation and all other controversial issues. You are
invited to offer your unreserved opinions.

I wish to close my address by expressing my heartfelt
gratitude to the chairman and members of the Organizing Committee
for the Annual Conference, the chairman of all conference
sessions, the speakers coming to the conference from overseas and
from within Japan, and all those present in the conference hall.

Thank you very much.
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A planetary view of nuclear power.

by James E. Lovelock

I want first to put us in our place. If we look at humans from far away,
from a planetary perspective we are, as Lewis Thomas once said, like ants.
"They are so much like human beings as to be an embarrassment. They farm
fungi, raise aphids as livestock, launch armies for wars, use chemical sprays to
alarm and confuse their enemies, capture slaves. The families of weaver ants
engage in child labour, holding their larvae like shuttles to spin out the thread
that sews the leaves together for their fungus gardens. They exchange
information ceaselessly. They do everything except watch television."

My talk today is about the Earth and people as seen from outside, the top
down view. This view came from our journeys into space. I do believe that
those voyages outside the Earth thirty years ago were one of our greatest
achievements. They made us aware for the first time that our world was really
finite and let us see how beautiful and different it was from those barren dead
sister planets Mars and Venus. We then began to understand that unless we
recognised the needs of the Earth, humans had no future.

Slide 1 FEarth Mars and Venus.

The view from space also led me to see our planet as if it were a
superorganism, something able to regulate the climate and atmosphere so as
always to be comfortable for life. This theory of the Earth called Gaia will be
the theme of my address.

Let me go back to the beginning and tell you how it started some thirty
years ago, when in 1961 the American space agency NASA invited me to join
with them in their search for life on Mars. Before that [ had considered space
exploration to be science fiction, but I soon discovered that their intention was
serious. An important goal of the Lunar and Planetary Division of NASA was
the search for the presence of life on Mars. The work involved brief visits to
that famous institute, the Jet Propulsion Laboratories, in Pasadena, California.
They wanted me for my ability to design and make sensitive analytical
instruments, but soon after joining them I became interested in their methods
for detecting life on Mars. I expected that the biological experiments would
have the same excellence that I found in the exquisite engineering and physics
of the JPL. Instead I found the biological experiments unimaginative. Worse,
they almost certainly would not have worked even if Mars had life. One of the
peculiarities of high technology is that the greater the quality of the engineering
the more banal and trivial is its final use. Such is the usual nature of programs
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transmitted by satellite television, and so it was with the biological experiments
to be sent to Mars. Most of them were an automated version of the biologists
laboratory here on Earth and assumed that life on Mars would be the same as
here. The bacteriologists, for example, proposed sending an automated
laboratory to Mars. It would scoop a sample of Martian soil and apply it to a
culture plate and look for the growth of bacteria in the soil. There were many
reasons why such experiments could fail to detect life. Martian life might not
include bacteria; even if it did the biochemistry might be different. The
experiment might land at a barren site. Even on the Earth if the experiment
landed on a polar ice cap it would not have found life. I suggested that instead
of so narrowly focused and reductionist an approach, they try a top down view
of the whole planet. The simplest and most general life detection experiment
would be the chemical analysis of the Martian atmosphere. A lifeless planet
would have an atmosphere determined by physics and chemistry alone and the
chemical composition would be close to the chemical equilibrium state. But on
a planet that bore life, the organisms at the surface would be obliged to use the
atmosphere as a source of raw materials and as a depository for wastes. Such
a use of the atmosphere would change its chemical composition. It would depart
from equilibrium in a way that would show the presence of life. Dian
Hitchcock joined me then, and together we examined atmospheric evidence
from the infrared astronomy of Mars., We compared this evidence with
evidence about the sources and sinks of atmospheric gases on the one planet we
knew bore life, Earth. We found an astonishing difference between the two
planetary atmospheres. Mars was close to chemical equilibrium, and its
atmosphere dominated by carbon dioxide. The Earth’s atmosphere in great
contrast is in a state of deep chemical disequilibrium. In our atmosphere carbon
dioxide is a mere trace gas, and the coexistence of abundant oxygen with
methane and other reactive gases shows a near infinite degree of chemical
disequilibrium, something impossible on a lifeless planet. Even the abundant
nitrogen and water of the Earth are difficult to explain by geochemistry. No
such anomalies are present in the atmospheres of Mars or Venus, and their
existence in the Earth’s atmosphere signals the presence of living organisms at
the surface. There was no escaping the probable conclusion of chemistry: Mars
was lifeless.

This was not the news our sponsors NASA wanted to hear. They were
preparing at great expense the Viking space craft to go to Mars to find life and
here were we saying there was none there. Worse than this, we had used
NASA funds to view the Earth from space and conclude that there was life on
it, something that could have led to the criticism of the whole space program.
They asked me, what could possibly be the value of such a discovery? 1 was
unrepentant and answered that I saw great value in it. They, NASA, had
unintentionally set up an environment in which it became, for the first time,
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natural to ask questions about the nature of the Earth’s atmosphere in the
context that it was a planet with life upon it. No one had looked at the
atmosphere this way before and had the opportunity to see what a strange and
beautiful anomaly is the Earth. We who live on Earth take for granted

the steady constant chemical composition of our atmosphere. Changes do occur
but only slowly compared with the residence times of the gases. No one had
wondered how our atmosphere could remain constant and stable in composition
by blind chemistry when it is a mixture of reactive gases. One afternoon in
1965 at the JPL in California, when thinking about the contradiction of our
constant but highly vastable afmosphere, the thought came to me in a flash that
such constancy required the existence of an active control system.

Then, I lacked any idea of the nature of the control system, except that
the organisms on the Earth’s surface were part of it. 1 learnt from
astrophysicists that stars increase their heat output as they age and that our Sun
has grown in laminosity by 25% since life began. 1 realised that in the long
term there might be climate regulation also. The notion of a control system
involving the whole planet and the life upon it was now firmly established in
my mind. Sometime near the end of the 1960°s 1 discussed this idea with my
near neighbour the novelist William Golding. He suggested the name Gaia as
the only one appropriate for so powerful an entity. Not long after this I began
a collaboration on Gaia with the eminent American biologist, Lynn Margulis,
that has continued until now.

What is Gaia?  Gaia is the name the ancient Greeks gave to their
goddess of the Earth and is the root of words like geography and geology. The
goddess Gaia was at once gentle, feminine and nurturing, but also ruthlessly
cruel to those who fransgressed. Gaia is also a straightforward scientific
theory about the Earth and the organisms that inhabit it. A theory that
postulates the ability of the system to regulate the climate and chemical
composition so that the Earth is always a comfortable habitat for life. A theory
that is testable and has a proper mathematical basis in a set of closely coupled
differential equations. We do not yet know if it 1s a good explanation of the
way our planet works; the evidence is only partially gathered. I see its main
value at this stage is to provide a different way to look at the Farth. A way
that forces us to question whether the good of humankind is the only thing that
matters? If Gaia does exist then it must come before us for we cannot live
without it. At the scientific level Gaia theory provides a new way to look at the
Farth. It asks new questions and has already led to significant discoveries.

The principles of Gaia are not new, they were first proposed over two
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hundred years ago by the father of geology, James Hutton. He said in 1795
"I consider the Earth to be a superorganism and its proper study should be by
physiology." His wise words were forgotten in the next century when science
flourished abundantly, but also grew like a tree and separated into many
separate branches., Hutton’s view and Gaia are broad general science and
almost incomprehensible in the overspecialised science of today. Gaia is an
evolutionary theory that includes the material Earth and the organisms in a
single tightly coupled process. It is entirely consistent with Darwinian natural
selection. The self regulation of the climate and the chemistry of the Earth is
an emergent property that arises automatically. Regulation goes on entirely
without foresight or planning and there is no teleology involved. Let me say
that as a scientist I wholly reject dogmatic certainties. I don’t know if Gaia
theory is right; only time and evidence will bring an answer.

I have developed Gaia theory as an independent scientist funded from my
income as a writer and inventor. It is useful to consider what might have
happened had 1 tried to work on it, thirty years ago, in a university or a
government laboratory. It would have been almost impossible. To start with,
there would be no funds approved. Gaia would be considered much too
speculative. If I had persisted and worked in my lunch hour or spare time, it
would not be long before I received a summons from the laboratory director.
In his office he would have warned me that my career would suffer if I
persisted in so unfashionable a research topic. If this did not work and
obstinately I continued to work on Gaia, he would have summoned me again
and stated firmly that my work endangered the reputation of the department,
and more important his own career. If I were lucky, he would have handed
me a leaflet on how to apply for early retirement.

It is right to ask what is the use of Gaia theory? What has it done for
science? Working scientists usually judge a new theory from the usefulness of
its predictions. By this measure Gaia research has led to three advances in
Earth science since its introduction. The first was the discovery that the
elements iodine and sulphur are first transported through the environment in the
form of the gases methyl iodide and dimethyl sulphide and that both of these
were the natural products of marine algae living at the ocean surface. I made
this discovery during the voyage on a small ship from England to the Southern
hemisphere and back. Everywhere the ship sailed these gases were found to be
part of the ocean environment. Before the voyage scientists wrongly assumed
sulphur and iodine to pass through the atmosphere as sea salt aerosol. Life they
said plays no part in regulating the composition of the Earth, organisms merely
turn over the chemicals that blind inorganic chemistry leaves for them to find.
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The second discovery was that the long term climate of the Earth is
regulated by the pump down of carbon dioxide in a controlled way by
organisms living in the soil.

Slide 2. Geochemical rock weathering

There 1s only one source of the gas carbon dioxide: volcanos and volcanic
processes, which bring it from the Earth’s interior. There is only one long
term sink for carbon dioxide: its removal from the air during the weathering of
calcium silicate rocks. Geochemists had assumed that weathering was a purely
inorganic process in which organisms played no part. With my colleagues
Michael Whitfield and Andrew Watson, we proposed that weathering takes
place at least thirty times faster when organisms are present. Our proposition
was experimentally confirmed by the American scientists Schwartzman and
Volk. It means that organisms control the abundance of atmospheric carbon
dioxide and therefore the climate also. When it is cold soil organisms grow
poorly and the pump down of carbon dioxide is slow, as a consequence carbon
dioxide builds up in the air, and the world warms. When it is hot organisms
grow fast and pump down carbon dioxide rapidly so as to cool the Earth. This
1s one process by which the Earth could have kept cool and comfortable in spite
of a 25% increase in solar heat since life began. But there is a puzzle
concerning the working of this pump in the present world. It is hotter now than
it was in the ice age, but the carbon dioxide has increased, not decreased, or
remained constant as would be expected if regulation were taking place. How
could this be?

Before I answer let me tell you of the third discovery to come from Gaia
because it is part of the explanation. The gas dimethyl sulphide has been found
to do much more than merely carry sulphur from the ocean, where sulphur is
abundant, to the land, where it is scarce and needed. Dimethyl sulphide
oxidises in the air to produce a strong acid, methane sulphonic acid, MSA for
short. This acid is known to be a major source of the nucleating particles on
which cloud droplets form. Without the production of dimethy! sulphide by the
organisms living in the oceans there would be fewer and less dense clouds and
the Earth would be a hotter place. This work was done in collaboration with
my colleagues Robert Charlson, Andi Andreae and Stephen Warren and
reported in 1987. Again it was the Gaian view that motivated the search for a
connection between the organisms living in the oceans and climate. We
wondered if the algal production of dimethyl sulphide could be part of a Gaian
feedback mechanism for keeping the Earth cool. As evidence accumulated it
pointed not to regulation but the opposite, a tendency to destabilise climate.
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The strongest evidence came from the chemical analysis of the ice cores taken
in Antarctica. These showed clearly that as the Earth grew warmer following
the last glaciation so the quantity of MSA laid down in the ice grew less. This
means the warmer it becomes the fewer the clouds and the hotter the climate.
Just like the carbon dioxide puzzle there is a positive feedback on warming, the
opposite of climate self regulation in the Gaian way.

Slide 3 The ice core record of CO2 and MSA

I learnt early in my life as a scientist that evidence that appears to
contradict a theory under test is more likely in the end to confirm it. The bad
news for theory testers is neutral or uncertain evidence. The apparent
contradiction can come simply from viewing the problem in the wrong way.
In the present instance, if we consider the Earth system to be in a temporary
state of failure then positive feedback is not unexpected. Consider the last time
you had a fever. When a fever starts, the processes that normally cool, like
sweating and the dilation of the blood vessels of the skin, cease to operate; we
also produce more heat by shivering. These are all positive feedbacks
characteristic of disease. Yet who would doubt that normally we regulate our
body temperature very well.

If we look at the present Earth as a fevered system then the positive
feedback between climate and carbon dioxide and between climate and clouds
makes sense. But what is the justification for looking at the Farth this way?
The first thing to note is that the Earth’s climate for most of the present
geological period, the pleistocene, has been cold. Only about one tenth of the
time is spent in interglacials like now. Moreover the Antarctic ice records the
deposition of seven times as much MSA in the glaciation as now; in addition,
the carbon dioxide was less than 200 parts per million in the glacial state. Both
facts imply a more abundant, or more vigorous, biosphere than we have now.
Perhaps the system really does prefer it cool and the present interglacial,
although comfortable for us, is a fever as far as the planet is concerned.

To test these ideas further my colleague Lee Kump and I bave made
numerical models based on Gaia theory. These models included plant life on
the land surfaces to pump down carbon dioxide and algal growth in the ocean
to generate cloud cover. We assumed that the optimmum temperature for plant
growth was 22 C and the optimum sea temperature for algal growth 12 C. This
was not because algae have a different temperature preference to land organisms
but because, for geophysical reasons, ocean temperatures above 12 C are
associated with the formation of stable layers of warm water floating at the
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surface. These layers soon become depleted of nutrients and the algae cease to
flourish. Our models predicted the self regulation of climate during the glacial
cool state. The production of clouds by marine organisms and the puraping
down of carbon dioxide both exerted a negative feedback on warming and kept
a steady climate. The models also predicted the system to be close to the limit
of stable operation and that even a small increase of solar heat could precipitate
a change to a warmer and less stable climate. Before and after this change the
system was in positive feedback.

A glance at a satellite view of the Farth taken to show plant growth on
the land and algal growth in the oceans confirms that dense algal growth is
limited to the ocean near the poles, and to upwelling water near the edge of
continents, in both of these regions the temperature is below 12 C.

Slide 4 View of Pacific to show limits of algal srowth

The land surfaces between 30 N and 30 S, where the temperature is
above 22 for most of the year are either desert or tropical rain forest. We know
that such forests are unstable and do not recover if removed; they are also
ecosystems that are managing their own regional climate and would be likely
to decline with increasing temperature. The models and the evidence are
consistent with Gaian self regulation in the long term, but with a temporary
failure in the present feverish world. The immediate cause of the change from
glacial to interglacial was almost certainly one of the small regular changes in
the Farth’s inclination and orbital position with respect to the Sun, the
Milankovich effect. By itself the increase in heat received is insufficient to
cause the large change in climate from the ice age to the interglacial. The
Milankovich effect was the trigger not the prime cause of the change.

If this planetary view of the present climate is correct it suggests that we
have chosen a bad moment to add greenhouse gases to the air and to use so
much of the natural ecosystems of the land surface for agriculture. More
seriously the consequences of these acts could be amplified by the positive
feedback of the system, and the climate of the coming century made hotter than
is usually forecast.

Slide 5 Model to illustrate the effects of global warming

I started this lecture by praising journeys into space, and explained how
they led to the re-discovery of Gaia. I realise that space exploration would not
have happened when it did had it not been for the cold war between the super-
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powers; the enormous cost could only come from a military budget.

Space exploration was seen by politicians and scientists as an expression
of their humanist creed. They saw it as a first step to dominion over the other
planets. Their statements were full of hubris. Consider the vanity of the idea of
terraforming Mars to make it a second home for people, when we are so far
from knowing how to live with ourselves and with the Earth. Consider the
absurd extravagance of space colonies. Bravado like this comes from those who
see themselves as captains of star ships, in the quest to conquer space, always
looking for the new frontier, but never noticing the mess they leave behind. 1
find such rhetoric in stark contrast to the words of the brave astronauts who
made the journeys to the Moon. They saw the awesome immensity of space and
how small is the Earth and realised poignantly that it really is home. I recall so
well Jim Lovell, one of the three that nearly didn’t return, telling me that even
his thumb nail, held at arm’s length, masked the Earth when seen from the
distance of the Moon.

The exploration of space has also changed the balance of power between
religion and science, and strengthened the authority of science in its claim to
explain the mysteries of the Farth and the Universe. The superstitious and
dogmatic side of religion lost much of its power over simple people when it
became known that men had walked on the Moon. In 1969, when the first men
landed on the moon, I was with my family in the far west of Ireland; in those
days one of the most beautiful, least touched, and devoutly religious places in
Europe. During the week that followed the landing people from the region
called at our home and asked was it true that men had landed on the moon. I
said yes did you not hear it on the radio? They replied yes but we needed to
hear it from your lips to know that it was true. When I asked why, they said,
"We need to know the truth. We want to know that there are no angels and
heaven up there in the sky." ‘

The true value of those journeys into space, whether real or in the mind,
was the revelation of the Farth and the recognition it brought that the cult of
humanism is not enough. The view from space teaches that we are part of a
greater entity, the FEarth, and that our survival and its good health are
inextricably entwined. Perhaps in time we can expand our view to encompass
the larger systems of the galaxy and the universe. Now the Earth needs our full
attention,

I have tried to show the need for a planetary perspective, and a need to
be to be sceptical about the claims of big science. The scientific community
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itself is divided and uncertain in the face of a world wide decline in funds.
Scientists are human and for the most part concerned with careers, pensions,
security and all the needs of modern city life. It is also not easy to be
responsible where there is no accountability. This means that the science
advisers, who may feel objective, are reflecting the needs and prejudices of the
scientific community to which they belong.

A consequence is that the list of priorities often given by scientists
reflects the list of working priorities of the scientific community, not the
priorities of people, still less the prioritics of the planet.

This is why until recently you would find global dangers listed in order
of priority as follows:  First, all things nuclear, whether power stations,
processing sites, waste disposal or bombs. Second, ozone depletion. Third,
the waste products of chemical industry. In other words, the first three priorities
are things carcinogenic or mutagenic to humans, and things easy for scientists
to measure. The greater danger from greenhouse gases, pollutants that threaten
the planet, like carbon dioxide and methane, and the destruction of the forests
of the humid tropics, are recent items on the agenda for action.

Through Gaia I see things very differently. To me the vast, urgent, and
certain danger comes from the clearance of the tropical forests and from
greenhouse gas accumulation.

The humid tropics are a habitat for humans and a physiologically
significant ecosystem. We are destroying this habitat at a ruthless pace. Yet in
the first world we try to justify the preservation of tropical forests on the
feeble grounds that they are the home of rare species of plants and animals
even of plants containing drugs that could cure cancer. They may do. They
may even be slightly useful in removing carbon dioxide from the air. But they
do much more than this. Through their capacity to evaporate vast volumes of
water vapour, and of gases and particles that assist the formation of clouds, the
forests serve to keep their region cool and moist by wearing a sunshade of
white reflecting clouds and by bringing the rain that sustains them. It is easy
to calculate the value of the tropical forests in terms of the energy that would
be needed to provide the same air-conditioning and irrigation service. It is for
the global tropical forests $500 trillion a year. Yet every year we burn away
an area of forest equal to that of Britain and often replace it with crude cattle
farms. Unlike farms here in the temperate regions such farms rapidly become
a desert, more trees are felled and the awful process of burning away the skin
of the Earth goes on. We do not seem to realise the damage we do. When we
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destroy more than a 70 to 80 per cent of a tropical forest the remainder can no
longer sustain the climate and the whole ecosystem collapses. At the present
rate of clearance it will not be long before the forests no longer have the critical
mass they need to sustain themselves. When they vanish, the billion poor of
those regions will be left without support. This is a threat greater in scale than
a major nuclear war. Imagine the human suffering, the refugees, the guilt and
the political consequences of such an event. It will happen at a time when we
in the first world are battling with the surprises and disasters of the greenhouse
effect intensified by the extra heating from the forest clearance. We could be
in no position to help.

The population of the Earth first exceeded two billion in 1930. We have
since then, at our present way of life, taken more from the Earth than it can
supply in the long term. Once we passed five billion, the Earth could no longer
support all of us even if we became wholly vegetarian and shared our food
equally. As we are already 5.5 billion these calculations, taken from the World
Hunger Project of the University of Rhode Island, are hardly cheering.

If we continue to place the good of mankind as the first item of our
philosophical agenda and continue to ignore the Earth we shall see it pass
through one of its major historical transitions. We, its first social intelligent
species, will be privileged to be both the cause and the spectators. The
transition imminent is a climate change at least as great as the change from the
last ice age until now.

To give you some idea of the magnitude of the change ahead let us glance
back to the depth of the last glaciation, some tens of thousands of years ago.
Then the glaciers reached as far south as latitude 35 in North America and to
the Alps in Europe. The sea level was more than 100 metres lower than now,
and therefore an area of land as large as Africa was above water and covered
with vegetation. The tropics were like the warm temperate regions are now.
In all it was a pleasanter place to live on than now and there was more land.

To understand what is before us imagine a heat age, as much warmer
than now as the ice age was cooler. Temperatures and sea level will climb,
until eventually the world will be torrid, ice free, and all but unrecognisable.
Eventually may be a long time ahead, it might never happen to that extent; what
we have to prepare for now are the events of the transition itself, events that are
just about to begin. These are likely to be surprises, things that even the most
detailed of big science models do not predict. Think of the ozone hole, this
was a real surprise. The most expensive computer modelling and monitoring
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of the Earth’s ozone layer failed to see or predict it. It was seen by observer
looking at the sky with simple instruments. Surprise may comes as climatic
extremes, like storms of great ferocity, or as unexpected atmospheric events.
Nature is non-linear and unpredictable and never more so than in a period of
transition. ‘

This is an occasion when we cannot look to Gaia for help. If the present
interglacial warm period really is a planetary fever, we should expect that the
system left to itself would be relaxing into its normal comfortable ice age. But
such relaxation may be impossible because we have been busy removing the
skin of the Earth for farm land, especially the trees and the forests of the humid
tropics, which otherwise are among the means for recovery. We also are
adding vast blanket of greenhouse gases to the already feverish patient. In these
circumstances Gaia is much more likely to shudder and move over to a new
stable state fit for a different and more amenable biota. It could be much hotter,
but whatever it is, no longer the comfortable world we know. These
predictions are not fictional doom scenarios, but uncomfortably close to
certainty. We have already changed the atmosphere to an extent unprecedented
in recent geological history. We seem to be driving our polluting civilization
heedlessly down a slope into a sea that is rising to drown us.

