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JAIF Chairman’s Address for the 32nd JAIF Annual Conference
by Dr. Takashi Mukaibo
at Sendai International Center on April 12, 1999

Mr. Chairman and honored visitors from Japan and abroad, I wish to express my
appreciation for your participation in this year's JAIF annual conference.

This year marks the 32nd year that the conference has been held. On behalf of the
sponsors of the conference, I would like to say a few words to you explaining our
position.

Environmental issues -- particularly that of global warming -- deserve immediate
attention. A broad-ranging response is required by the nations of the world in
terms of energy policy, and