These gloomy predictions will only come true if we do nothing to
recognize that our planet is at least as important as ourselves. The future now
depends on decisions made in this key part of the world where the supplies of
energy and the development of technology go on most rapidly. We depend
upon you here in the Eastern part of the Asian continent to discover how to use
energy without harming the Earth and so without destroying ourselves. In this
respect I see nuclear energy as less damaging to the Earth than the burning of
fossil fuel.

I have spoken as an independent scientist. But I am far from being
outside human concerns, I wish to see my grandchildren grow up in a world
that has a future for them. Nevertheless, my detachment has thrust on me the
vacant position of a Trades union representative. My members are all life other
than humans, and includes the bacteria, the worms and the less attractive forms
of life. I have to do this because there are so many who speak for people but
so few who speak for them, on whom the planet depends more than it does on
us.

From my laboratory in the English countryside I can see the stars at night
and the milky way. In the day time I can hear the birds and smell the Earth.
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To see, to feel the Earth this way, to think of it as a living organism turns our
hearts and minds towards what should be our prime environmental concern, the
care and protection of the Earth itself and especially of the forests of the humid
tropics. It is not enough merely to be concerned for people. There is no tenure
for anyone on this planet, not even a species. If we do not recognise our
responsibility to our planet we may not even reach our allotted span. So let us
be moderate in our ways and aim for a world that is healthy, beautiful and will
remain fit for our grandchildren as well as those of our partners in Gaia.
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Ladies and Gentlemen,

It is a great pleasure and honour for me again to address JAIF’s Annual Conference.
I should like to share with you some thoughts on two matters which are important to all of
us and which are at the centre of the work of the JAEA, namely "international co-operation

for the safe and peaceful use of nuclear power".

Our societies will not accept the use of nuclear power unless safety in the operation
of reactors and in waste disposal is high. It is the responsibility of the nuclear community -
scientists, engineers and regulators - to ensure this. Since safety must be ensured in all
countries using nuclear power, international co-operation and international standards are
indispensable. The International Atomic Energy Agency is the most important inter-
governmental instrument for achieving this.

A twonek Shal]

Our societies also insist that the expansion of nuclear power in the world afiist not be

accompanied by a spread of nuclear weapons. They seek guarantees that gnriched uranium

and plutonium be internationally controlled and used only for peaceful purposes. In this



respect, the YJAEA has been given a crucial responsibility to operate the central control

mechanism - the international safeguards system.

Both nuclear safety and nuclear non-proliferation present us today with a number of

vital opportunities. They must be exploited to the full. Let me begin with safety.

SAFETY

It is strange that much of the public discussion of nuclear power continues as if
nothing had happened to nuclear safety since the accident at Three Mile Island in 1979 and
the disaster at Chernobyl in 1986. And yet we know that safety is continuously being
improved and that these two events stimulated a host of new activities in the safety field:
new conventions on early warning and emergency assistance, new measures for filtered
containment venting, fire protection, training of personnel, etc. We know, moreover, that
many of these measures are now being implemented on an international basis. Itis true that
risks can never be reduced to zero, but it is possible to demonstrate to the public the progress
which has been made. The reduction in outages and in radiation doses to personnel and the
increasing availability bear testimony to better maintenance, more reliable operation and safer
nuclear power.

pewe v
It can be noted with satisfaction that civil nuclear /op@ration in the past year was

accident-free, but it was not - of course - incident-free. None of the incidents was of

teactor P

alarming proportions, but there were serious events - at an RBMK/at/- St. Petersburg in
Russia, for instance. In my own country, Sweden, and in France some generic weaknesses
were detected and remedied. There were also incidents in Germany and here in Japan at
Fukushima. Although all of these incidents attracted a good deal of national and international

attention, it should be stressed that the safety checks and safety systems functioned as they



were meant to do. At the same time we are reminded that there is no room for relaxed

vigilance.

n-particulan, ﬁe recent serious incident at a reprocessing plant at Tomsk in Russia
is a reminder that sections of the nuclear industry which have not been subjected to the full
rigour of public and international scrutiny remain potential areas of concern. Any
inadequacies in military nuclear activities will have the same harmful effects on human health
and the environment as inadequacies in civilian programmes. They will also have a

damaging effect on perceptions of the safety of the nuclear industry as a whole.

INES

It is most important to be able to convey to the public an accurate idea of the severity
of accidents or incidents - to that end we need a "Richter scale” for nuclear events. Iam
very pleased to tell you that introduction of the International Nuclear Event Scale (INES),
an idea which was advanced at the TAEA and which was developed jointly by the NEA in

Paris and the IAEA | has proved very helpful fos

relative severity of such nuclear events and thus to place them in their proper perspective.
It is gratifying that forty-six countries - including Japan - are now co-operating in the use
of the scale for nuclear power plants. The scale has moved out of its test phase into
systematic, routine application, and its extension to nuclear facilities other than power plants
is being considered. It would be unrealistic to think that the INES would eliminate the
sensationalization of nuclear events, but at least a good tool now exists to characterize the

gravity of events - provided, of course, that the will to do so is there.



Safety Services

Another encouraging development is that the various safety-related expert advisory
services which are offered by the IAEA - known by their acronyms like OSART (Operational
Safety Review Team), ASSET (Assessment of Safety Significant Events Team) and RAPAT
(Radiation Advisory Protection Team) missions - are being increasingly requested by plant
operators and Member States in order to bolster their own national efforts. Although these
missions are sent only upon express request by individual countries, they may be expected

to contribute to high safety standards internationally, because they represent the state of the

Safety Revi

ussta-and-the Czechr Republic:

Nuclear Safety Convention

implementation are taid-dowm, By

adhering to such a convention States W&bH demonstrate their commitment to an international
nuclear safety standard. At the same time the Convention would'demonstrate to the public
that there are international safety norms that have virtually global acceptance. There is no
question of replacing national regulations and national responsibilities and prerogatives, but

rather of complementing these at the international level and contributing to international



transparency. The scope, contents and nature of such a convention have been discussed
among governments for some time. The norms to be laid down must not be so general that
they fail to offer specific guidance or set specific standards, nor must they be so detailed that
they become a straitjacket. Much_» will depend on the arrangements which are made in the
Convention for implementation tfor instance through peer review of the parties. These

arrangements might permit procedures for dialogue and persuasion,

So far there is only a consensus that the Convention should cover power reactors. If
the Convention now being discussed were, in fact, to be limited to power reactors, it seems
evident that subsequently other nuclear installations and activities should be similarly covered

- notably waste disposal.

Nuclear Safety in East and Central Europe

One region of the world continues to give rise to special concern from the viewpoint

of nuclear safety.

States in Eastern and Central Europe and some of those that formerly belonged to the
Soviet Union are wrestling with a four-fold problem: how to meet current domestic energy
needs; how to ensure in that context that their existing nuclear power plants function safely;
what to do about completion of unfinished plants, of which there are about 20; and how to
plan and finance their future energy sector, including the nuclear component. All of this

against a background of severe economic and other strains.

The dependence of most countries in this region on nuclear generated electricity is
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lvem?eﬁ Lshould note. Some areas of Russia are almost totally dependent on nugclear power.

It is clear that nuclear power is and will remain a substantial provider of electricity

throughout this vast region. Phe-Russian-G t-recenthy-endorsed-arrambiti

rich-foresees-buildi f_completi s-many-as-30-muciedr power bldlimxbifv‘ml»th&u;

ears. At the same time it is evident that acceptance of nuclear power in Russia, as
elsewhere in the world, will be dependent on the safe and reliable performance of existing
reactors and the public’s regaining of a confidence that was severely shaken by the Chernobyl
accident. |
have

Existing Soviet-designed reactors suffiss-frggn a variety of shortcomings, in some cases
relating to design and operation, in others stemming from the quality of manufacture and
construction. In some rare instances, as in Armenia, decisions have been taken to close an
operating unit. However, in view of energy shortages, we can expect that the remainder -
I am talking about some 60 units - will in all likelihood continue to run, the oldest and most

problematic for a limited number of years, others for a longer time.

There is naturally a strong interest all around the world that the safety in these plants
be strengthened without delay. The Chernobyl disaster led to a moratorium on new nuclear
power construction in a great number of countries and any new severe accident would reduce
prospects for a nuclear revival, This concern is a natural basis for substantial assistance to
back the efforts which the Russian and other governments in Fast and Central Europe are
making, The pressing need for comprehensive safety assessments, upgraded safety systems,
improved operational safety and strengthened regulatory oversight has been recognized for
several years. The JAEA helped at an early stage with the safety assessment of the 440/230

VVER reactors in Bulgaria and the World Association of Nuclear Operators (WANOQO) has



been giving practical help in that country. There have been valuable bilateral or joint
out

initiatives elsewhere, notably through the Group of 24,(3\/6 must regret that the organization

and preparation of assistance has been far too slow. In my view it would have been to the

advantage of both donors and recipienté if more use had been made of the JAEA, which has

a long experience in nuclear co-operation with East and Central Europe.
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At present it seems there will be a blend of bilateral and multilateral projectsy Ehe

Buropean Bank for Reconstruction and Development in London hes-been-given-a-green-light
{o-start-active-invelvement-as-a-muttitateral-atd-chanmel;-with-“seed-money--pledges-coming

Lhe and
iW“WM/ G-24 5 Adser the European Investment Bank in Luxembourg is-beeoming

dnvebred-with-sireable-amounts-in-toanssad 1o be-aveilable.—Last-but.not least the Werld

Bank-tn-Washingtot 1§ currently eaborating Tutire energy-strategy-eptions-for-theegion.

It is gratifying that these initiatives are gathering momentum, for it is high time to
move from the stage of the innumerable technical visits and studies to implementation of
practical improvements at the plants. The necessary sense of political will and urgency needs
to be maintained so that the work can be given new impetus through the next G-7 summit

meeting here in Japan in July.

I can assure you that the TAFA is trying both by working with other organizations like
the G-24, and through its own programme to assist in the efforts which are now underway.
Thanks to financial support, notably from the Japanese Government, the IAEA has been able
to carry through in-depth safety analyses of the early generation Soviet-designed PWRs - the
VVER 440-230s. It is our infention to extend our analytical work to cover the later model
PWRs - the VVER 440-213s and the 1000s - and the RBMKs. Qur essential task is to

diagnose shortcomings and assess improvements which have been undertaken. We can



mobilize impartial and competent experts to do this. Decisions regarding remedies involve
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political and commercial judgement and are essentially for the States concerned. | By now th

EA-has tarried-outsafety-retated-review-misstons-of orretype o another at most-reacto
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ites in Eastern Europe. These missions have included operational reviews afid assessment

operational events as vdas design reviews in some case:yA in the resources ma
ayailable byﬂ(rgovemments - and shortly “th}g collaboration with the U
evelopment Programme (UNDP) - the IAEA is thds contributing to the current efforts to
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In concluding my remarks on the question of nuclear safety in East and Central
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Europe, let me say that due to the centrahzeszﬁEFW’ﬁxe USSR many of the ex-
Soviet States need assistance to build up their own nuclear safety and radiation protection
organizations. As to the power reactors, let us not overlook that nobody knows them better

than the people who have designed them and have been working with them for years. They
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need(assistance to overcome the relative isolation in which they have worked; they need some

sophisticated and high quality equipment; they need constructive outside comments and
- Ae,\'f s also ne¥ OMrcamfjf},ﬁ,Z:w
assessment - but they don’t need any patronizing attitudes. “On-the-other-hardynuclear safety

cannot be limited to the operation of nuclear power plants. The hazards involved in the
operation of other facilities in the nuclear fuel cycle, including reprocessing plants and waste
treatment centres must be assessed and taken into account. In the former USSR most of
those facilities were operated in restricted areas under military authority. The present
openness and transparency of the Russian Federation should help to increase co-operation

with the TAEA in these areas.



Ensuring Exclusively Peaceful Use
I turn now to the second aspect of my remarks, that of ensuring the exclusively

peaceful use of nuclear power.

Controlled nuclear energy was born in war. So long as nuclear weapons remain
stored anywhere there remains a risk that the mushroom cloud will be seen again, FEven
when the number of nuclear weapons is rapidly decreasing, as it will do in the years ahead,
there is a risk of further countries acquiring such weapons. As inhabitants of this world and
as protagonists of the peaceful uses of nuclear power we have a strong interest in nuclear
disarmament and non-proliferation. Nuclg:ar power may owe its birth to the development of
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nuclear weapons, but thely continued existencelis a handicap for nuclear power.

Four recent developments have focussed interest.zln- yeard on the need to

co-operate in preventing the spread of nuclear technology for military purposes. First,
the discovery of how close Iraq came to success in secretly developing a nuclear military
capability; second, the ending of the Cold War, which gives hopes for a world in which
peace is no longer dependent upon a balance of terror but in which the dissolution of the
former Soviet Union is also raising some fears about the trickling out of nuclear material and
know-how; third, the recent events in North Korea; lastly, interest and debate have been
triggered by the growing quantities of plutonium, whether separated in the peaceful cycle or

recovered through the dismantlement of nuclear weapons.

Before dealing with each of these problems, let me first stress that there is a good
deal of positive news. The conclusion by Russia and the United States in early January of
the START-2 Treaty was a major achievement, foreshadowing deep cuts in strategic arsenals
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ALTEE neﬁﬁﬂﬁ&&rvreeo@mwmﬁm;r@m&rm@ Everything should
be done ﬁ%tb@«m@m—}ﬁw&h@aﬁ to help ensure ratification and implementation, including
financial and technical help needed for the dismantling and recovering of fissile materials
from deactivated strategic weapons. I know Japan is among the countries looking closely at

this question,

There has also been a welcome moratorium in nuclear weapon testing that will last
at least until this summer and possibly beyond. We must certainly hope that agreement will
soon be possible on a date for a complete halt to nuclear weapon tests. Agreement might
also be achievable on a cut-off in the production for weapons purposes of enriched uranium
and plutonium. These two kinds of agreement would be strong and encouraging signals as
we approach the Non-Proliferation Treaty Review Conference due in 1995, at which a
decision has to be made on extending the duration of the Treaty, One of the persistent

Carrtesd aui
criticisms of the Treaty in the past has been that the nuclear "have-nots" have stood-belimd
their substantive commitments while States possessing nuclear weapons have only given
general promises about disarmament measures. If these promises turn into specific action,
as we can now hope, support for the NPT will be without reservations. There will be a
feeling that all countries are genuinely doing their part to bring us toward nuclﬁ:armweapén«

free world.

The NPT, which has been in force since 1970, remains the cornerstone of
international efforts to inhibit the spread of nuclear weapons. That the Treaty is a living
instrurnent is shown by the fact that there were more new signatories last year than in any
single year since 1975 - a total of nine States. Not only did China and France, the last two
declared weapon States, come in, but so did Estonia, Slovenia, Uzbekistan, Azerbaijan,

Namibia, Niger and Myanmar. There are now 155 NPT States parties in all,
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There are reasons to expect that Ukraine and Kazakhstan will follow suit in due
course. They have declared their intention to do so. From the Agency we have already sent
technical briefing and fact-finding missions, to over 30 major installations to prepare for
safeguards operation in these countries. Other teams will go to Latvia, Armenia and

Georgia. Once such countries have signed the NPT, safeguards agreements can follow

between each of them and the IAzfmmwmmﬂg«m $ta
great—depth-eftnowledgeip.-th clear accoun

enhance their ca ﬁ@ Some indiviy
the.IIni ingdom-have-been-doing-the-same}

formal safeguards agreements are ready for signature and implementation.

/Tl'\\vt}, a Avwlger (} \5;‘11‘ &’;tc'ho("\)
The-emergence-of-a-series=of independent nations m the NPT and accepting
’}\m mo‘.e?n“ﬁ\‘o‘ c»wgﬂ:;wg are
safeguards as non-nuclear-weapon States, and-nes# <tasless tod being called

for in South Africa, in the Democratic People’s Republic of Korea, and in Argentina and
“Ths e 3
Brazil with-certainty expand(é};e areas @ the world in which it is verified that nuclear energy
enirutet t

is used exclusively for peaceful purposes. The

Hywt Trawst voiy e

dhe

“+-oply Téar that the Agency will be left to do this with the same financial and manpower
resources as hitherto. I cannot help wondering at times whether it is wise for the

international community to dress the safeguards effort in the zero real growth straitjacket,

et [T SO U SEOTRe

swer-resourees-will-soon-be-freed-up-for-redeployment-to-these
k)l‘l 4
a revised work-sharing arrangement with the Buratom(reduc

new--tasks-threuph our
inspection burden in the Buropean Community, we would simply not be able to cope with

new burdens. If the international community will require more - and more effective -

verification of nuclear activities, the necessary resources for it must be made available.
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ations-that trave been Tkenwithinthe PABA Trsetf 10 Streng el the safeguards-systeny! The
case of Iraq raised the question whether the welcome increase in the number of parties to the
NPT is matched by an unwelcome erosion in the respect for the obligations assumed under
the Treaty. Are there more Irags? What is done to strengthen the safeguards system to

reduce the risk that a secret programme may go undetected?

Fven though there were suspicions before the Gulf War about a glandexshne

G @NM*&LM
enrichment programme in Iraq, the secret facilities were foot identified by satellites,
intelligence - or IAEA safeguards. In the IAEA we have asked ourselves what measures

would have increased the chances of discovering such a programme - and we have introduced

such measures.
The first and most fundamental is information. If a State does not declare what it is
doing in the nuclear sphere - and secret programmes are by definition not declared -

knowledge about the activity must come from somewhere else.

To strengthen the information basis of the safeguards system all Member States are

now asked to provide the Agency - on a voluntary basis - information relating to the
export and import of nuclear materials, specified equipment and certain relevant non-nuclear

related materials, If we had had such information regarding Iraq we might well have

detected the emergence of an unusual pattern of procurement in a timely fashion.

aeceptance Of THis TEporting s,(,heme nd we are now
YZmlssmn of

yeess the information mcew% The s

B

aid, but-the-hoPe i3 that Wil achieve universality in
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pe-course. Ifthis—eomes-—about—then—itwill_strengthen and r‘@ﬂememwthcm}}\ﬁf\

‘ P
safeguards-inspeetion-and-verification-regime-to.a substantial-degree.

In another significant develqpment, the Agency has begun to receive some information
from third party sources regarding possible evidence of non-declared materials, activities or
facilities in other States having comprehensive safeguards agreements, -typieatty=but-aot
arways-as-MPTopaeties, | should mention that the Agency’s inspectors did not have access
to such evidence prior to the Gulf War. And that it was such evidence that led many of the
Security Council mandated inspections to the right places in Iraq after the war. Inspectors

must have access to good and reliable information in order to know where to_p

Some ask, is it appropriate for the Agency to make use of information obtained
through satellites or national intelligence? My answer is that W&L} information that appears to
be safeguards relevant must be received and analysed. The Agency is supposed to be a

watchdog - not an ostrich! However, there is much erroneous information around and much
obitained )
disinformation. All information(must therefore be critically assessed and analysgililj

-

oo

e

Crfit appears, after evaluation of information received, that there are questions to ask,
clarifications can be sought from the State concerned. Should these be withheld or be
unsatisfactory, a special inspection can be requested to undeclared sites, even over the

objection of the State.

If information is crucial in order to know where to go, the right to unimpeded access

for inspectors to any sites which appear nuclear-safeguards relevant is &

Vaa ¥y .
toﬁfigé such information. The Agency’s right under standard safeguards agreements to call

necessary

for special inspections has recently been reaffirmed by its Board of Governors in the case of
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the Democratic People’s Republic of Korea. If such inspections are declined as they were
ey
in fife case #Hhe’"ﬁi—”ﬁf@ the matter may be referred to the Security Council.

I should mention one more new feature, namely the invitations which have been
extended to the Agency by some States to visit any site or installation, regardless of whether

it has been declared and regardless of whether the Agency has reason to believe that the site

contains something that should have been declared but was not.

p—
Jpp—
T
S

s

s

("”"WW So m ‘ ) ‘
Such invitations have(been offered by Iran, Libya, South Africa and the DPRK. &uweh Vigids
<f? this eind opennes) +4h

s have some advantages: they provide a general tyanmsparemc
Visit sifes even

Agency to pske-te-goessom

y and(may enable the

s when available information may be too vague or uncertain
to justify a request fo‘r a special inspection. Such invitations may also enable a country to
clear itself of any allegation that a particular site or installation is clandestine and should have
been declared. Of course the contribution to transparency and confidence of such offers

(‘h ) FPa ¢ 4 73 .
/ S
depends on the willingness of States to adhere to them, -Ja-the-caserof-the-DPRIE-the-refuse

I should mention, lastly, among the measures to give the safeguards system sharper
teeth, that new analytical techniques give the Agency and its laboratories powerful means
through which much can be learnt even from small particles taken from inspected

installations.

It is important to remember nevertheless that the NPT and Agency safeguards, while
central, are only part of the total non-proliferation "architecture" designed to prevent the
further spread of nuclear weapons and comprising a number of barriers and incentives.

Where the political barriers may not suffice to discourage a State from the weapons path,
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greater restraint on exports on the part of supplier States may make nuclear weapon
development more difficult. Such sharpening of the export controls has been agreed to
among major exporters.

Wavt ewcounlt red @ Mq{w )
TAEA safeguards smpeetionshasefeourseoccurre

in the Democratic People’s Republic of Korea - North Korea. After a number of ingpection
missions there, and analysis of many samples and records, significant differences remain
between the Agency’s findings and the information given by the DPRK. As a result the

S AQI/¢421‘7 shouT Yhy € mowul
IAEA cannot confirm the correctness of the DPRK’s initial report as-te-the-ameunts—of

of [ foniym whieb doke g(‘meﬁ)
mdwm&iwﬁ%s country has « peRRly RO .(We have not obtained the necessary

POL(,'\"\W;S’/ C’Vl“/élloe
clarifications through our{inspections and discussions, nor been gixes

&3 to take samples
from two apparently nuclear-waste-related undeclared sites at Yongbyon, @ we have

requested access fo additional information and to these sites under the rules relating to &

5.
special inspection Mm@mg £Rawm

the Board of Governors of the JAEA, this request has not been
TWhis s th MW‘?&J

(Tﬁé?%%ﬁé? has been submifted to the S@{‘,urity Council, which is also considering the DPRK’s

Wlﬁggj announced Je +2 to withdraw from the Non-Proliferation Treaty. It is

evident that the obstacles to effective safeguards verification in the DPRK raise security

Q‘fé?ac(‘@!l'«t v{ur iﬁ»«/ i~
concerns for=gl Countries in the Far East. Only 8 return to full nuclear transparency with

vnimpeded access for inspections and sample taking will restore confidence.

iw the aree u’j: N tleor V\O“\v—")i;g’l{-;&q\owt\\a:wy

——
at T have described to you & a picture of problems and possibilitiesﬁh@ problems
G. e (()S; Wo wagans gAYy | laut ')ek,u? caw be Jeekieat %

must-be-tackled,-to-be-surebuf the prospect of a nuclear-weapon-free world is no longer

Utopian, ¢ven-the t-may-sl-be-rather—far-away? In the present situation it is not
unreasonable in my view to aim at an unlimited extension of the Non-Proliferation Treaty

when it comes up for review and prolongation in 1995, and also at universal adherence to
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itself but could be achieved in the context of a regional nuclear-free zone type arrangement,
as we have seen in the case of Argentina and Brazil. In such a framework, bilateral and
multilateral inspections could play a mutually reinforcing role. This is the kind of scenario
one could envisage in the context of a Middle East peace settlement. The Indian
subcontinent - which I have just visited - would probably also require a tailor-made formula,
but progress there presupposes both regional detente and further steps towards global

disarmaiment.

I want finally to touch on the question of plutonium. The quantities of separated
plutonium and plutonium contained in spent nuclear fuels are growing in the civilian nuclear
sector.  So are the- quantities of plutonium which we expect to be recovered through
dismantling nuclear weapons. All this plutonium must be stored, trarxspi)rtmi and used in a
manner that is fully reassuring from a viewpoint of safety and non-proliferation. While each
country decides how to address these issues, there are international aspects as wcﬂl:)

s
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perfodically updated: (";he Agency @880 applies safeguards to plutonium in accordance with
relevant agreements. There is a question whether additional safety and safeguards guarantees
could be provided by a stronger involvement of the IAEA des-this-context. We have held one

exploratory meeting at which inter alia the idea of international plutonium storage was

reviewed,

Certainly, if additional assurances concerning non-diversion and exclusively safe and

peaceful use of plutonium are desired, then arrangements would be called for under which
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the growing quantities of plutonium would be subject to special controls. The Statute of the
IAEA envisages a function of this kind for the organization and the dialogue that has recently

been re-opened will be continued.

The post-cold-war political climate creates favourable conditions for disarmament and
non-proliferation. We can look forward to a future in which international co-operation is
freed from many of the ideological hindrances of the past. It can be applied to both the need
for nuclear safety and nuclear non-proliferation and it will help us to maximize the benefits

of nuclear power as a major environmentally-friendly and readily available source of energy.



NUCLEAR IN THE UNITED STATES: THE CHALLENGE OF CHANGE

Dr. E. Gail de Planque, Commissioner
United States Nuclear Regulatory Commission

There are many challenges facing the nuclear arena in the United
States today, challenges emerging from an everchanging environment.
This paper focuses on several significant changes in the United
States that may affect the development of nuclear energy as well as
several significant Iinternational challenges that the United
States, and indeed, the entire international nuclear community,
must address if the peaceful uses of nuclear energy and nuclear
materials are to be available for the benefit of humankind and the

environment in the future.

Changes in the United States

The Enerqgy Policyv Act of 1992

In the United States, there have been many changes in the past few
yvears, creating challenges for society as a whole as well as for
the nuciear community. Among these changes was the enactment of
the Energy Policy Act in October 1992 which for the first time
codifies a national energy strategy for the United States. This
statute affects such major nuclear issues as plant licensing,
advanced reactors, vranium enrichment, and high-level radiocactive

waste.



In the area of plant licensing, the Enerqy Act of 1992 essentially
codified the Nuclear Regulatory Commission’s (NRC) program to
certify standardized plant designs as well as NRC'’s new “one-step®
licensing process. besign certification completes review of a
standardized plant design before construction, thereby resolving
safety issues up front. Design certification also defines the
inspection, test and analyses acceptance criteria (ITAAC) that will
be used to demonstrate that a plant is built and will operate in
accordance with the design certification. The licensing process
also permits a potential applicant to perform an early site permit
review. A utility may then file an application for a license to
build and operate a reactor whose design has been certified on a
site that has received a permit. This "one-step” approach i.e.,
processing a license to both build and operate, streamlines
licensing and reduces regulatory uncertainty. It is expected that
all future standardized design applications, site permits, and
construction/operating license applications will be processed in

accordance with the revisions of the Energy Policy Act.

Although not addressed in the Energy Policy Act, another licensing
issue that the NRC is working on is license renewal which in the
Uﬁite& States is required if a plant is to operate beyond the 40
vear period of its initial license. The NRC issued a final rule in
December 1991 stating that a nuclear power plant’s license can be
renewed if measures have been taken to deal wilth age-related

degradation so that the plant continues to meet the standards of



its current license. The Commission has had several briefings on
licensing renewal by the staff as well as the Nuclear Management
and Resources Council (NUMARC). The NRC staff is currently working
on the processes for implementing the rule, the key challenges
being how to define the systems and components subject to age-
related degradation unique to license renewal and how to utilize

the Maintenance Rule in this regard.

The Energy Policy Act has also changed how the United States
manages uranium enrichment and operation of the gaseous diffusion
plants. The Act transfers this responsibility from the United
States Department of Enerqgy (DOE) to the newly established United
States Eﬂfi@hmemt Corporation. It requires both that NRC develop
standards for these plants by October 1984, and that NRC act as the
regulator of the operations of the facilities (in consultation with
the United States Environmental Protection Agency), through
p@riodi@ally'aértifying'wh@tb@r the plants meel the standards. In
addition to needing to resolve an ambiguity as to when NRC’s
oversight responsibilities commence, the NRC must determine exactly
what is required for "certification.” Since these facilities have
been operating for many years, the NRC will essentially need to
develop standards for operating facilities as opposed to following
the traditional approach of approving a license and at the same

time establishing an inspection regime for the new facility.



With respect to high-level waste, the Enerqgy Policy Act calls for
the United States National Academy of Sciences to provide
recommendations and findings concerning standards for protection of
the public from radiation releases from the high-level waste
repository planned at Yucca Mountain. These recommendations are
due to the United States Environmental Protection Agency (EPA) on
December 31, 1993. The Act then requires the EPA to promulgate
regulations consistent with the recommendations within one year, at
which time the NRC will have another vyear to reconcile lits

regulations with the new EPA regulations.

Until a rep@sitory is available, high-level waste must be managed.
In December 1992, then Secretary Watkins announced that the DOR
would not be able to receive spent fuel by 1998 as required by law
at either a monitored retrievable storage facility or the proposed
repository at Yucca Mountain and that interim storage at federal
facilities would be pursued for this purpose. Many individual
reactor licensees have built dry storage facilities at their sites
for spent fuel until the DOFE is prepared to accept it. For such
onsite storage, the NRC has licensed several cask designs. A
concept currently being advanced is that of a "universal cask.® A
universal cask would be capable of use in storage facilities as
well as for transportation to a repository. This would reduce the
handling of the fuel assemblies and thus minimize personnel
exposure. The NRC is examining whether any regulatory changes are

needed for approval of this concept.



The New Administration

Although considerable change has been brought about by the Energy
policy Act of 1992, many would argue that the change in
administrations from George Bush to Bill Clinton will have an even
greater impact. A hint of possible changes came when President
clinton delivered his first address to Congress on February 17,

1993 which included several items affecting the enerqgy arena.

In this address, President Clinton proposed a new enerqgy
consumption tax. As proposed, all fuels, except wind, solar, and
geothermal power, would be taxed according to their energy content
as measured in British Thermal Units (BTUs). The tax is intended
to generate revenue, create an incentive for energy conservation,
help stop environmental damage and reduce greenhouse gas emissions
by the turn of the century, and improve United States
competitiveness and the balance of trade. There is still some
uncertainty, however, regarding exactly where the proposed BTU tax
would be collected i.e., point of generation or consumption, and
whether or not the proposed tax will ultimately be approved by

congress.

President Clinton also stated during his address that "We’re
eliminating programs that are no longer needed, such as nuclear
power research and development.?” The administration’s general
budget plan calls for continued funding of nuclear research and

development only to maintain the current generation of reactors and



the "licensing actions for reactors that have commercial interest.”
At this time, this 1is expected to phase out advanced reactor
programs such as the PRISM reactor and the Modular Gas-Cooled
reactor but continue the Matching Fund Program for first-of-a-kind

engineering.

It is not yet clear how the proposed cuts will be reconciled with
the FEnergy Policy Act. The FEnerqgy Policy Act directs that a
comprehensive program be carried out by the Department of Energy to
encourage the development of advanced nuclear reactors eventually
leading to their commercialization after September 1996. At this
point, it is still too soon to tell how these proposals will
materialize and how the new administration will actually shape

nuclear enerqgy policy.

In the meantime, at the NRC the review of reactor designs, both
evolutionary (General Electric Advanced BWR and Asea Brown
Boveril/Combustion Engineering System +80) and passive (Westinghouse
AP~600 and General FElectric Simplified BWR) is continuing. The
staff is working to resolve technical issues on the individual
designs and to further define the rulemaking process from Final

Design Approval through a Design Certification rule.

Low-Level Waste Storage and Disposal

Low-level waste disposal continues to be a complex and difficult

issue for the United States.



The Low-Level Radicactive Waste Policy Amendments Act of 1985
provided for the establishment and operation of regional disposal
facilities by Ycompacts” (a contractual and legal affiliation of
states) . Progress by the compacts has been glacial at best and
generated some challenging regqulatory debates centering on issues
of states’ rights, @sp@cially regarding whether or not states have
the right to set more stringent radiation protection standards than

the federal government.

Low-level waste disposal is rapidly becoming a very critical issue
affecting not only operating plants but materials licensees, such
as research and medical facilities as well. Since Januvary 1, 1993,
only one low-level waste facility is accepting non-compact-state
material,; fees have risen and can be expected to continue to rise
dramatically. After June 1994, this facility will only accept
waste from within its compact. Unless other facilities are sited
and established by that time, only 13 of the 50 states will have

access to a disposal facility.

A recent Supreme Court decision has also affected the low-level
waste disposal situation. In June 1992, the court ruled
unconstitutional the *Take Title Provision®" of the 1985 Low-Level
Radioactive Waste Policy Amendments Act obligating states to take
legal title to, and possession of, low-level waste from generators
within their jurisdiction or be liable for all damages if disposal

facilities were not provided by either the state or a compact on
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January 1, 1996. The potential impact of this high court ruling on
low~level waste management and thus on the nuclear community is

still unclear.

Challenges in the International Community

While the United States is facing the challenge of change
domestically, the global situation continues to evolve, impacting
the United States along with the rest of the international nuclear
community. International challenges include efforts to establish
nuclear reactor safety standards, increase the level of nuclear
materials safety, reduce radiation exposure, safeguard nuclear
materials and facilities, and build nuclear waste storage and
disposal facilities, all aimed at protecting the public and

environment from any harmful effects of radiation.

The ability of the international community to collectively meet
each of these challenges and address related changes as tThey
develop will determine if nuclear power is to survive and continue

to be a viable source of enerqgy for all countries.

Nuclear Reactor Safetyv Standards

Certainly critical is the ability to establish a reasonable level
of nuclear reactor safety standards and a safely culture around the
world. For its part, the NRC has signed agreements for cooperation

with 27 countries to assist with technical research, develop



regulations, and prepare technical guidance. An example is NRC'’s
work with the United Kingdom’s Nuclear Installations Inspectorate
on the licensing of England’s first pressurized water.reactar, the
Sizewell-B nuclear power plant. Additionally, the United States is
working with Japan on containment structures research, testing
thermohydraulic safety conditions for the Westinghouse AP-600
advanced reactor, and the development of hydrogen ignition

criteria.

In 1988, the NRC signed a significant bilateral agreement with the
Soviet Union establishing the Joint Coordinating Committee for
civilian Nuclear Reactor Safety (JCCCNRS) . The cCommittee is
responsible for directing technical cooperation through working
groups assigned specific topics, such as embrittlement, reactor
vessel annealing techniques, fire safety, health effects, and
nuclear power plant aging and life extension. While there have
been many significant changes since the signing, the agreement is
continuing to be carried out with countries of the former Soviet

Union.

In the last few years, there has been considerable support from
many countries and international organizations to address the
safety problems of nuclear power reactors in the former Soviet
Union and Eastern European countries. This includes efforts

through the G-24 Coordination Center for Nuclear Safety Assistance,



the Lisbon Initiative, the G-7 process, and preliminary efforts to

establish a multilateral fund.

International organizations clearly play a very important role in
establishing and maintaining strong nuclear reactor safety
standards. The United States has multilateral agreements with the
International Atomic Energy Agency (ITAFA) and the Organisation for
Economic Cooperation and Devalapment”g' (OECD) Nuclear Enerqgy
Agency. With the IAEA for example, the NRC has assisted with the
development of international safety fundamentals and has been
extensively involved in negotiations supporting the establishment
of the International Nuclear Safety Convention. The United States
believes it is vital for the international community to continue

its work with these organizations and support their efforts.

Nuclear Materials Safety

The United States has become increasingly concerned about nuclear
materials safety, particularly regarding the proper disposal of
unwanted sealed radicactive sources. Such sources have been
discarded and become mixed with metal scrap that is later recycled.
This has led to inadvertent smeltings of radiocactive sources by
mills and foundries. In the United States the rirst reported
accidental smelting of a radioactive source occurred at a steel
mill in New York in 1984 and involved a 25 Ci cobalt 60 source.
There have been a total of 15 accidental smeltings reported in the

United States. Additional accidental smeltings are known to have
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occurred elsewhere 1in the world. In some of these cases
contaminated metal products were exported to other countries. In
the United States damage from accidental smeltings has been largely
limited to contamination of the mill environs and products.
Fortunately, plant worker and public exposures have been minimal.
Costs for decontamination and disposal of contaminated wastes,
however, can be significant. Decontamination and waste disposal
costs have gone as high as 5 million dollars. Flsewhere in the
world significant public and worker exposures to radiation have
resulted from sealed sources entering the metal scrap cycle,
notably in 1984-85 in Mexico when a 400 Ci teletherapy unit was
dismantled and sold as scrap and in Brazil in 1987 when a 1375 Ci
cesium-137 teletherapy unit was dismantled, again for its scrap

value.

The United States is actively promoting international symposia,
working to establish internationally accepted guidelines, assisting
countries where accidents have occurred, and assisting the IAEA in
establishing a radioisotope training course for foreign personnel
at the Argonne National Laboratory. United States personnel
continue to serve as lecturers, provide training materials, and
serve as technical members of IAEA Radiation Protection Advisory

Teams (RAPAT) .

The importance of this issue cannot be emphasized too strongly,

because problems continue to occur in many countries causing
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serious or fatal radiation exposures. This poses a very difficult
challenge to the world community as commerce and trade in

commodities that lend themselves to such problems increases.

Radiation Protection

Considerable changes have occurred internationally regarding
radiation protection, and the United States is in a position to
learn much in this area from other countries. For example,
occupational doses in puclear power plants appear to be higher in
the United States than in some other countries. By reviewing the
radiation protection programs of these countries, the NRC is trying
to determine what changes can be made to improve the situation in
the United States. The NRC is just beginning to implement the
radiation protection requirements of ICRP 26 and, along with many
nations, will study carefully those who are already moving ahead to

consider the requirements of ICRP 60.

Of key importance to all is the sharing of new information on
health effects and environmental protection. To address the health
effects from the Chernobyl accident specifically, the United States
established a technical working group under the auspices of the
JCCCNRS . But this must be regarded as only a small effort, and the
United States looks forward, with the rest of the world, to a
thorough and clear understanding of the effects of this accident on

the health of workers and the public as well as the environment.
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In addition, studies of both workers and the general public
associated with weapons facilities over the past several decades,
especially in the United States and in Russia, are desirable to
expand and clarify the body of knowledge on health effects. The
availability of medical, dosimetry, and environmental data
associated with these sites presents a unique opportunity to expand
our knowledge of radiation health effects. But efforts to tap this
information should proceed expeditiously, lest the opportunity be

lost.

Safequards and Physical Protection

In the realm of physical protection of nuclear materials and
nuclear non—proliferation, of great importance to the United States
and significance to the world are the issues surrounding the
extension of the Nuclear Non-Proliferation Treaty (NPT) after 1995.
The United States continues to support an indefinite, unconditional
extension of the NPT in the interest of fostering international

peace and security.

To strengthen safeguards efforts world-wide, the NRC has periodic
meetings with representatives of other countries, and participates
in bilateral information exchanges and international conferences Lo
discuss national physical protection programs. The United States
is one of many NPT countries represented at the international Non-
Proliferation Treaty Nuclear Exporters’ Committee (Zangger

Committee) meetings to discuss nuclear-related export issues.
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In support of United States non-proliferation and safequard
objectives, the NRC has been carrying on a program of technical
cooperation with Russia and Ukraine to establish a physical
protection system for nuclear materials control and accountability
gsimilar to that in the United States. In addition to system
design, activities include assistance in drafting regulations and

gulidance documents.

In February 1993, the United States signed an agreement with Russia
to purchase low enriched uranium converted from highly enriched
uranium at facilities in the Russian Federation. The United States
believes that implementation of this agreement will reduce Soviet
stockpiles and provide hard currency to address safety problems in
Soviet nuclear reactors. The uranium is expected to be used as

fuel for use in commercial reactors.

RNuclear Waste Storage and Disposal

A final area of concern to the entire nuclear community is the
storage and disposal of nuclear waste as well as public opinion on
this issue. Each country clearly has 1its own problems and
solutions for managing high-level and low-level waste. However, a
great deal of information and experience concerning waste storage

and disposal can and should be shared among countries.

Many countries are making progress in the management of nuclear

waste. These countries often have 2 things in common that deserve
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attention: their focus on performance-based standards, and their
time intervals of consideration. These countries are emphasizing
the ability to retrieve waste in the future as technology
improvements or resource requirements dictate. As indicated
earlier, the course that the United States will ultimately pursue

is not yet fully defined.

countries must not only work to provide appropriate standards, they
must work diligently to inform the public of why and how the
standards were developed. As many countries know, without public
support, the issue of nuclear waste storage and disposal has the
potential to severely hinder the future of nuclear enerqgy. Winning
positive change in public perception certainly is an important

challenge to all.

Conclusion

The nuclear community of today is a small world and countries must
work together to meet the challenges before us, the challenges of
an everchanging environment. While the United States faces the
changes  brought by the Enerqgy Policy Act and the new
administration, the global situation continues to evolve, impacting
the United States along with the rest of the international nuclear
community. International challenges include those arising from the
effects of the political changes in the former Soviel Union and

Fastern Europe, the effort to establish internationally accepted
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levels of safety through an International Nuclear Safely
Convention, the effort to ensure adequate and effective safety and
safequards programs through the International Atomic Energy Agency
and its member states, and the issues facing all nations regarding

nuclear waste.

While change may bring challenge, from challenge often springs
strength and commitment. The key is to recognize the challenge of

change. In 1881, John Viscouni Morley noted

Great economic and social forces flow with a tidal sweep
over communities that are only half conscious of that
which is befalling them. Wise statesmen are those who
foresee what time is thus bringing, and endeavor to shape
institutions and to mold men’s thought and purpose in
accordance with the change that is silently surrounding
them. (*Life of Richard Cobden®)

May we in the global nuclear community be wise statesmen. May we
recognize the change, rise to the challenge, and work together to
ensure that the peaceful uses of nuclear energy and nuclear
materials‘ are available for the benefit of humankind and the

environment in the future.
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Viktor N. Mikhailov
Minister for Atomic Engrgy of

the Russian Federation

"NUCLEAR POWER IN RUSSIA TODAY AND TOMORROW"

After several years of uncertainties as to the future of
nuclear power in Russia, evoked by the Chernobyl accident and
transformation of the political & economical system 1n the
country, some very specific frends of 1its further development
have been already defined by the current momenti. These objective
frends are being stilpulated by the existing economlical and
ecological conditions.

Throughout the decade of the pre-Chornobyl period the average
annual electric power output growth in the world was around 3,7%
and in the former USSR - 3,8%. In a number of states
(Brazll,China, Indla,South Africa) the growth rate was much higher
than that. France should be noted separately in this respect,
where the annual output growth in the course of 10 years was
around 6% due to intensive development of nuclear power. It 1s
worthwhile mentioning, that In the majJority of states-large pro-
ducers of electric power, the share of nuclear power planis in
the total energy output 1s higher than in the world In general.

Thus, the energy production i1n the world 1is growing at a
relatlvely stable high rate. At the same time, certaln measures
taken by some states on savings of power and reduction of energy
consumption made 11 possible to slow down the energy
production growth for some negligible perlod, however these
changes never really affected the growth dynamics.

Specific calculations, performed with respect to conditions
of development of the Russlan Federation, show that in order to
tackle the economlc and social problems, energy production output
should be dncreased by no less than 3% amually with a
simul taneous provision of a complex of measures on energy saving,
stherwise the above stated flgure would have to be doubled.

The program of economic reforms in Russia should be based
on reliable power supply to all elements of the indusirial and
acotiomic complex, which for Russia’'s enormous scale 1s hardly
pogsible fo provide without a clear concept of the state power
oroduction policy, having stable long-term goals.

The concept of nuclear power development defines 1ts place



and role in the state fuel-energy production system and lines of
its development as well as sets forward practlcal tasks, driven from
the long-term strategic goals.
This concept should be regsrded as a flexible sirategy of
the branch development, periodically specified , refined and
planned for practical implementation in the form of The Complex
Program of Nuclear Power Development in the Russlan Federation
for the period of up fto 2010, elaborated by Minatom.
Nuclear power, despite 1ts small input iInto the energy
state balance(3%), holds al present key positions in a number of
the most importani electric-power systems in Russia(North-West,
Central,Middle Volga) and for the perspeciive 1s economically
most feasible source of power supply for many regions. With
view of well-known advantages of nuclear power the share of
power production from nuclear sources may grow up to 30% for
Rugsia 1n general, and up to 50% for 1t's european part. At
the same tlme, the share of nuclear power 1n the state fuel
balance, including district heating, may reach 10%.
Nuclear power development for the period of up to 2010
(the program's main goal) should be maintained within such
a framework, that would, first of all, compensate the capacities
of the decommlssioned NFPPs and also replace a number of power
wilts  of  the thermal plants on solld fuel with resources
exhausted. The general capacity increase at the operating NPPs should be
at the same time relatively insignificant. On the other hand,
efforts should be integrated to provide for 1ts safe operation
and growth, international eveluation of any new line of
1ts development and establishment ol International cooperation
in the field of its safe implementation,
The major prediciable indices of the nuclear power
development program can be characterized by the following
figures:
~ HWPPg’ installed capacity: 1995 - 23,2 Gwt
2000 - 27,4 Gwt
2010 — 40,0 Gwt.

~ Power production: 1995 — 13% billion kwi/h
2000 - 168 " - ¢



2010 - 259 billion kwt/h.
~ Nuclear District Heating Plants' installed capacity should by
2010 be 2,58 Gkal/hour.

With respect to real conditions of nuclear power and
economy in Russila the program incorporates the following deve-
lopment stages:

- 1993-2000: during this "forced” or "renovation” period
upgrading of the operating units with Increased safety provisions
should be accomplished. NPPs'capacity growth should be negligible
and mostly related to continued consiruction of the already com-
menced sites. At this stage head end units of the new ("safety
increased” )generation are constructed and developed on the basig of
the newly adopted technologles. This would provide for stable
development of nuclear power in the forthcoming stage.

By 2000, start-up of four VVER-1000 reactor-type power units
is being plamed, as well as of one modernized RBMK-1000 reactor-
type unlt, two Nuclear District Heating Plants (AST-500), two
"fast" reactors BN--800 for the Urals region and one power unit
o the new generation with a 630 Mwh capacity. ,

By the end of the given period head end small-power unitis
should be consiructed for power supply to remote and inaccessible
areas.

The main strategic goal of the first stage should be real
demonstration of the possibllity to introduce safe and
economically feasible nuclear power sources Into the state power
production system,

-~ 2000-2010: this perlod is characterized by the capacity
growth on the basis of the new generation units. A planned
decommissioning process ls started for units, having exhausted
their resources.

A total number of twenty power units is planned for commencement
at this stage wiith a capacity of 1000 Mwit each(8 out of 20 would
be replacing Thermal Power Plants), as well as four 600Mwt units
of the new generatlon, four units on the basis of VVER-440
reactor, two MEER-800(chamnel-type)units, four AST-H00 and three
“last” commpercilal reactors.



With a design life perilod being 30 years, by 2010, 14 power
units with a total installed capacity of T400 Mwt would exhaust their
resources.

The stage after 2010 1s defined as the period of large-scale
nuclear power production. Its fechnological basls would be set up
at the previous stage and would much depend on the problems of
Tuel supplies and enviromment protection.

The above siated data shows that the maln efforts would be
concentrated In the pressurized water sector, that would allow
to add up to the existing positive natlonal experilence,
scientlfic-technical & industrial stock by luvolving extensive
international achievemenis and cooperatlon. Pressurligzed water
reactors of the new generatlion besldes a qualltatlively higher
safety level also have a number of new important consumer
characteristics: the primery equipment 1ife period Increased up to
50-60 years, optimlzed operating conditions, reduction of the
operating persomnel,and a significant(by 10 Times) reduction of
radioactlve wastes produced.

Two levels of power for the VVER reactors are defined by
the demands of the specific power supply systems 1n Russla and
those of foreign customers. The reactor power reduction and
decrease of power denslity in the core provid@'for additional
opportunities of a substantial safetly upgrading.

Works would be continued on the development of a
competitive fasgt neutron reactor for fuel breeding,based on
BN type of reactor with the goal of the Tuel cycle closing,
including effective plutonium burning and long term fuel sell-
supply for the nuclear power.

wvafe development is the key-element for the nuclear power
in  Russla, focused on the constructlon of new power
units,capable of replacing obsolete ones 1n the energy system.

When developing a new generation of NPPs its necessary to
advocate  designs, that by  thelr  physical  properties,
technological characteristlcs and passive character of the safely
systems Implemented, would be capable of practically excluding
poesibilities of heavy accldents. The dmportant condltion for
future NPPs safety provision is the correct safety substantiatlon



at the stage of design and project quality assurance at the stage
of construction. Effective organizational and technical means of
WPPs protection against willful harm or destructlon(terrorism)
are being stipulated.

In the perlod of up to 2000 the nuclear power may be
developed in an open fuel cycle. In order to reduce demands in
wranium mining and tackle the problem of radloactive wastes
management 1In the process of fuluwre development of nuclear
power, 1t's necessary 1o prepare the ftechnical and indusirial
basis for the 1iransition to the closed fuel cycle. Withoud
simultaneous use of regenerated uranium and plutonium a closed
fuel cycle 1s boih economically and environmentally not feasible.
The economic feaslbilily of a closed cycle would show its maximun
advantage in the development of nuclear power on fast neutrons
wlth a broad-scale fuel regeneration.

Radloactlve wastes, produced at the NPPs, are mainly
classglified as low and medium wastes with a less than 30 years
period of seml-decay. The amount of high-wastes produced ig less
than 1%. The task for the nearest 3-5 years would be to supply
all operating NPPs wlth modern closed systems of solid and liquid
waste conditloning and prepare them for long-term
centralized storage. The concept of radicactlive wastes management
has been worked out as a separate document, that would serve as
a basis for the program practical implementation.

Technical complexity, nuclear hazards and resource
consumption of the nuclear power and technology require broad
internatlonal cooperatlon in the course ol natlonal programs’
development. The internatlonal nature of nuclear power sets
Torward as a primary goal the correlatlon of activities iIn
the provision of safety for its development. An Important
role In resolving this fask belongs to international
organizations and above all to TAEA,

Nuclear power development in the Russian Federation should
provide for the possibility of not only preserving the existing
interstate(in the framework of CIS) and international markeis, but
algo of thelr further expansion.The chance for such an extension
exigts.



The level of the perspective national technical solutions
on NPP safety equals the best western versions and there 1s no
ground to focus new generation NPP designs for the nuclear
power 1n Russia on western companies' developments. Never-
thelesg, various forms of western firms' participation in the
national works are feasible within the framework of international
cooperation.

The program also contains the major requirements for NFP
personnel training, necessary R & D complex, development of
the experimental research basis, International trade, social
and legal activities. ‘ ,

The expert analysils has proved the capabilitiles of the
industrial branch to execute the complex program on condition
ol a guaranteed safely provision for nuclear power development.

It should be also mentioned that the given program already
finds a practical implementation: at the end of 1992 the Govern-
ment of the Russian Federation passed a resolutlon, that is in
fact a program for the construction of NFPs in Russia t111l 2010,
The dmplementation of +this program 1s planned in sirict
accordance wilth the existing laws of the Russian Federation in
the area of environmental protection, in compliance with the
public opinion and with availability of subsequent positive deci-
silons from local and regilonal authorities on the construction of
nuclear power sites on thelr territories.

The necessary requirement for accepting the technilcal
project for the construction of any type of NPP 1s 1the
avallability of the positive conclusion from the State
Environmental Expertise Commission.

The given resolution combats stagnation in this branch of
industry, demonstrates real possiblliitles to introduce safe and
econcmical power sources,based on nuclear fuel,into the state
energy system. It also provides for a non-stop development of
nuclear power, that combines upgrading of the existing & creation
of new, modern technologles.
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APFENDIZX 1

THE HAJOR PEEDICTABLE INDISES OF THE PROGRAMM

YEARS AND PERIODS
INDICES
1993 1995 2000 2005 2010
1. Installed NPP caracity
20, 242 23,242 T, 472 37,121 39, 941
(ky the end of the yvear), hWw
2. Installed capacities
commissioning, hWw 3,0 4, 23 13, 339 T, 432
3. Installed caraclitlies - sl - 3,75 4,612
decommissioning, hw
4, Installed NDHP caracity
hcal/h e 0, 86 2,58 2, 58
(Ly the end of the vear)
5, Commisgsioning of the
caraclities at NDHPs - - 1,72
hcal/h
&, Power production at the 120 139 158, 6 213, 9 259, 1
HPFP, Dkillion KW x h
7. Thermal energy output,
hical
TOTAL 3,0 3,6 6,8 13,0 19,6
NDHP - - 2,8 7,6 12,6




AFPENDIX 2

THE SCHEDULE OF THE COMMITIONING AND DECOMMITIONING OF THE POWER UNITS

AT THE NPPg TILL 2000

Dates of commitioning and
n/n{Name of power rlant Caraclty|decommitioning of the units| Stage of
Unit no. KW completion
1992 1996 2001 2006
1995 2000 2005 2010
1 2 3 4 5 6 T 8
1 Balakovskaya i 1000 - - - -
bad 1000 = - R -
3 1000 - - - - -
4 1000 K- - e - Q0%
5 1000 K- - - 3074
6 1000 K- - Ov
2 Dalnevogtochnava 1 600
Fod 600 K- - (0)4
K-~ (814
3 Kalininskava 1 1000 - - - -
2 1000 - - - -
3 1000 X-- - - - - TO%
4 Eurskava %1 1000 = - - ~X=
%0 1000 - o R ~R=
%3 1000 - S - -
%4 1000 - - - -
5 1000 R~ - - - 607
5 |Novovoronezhskava %3 417 - = K= zae
. ® 4 447 - - - sz
L34) 1000 - e X
&) 1000 R~ - - 07
7 1000 K-~ e 07
5 [Xolskava %1 e - - - ~Kx= znoz
% 440 - - “X= zaz
*3 440 - - - - -
%4 440 - - - -
5 630 R - - 07
6 630 R- - - 07
7 630 Rz 07
T {Earelskava 1 600 g - O
c 600 ®~- 0
S [Primorskava 1 600 Tzzzouaz 07
bt 600 Ko 07
9 !Leningradskava %1 1000 - - ~%= e
% 1000 - ke - B
%3 1000 - e - -
* 4 1000 - - - -
5]1000(800) K- - ()4
611000(800) K- Q%




wlill be acceprted according to the results of technical - economic research
carried out on the assienment of the RF Government for the regiong of the
Eurcorean rart of the country and the Far East.

3} The nuclear development of the North-wWest region along with that of th
Leningradskaya NPP will be carried out rursuant to the Huclear Power programm
that 18 now belineg developed for thlg regilon.

AFFENDIX 3
THE MAIN TECHNICAL CHARACHTERISTICS OF THE REACTOR FACILITIES

V-1000 V-500 {VPBER- AST - BN-800| MKER-
(NP-1100) 600 500M 800
Thermal capacity 3000~ 1800 1800 500 2100 2450
3300
Primary curcuit circulation PCP PCcP PCP Natural| FPCP Natural
Number of loops 4 1} - - 3 16
rimary curcuit 15,17 15,7 15,7 2,0 0,88 7,0
rregssure (MPa)
Core inlet temperature, C 296, 9 293, 9 294, 4 1314 35@ 268
Core outlet temperature, C 326 323, 3 325, 0 208 547 e85
Steam pressure (MpPa) 7,35 7,06 6,5 - 13,7 7,0
Steam production caracity, 6696 3570 3350 - e 4600
t./1.
Steam temperature, C 289, 2 280, 4 3085 - 490 270
Fuel UGo-2,00-21 U0-2 uo-e uoe Puoe, Uoe
+Puoe uoz
Humber of fuel assemblies 211 163 151 121 517 1580
Fower density 91 65, 4 69, 4 ol 4 460 Fuel
280wt/
Fresh Fuel Enrichment, % 3,6 3,6 4,0 2, 0 15,7 2y 4
18,6 .
24
COreratign reriod, (vears) 45 5-6 & 4 0,25
Period between 1-2 1 1,52 2 0,3 *
refuelings(vears)
Power variation range, +“ 30~-1Q0 30-100 {30-100 10-100 110-100130-100
Power variation rate 2-10 3 2, 55 0, 4 - ®
Life period of the B0 60 60 30 60 50
reactor vessel (vears)
.of the reactor rlant 50 50 60 30 60 50
Designed Earthdguake (unitsg)
MSK-64 8 8 8 - 3 8

¥ Fef?eling on the orerating reactor R _ 1
- Jn{: dinitted \witin the range oA ED—~400% 0’@ 1t ¢ nominal capacily
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10 |Severo-zaradnava i B30 K- - - 07
(S0s8novy bor)
Ij' Rostovskava 1 1000 K- e e 807
2 1000 X -
12 |smolenskava x| 1000 T T e
% 1000 - - - -
%3 1000 S Pp— - —_—
13 Belovarskava %3 600 - - - - K=
i 800 b - -
514 Bilibinskava % 1 12 - - ~%= zoz
* 0 i2 - R ~K- Tz Q¥
%3 12 - - - - ~X=
* 4 12 - - K=
5 32 R~ - - (014
& 32 R~ - O
7 32 K- Qv
15 {Voronezhskava i 500 R - - 807
AST 2 500 K- - - Q¥
16 |'Tomskava 1 500 K- - 934
AST 2 500 R - - 07
17 |Habarovskara i 500 K-~ - 07
AST 2 500 K- - 07
18 (Yuzhno-Uralskava i 800 R - - 107
2 800 B - 0%
3 800 K=~ - 0%
Measured Caracity at the
end of the operation
reriod(hwWatt)-electrical 20,29 23, 24) 27,48 33, 12130, 94
~thermal 1,0 2, Q
(1992)
Orperating as substitutes for Hydrolic Power Stations
19 |Nuclear Power 1000 B - 0z
Plant of RF Centre 1000 K- - 07
1000 R 0}
1000 R 07
20 [Nuclear Power 1000 K- - Qr
Plant of RF Centre 1000 R~ - (034
1000 K- O
1000 Ko - O
Measured Caracity at the
end of the operation
reriodhvWatt)-electirical 20, 29 23,24 27,48 37,12 139,94
~thermal (1992} 1,0 2, 0

"o t

---" - Power unit orerating
sz~ Power unit decommitioned

Hote: 1) The actual caracliy of the productlion complex of MINATOM allowg the

tarller laree-scale Introduction of new rower units.
&) The specifled Informatoin on the commitioning of the new power units
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Appendix 4
NPPs' operating data for 1992

Throughout 1992 28 power units of 9 russian NPPs with the
total installed capacity of 20242 Mwt produced 119624,7 million RKwt/h
of electric power. The plan for power production at NPFs has been
accomplished.

In the overall amount of power produced the NFPs ghare 1s
11.8%.

The avilabillity coefificient was 67.3%(a% the level of 1991),
659,4% for NPPs with VVER reactors,
65,7% for NPPs with RBMK reactors.
The availability coefficient for NPPs with VVER reactors lles in
the range from 61,8% to 73,3% and for NPPs with RBMK reactors-
Trom 56,9% to 84,4%.
The highest avallabllity coefficient was

There were 205 incidents at the NFPs in 1992, 33 whereof
ocoirred through the fault of the personnel (172 in 1991 and 48
respectively). 146 incidents occurred at the NPPs with the VVER
type reactors and 59 at those with the RBMK type reactors.

(The total of the VVER type power units currently operating is
12, REMK-1000 - 11, EGP-6 - 4 and BN-600 ~ 1),
The incidents have been assessed against the international
INES  scale as follows:
~— 3 pecond level incidents (mild)
- 28 - first level (insignificant)
-— 174 - zero level (not affecting the safety)

In 1992 the radicactive emmissions of all the Russian NPPs did not
exceed the internationally accepted norme. The maximum Jlodine
emmission level ammounted to 227 and of the inert gases to 55% of the
accepted norm.
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ABSTRACT

A brief introduction is given, at first, to the status of nuclear power generation
in China since 1980, in which the emphasis is put on the progress of Qinshan NPP, a
prototype 300 MW (e) PWR project, and Daya Bay NPP, a commercial 2 X 900 MW
(e) PWR as a JVC project between the mainland of China and Hong Kong. A general
description follows on the program for development of nuclear energy in China around
the year 2000, including Qinshan phase 1 2 X600 MW (e) PWR project, which has
already been started this year with the detailed design and the site excavation.
Meanwhile, upgrading and expansion of the nuclear fuel cycle, which was initiated in
1950’s, are parallelly being carried on to meet the demand of nuclear power
generation. The introduction is concluded with a briefing on the national policy for
development of nuclear energy and ensurance of nuclear safety.

A light is shed upon, in the following part, the efforts for China to strengthen its
international cooperation in the field of nuclear energy and nuclear safety since 1980,
as well as the contribution made to the NPT based upon the national “  further
reforming and more open policy ", i. e. the policy of enhancing international
cooperation on the basis of self-reliance for development of nuclear power, the policy
of not advocation, encouraging or going in for nuclear proliferation and the principle for
nuclear import and export. A sincere wish is expressed before the end that China is
willing to promote its international cooperation with foreign countries for developing

nuclear energy, and ready to make its due contribution to the benefit of mankind.



Mr. Chairman,

Ladies and Gentlemen .

It is my great pleasure to head a Chinese delegation for participating in
the 26th JAIF Annual Conference. First of all, | would like to express, to Mr.
Chairman and the organizers of the Conference, my cordial thanks for being
invited to the Conference, and my heartfelt congratulation on the opening of
the Conference.

Mr. Chairman, may | take this opportunity to have a brief introduction

on“the Status and Prospects for Nuclear Power Development in China .
A. The Status of Nuclear Power Development

As an important part of electricity industry, the nuclear power
generation in China is just at its begimning. As known to all, there have

already been three NPP being at different stages for the moment

The first. the Qinshan Phase | 300 MW (e) NPP.

As a prototype PWR project,it was designed and constructed mainly on
our own, and successfully connected to the grid on December 15, 1991,
implying the ending of a history with no nuclear power generation in the
mainland of China. For this project, the experience and achievement in
developing nuclear science and technology accumulated in practice of more
than 30 years have been adopted, and what is more, according to a
statistics, over 400 R/D items have been carried out by more than 100
domestic institutions to support this project. About 70 percent,in total value,
of the ecquipment were supplied by domestic manufacturers, while the project
management , civil engineering , installation and commissioning were undertaken
by Chinese engineers and workers. At the same time, much attention was
devoted to absorption and adaptation of foreign experience, and some of the
main equipment were imported and advanced techniques transferred from
foreign countries. The Qinshan NPP was connected to the grid on December
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15, 1991 with 15 percent of the full power, followed by a testing and
experiment program consisting of 450 items for commissioning at five
different power levels such as 15, 30, 50, 75 and 100 percent
respectively.

According to a preset time schedule , an overall examination and
overhauling program was implemented after completion of oﬁwﬁﬁading’
experiment at full output. The program consisted mainly of three aspects.
(1) Overall examinations on the systems, equipment and instrumentation,
including in-service inspection on the steaming generators and the heat

exchangers of equipment cooling system, as well as the replacement of the

UPS; (2) Systematic on-job re-training of the personnel in order to
guarantee their quality of operations and the culture of nuclear safety; (3)
Complement or perfection of the operation-oriented documents and (A /QC
systems based upon summarisation of the experiences gained in the
commissioning period, in order to establish a better basis for the forthcoming
formal operation.

The Qinshan NPP had been restarted in March, and is expected to enter
its formal operation one year after a trial operation in accordance with the

regulation set by National Nuclear Safety Administration.

The second; the Daya Bay 2 X900 MW (e) NPP.

It is a commercial PWR Nuclear power plant constructed and to be
operated by Guangdong JVC. Most of the equipment were procured either
from Framatome of France for the Nuclear Island or from the GEC of U. K. for
the Conventional Island, and from many other countries for the BOP, while
the project management, civil engineering , installation and commissioning are
undertaken by a joint team of the foreigners and Chinese or the JVC itself.
The project is being proceeding smoothly. For the first unit, the functioning
test of the Nuclear Island in thermal condition had been completed; According
to the schedule, it could be expected getting connected to the grid by the end
of this year. The schedule for unit 2 will be half a year later than that of unit
1, i. e. connection to the grid will be in the mid 1994.
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The Third. the Qinshan Phase I 2X 600 MW (e) NPP.
By persisting in the policy “Strenthening International Cooperation on the

Basis of Self-reliance” , this project will be speeding up. The Basic design had
been approved last year by the authority and the detailed design is being
carried on. A series of R/D programs have been settled down. Arrangement
for procurement has been made. The contract for the site excavation has
been signed ,and will soon be executed. The timing shows that the first barrel
of concrete will be pouring in the mid 1995. Unit 1 will be commissioned by
the end of this century followed by unit 7 one year after.

Besides the above-mentioned three NPP either in commissioning or under
construction, a few more will soon come true. For example, the Re-
commendation for Daya Bay Phase I 2 X 900 MW (e) Project was
approved, preparations are procesding and the negotiation for cooperation
with foreign companies has begun. In the meantime , negotiation is under way
with Russia for importing a 2 X 1000 MW (e) PWR NPP to be located in

Liaoning Province. The Bilateral Agreement Between Sino-Russian

Governments on the Cooperation for Nuclear Power Plant was concluded last
year , which will be continued with the negotiation on the technical and
cormmercial provisions,

Feasibility studies are being undertaken for building up some other NPP’s

in the southeastern coast areas, where the ecomony is growing very quickly

but the conventional energy resources are rather limited. Both siting and
financing are being stepped up in these provinces.

It can be predicted that, with a faster growing of national ecomony in
China , development of the nuclear power should be on a fairly large scale with

a speeding-up rhythm from this decade.
B. Nuclear Fuel Cycle

founded before
1980’s through sustained efforts of over 30 years. The system consists of

A fairly integrated system of nuclear fuel cycle had been



Uranium Resource Exploration, Mining and Processing , Chemical Conversion,
Enrichment, Fabrication, Reprocessing of Spent Fuels, Radwaste Treatment
and Disposals , which provided an essential precondition for initiation of nuclear
power program in China. A large number of R/D items was arranged and a
program of upgrading and expansion of the cycle was carried out from the
very beginning of the nuclear power program. The objective is to realize the
principle “Nuclear Fuel Supply Stands on the Domestics”. An encouraging
progress has been made from then on and is enumerated as follows .

(a) Uranium Exploration and Mining

Those backward tech
gradually been replaced with more advanced ones to catch up with the state-

miques employed in the existing processes have

of-the-arts, of which the application of leaching t@@hméﬁgy is a typical one.
The heap leaching has been put into industrial application while the in situ
leaching is now at the engineering stage.

(b) Separation of Uranuim lsotopes

Significant efforts are being made to develop the centrifugal technique
while the diffusion one is continued to be upgraded. Simultaneously, the basic
research is being under way for application of the laser technology to the
enrichment and has reached a new stepstone on the road of its advance.

(¢) Fabrication of Fuel Assemblies

With the start of nuclear power program, a series of R/D as well as
engineering of the fuel fabrication was implemented. Hard work lasted for
years and a production line was built up in Yibin of Sichuan Province which was
supposed to play an important role in Qinshan 300 MW (e) PWR project. The
assemblies for its initial core was supplied by Yibin Fuel Plant (YFP) where the
assemblies for its first reload are being manufactured. A contract for
Technology Transfer and Cooperation was signed two years ago, according to
which the design and manufacture technology of the fuel assemblies for 900
MW (e) PWR will be transferred and the production line will be upgraded so
that the fuel assembly for the reload of Daya Bay NPP could be supplied by a
Chinese manufacturer. The upgrading will be finalized in 1996, however , by
completing the first stage of this project it can be expected to supply the
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reload to Daya Bay NPP as scheduled, and moreover, YFP Project will play
an important role in standardization and systematization of the fuel assemblies
for 300, 600, 900 MW (e) PWR NPP.

(e) Reprocessing of Spent Fuels

It was decided that the policy of reprocessing would be adopted in the
end of the cycle, which was resulted from an overall study and review carried
out by our scientists and engineers on the basis of domestic and international
practices. The engineering for reprocessing of PWR’s spent fuels was
proceeding based on the achievement gained from reprocessing of spent fuels
with a shallow burn-up. A pilot reprocessing plant is now under construction in
Gansu Province and expected to be in operation around the year 2000 ; while
a commercial one should be set up in the first decade of the next century.

(f) Treatment and Disposal of Radwastes

Considerable attention has been paid to the management of radwastes,
while the nuclear industry and nuclear power generation are developed, in
order to protect the environment and the public health.
The following principles are taken for management of the radwastes .

1. Minimization of radwaste quantities

2. Distinct division of the responsibilities. The producer shall be the
responser ;

3. Concurrent design, construction and operation of the facilities for
main process and for Radwaste treatment;

4. Classification for management

5. Promulgation of legislation for release under independent supervisory
bodies ;

6. Solidification for final disposal with a long-term monitoring ;

Variety of techniques are selected for treatment of differently classified
radwastes .

1. Decay in storage, absorption by the active carbon or filtration for
airborne radwastes.

2. Cementation and bituminization are used for solidification of the liguid

radwastes at a low or medium level.
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3. Vitrification is selected for those at a high level.

For disposal, in situ temporary storage and regional repository facilities
are planned to build up for solid radwastes at low or medium level;

The concentrated deeply geological disposal will be adopted for the high
level wastes.

C. Prospects for Nuclear Power Development

Mr. Chairman,

Ladies and Gentlemen . ‘

China is a developing country. The “Further Reforming and more open
policy” is being insisted on and all efforts are being focused on development of
the national economy. Faster and continued growing of the economy can be
expected, calling for a greater growth factor of the power industry. It is true
especially to the southeastern coast area. However, either the fossil or the
hydraulic power resources are rather limited in this area. Sole dependence on
the conventional resources could bring about serious transportation and
airpolution problems. The conclusion is ; developing nuclear energy will be the
best way to have this area cast off the difficulty in shortage of the power
supply. The strategy for developing the power industry in the coast area has
just been shifted to “The same priorities to the coal fire, hydraulic and the
nuclear power in light of the local conditions . Preparations such as siting and
financing are being carried on for NPP at present in Fujian, Jiangsu and
Shandong Provinces as what were being done a few years ago in Guangdong
and Liaoning Provinces.

* Strenthening international cooperation on the basis of self-reliance” is
the current policy for developing nuclear power generation in China. In
accordance with the policy, it wil be the first step mastering design,
manufacture , construction and operation of 300 MW (e) and 600 MW (e)
PWR NPP through the practice of building up Qinshan Phase | and Phase I
within this century ,resulting into a higher portion of home-made equipment , a
shorter period of construction and a lower cost which will surely be favourable
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to their spreading. On the other hand, it is also intended to import, as a
whole or in partial, equipment for large scale NPP. A firmer foundation can be
established by the efforts in duel for accelerating the development of nuclear
power in the next century.

Financing and accumulation of experience will be the most challenging
topics for our nuclear power program. We are expecting for a total 6000 MW
(e) nuclear power capacity installed in China by the end of this century.

Mr. Chairman.

Nuclear safety and reliability are more and more concerned by the
public. “Safety First and Quality First ” is consistently pursued as a
foundamental principle throughout the practice of nuclear power development in
China. A national supervisory body-China National Nuclear Safety
Administration (NNSA) , independent of the CNNC, has been founded before
implementation of the nuclear power program; Promulgation of legislation has
been completed for nuclear power and an adequate quality assurance system
has been formed. At the same time, much efforts are devoted to explore new

technology for power reactors with the inherent safety performance.
D. Foreign Policy and International Cooperation in the Nuclear Field

As known to the world, China is one of the nuclear weapon possessive
countries. However ,China’s nuclear industry has been concentraed itself on
peaceful uses of nuclear energy since 1980’. China consistently stands for a
complete prohibition and thorough destruction of nuclear weapons. And during
the past 20 years or more unremitting efforts have been made to assume its
responsibility and obligation of non-proliferation of the nuclear weapons, as
well as promotion of nuclear disarmament. According to this policy , China has
made its contributions as follows

(a) Declaration of neither advocating, encouraging or going in for
nuclear proliferation, nor helping any other nations develop nuclear weapons ,
in the early 1980’s;



(b) Join in the IAEA, teking an active part in worldwide nuclear
activities , in January 1984 ;

(¢) Conclusion of the voluntary offer safeguards agreement with IAEA

on civilian nuclear installations in China ,in September 1988
(d) Accede to the “Convention on the Physical Protection of Nuclear
Material ”, in March 1989

(e) Formation of the three principles for nuclear export, i. e. for

peaceful uses only, subject to the safeguards by IAEA and no retransferring to
any third corntry without permission in advance;
(f) Official signature on “ Non-Proliferation Treaty” (NPT) in March

1992.

Mr. Chairman,

Ladies and Gentlemen .

With an independent nuclear foreign policy, China has strictly fulfiled its
obligations of non-proliferation, insisted on its three principles for nuclear
exports. On the other hand, China stands for an extensive international
cooperation for peaceful uses of nuclear energy, particularly with the
developing countries in order to make the nuclear power benefit to human
beings , although the nuclear power program in China would depend mainly on
self-reliance. Up to now, China has concluded inter-governmental agreement
on the cooperation for peaceful uses of nuclear energy with 12 countries, and
established freindly relations for nuclear affairs with more than 20 countries
and regions. | believe that a more extensive international cooperation will have
mutual benefits. In fact, during the construction of Qinshan NPP , a large
number of foreign experts, including those from Japan or sent by IAEA, had

been involved for technical services and consultations, and many Chinese

engineers had been sent abroad for studies or training. It will be the same
during the implementation of our future nuclear power program. All countries,
including Japan and those in Asia, are warmly welcome to be involved in
promotion of nuclear power development in China. China obliges itself to

peaceful uses of techniques transferred as well as equipment and products
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imported for its nuclear power development. China is also willing to extend
cooperation with the developing countries in developing their own nuclear
energy for peaceful purpose, and is ready to make its due contribution to the

benefit of mankind.,

Mr. Chairman,

Ladies and Gentlemen .

Thank you for your attention.

0-8-11



JAIF 1993

By Yannick d'ESCATHA
Deputy Chairman

COMMISSARIAT A L' ENERGIE ATOMIQUE

1. The _French nuclear programme : present status

France, facing the same scarcity of domestic energy resources as Japan, has
conducted its energy policy for more than 20 years with two major guidelines :

- improving its energetic independence taking into account its lack of fossile resources,
- preserving the environment.

The approach chosen to fulfill the first goal has been to resort to nuclear energy by
launching an important nuclear reactor programme, which allowed France to increase its
energetic independence from 27% in 1980 1o 49% in 1992, and by closing the nuclear
fuel cycle which permits to recover the fissile materials for further use. This programme
has been implemented on the same lines as chosen by Japan : standardization of
nuclear reactors, construction of several units on each site, development of a consistent
fuel cycle industry.

As to the second objective, it is worth outlining that the use of nuclear energy for
electricity production has so far reduced the CO2 emission in France by more than 230
MT. Moreover the reprocessing strategy which, aside from recovering plutonium and
enriched uranium, involves the management of wastes according to their radioactive and
physical characteristics, aims finally at minimizing their impact on the environment
thanks to optimization of their final confinement.



The context prevailing when the nuclear programme was launched has
considerably changed with time. In particular, due to the Tchernobyl accident and its
international consequences, and more recently to events having occured in the former
USSR, public opinion has become more and more sensitive to issues such as reactor
safety, environmental protection on a long term range and subseguently to waste
management problems, and to the unavoidably international dimension of nuclear
energy.

Consequently, despite the present technical and industrial success of nuclear
energy and despite its proven economic efficiency in countries like Japan and France
the possibility of heading for further developments of nuclear programs is pending upon
the ability to convince public opinion that nuclear energy is safe both in a short and in a
long term perspective.

In this frame let us briefly point out the present achievements and the pending
guestion in the case of France.

As to achievemenis, the following main poinis can be quoted :
. 54 PWR units (900 MWe and 1 300 MWe) presently in operation produce
approximately 75% of the french electricity consumption. In the French situation, the cost
of a kilowatt hour of base load eleciricity produced from a nuclear plant put into service in
the coming years has a projected compeiitive margin of 30%, when compared with the
cosis of electricity from combined cycle gas and coal plants ;

. The maximum burn-up reached by the standard UO2 fuel has been progressively
increased from 33 000 MWd/ to around 45 000 MWd/t without meeting any significant
problem ;

. The fuel cycle is closed satisfactorily on an industrial scale : the La Hague plant owned
and operated by COGEMA has so far reprocessed more that 5 000 tons of irradiated
fuels and vitrified 1 700 blocks of high level wastes ;

. Plutonium recycling in PWR is practiced since 1987 at a rate of 30 percent MOX fuel
assemblies in the core of 900 MWe reactors in EDF plants. Today, five of the sixteen
units that have been approved for MOX fuel operation are loaded with this fuel ; in four of
them the proportion of MOX has reached the authorized equilibrium value. These five
reactors are operated in base load with a third of the core reloaded annually, but two of
them are authorized for load follow operation for demonstration purposes. The maximum
authorized value of average fuel assembly burn-up, 36 000 MWd/t, has been effectively
achieved in three units without any problems during irradiation.
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To dispose of low level wastes, a new storage center with a 1 million m3 capacity has
been put into operation by ANDRA (Agence Nationale pour la Gestion des Déchets
Radioactifs) near Soulaines (Centire de Stockage de I'Aube).

~ During these last years, quite significant efforts have been made both at the
governmental level and by the main nuclear actors (EDF, Industry, CEA) to improve the
“transparency” of nuclear energy, notably by setling up permanents means for public
information and for local concertation.

Despite these achievements, there are various questions which have been raised
during the implementation of the french nuclear programme, and which must be
answered for any further nuclear energy development, not only from the technical
standpoint but also from the public acceptance one. The main questions are :

. the safety of future reactors, which siill has fo be increased, mainly after the Tchernobyl
accident, and even if the safety level of today's French PWR units is fully satisfactory ;

. some technological problems encountered with present PWRs operation, which are or
are being mastered. Among the problems, one can mention the steam generator
replacement which concerns every country equipped with PWRs, and the small cracks
found in a few of the control rod guide sleeves fitted to the pressure vessel heads of
some French PWR units ;

. problems related to plutonium recycling. Presently in France, the use of MOX fuel is
limited by the fabrication capacities (Belgonucléaires's Pu unit and Cogema's
Cadarache workshop). This limitation will disappear when Cogema's plant under
construction in Marcoule with a capacity of 120 t/year, enters into industrial operation
(1995). Beside this limitation, there are other factors which need to be improved in order
to benefit totally from plutonium recycling in PWRs. Some of them are related to specific
features of existing reactors, others are due to the short amount of experience with MOX
fuel ;

. Uncertainty regarding the future development of Fast Reactors. Ii is clear that in the
present conditions there is no urgent need of plutonium breeders but that such reactors
will probably be necessary around 2030 to cope with a worldwide increasing energy
demand. In this context some countries have reduced or stopped their Fast Reactor
programmes (Germany, UK). '



As for the technical aspects, in spite of the overall satisfactory demonstration
achieved with PHENIX, the problems encountered with SUPERPHENIX show that further
experience is needed 1o master the framework of the European corporation for the EFR
project indicate that Fast Reactors would be economicaly viable if built as a series.

On the other hand, due to their flexibility, Fast Reactors can be used as plutonium
burners instead of plutonium breeders, thereby contributing in regulating the plutonium
stockpile : this is an incentive to carry on with their development in a mid term
perspective;

. public concern about the long term impact of the long lived high level wastes on the
environment leads to further improving the management of these wastes notably by

minimizing the quantities to be disposed in final repositories.

2 - Prospects_for nuclear energy in France

The prospects for the nuclear energy in France take into account the specific
characteristic of this country :

. the shortage of fossile ressources is and will remain a constraint which leads to resort
for a long period of time to nuclear energy,

. the present contribution of nuclear energy to electricity generation (75%) is a top limit
figure for France's nuclear capacity in the short and mid terms,

. public acceptance is a prerequisite for any further development of the French nuclear
programm and public opinion has to be convinced that use of nuclear energy can be
safe both in short and long terms. In this respect the management of the back end of the
fuel cycle is a key point ;

. the achievements of the present nuclear programme and the problems encountered
during its implementation show the directions in which further efforis are to be carried
out.

In this context, the French nuclear programme will be carried on along the
following lines:

. In spite of some technological problems encountered, such as those already
mentioned, PWRs will remain the bulk of the French nuclear programme for a long



period of time. Assuming a 30 years plan lifetime (possibly extended to 40 years for part
of the existing units) the first replacements will take place around 2005-2010.

In the immediate future, EDF and FRAMATOME are carrying on the construction of
N4 units (1 450 MWe) : two of them should enter into operation in 1995 and 1996
(CHOOZ B1 and B2), one has been ordered in 1991 and another one should be ordered
in 1993 (CIVAUX 1 and 2). Four more N4 units are presently envisaged.

The PWR model to be used at the beginning ot the next decade, a 1 450 MWe four
loops unit, is being studied in the framework of a German-French cooperation involving
NPI, a subsidiary of FRAMATOME and SIEMENS, its mother companies and the German
and French utilities. The corresponding project, EPR (European Pressurized water
Reactor), takes advantages of the most advanced French and German models, N4 and
KONVOY. This project will have to meet the requiremenis of the European utilities which
are elaborated inside the European Utility Requirement groupe (EUR), gathering utilities
from Belgium, France, Germany, Spain and the United Kingdom.

The first phase of the EPR project, corresponding to be conceptual design
(definition of the major options), started in 1992, is ending now. It will be followed by the
Basic Design phase (1993-1995) which will be concluded notably by the output of a
preliminary safety report. The construction of the first unit is envisaged en 1998.

. In order to continue to fuel the PWR units in a secure and economic way, significant
efforts are devoted to fully master the SILVA enrichment process which should replace in
the future the gaseous diffusion plant operated by EURODIF. The feasibility of SILVA
has been demonstrated recently within CEA on a laboratory scale.

. Fast reactors remain a French pole of interest.

In a short term perspective, the major concern is to be able to restart PHENIX and
SUPERPHENIX. Indeed PHENIX, as a flexible demonstration plant, is a necessary tool
for all the Fast Reactor studies, and SUPERPHENIX alone can provide the accumulated
operating experience which is essential for mastering the technology of Fast Reactors
and improving the solutions for any future design.

In the mid-range perspective, the efforts are now largely reoriented towards
studying the feasibility of Fast Reactors devoted to the burning of plutonium and
actinides in order to optimize the management of the plutonium stockpile and to
contribute significantly to the elimination of long lived high level wastes. As 1o the
technological aspects, these studies will take full advantage from the studies performed
for the EFR project.



For the long term, the resulis achieved within the studies performed in the
framework of European cooperation (France, Germany, The United Kingdom) for the
EFR project provide a sound basis for further advances when they will become
necessary. The corresponding options could be explored through cooperations with
countries involved in Fast Reactor programmes, such as Japan.

. Due to the delay of introduction of Fast Reactors in the French nuclear sysiem, the
recycling of plutonium in PWRs plays an important part in the French nuclear strategy.
Independently of the implementation of a large MOX fabrication capacity, presently
under construction, the major concern is related to be improvement of the MOX fuel
performances, so that this fuel reaches the same burn-up as the standard UO2 fuel ;
45 000 MWd/ in a first step, 55 000 to 60 000 MWd/t later on. On the reactor side, the
goal is to increase the share of the MOX fuel in the PWR cores from 30% to 50% and
possibly more.

. In order 1o respond to the public concern about the wastes and in particular the long
lived high level ones, a law issued on december 30, 1991 identified three major
objectives for research for the next fifteen years, before a new debate and possibly a
final decision on waste disposal by the Parliament. These objectives are : improvement
of the waste conditioning, exiraction and incineration of the long lived wastes in order to
minimize their long term toxicity, research performed in underground laboratories in
order to characterize the capacity of geological structures to confine radioactive wastes
(two sites have to be selected for these undeground laboratories, in concertation with the
local population) ; last the study of conditioning and prolonged surface storage of waste.
With regard to the incineration of long lived high level wastes, a report ordered by the
Former Minister of Research and Space, M. CURIEN has notably concluded to the
usefulness of experiments in Fast Heactors such as PHENIX and SUPERPHENIX.

3 - The research Prodgramme on the back-end of the fuel cvcle

To comply with the requirements of the december 1991 law related to the
management of long lived high level wastes, CEA has launched an important and long
term R&D programme, the so called SPIN programme, devoted to separation and
incineration of these wastes.



This programmes includes two sub-programmes :

. In a short and mid term perspectives (1991-2000) PURETEX, aiming primarily at
reducing the volume of waste from reprocessing from 1.5 m3 to 0.5 m3 per ton of
reprocessed heavy metal. This value is to be compared with the 1.7 m3 announced for
direct storage of irradiated fuel.

This result will be obtained by modifiying the PUREX reprocessing process (decreasing
or eliminating sodium salt, new management of liquid streams) in order to be able to
eliminate bitumen and by improving the conditioning of solid wastes (hulls compaction or
melting for example).

- In a long term perspective ACTINEX, devoted 1o the separation and transmutation of
long-lived elements in view of reducing waste toxicity by a factor of 100 and then 1 000
compared to direct storage, within 20 and 40 years respectively.

Our knowledge of the properties of elements in an aqueous medium, issued from
the experience accumulated with the PUREX process, has led us to prefer this method
over a non-aqueous one.

A first step consists in modifying the PUREX process in order to recover 80 to 95%
of the neptunium and a large part of the technetium directly in the reprocessing plant.

The other long-lived elements and the residual Np will be extracted from fission
product solutions.

The toxicity reduction factors indicated above imply a drastic limitation of
secondary wastes. This is why the process based on solvent containing phosphorus has
been excluded and research oriented towards an extractant of the fully calcinable
diamide type, which allows exiraction in a highly acidic medium and re-extraction in a
low-acid medium, that is to say standard classical conditions in well known liquid-liquid
extraction.

However in such a process, actinides and lanthanides are exiracted
simultaneously and have to be separated later, and the process is penalized by the fact
that, for on useful part (the actinides) ten useless parts (the lanthanides) have to be
extracted. Therefore, studies have been launched for specific exiractants. Preliminary
results have been obtained with picolinamides or azides.



For long-lived fission products the best results are obtained with macrocycles of
the calixarene type. In particular, an extractant of cesium gives exceptional
performances, even with a high sodium content.

Once separated, these elements can be mixed with fuel or manufactured into
target elements for transmutation.

In the field of transmutation, studies are in progress in two directions : validation of
the nuclear data which are necessary for incineration studies (cross sections, yields,
decay data), parametric studies in view of evaluating the feasibility and the conditions of
actinide incineration (reactor type ; PWR or Fast Reactor, fuel matrices ; UO2, MOX,
metallic fuel). '

The validation of nuclear data is based upon specific irradiation experiments,
irradiated fuel analysis, and integral experiments performed in MASURCA and EOLE
critical facilities.

From the parametric studies, among the first conclusions are the following ones :

. Actinides can be introduced homogeneously either into PWR UO2 fuel at the rate of
about 1% or into FBHs at a rate of 2,5%. These contents are set to ensure reactor safety,
taking into account modifications of the core parameters resulting from the presence of
actinides.

. Homogeneous recycling does not affect the neutronic balance of Fast Reactors but
requires to increase the PWR fuel enrichment by 1% (absolute value).

. Multirecycling is necessary if one wants to eliminate between 90% and 95% of the
guantity of actinides loaded in the core.

An experiment called Superfact has been run in the PHENIX experimental Fast
Heactor with the homogeneous concept involving elements Am and Np at low (2%) and
high (40-45%) concentrations. This experiment has concretely demonstrated the
feasibility of the fabrication, design and irradiation, up to about 6 atoms % of such fuels
and their good behaviour with respect to standard pins. New studies are directed
towards high transmutation efficencies, i.e. high burn-up (Superfact I experiment).

In the future, the irradiation of metallic targets is planned for CRIEPI (Japan), in
association with the European Institute for Transuranium Elements (Euratom, Karlsruhe).



The same validation is being prepared for the PWRs with the ACTINEAU experiment in
the OSIRIS research reactor.

In parallel the possibilities of advanced systems such as specific nuclear reactors
and accelerators are investigated. These preliminary studies concern a fast reactor of the
EFR type loaded with a (Pu/Am/Np/Cm) O2 fuel, and hybrid systems involving a proton
accelerator and a subcritical medium, which are currently developed in the USA (LOS
ALAMOS, BROOKHAVEN) and JAPAN (JAERI).

Concerning the development of reactors specifically oriented towards plutonium
burning, CEA has quite recently started the CAPRA programme which aims at studying
the feasibility of Fast Reactors optimized for that purpose,. The R&D studies concern on
the one hand the cores loaded either with a MOX fuel, enriched to more than 30% in
plutonium, or nitride fuel, or a new fuel without uranium, and on the other hand
innovative fuel itself, with the definition and later on the validation of a new matrices (e.g.
Ce, Y). This studies are to be supported by a specific experimental programme
performed in MASURCA.

The other articles of the december 1991 law, related to the preparation of future
repositories, have been studied for many years within CEA, in term of barriers,
geological behaviours, long term behaviour of waste packages.

These studies are continuing in support to ANDRA (Agence Nationale pour la Gestion
des Déchets Radioactifs), formerly a division of CEA and since december 1991 and
independent organization which is responsible in France for radioactive waste
management.

CEA R&D activities deal in particular with the long term behaviour of concretes, bitumens
and glasses under irradiation and water leaching in order to know the source ferm
evolution (radionuclide emission). Predictions derived from models will have to be
confirmed in representative conditions, i.e by mean of underground laboratories, two of
which should be identified within two years and commissioned well before the year
2000.

4 - Conclusion

In spite of the evolution of the international nuclear context since the enthousiasm
of the sixties to the present cautious attitude which has appeared in several countries,
the worldwide growing energy demand will necessitate in the future to take advantage of
all available eneryg resources including nuclear energy. This applies in particular to
industrialized countries which are short of fossile resources including, such as Japan or
France. Beside this general trend, one has also to take into account the replacement of
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existing nuclear power stations. In France this replacement should start around
2005/2010. But continuation, and a fortiori further development of nuclear energy must
take into account the strong concerns expressed by public opinions about reactor safety
and waste management.

Dealing with the concerns implies to consider the international aspects of nuclear
energy : international cooperations, on a bilateral or multilateral basis, or in the
framework of international organizations (OECD, IAEA, CEC).

From the technical standpoint, often in the context of international cooperations, notably
with JAPAN (PNC, JAERI,), CEA has engaged significant R&D programmes to solve the
pending problems related to the development of nuclear energy, particularly in the key
sector of the back-end of the fuel cycle, for which all the corresponding activities have
been launched in a long terme perspective.
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FUTUI

After fifty years of existence nuclear encrgy achieved a tremendous development. By the end
of 1991, 420 nuclear power plants were in service in 25 countries in the world, representing
17 % of the electricity production and 76 nuclear power plants were under construction.

Pourteen countries rely on nuclear encrgy to meet more than 25 % of their electricity needs.
Among these countries, 11 are European, France comes first with 75 % of nuclear electricity
generated in the world. The three other countries belong to your part of the world :
Korca (47 %), Taiwan (38 %) and Japan (27 %). (See table 1). For EEC only, the nuclear
clectricity share is 30 %.

if we conslder reactors'life experience, by December 31st, 1991, Western Burope totalized
2 300 years—reactors without accident, versus 1 800 years for the United States of America.

TO BE AT A TURNING POINT

Despite these achlevements, nuclear encrgy scems to be at a turning point in its history or at
least be a debatable question. This situation should not be contemplated from a negative point
of view but must be considered as the proper time to turn challenges into opportunities and to
do it not on only a national basis but also on an international level.

Out of any cconomic reasons, nuclear industry development is in km%’xmg within a general
energy pﬁﬁi@? eycle. After a development period (up to 1975), nuclear energy knew an
investing pertod mmz@pmdinf to the era of nuclear power plant construction (1975 - 1990).
In this respeet, France played an important part in this investing period. As nuclear power
plants are built to generate electricity for at least 30 years and as their lifetime could be
extended to 40 years, we are now facing, in Western BEurope, a period in which new
investments are made to meet the increase in clectricity demand. In some Eastern European
countries, the completion of nuclear plants under construction or new investments are also
related to the shutdown of polluting fossil fuel fired plants. However, the next large investing
period in Busope for nuclear should start again around 2010 = 2015 when the present plants
will have to be replaced. We must get ready for it.

LONGT VIEW
Establishment of Nuclear as an energy source

Nuclear energy benefits from essential and modern qualities as an energy source as the world
energy demand will keep on growing.



The qualities of nuclear energy arc its winning cards, I mean competitiveness and gentleness
towards the environment.

Nuclear Competitiveness

It hag been demonstrated in many European countries (France, Finland, Sweden) on a fair
comparison basis with other energy sources. Furthermore nuclear kWhcost includes
externalities such as provision for dismantling and waste disposal which is not the case for
other energy sources.

Nucloar Gentleness to the Environmens
Nuclear is clean, since it doesn't emit any carbon dioxyde (COZ?, the principal agent of the
greenhouse effect which is a human made phenomenon when related to energy production.

It has been estimated that without nuclear energy, the emission of CO2 due to electricity
generstion in the EEC would be 2/3 higher than presently, and nuclear power plants reduce
CO2 fumes by 700 million tons per year in the EEC. The future of nuclear energy can
therefore increase or decrease greenhouse gas emissions. According to ENS calculations,
CO?2 output due to the entire Buropean clectricity sector would rise from the present 2 200
millions tons to S 250 tons per year (i.c. x 2,5) if nuclear power were phased out in Europe
by 2 010 and replaced coal or gas—fircd power station.

In contrast, if Burope doubled its nuclear generating capacity over the next 20 years by
2 010, the CO2 output from the electricity scctor (including the whole CIS) could be cut
from 2 200 millions (present level) to 1 420 million tons (i.e. 55 %) (see table 2).

. Energy and development

The growing demand for energy is the prerequisite for development and development is even
more an absolute necessity for developping countries than for developped countrics.
According to the present estimatcs, the world population should reach 9 billion people in 50
years from now. If we make the assumption that the standard of life of this population is half
that of the United States of America and that conservation measures lead to an electricity
growih only equivalent to half of the GNP's growth, the electricity consumption should be
three times as Important as today. Enerpgy production using mainly fossil fuels might be one of
the major endangering factors of our planet if we don't care.

Next generation reactors

Nuclear cooperation is a reality especially in the field of rescarch and future reactors.

Neither the national Industrials nor national wtilities can any longer work separaiely on
tomorrow's reactors. Bven if the Western reactors already achieve a very high level of safety,
it is recognized that there is room for simplification in the design, operation and maintenance
of the LWR reactors. In the future, risks will be implicitely taken into account with
appropriate methods at the design stage both for LWR's and Fast Breeder Reactors. European
utilities are petting organized to meet the challenge of the future development of nuclear
energy by jwmim{% in the BEuropean Utilities Requirements (EUR) assoclation. On another hand
the French and German utilitics have undertaken a cooperation together with SIEMENS and
FRAMATOME and their daughtcr company NPI for the development of the European
Pressurized Reactors.

International cooperation with similar US and Japanese programs and projects are also of
prime importance since nuclear actors arc convinced of the interest and necessity of a greater
multinational dimension enabling them to sell the same product all over the world.

Nuclear site
Nuclear power plants and nuclear facilities are gencrally well accepted by local people for

whom they are sources of economic development and employment. Controversy is often if not
always the fact of people outside the vicinity.



Beyond the general Information given during the site selection proceedings, efforts are locally
made in favour of a total transparency on the operation of the power plant.

A country like France has not encountered any major difficulties in finding and selecting sites,
the geographical conditions were favourable. A larger number of sites have been engaged and
extension are still available on four sites for new units (Flamanville, St Alban, Penly, Civaux).
New sites are also under prospection.

Dismantling is another aspect of nuclear site émiic:y. It will be the next century business but,
provisions have already been made and some dismantling operations engaged,

The nuclear operators know how to dismantle, they have the technology for it and g)ﬁn@:ip!m
and rules have been adopted on an intcrnational basis. Beyond technological aspects,
dismantling will cestainly depend on the necessity to recover site for use.

COMPREHENSIVE DEVELOPMENT STRATEGY BASED ON A LONG TERM
OUTLOOK

A 1991 survey on French public opinion and nuclear energy reveals that the most important
arguments in favour of nuclear are French encrgetic independance (37 %), French economic
development (21 %) and kWh cost (19 %).

If 57 % agree with the French energy policy, safety (a fear of another Chernoby! accident) and
radwaste 1ssues are the main arguments (40 %) for nuclear energy opponents.

Energetic independance, safety and radwaste are certainly not issues specific to French public
opinion they are worldwidely shared issues.

- Energetic indeper

From the start, the energetic independance was the main reason for developping a nuclear
Togram.

%‘m ay, France and other Buropean countrics reprocess their used fuels, France and Germany
recycle the reprocessed uranum and plutonlum in their LWRs. The Melox plant wnder
construction will be In operation in 1995 with a capacity of 130 t/year of Mixed oxide fuel and
EDF has decided to feed its power plants with Mox fuel. This is an important contribution to
encygetic independance and natural commodity savings. Mox fuels save around 20 % of the
natural uranium and 15 % of SWU's needs,

Fast Breeders Reactors (FERs) should also generate electriclty In the future and contribute 1o
uranivm savings. As an unlimited energy suppller, we do not urgently need FBRs bui the
present context might not prevail for ever,

Ag an adjustment of the quality of plutonium used in mixed oxide fuel for recycling in LWRs,
there is already room for FBRs.

As an incinerator for actinides, in particular from nuclear weapon dismantling, there is an
urgent need.

Cooperation continues at the Ruropean level on Fast Breeders Reactors that should be needed
within 20 years from now to insurc a sustainable development of nuclear encrgy if nuclear
energy plays an important role in the energy mix, which I personally believe. This cooperation
should develop beyond Europe.



. Safely concerns

The TMY incident and more recently the Chernobyl accident playod an undieputable part in the
stephack of nuclear energy in some European countrics (Italy, Sweden, Spain) and in the
worldwide concern for safety in Fublic opinion. Other countries are engaged in an ambitious
and steady nuclear program such as France in which 75 % of the clectricity gencrated fs
provided by nuclear encrgy and Japan. In France and more generally in Western Europe, safe
operation of nuclear plants and nuclear facilitics, gcrmamnt enhancement of a safety culture,
transparesicy towards the public are key factors of success. Morcover important initiatives to
enhance safety In central and castern Buropean counirles are promoted, either or an
international level within WANO or on an European level with the twinning Programs or on a
national basis as It Is the case with EDF that operates a twinning between the Bugey and
Kozloduy in Bulgaria.

. Radwaste

Nuclear {s also clean as far as waste are concerned. Efficlent technologies have been
developped and responsible principles making consistent use of concentration and
confinement principles instead of dilution and dispersion have been adopted.

If we consider nuclear clectricity gencration in France, radioactive waste represent
gfinhabitant per year out of which 20 pr are fission products, to be compared fo
kg of industrial wastes/year/inhabitant.

Moreover reprocessing used fucls allows to scparate vranium and plutonium from fission
products and thus the wastes are conditionning in an appropriate way regarding their future
disposal. For example, in France, reprocessing generates 1 4001 of highly radicactive
waste per ton of fuel apainst 2 000 ton in the case of direct storage. These performances
will be improved.

Promotion of fundamental science and technology

Nuclear energy s young. However the enthusiastic R and D effort that sprang fifty years ago,
when the first industrial applications were developped, seems to be on the decline when R &
D should be needed to reinforce the nuclear option in the future.

The main objective of Nuclear R & D being 1o improve safety, reliability and economlics. To

attract the new generation, to restore faith in Science and Technology for a betier Hving world
should certainly be a favourable argument for Nuclear.

. Improve Safety

It means to briﬂ§ a better understanding of physical phenomena, allowing the designer to
fulfill more readily the requirements of demonstrasting the safety.

The main target belng to limit effectively the immediate risk as well as the long—term
consequences.

. Reliability

It deals with plant life extension for which it is necessary to develop predictive models on the
effect of irradiation, to develop monitoring and study stress corrosion cracking of certain
alloys.

. Econemics

Competitiveness of nuclear energy is onc of its winning cars, R & D has a part to play to
maintain this competitiveness both for the design of the new plants and the operation and



maintenance of the actual plants. Compctitiveness must be also achicved all along the fuel
cycle. More accurate information on and better understanding of fuel behavour facilitate
casier operation of the nuclear power plant as opcrational margins arc established on a firmer
basis.

FROM AN INTERNATIONAL POINT OF VIEW

The existence of a comprehensive and steady nuclear program in Japan, Korea and Taiwan is
of paramount importance for the world nuclear community and especially in Burope. This is
the evidence of nuclear future.

In a mass media era, to behave like a community and to benefit from information networks is
essential. This also true for the nuclear industry. The Nuclear Community exists. Some
cxamples prove it : the International cxchange of information through WANO or under
European initlatives such as the Active Twinning Program of nuclear power plants, the
international cooperation in the field of future reactors.

ENS Is another form of this community. It is the information network dedicated to Europe but
open to worldwlde exchange and cooperation. As the nuclear Buropean Community, ENS
represent more than 22 000 cngincers and scientists from 25 European countries to whom it
provides a platform to exchange information by different means :

- topical meetings,

- ENC's conferences every four years,

~ Students'exchange program,

ENS {s also an information network :
= Platform papers are produced on major nuclear issues ;

— Nuclear Burope Worldscan (NEW), the European Nuclear magazine, the most important
and most circulated nuclear paper in the world

~ Every year, BENS organizes Pime (Public Information material exchange), the annual
worlwide Nuclear PR's meeting ;

= In 1990, ENS lsunched Nucnet, a worldwide fax service which started operating in 1991.
By mid 1992, Nucnet counted 29 members and associates from all parts of the world.

The alm with Nucnet was to circulate accurate, faciual, objective news about nuclear
energy — positive and negative — as well as background In order to help the media and
public to join s balanced picture of nuclear power.

Nucnet is distributed to news agency and information people in affiliated countries.

OBTAINING UNDERSTANDING AND RELIANCE BY THE PEOPLE

Public opinion is certainly the real challenge for nuclear.

It is of prime importance for the future development of nuclear energy to be recognized by
politiclans and by the public as part of thc cnergy mix needed for a sustainable worldwide
development.

This should be obtained through an appropriatc and transparent multi~target communication
leading people to feel they need nuclear energy for the sustainable cconomic development, for
the preservation of our planct, for cveryday life confort, ... The adoption of the International



Nuclear Bvent Scale (INES) from IAEA is of paramount importance in the transparency of
operation of nuclear facilities.

Communication i3 easy to say, but not so easy to do. International cooperation is cssential in
this field, even if action must be adapted to the national context and country sensibility and
experience.

Exchanges on communication initiatives should be more developped to benefit from their
experience. PIME, the annual Public Relation Officers mceeting organized by ENS is a first
step in this direction.

NUCLEAR FUTURE IS IN OUR HANDS

Nuclear industry is conscious of its winning cards as well as of the challenges to be faced.
They are basically the same all over the world. Therefore we must keep on building a
wor{dwide nuclear community to better approach safety problems and communication with
the public and the opinion leaders.



Countries in which nuclear power
contributes to more than
25 % to electricity generation
(1991) ATEA figures

France 73 %
Belgium 60 %
Sweden 52 %
Hungary 48 %
South Korea 47 %o
Switzerland 40 %
Taiwan B 38 %
Spain 36 %
Bulgaria 34 %
Finland 33 %
Czechoslovakia 29 %
Germany 28 %
- Japan 27 %
Slovenia 25%




Table 2 : Carbon dloxlde releases for total Europe for electricity sector in million tons per

year.
Scénario 1988 2000 2010
Actual 2200 : - -
Without nuclear 2900 4100 5250
Official plans ‘ - 3000 3240
Doubling the nuclear
generating capacity ‘ - - 1420




Summary of Renarks by

B.C. BrQliﬁ
Acting Assistant Secretary for Nuclear Energy
peputy Assistant Secretary for (Civilian Reactor Development
1.5, Department of Enerqgy

padies and gentlemen, I am happy to be here today representing
the United States Department of Energy at the 26th JAIF annual
conference.

Mr. Mori has invited us to give our views with regard to the
future of Japan’s nuclear energy program, which is in the process
of review here.

T appreciate this kind offer, but I believe it would be somewhat
presumptuous of me to offer specific advice regarding the
Japanese direction in nuclear enerqgy.

instead, I hope it will be helpful to provide a brief statement
of the revised U.S. nucleayr power research and development
program.

I begin by noting that energy choices by each of our countries
nat primavily reflect our particulayx @ixmmmwtamw@% as regards
n&ﬁural rasourees .

For example, the United States has considerable fossil fuel
regserves, particularly ceal and natural gas, as well as uranium.
Other countriesg are not so fortunste in these areas and have to
make adjustments accordingly.

Despite our abundant fossil fuel reserves, 22% of ouyr
electricity, or 99,000 Megawatts, comes from nuclear energy. In
many of our states, nuclear power provides moyre than 40% of the
electrical power. We have 109 operating power rsactors, 26% of
the world’s total. :

Nuclear power will be needed to meet future demand.

Nuclear power offers many environmental advantages, including no
toxic air emissions and no greenhouse gas enissions, which are
also important to us.

In other words, we need nuclear power for the foreseeable future
as an energy supply option.



Recognition of this is reflected in the Administration’s Fiscal
Year 1994 budget proposal for nuclear power research and
development. The budget proposal:

o]

Continues, unchanged, the advanced light water reactor
research and development program, which provides near-—
term benefit in making available the next generation of
light water reactors in our country

Supports actinide recycle research using pyroprocessing,
which has the potential of a major breakthrough in
nuclear waste management. A feasibility dewmonstration is
planned by the end of Piscal Year 1997.

Preserves international agreements wilth respect to
collaboration on the pyroprocessing technigue for
actinide recycle

The proposed budget also reflects both a change in priorvities as
compared to the previous administration and budget stringencies.
Thus the budget proposal:

4

Cancels the modular high temperature gas-cooled reactor
program

Cancels the advanced liguid metal reactor design activity
Closes all reactor test facilities at Avgonne-West, in

Idaho, except for the Fuel Cycle Facility and Analytical
Chemistry laboratory '

The advanced light water reactor program remaing unchanged from
the current Flscal Year 1993 program and is fully funded at $57.8

willion as the government’s share. The prograwm is cost-ghared
more than 50-50 with industry and consists of the following
program elements:

o Design certification of four designs by the Nuclear

Regulatory Commission

o Copmercial standardization for two lead designs

o Completion of the early site approval process

o Demonstration of the license renewal process
It will make advanced light water reactors available for an order

by the mid~1990’s for operation around the turn of the century.
This is the only technology that can be available in the near

term,

I-2-10



the program supports extension of plant lifetime beyond the
arbitrary 40-year license period, which reduces the need for
replacement generating capacity in the near term.

The actinide recycle program research is continued because of the
potential to contribute to the management of high-level
radioactive waste in the long term.

As shown on the curve entitled, "Spent Fuel Buildup from Mix of
Reactors on Once~through Fuel Cyele", the capacity of our first
repository is fully committed by the time it is opened in 2012,

Thus there is a reguirement for more repository capaclity even if
there are no U.S. nuclear power plants beyond those now
operating, and that situation is unlikely, given the contribution
which nuclear power makes to our genevation mix.

The advantage of our pyroprocessing approach is that it
potentially delays -~- significantly -- the need for additional
repository capacity.

It is also proliferation resistant.

Fundamentally, it has the potential to put to use a material,
i.e., light water reactor spent fuel, that would otherwise be
wasted.

The technical and economic feasibility dewonstration is scheduled
to be cowmpleted by Fiscal Year 1997.

In summary, although reduced from past years, our Fiscal Year
1994 program:

o waintains the ability of the nuclear industry to deploy
new plants by the nid=1990’s and

o maintains a nuclear waste management option using

pyroprocessing which we believe has the potential to be
more economical than currently avallable processes.

I-2-11
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Honourable Chairman,

Ladies and gentlemen

It gives me great honour to present to vyou some basic
thoughts on the future of nuclear energy. Eventhough, I must
humbly admit that it is really difficult for me to advance any
comment on the long term nuclear energy program which is already
very comprehensive and forward looking. The characteristics of
the program manifest the high quality of the experts and exper-—

tise behind 1t.

However, allow me to start with the allegations by many

in- the world’s energy supply scene have been slackening and this

situation was also aggravated by the accidents at Three Mile

Island and Chernobyvl.

Furthermore, they remark that "nuclear energy is riskier and

We must agree with the first statement, but as scientists
or technologists in the field it is hard for us to accept the

second. However, we should admit that the perception of the

general public is well represented by the second staltewment . that

1"

ig "nuclear is riskier and costlier

Right or wrong, both statements represent the hard social
reality right now ! And this is the greal challenge for us.

What are the root causes of the problem ?. We can intuiti-
vely answer that the reasons are more non-technological rather

than technological ones.

From above considerations I would like to base my review and
Propose my comments on the nuclear energy program toward the

215t century.



First, it is imperative to have a program to develop strate-
gic links and alliances with social critics, environmentalistsg
and politicians. With the objectives to develop and enhance
mutual understanding, wmutual trust, resolution of conflicts and
finally to clear away the obstacles to the furtherance of nuclear
energy use and new nuclear power plants construction. This prog-
ram 1is supported 1in parallel with a more active, continuous,
honest and visible information to the public in order to recap-

ture the credibility of the mission of nuclear energy.

Second, I would like to mention a program on nuclear law and
regulation with the main aim to clear away obstacles to certainty
and finality of licenSing; to avoid costly legal proceedings and
unnecessary public hearings by intervenors. This is also in line
with the program in NPP site strategy to facilitate the utilities
in obtaining new sites.

Third, energy policy development program 1is very useful
since nuclear energy should have a place within this policy.
Nuclear policy research shall be an intergral part of the energy

poclicy development.

Fourth, I would like to mention about developwment and appli-

cation of management systems of nuclear fTacilities. This may be
crucial to the success and safety of facility operation. Nuclear
facilities (NPP’s, nuclear fuel cvcles facilities, irradiators

etc.) are designed and constructed based on advanced technology
with high standards. The potential weakness may come from the

management system and culture in these facilities.

Fifth, nuclear program in the future needs supply of fresh
blood of human power, who will come {rom universities. Hence,
a program to support university education in nuclear science and

technology and related subjecfs should be augmented.

Sixth, program in safety and radicactive waste management.
Here, we expect to gain more information on human factors, compa-

rative risks and benefits of various energy systems, severe
I-2-36



accident management and how people will perceive them; clear cut

radicactive waste disposal strategy but which 1is also open to

future new requirements and development of technology.

Seventh, increase in efforts to support nuclear energy
prograns in basic human needs : health, medicine and environment.

This is to be promoted for obvious reasons.

Eighth, nuclear cost reduction program. This program seems
very prospective through design, technology, construction method,
standardization and smooth licensing. The program is one of the

keys to the revival of nuclear industry in the coming years.

Ninth, last but not least is program of international coope-
ration in the peaceful utilization of nuclear energy. Developing
countries embarking on nuclear program need various kinds of
assistance to enable them to manage the program safely, effec~
tively and efficiently. Cooperation in the field of safety
should also be intensified in order to enhance the standard of
safety of operationg as well as future nuclear power plants and
to aveid any future accident that will Jeopardize the future of

nuclear industry.
Honourable Chairman,
Ladies and gentlemen

I would 1ike +to reiterate that myv comments are based on
above allegations and on my personal interests and concerns.
Hence the validitv is limited to above premises.

At last, allow me to thank you for your kind attention.

Commentator : 1. SUBKI, Indonesia

14 April 1993
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Plutonium Peaceful Utilization Policy

By Hiroto lshida
Director general Atomic Energv Bureau
Science and Technology Agency

{.Introduction
Since the beginning of development and utilization program of

nuclear energy in the mid-1850"s, Japan has consistently taken
the policy for recycling the plutonium and uranium recovered from
reprocessing nuclear spent fuels nuclear fuel. This policy is
based on the idea that it is extremely important wuse plutonium
from the viewpoint of long-term stable energy supplies because
Japan has to depend solely upon imported uranium.

The Japanese plutonium peaceful utilization holds attention of
world these days. The following is outline of our country's
plutonium utilization policy.

2.Deep Commitment to Peaceful Use of Atomic Energy

Based on "the Atomic Energy Basic Law" enacted in 1955 which
basically stipulates the development and utilization of atomic
energy.all nuclear activities in Japan are limited to vpeaceful
purposes only.Internationally,as a faithful member of the Treaty
on the Non-Proliferation of Nuclear Weapons(NPT),Japan accepts
full-scope FAEA safeguards on all the domestic nuclear activi-
ties,and has taken the initiative in developing and strengthening
the world nuclear non-proliferation regime.We believe that our
country's firm will and achievement in nuclear non-proliferation
are worldwide known.But we think it is very important for us to
make strenuous efforts to win more confidence both from home and

abroad in our country's deep commitment to the peaceful use of
nuclear power .

3.Japanese Plutonium Utilization Policy

The necessity of plutonium use in Japan and basic policy re-
garding plutonium use are as follows.With securing safety as the
precondition.We are determined to promote our policy steadily and

by stages for establishing a plutonium utilization system in our
country.

(1DTo wutilize plutonium recovered from reprocessing of spent
fuels is to recvcle useful material.all of which would otherwise

become waste.This means to carefully handle the resources and
human environment,and contributes the formation of a recycling
society.,

(2)To utilize the potential energy of uranium resource to the
full,making nuclear energy an economical and stable energy source
in a long-term perspective.lt is by all means necessary for Japan

which is scarce in natural resources to make an effort to recycle
and re-use the useful substances in spent fuels.

(3)To make the radicactive waste management more appropriate by
separating the wuseful substances from radicactive waste and
making the high-leve! radioactive waste easier to be solidified
into a stable form.

(4) 1t is our principle not to possess plutonium bevond the amount
required to implement its nuclear fuel recycling programs so as
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to avoid any .international doubt about our nuclear non-prolifera-
tion policies,with due consideration would be given to transpar-
ency of nuclear fuel recycling program,

(5)Based on the technigques and experience accumulated S0
far,Japan will contribute to the sound development of [AEA safe-
guards and to strengthening the world nuclear non-proliferation
regime.Furthermore our country will be active in participating in
the international discussions on the international plutonium

management.

4 Future Plutonium Utilization Program
In  August.1991,Atomic Energy Commission Advisory Committee on
Nuclear Ffuel Recycling has clarified the plutonium wutilization

programs up to about 2010.0ur country plans to promote its poli-
cies in accordance with this program.
This program shows the expected cumulative demand and supply of

plutonium (fissile plutonium. The same shall apply hereinafter)
up to about 2010.Plutonium in demand will be 22-23 tons required
by the experimental reactor "Jovo".,a prototype reactor “Monju"

and a demonstration reactor.,less than 10 tons by advanced thermal
reactors a prototyrpe reactor "Fugen" and a demonstration reactor

and about 50.,tons by light-water reactors,of which »plutonium
consumption will gradually be increased by stages.,amounting to
80-90 tons.Regarding its supply.,about & tons will be supplied

from Tokai Reprocessing Plant,PNC,about 30 tons from the reproc-
essing services entrusted to U.K.and France.and about 50 tons
from the Rokkasho reprocessing Plant.,Aomori Pref..amounting to
about 85 tons.

Japan has policy to promote the program so that demand and
supply of plutonium may be kept balanced.We would like to draw
vour attention to that these figures are the expected cumulative
ones of demand and supply up to 2010.The demand and supply each
vear must also be balanced in carryving out the program.lt should

be noted that total 85 tons will not be stockpiled at a certain
time point.

The plutonium use program in Japan is being promoted with its
use in FBR as the final target.However more 30~40 vears' steady
effort is still necessary for commercializing FBR in the Japanese
power generation system, since it is required for plutonium to
become enough competitive in economic efficiency., etc. with LWRs

which are now major source of nuclear power generation in Japan.
Fortunately, the experimental fast reactor "Jovo" has been oper~

ated for these 10 vears or more with fruitful experimental re-
sultts., along with the manufacture of MOX fuel for it, etc. Uti-
lizing these results, we'll have the "Monju" reach the criticali-

ty this autumn., and are decided to proceed to its operation and
then the demonstration reactor program by stages and systemati-
cally.
5. Management of plutonium from dismantled nuclear weapons. and
Japan

Since the recent progress in nuclear disarmament and <collapse
of the USSR, the dismantling nuclear weapons and management of
the nuclear substances from them are an urgent task. Basically
speaking., this task is the problem only with the nations that own
these weapons, but it is essential that the nuclear substances
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produced from the dismantling will not be used again for military
purposes. Through the plutonium coming from the dismantling
weapons would necessarily have to be stored for a certain period,
several technical options are available for its management there-
after. Of these options, it is considered the most effective and
constructive way to burn it as the nuclear fuel for power genera-
tion in satisfying the nuclear non-proliferation reaquirements.
Anyway it is important to find out the solution to the reliable
and safe management of the plutonium produced from the disman-
tling of nuclear weapons, which solution must be supported by the
international society from the viewpoint of securing the interna-
tional peace and security. QOur country is willing to <cooperate
with all others in the international efforts for it.

6£.Conclusion

For the full-scale use of plutonium in fast breeder reactor,
there still remain many matters to be solved., such as the devel-~
opment of an efficient and reliable fast breeder reactor itself,
completion of the plutonium fuel pProcessing system. development
of the reprocessing techniques for plutonium fuel, etc. The
present use of plutonium in ATRs and LWRs will be helpful for
developing and cultivating the manpower., technologies and indus-
trial infrastructure for plutonium treatment, and we are deter-
mined to steadily endeavor to achieve the full-scale wuse of

plutonium step by step through such process.
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European Childhood Leukaemia-Lymphoma Incidence Study

ey

Baseline (1980--1985) Observed (1987-1988) Expected (1987-1988)"
Cases  Cumulative rate Cases  Cumulative rate Cases
Austria 374 657 52% 388¢ 38.4
Bulgaria
Region ] Not available
Region 2
Czechoslovakia
Region | 21 $26 70 358 64.5
Region 2 210 . 565 71 616 65.2
Region 3 405 548 149 617 132.9
Denmark 253 652 89 783 76.4
Finland 285 745 g1 638 94.7
France
Region 3 257 573 126 598 122.2
Germany
ex-GDR
Region | 157 571 47 512 52.2
Region 2 143 506 31 339 47.6
Region 3 378 507 126 492 128.6
ex-FRG
Region 1 1512 604 486 619 475.8
Region 2 471 386 161 618 151.7
Region 3 243 493 28 342 80.1
Hungary
Region | 222 450 88 375 66.6
Region 2 205 464 71 535 61.9
Ttaly
Region | 244 714 &0 669 63.7
Netherlands 687 603 200 561 215.5
Norway 197 604 29t 3501 31.7
Poland 1431 350 316 396 498.9
Slovenia 91 $13 . 31 538 628.2
Sweden
Region | 63 679 23 830 20.6
Region 2 10 500 9 1458 3.0
Region 3 320 657 123 781 103.5
Switzerland
Region 2 67 624 20 836 15.0
Region 3 20 789 4 496 6.4
Region 4 38 562 i3 578 12,7
United Kingdom
Region | 2076 554 701 563 683.9
Region 2 203 517 92 737 64.9
Region 3 61 636 21 679 19.7
ex-USSR
Region | Not available
Region 3
Region 4 215 514 79 - 493 82.1

° Based on age-specific incidence 19801985,

t 1987 dacta only.

IV-1-~14

(Eur J Cancer, 294, 1993)
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Preparation
Work plan

Implementation

February 1990

Preliminary meeting

March 1990

Fact finding mission

April 1990

International Advisory Commitiee meeting

May 1990 - January 1991

Work plan implementation

l

l

l
]

I

]

Historicat
portrayal

Environmental Radiation
contarnination axposure

Health
impact

Protective
measures

Draft report ‘

Final report

February 1991

Report preparation

March 1991

International Advisory Committee meeting

21-24 May 1991

International conference
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Task 2
Evaluation of the enviranmental»contamination assessments

General Conclusions

Measurements and assessments carried out under
the Project provided general corroboration of the
levels of surface contamination for caesium as
reported in the official maps that were made available
to the Project. Analytical results from a limited set of
soil samples obtained by the Project teams
corresponded to the surface contamination estimates
for plutonium but were lower than those for
strontium.

The concentrations of radionuclides measured in
drinking water and, in most cases, in food from the
areas investigated were significantly below guideline
levels for radionuclide contamination of food moving
in international trade and in many cases were below
the limit of detection,
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Task 3 :
Evaluation of the radiation exposure assessments

General C@mdmﬁam »

~ The official procedures for estimating doses were

scientifically sound. The methodologies that were
used were intended to provide results that would not
underestimate the doses. Independent measurements
in individual residents monitored for external and for
internal exposure from caesium incorporated into the
body yielded results that would be predicted on the
basis of calculational models. Independent Project
estimates for the surveyed contaminated settlements
were lower than the officially reported dose
estimates®,
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Task 4
Assessment of Clinical Health Effects

General Conclusions

There were significant non-radiation-related
health disorders in the populations of both surveyed
contamninated - and surveyed control settlements
studied under the Project, but no health disorders that
could be attributed directly to radiation exposure.
The accident had substantial negative psychological
consequences in terms of anxiety and stress due to the
continuing and high levels of uncertainty, the occur-
rence of which extended beyond the contaminated
areas of concern. These were compounded by
socioeconomic and political changes occurring in the
USSR.

The official data that were examined did not indi-
cate a marked increase in the incidence of leukaemia
or cancers. However, the data were not detailed
enough to exclude the possibility of an increase in the
incidence of some tumour types. Reported absorbed
thyroid dose estimates in children are such that there
may be a statistically detectable increase in the
incidence of thyroid tumours in the future.

On the basis of the doses estimated by the Project
and currently accepted radiation risk estimates, future
increases over the natural incidence of cancers or
hereditary effects would be difficult to discern, even
with large and well designed long term epidemio-
logical studies.
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The first missions located and assessed official data
relative to the following areas of concern:

— Dosimetry

— Anaemia

— Immune function

— Thyroid function

— Thyroid goitre

— Birth data

— Foetal and genetic effects
— Radiation cataracts

— General health statistics
— Lead poisoning

— Nutrition

— lodine prophylaxis

— Health registers

— Cancer statistics

— Psychological aspects.
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Field trips concentrated upon :
Attitudes
Stress effects
Nutrition
lodine prophylaxis
Haematological status
Lead poismning
Growth parameters
Thyroid function
Thyroid structure
Past medical history
General physical examination
Limited cytogenetics
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Incidence of Hematopoietic Malignancies
Ukraine Tumor Registry Data
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U.P. IVAIIOV, insk, Belarus
CHILDHOOD LEUXAEMTA AND THYROID
CAMCER I'I BELARUS - SIX YEARS AFTER
TYT CHERMOBYL ACCIDENT

As a result of the Chernoby! accident over 50 million Curie
of various radionuclides were thrown in to the atmosphere. During
the first two weeks after the accident the main lonizing radie-

nuclides were IISI,CS%?% 137 , and in 30-kilometre radial

e ts.and Cs
90 py?39 ghd Fal10,

zone Sr”", u
On the whole the degree and scale of radiocactive contamina
tion in Belarus greatly surpassed those in Russia and the Ukratine

The contaminated terrttory in Belarus ts equal to 7 thousand

sq. km /cf: I000 in the Ukraine and 2000 in Russia/. 27 towns and
2697 villages in five out of the six reglons with up to 2.5 mil-
lton population / one-fifth of the republic population/ were
affected, including 440 000 children. During the five years after
the accident I2 000 children inhabited the territories with the
contamination rate of 40 to I5 Ci/sq.km , 102 000 with that of I3
to 5 Ci/sq.km and the rest with that of 5 to I Ci/sq.km; the cal-
culated doses of the overall irradiation are equal to 5-6 and
2.9-3.5 ber respectively.

Post-accident tissue doses of Belarus population and the
incorporated radicactive 03137 and Sr90 content in tissues have
increased several times. Thus, Srgo content in tlssues have in-
creased 2.5-3 times In comparison with the preaccidential level
Lifetinme bone marrow doses per person are expected as 8.8 mSv in
Belarus, 2.8 and [.0 nSv in the Ukraine and Hussia, 1n the cota-
minated areas respectively. At the contamination rate for 63137
equal to 40 Ci/sq.km the bone marrow dose in I986-88 reached 52
nSv /with normal radiation background the mean annual dose for
red bone marrow i3 I.I1Z nSv/.

Asto the medical consequences of the catastrophe three major
are supposed to be anticipated in persons exposed to radiation-
cancer, including leukaenia, birth defects and genetic abnorna-
l1ttes. Table 4 shows the forecasted ihyreid cancer and leukaenla
incidence rate induced by radiation In the next 50 years. The
data in table 2 show that alredy in 1939-S0 the real thyroid can-

cer Incidence rate in children reached the calculated rate /Xaza-
Yov et al, 1992/
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Since leukaenia 1s the second form=of radiogenic cancer to
appear following whole-body exposure and bone marrow is one of

the most sensitive tissues,

it can serve as an early indleator of

the probable magnitude of any overall carcinogentc effect of the

Chernobyl accident.

In the republic of Belarus the spectal regtster of blood
malignancies has been established. The data were collected fron
abl:ipossible sources, 1.e. henmatological departments in all 6

Table 2.

En@idcn@e of thyroid cancer in children of B@l@m

" REGION OF YEARs T
BELARUS 1988|  1989] 1990 1991|1992 % TOAL
Brest ) 0 1 1 6 5 5 18
Vitebsk 0 0 0l 0 11 3 0 4
Gomel i 2 1 2 14| 38 13 7
Grodno i 1 1 2 0 2 6 13
Minsk 0 1 1 1] 1 4 4 12
Mogilev 0 0 0 q 2 ) 1 4
Minsk city 0 0 1l o 5 21 1 9
Belarus 2 4 5l 6 2ol ss)__so0ll 431

Note: * — 6 months of 1992

Ja bt 3

acw&iaﬁdwﬂ%wﬂgﬁﬁéj

Tneidence rate of childhood (0-14 years of age)lleukemia

in  the Republic

of Belarus

in toto per million hefore

{(1979-1985 ) and after (1986-1991) the Chernobyl disaster

sampling period of time
19791985 1986-1991
Boys 47 49
Girls 37 37
Both boys and girls 42 43

Iv-2-12



oblasts (regions) of the republie, oncological centers,
- autopsies, death certificates etc. The population of the republic
is 10.% million residents including 2.3 million of children of
0~14 years of age. The distribution of the settlements per oblast
vs vwvalue of 05137 dengity of radionulides contamination is
presented in Pigure 4 (data featured in the left-hand margin).
Among the whole population 2.2 million {including 400 thbusand
children of 0-14 years of age) live in the contaminated areas
with density of 0813? in the range of 15 - 39 C1 per square km,
12 thousand - with 40 and more €1 per square km. The
distribution of the incidence rate of childhood leukemia per
million vs value of GSﬁBT density of radionuclides contamination
is presented in Pigure 4 (right-hand mergin){en 29 90 }‘Za""’)

Table & plots the incidence rate of childhood leukemia in the
Republic of Belarus per million vs oblast before and after the
Chernobyl disaster. The oblagts are grouped with the accordance
of %hé level of lonizing radiation exposure measured by density
of 03137@ It is noticeable that no statistically significant
increase of leukemia Incidence among children caused by the
Chernobyl disaster is visible.

Table & plots the incidence rate of childhood leukemia in
Belarus In toto before and after the Chernobyl disaster. The
results presented in the table support the same idea.

Moreover, 1f we concentrate our attention only on ftwo most .
highly exposed oblasts, it would be undoubtedly estimated that
during 5 years after the Chernobyl accident there were no
significant changes in acute leukemia incidence in 1986-1990. To
be more concrete, 1t was estimated only some minor increase in
leukemias in children of 0-5 years of age.

e in toto incidence rate of childhood leukemia in Belarus. in
the period of 1979-1985 was 42 per million. During the 6 years

arter the accident (1986-1991) childhood leukemia incidence rate

Iv-2-13
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in Belarus practically has not changed and comprised: for Gomel
oblast (in 1979-1985 and 1986-1991 accordingly) 3513.5 and
40f4.9, for Mogilev oblast: 48j4ﬁ9 and 41j4,89 for Vitebsk olasi
{control region): Bﬁfdn1 and 42T495 per million children. Again it
shows no proved increase in childhood leukemia rate in Belarus in
post-Chernobyl period. The conclusion occurs to be still more
grounded 1f we take into account the data on childhood leukemia
in Belarus as compared with that of Burope [5] (Pigure #).
However, the data on radiastion exposure of bone marrow that
were mentioned above, are much impressive. These data provoke ug
to fulfill the further corresponding investigations. At the same
time It wmight be oconcluded +that recent wvariations in the
incidence rate of childhood leukemia are not comnected with the
level of radionulides contamination bone marrow exposure dose
and may be atitributed to action of another leukemiageneous

factors (e.g., the chemical omeg)(ﬁﬁ%§%2 éil
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Gillian K. Reeves

Imperial Cancer Research Fund
Cancer Epidemiology Unit

UK

Effects of the Chernobyl nuclear disaster on the health of the
populations living in the affected areas

The accident at Chernobyl in April 1986 resulted in the largest
short term release of radiocactive materials to the atmosphere
ever recorded from a nuclear plant. The human impact of the
accident has been immense and, more than six years after the
event, there is still little information about the likely effects
of this exposure on the health of the population living in the
areas surrounding Chernobyl.

In October 1989, the former USSR parliament invited the
International Atomic Energy Agency to advise on the consequences
of the accident. As part of their investigations, a health
survey was conducted by an independent international medical
team, on 1658 people still 1living in 7 '"contaminated" and 6
"control" settlements, all of which were located outside of the
30km exclusion zone. Within each settlement, individuals were
selected according to their yvear of birth; sampling was weighted
towards the voung and those who were unborn at the time of the
accident. A questionnaire was completed for each subject and a
physical examination and haematological and thyroid tests were
performed. Analysis of these data showed that a significantly
higher proportion of children in the contaminated areas were
reported to be suffering from loss of appetite, thyroid
abnormalities and anaemia (IAEA, 1991). Results of medical
examinations and blood tests such as haemoglobin levels and
ultrasound measurements of the thyroid, however, did not differ
between contaminated and control regions. Therefore, no adverse
health effects could be demonstrated other than people's concern

for their future well-being.

It should be noted, however, that this study has limitations.
The survey was only of a relatively small number of people, takes
no account of those who have been evacuated from the area and
while big enough to identify major discrepancies between
contaminated and control settlements in the prevalence of common

disorders, is too small to detect a moderate increase in cancers
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or other rare, but serious, disorders.

Studies of the atomic bomb survivors in Japan have shown that the
main, long~-term adverse effect is on cancer, and changes in
incidence may only be detected over a long period of time. One
way to study cancer incidence in contaminated areas is to focus
on cancer registry data. In the Ukraine, cancer registry data
have already been used to carry out special studies and results
from the most contaminated areas have been published (Prisyazhiuk
et al, 1991). Examination of the age-specific incidence rates
for leukaemia, thyroild cancer and all other cancers during the
10 years 1981-1990 in the three most contaminated districts of
the Ukraine show that, for most cancers, incidence was broadly
similar before and after 1986, There are, however, three
exceptions: in 1987, the observed incidence of leukaemia at ages
65+ rose abruptly to 2-3 times the pre-—accident levels; there
were no diagnoses of thyroid cancer at age 0-14 during 1981-89
but 3 cases were diagnosed in 1990; and the incidence of all
other cancers at age 65+ increased by about one third in 1987 and
have remained at that level since.

In the case of leukaemia and all cancers except leukaemia and
thyroid cancer, the timing of the increases and the fact that
they are concentrated in the 65+ age group suggest that they are
unlikely to be a direct result of radiation. One possibility is
that these increases are a result of more thorough investigation
of elderly patients for cancer following the accident.

The increase in observed incidence of thyroid cancer in children,
from zero in 1981-1989 to 11 per 100,000 in 1990, is more
difficult to interpret. Children in contaminated areas received
substantial doses of radiation to the thyroid and a more marked
increase in thyroid than other cancers has been predicted for
this age group, although the latency for radiation induced
thyroid cancer is uncertain. Contamination from 1“1 was not
restricted to the three most contaminated regions and official
statistics show that the incidence of thyroid cancer at age 0-14
in other areas of the Ukraine doubled from 0.08 per 100,000 in
1989 (9 cases) to 0.15 in 1990 (17). A similar increase in
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childhood thyroid cancer has also been reported in some parts of
Belarus,; this increase commenced in 1990 and continues (Kazakov
et al, 1992).

The interpretation of the findings in relation to thyroid cancer
is greatly complicated by the effect of screening because many
thyroid cancers detected in this way are possibly "occult" and
as such would never have progressed to symptomatic disease (Beral
and Reeves, 1992; Shigematsu and Thlessen, 1992; Ron et al,
1992). TFor this reason, any increases in the incidence rates for
thyroid cancer need to be interpreted in the light of increased
medical surveillance, particularly among children in the

contaminated areas.

Although little information is available, statistics on cancer
incidence suggest that, with the possible exception’of thyroid
cancer, no large increase in cancer has vet occurred as a result
of the Chernobyl accident. It is, however, of utmost importance
that the collection of cancer incidence data continues since many
radiation-~induced cancers which might be expected to occur would
not yet be apparent. Continued monitoring of trends should also
clarify the situation with respect of thyroid cancer in children

within the next few years.
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SEVEN YEARS AFTER THE CHERNOBYVI. ACCIDENT
TRUE SITUATION IN RUSSIA

A.F. Tavbh, HRRC RAMS, Obninsgk, Ruggia

In Bussian Federation there are four oblasts mostly
atfected after the Chernobyl accident: Hryansk, EKaluga,
Tula and Orel oblasts. Beslides, radicactive fallout also
twm% yi%@@ in certain locations of other tepn Russian oblasts

\ Eif T total 47 170 s, K, of
atlon of about 5% BL7 000 have been
2t the levels rapging from {1 to

-39 levels were 10-1% times

o : rhie acclident  about 30 000
] ”EU&@M&&M%M&%@@ areas of Rugslia were
sasured for fu R = content in thyrold #lands.  Absorbed
individual doses ag well as extrarolation estimation were
caleculated ueling dat obialned.

The collective internal and external thyroid dose wag
petimated a3 131 000 personzsSy for the four wostly contaminated
reglons of  Russla. Strong age dependence of dose of internal
iatlion for thyvrolid gland wag revealed. Avrproxlimately half of
the egtimated collective dose refgards children before T yvears
pld, MHean doses for age-grours in the areas with different
levels of contamination ranged from 10 to 220 cGvy. in
some cases individual doses were over i 000 cGy.

Yhole-body irradiation of peobkle residing contaminated
Russlian areas was painly stlvilated by internal irradiation with
caesiwn and external egposure due 1o higher gammna -~ background.
Interpal dose egtimations vere based on the large number of
direct measurementy for Caesium-137, 134 body content
{over 200 00O measurements for 6 yvears after the accident). On
the same baslsg extrapolation caleulatlons wvere performed.
Ezternal doseg were established malnly by calculations.
Furthermore, there are about {.000 results of direct
measurements made by TL-dosimetry.

The results of estimation indicate that accumulated
collective effective whole-body dose in case of rermanent
residence {for TO vears In mogstly contaminated 19 raiong of
Bryansk., Ealuga. Tula and Orel oblasts maKes up 6 million
rersonrcSv: .4 million pergonicSv in 5% heavy contaminated
raions of Hryansk oblast and 1.6 million personzcSv in 14 raions
of Ealuga. Tula, 0Orel oblasts. For % vearg after the
accident mean accumilated effective dose to the whole body
in 4 mostly contaminated oblasts ranged from 1 to 14 ¢Sv, In 1992
mean effectlve annual doses vere in these territories in the
range of 0.05-0.9 c8v.

However, Individual dozses may sgignificantly differ from
the mean values. Ezirapolated values belnr based on
available resultis of individual wmeasurements indicate that in
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heavy contaminated dreas of BryansK oblast for the
rost-accidental reriod about 374 reszidents might receive total
whole-body dose of over 2% c¢Sv. Accumilated life-span dose

for over 107 residents in mostly contaminated Bryansk areas may
exceed 39 ¢Sv.

The Russian Hational Hedical and Dosimetric Registry of those
affected after the Chernobyl accldent was established on the
basils of the HMedical Radiologlcal Research Centre.

By now the data base of the Reglstry includes medical and
dogimetric information on 230. 000 persons, among them there are
144, 000 liguidators and 73. 000 regsldents of the radiocontaminated
areas of Russia.

Liguidators that were actively involved in the recovery
measures In zones of radiation effect for the wveriod of
19861987 as well as children with thyrold glands ezposed to
slgnificant dogses radiation are considered to be the grour of
the higher risk. ‘

The analvsis of the morbidity in the above grours revealed
growth of indicationg for both dligeage rate in total and In
certaln nosological forms. Besldes, the performed radliation-
~epidemiological lnvestigations do not prove any dependence
between increase in morbidity and dose. Psychosomatic facior 1is
of significant importance in estimation of the conseguencey of
the Chernobyl accident.

Editor: Hrs. I.Tikhonova
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CEMb JIET MOC/Ek YEPHOEH/ILCKOH ABAPHH.
PEAMBHAY CHTVAUHMSH B POCCHH.

A. ¢ IHbB

He AVIOWHCKY PanHOJOTHY e C RN HEVYUHHE meHTp”
Poceupicko AMH r. O6HMuHCK., POCCHS.

B Poccocuiickoy dedepralyy B Pe3vALTATE ARAPHM HAa YeprHoSHILCKON
ABC HaWM6oOHee HHTEHCHRHOMY PAHKHOAKTHBHOMY 3aPPA3IHEHND HOAREDINIHCH
TePPHUTOPHN YeTHPEeE POCCHRCKME obaacTel: DBPRPIKCKOW, KalyIcKOoW,
TyALCKOZ, OpROBCKOY. KboMe Toro, PAIHOAXTHBHHE OCAAKH BHUaNM HA
OTHeNLHER YuacTrax eme 10 ofxacrTed Poccywy, 3 Takxe B Pecny&iyee
HopmoRuHX. B ofSMed CHOZHOCTH B POoCCHM Ha ypoBHe or' i no 110
CKB/RRB. KM, oo wezwpn-137 3ArpasHedc 47170 KB, XM, C HacejeHmewM
OKON0 5 MWIHoHoR 817 THCsY  UeJioBek. VPORHM 3arPA3HeHMSA
WONOM~-131 10 COCTOSHRYN HAa 6 Mag B  10-15% DPas PEBRNAN TAKORHE
no mezuo-137. ' :

B neprpwe HepeaW yoce aBapHi HA 3arps3lHeHHNR PaAHOHYKIVIIaMMK
TePPHUTOPHAR Pocowy neMbiMswTesisio v 30 Q00 YejoBek ORJIM
IpoBelelH UIMEePeHHS Ccoldepranva poma~131 B WUTOBMIHON xenese. Ha
OCHORAHMM 23THX AAHHHE GHIK PACCYKHTARL HHAMBYEULYAJABRHHE NOorJlomenuwe
OO3H, 4 TAaKEe OCYHeCTRASHE 3IKCTPANOIAUHOHHHE ONeiu.

OnenKa KOJNeKTURHOA HO3H EBHYTPEHHETO ¥ BHEWHEIO oLaydYeHpy
MHTOBYMIAHON Zesean naeT BelMuyuHy B 131 TRC. YUeJoRexolwnepT nasd
QeTHPeE HaHSoAee 3arPg3HeNHnzE objacTer Poccuws, VYeTagoriiero
HAAMYHE CUNLHOW BO3PACTHON 3I3BUCHMOCTY JO3H BHYTPEHHEIO
obayyeHHus IHTOBHAROR xele3H. [IPHONHIKTENBHO MOJNOBMHA OleHeHHOu
KOJNEeKTHBHOM HO3H IPHMEOAMTCS Ha peTel B pBospacTe mo 7 JeT.
CpenHue [A03H B BO3PACTHHE PYINAE Ha TePPHTOPHSEX C PA3HOM
CTCHEHBD JA3TPAIHEHHOCTH HAEOAWIAHCL B Orepeilagx o7 10 mo 220 cr'p.
B OTHEABHHY CAYYARE ROANUMNR MHAWBHAYAJbHHEE HO3 IPeBRmANK 1000 cl'p.

O6liyueyye BCEIro Tela IMTeNed 3arpsa3HeHHHE TePPUTOPHE POCCHH
EHC OBYCHOBICHO, B OCHORBHOM BHYTPEHHHM ObLAYUYEHWEM
PASHOHYIINAaMY Ue3Ms, & Taxye BReHWW obiayvyeHueM 3a CcueT.
HOBRICHHODO DaMMa-doFa, OUeRKH 03 BHYTPEHHEro o6Ay4YeHus
OCHOBAHE Ha B0ALNOM KOJAWYECTRE Pe3viRTATOR [PAMHE H3IMePeHus Co-
BePEAHNS PAIMOHYKIWNOR nesHus-137, 134 » opragusMe ( ceupe 200
THCHY HI3Mepewn 33 WeCcTE JeT Nocde anaryw ). Ha QTOH ocirone
BHIOONHEOHH SKCTPANCAANMMONNEES pacveTH. OIOeHKW H03 BHEWHEDrO
OBJYURHUS WMMeDT, B OCHOBHOM, PACYeTHHY Yapaxyep. KpoMe TOIro,
HHEeeTCcs orofo 1000 UpAMHE HIHePeHUH MeTonoMu T/ Ao3uMeTRUWH.

IIroreneHgNe QUHEeHKY DORAZRBALT, YTO HAKOIMEeHHAN ROANeKTHBMAN
30PLRTHRHAY 033 OBJAYYLHHA BCOrO TRAad TPY HOCTOSHHOM NROXMBAHWH
B TeYeHWH 70 neT HBa TEPPHTOPHY Hambonee poCTpaldanmmy 19
PAVIOHOB BPaHcKow, Raldvicko¥, TyibCeroym M OPIOBCKOM 06HaCTew
cocTapisier & MHAJAMOHCOR Yed. C3B: 4,4 MHAAHOHA Yed. c3B po 5
Hapboaee 3a0PA3HeRHEH Pationad BRAHCKOM obnacTH M 1,6 MMIIMOHA
yel. 3B 10 14 Hapbonee IArPAIHEHHWH PAFOH3M OCTANRHKE TBex _
oBjJacTeyi. 3a § JeT nocie ABAPHM CPENHME HaKOIJeHHHEe 39bexTHBHNE
NO3W OBdyueHys BCero Teda Ang YeTHpe® pauboldiee 3IarPa3HeHEHHE
o6NacTed HAZOUATCH B npepedsag ot { no 14 ¢3B. B 1992 roay
cpeadre 39deTHRHENEe TONOEHE JO3M BAROAMAMCEL B Ipegednrg or 0, 035
no 0,9 c3s. ‘

BuecTe ¢ TeM, FHAMBWAYAJILHREe HO3H OSJAYYEHHS HMOIYT
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CYWECTBEHHO OTIANYATLCH = OT CPEAHHE BOAMYMH. JKCTPaNoONANMOHHHe
ONSHKH,  OCHOBAHHRHE H2 MMODIMECH HAAHHER HAAWBUAYAOBHME
HAMeDOmy¥, NOKaIWBInT, YTO Ha HAWGodAee JATUPA3HeHHWE TerPHTORUYR
R BPHHCKROW O8M3CTH 3a ebywolx [ocie aBarvy owrono 3
NPONeHTOR HACEJMEeHHSI HMOTIH JOJAYYWTL CYMMAPHBHE [03H 06JYyYeHus
Bcero Teda cpame 25 €38,  HaxOlueHHAs H03a 33 BCD XH3NL PH
UPOXEVMIBARKH  Ha Haubolee Jarpil3femHRE TebPPHTODPHAR BPIHCKOW
OGNACTH ¥ bodee YeM 107 HaACBHOHHMY HORET NPeBNCHTE 3% 3n.

Ha 6aze HeuupECcROTO PAUMOAOPHYeCHKORe HAYYHOro HeHTpa PAMH
CO3BNAH ¥ $YHRIHOHEDTET POCCHRCKME TOCYRAPRCTRE WA
MeAWKO ~HO3HHMOTPINEeCKHH PerACTR JY, UoAREPTIEMECH PadNan¥OHHEONY
BO3ACHCTBHD B Pe3¥LbTaTe aBapwu Ha YASL. ‘

B pacTosimes BpReMs 6333 NAaHHME PerMcTPa BRIDYACT MOAWNHHCKYD. W
HO3ZEHMEeTPHYCCKYD MEdopHanme Ha 230 THe. JeJ0BeK., B ToM YHCHe Ha
144 TRC., JARRBEAATOPOR H T3 TRHC. ZErened Hambolee 3arpilIfieNisg
PAAHOHTKARLIMY TEDPLWTOPHH YoOCCHM.

B DpynnaM JORNHCHEOIC PANMAMMOHHOre pickKka B Peructrpe .
OTHOCHTCSH JMKBHAATODHE, TNPUHEIMABRIME YYACTHE B BOCCTAHOBWTONLIMNE
PABOTAX P 30HE DPAMHANWOHHEODD BOIAeWcTHERS » 19861987 rr, a Taxue
KeTHE, HOAYHNEINEe JHAYHTeNbENe HO3H OSAYHeHNd mHTORNANOY XelesH.

Monwenewaal HaMy ABAAW? AMHOYYMKNR 22600eRBaPHOCTY YKAISHHNE .
BRHEe FPYON DOKa3Al, Wro B Crederue T AT OGN anapPny Hassuoinc e
POCT DOKAIATEHeH Kax obmed aafolepacMocTy, 'TAX ¥ 10 OTHEHLHLM
HO3DAOTHILCKEM dopMaM. DBMecTes © TeM, PANMANHOHHO - NHASMUOHOTHCKHe
WCCHRROR2AYY, OROBOASHHRES HAMH., He JO3IBOIYDT HOK3 CBH3NRATE POCT
HorRasATeNCH JA60JEBACHOCTH ¢ HO30K. Baxuoe 3WavenHe IDbHoGPETAST
HCHROCOMATHYSCKIA $3KTOP B ONEHKEe MeHVNMHCKHE NoCHencTEHH
UpPHOGHIBCRON ABIPMM.
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SUMMARY OF PRESENTATION OF DR. ISHFAQ AHMAD, CHAIRMAN,
PAEC, TO MEETING ON “"WAYS OF INTERNATTIONAL NUCLEAR NON--
PROLIFERATION ~ MEETING THE NEW SITUATION" IN TOKYO,

The presentation starts with a brief discusgion of
recent developments on the global nuclear scene. Tt dwells
upon the original objectives for which the Non=Proliferation
Treaty was enforced and critically evaluates the extent to
which the Treaty has been successful in achieving those

objectives.

The presentation emphasizes the counter productive
nature of such measures as international embargoes imposed
by Advanced countries on transfer of nuclear technology to
developing countries for achieving non-proliferation. It then
commernits upon the feasibility of some of the proposals recently

put forward for non-proliferation.

The presentation enumerates Pakistan's proposals for
creating an equitable and non-discriminatory non-proliferation
regime in south Asia, and ends with reiteration of Pakistan's

commitment to global as well as regional non-proliferation.



THE 26TH JAIF ANNUAL CONFERENCE

Summary of Remarks by Ben Sanders
Session 5 -~ Panel on International Nuclear Non-Proliferation

Debates about the merits of the Non-Proliferation Treaty tend to
raise strong emotions, reflecting the importance of the subject,
The NPT is a treaty of immense international significance. With
almost 160 parties it is the most important measure of arms
control.

Judgments of the ways in which the Treaty meets the challeneges it
was created to deal with vary greatly. But no matter how well or
how badly one feels it copes with the issues it was created to help
solve, those issues themselves are the most important subjects of
international security that face todays world.

Now that the nuclear rivalry between the Superpowers is effectively
over and START-1 and =2 have codified the end of their arms race,
the fear of an imminent nuclear conflict between the two giants has
virtually disappeared. The Chemical Weapons Convention has given
the world the means of ridding itself of one particularly abhorrent
means of warfare. Thus the world should have become a much more
secure place than it was a few years ago.

On the other hand, partly because of the shift in international
power structures, and partly as a result of growing regional
tensions and the growing inability of the major powers to deal with
them through the patron/client relationships that were a feature of
the Cold War era, nuclear proliferation is taking over as the
number one arms control problem in today's international arena.

The greater the problem, the more passionately its various aspects
are debated, and the more carefully one scrutinizes and criticizes
the application of any measure used to solve the problem. As to the
NPT, right from its start, the way in which it approaches the
problems has been condemned by some, criticized by many and
recognized by everyone as less than perfect. Even the strongest
supporters of the Treaty admit that it has imperfections, inherent
in the situation it was created to deal with, and unavoidable under
the circumstances of its creation.

Some see the shortcomings as basic and have refused to join. The
great majority of nations have recognized and accepted them as the
unavoidable price to pay for the advantages the Treaty offered,
hoping that those advantages would come to outweigh the drawbacks.
In the course of its life, the inequality inherent in a Treaty that
imposed on the majority of the parties an obligation which a few
did not share was to have been offset in the fairness of its
implementation.

A central question for 1995 is one that was asked at each NPT
review conference so far: whether indeed the implementation has



been fair. Have those who retained their privileges under the
Treaty made a significant effort to even out the inequalities, and
does the result of those attempts justify the continued existence
of the Treaty?

A second basic question arises from recent events in Iracq, in North
Korea, and perhaps other countries which we suspect but cannot
openly accuse of breaking their Treaty obligations: how effective
is the Treaty in deterring the spread of nuclear capabilities?

If the answer to these basic questions is positive, the consequence
is clearly a long-term extension of the Treaty. If it is not
clearly so, we should ask a second question : is the Treaty worth
conserving and extending? To answer this gquestion, it is necessary
to weigh the advantages and speculate on the what-if-not element
hidden in such speculations as:

# Could the Cold War have ended in the way it did without the NPT?

# Would the Intermediate Nuclear Missile Force Reduction Treaty
(INF) have been possible without the stabilizing influence of the
NPT? ‘

% Would the world reaction to Irag's nuclear adventurism have been
as strong without the embodiment in the NPT of the rule that making
nuclear weapons is an act unacceptable to the world community?

% Would the opponents of a nuclearised Korean Peninsula have
gathered so much support, without the general acceptance of the
norm of non-proliferation, as reflected by the Treaty?

# Is it not safer for the average nation to abstain from manufac-
turing nuclear weapons and to demonstrate its nuclear innocence
through the transparency of international verification?

# Would South Africa have submitted its nuclear activities and
material to safequards had there been no NPT?

In short, the question is, what has the Treaty achieved, at what
cost?

Then there is a third question: could one create another treaty
that could serve international stability and security as well as,
or more effectively than, the NPT has done so far, and one which
ensures true equality among nations? Is there any assurance that
the world community could agree on a universal instrument for the
abolition of nuclear weapons, that meets  the security
considerations of nuclear haves and have-nots? Is it possible to
create an instrument that reconciles the policy of industrial
nations not to pass on technologies or egquipment that might be
used to make nuclear weapons, with developing nations seeking to
obtain all elements of the nuclear fuel-cycle? Is it likely that
one can devise a treaty that attracts those who use nuclear means
of ensuring security in regions of tension and also those who think



nuclear abstinence will protect those regions? Can one envisage g
catch—~all Treaty that does everything and attracts everyone -~ each
of the present 160 NPT-parties plus the hold-outs: India, Israel,
Pakistan? Lastly: if one could devise such an instrument, which
would have to reflect the highest common denominator of all these
divergent interests and different nations, how effective would it
be?

Finally, if the answer to the first questions is not a wholehearted
affirmation; if the answers to the various parts of the second
question lead one to give the NPT the benefit of the doubt, but
also to feel that a more equitable situation is preferable; and if
no viable universal alternative ig in clear sight -~ then comes the
main question: should the Treaty be extended, and for how long?
Should and could that extension be tied to means of ensuring future
implementation of the Treaty? If so, how?

That is the stuff of this conference and the basis for its
decisions. I believe that the answer is clearly that a lengthy
extension is essential in the interest of world peace and security.



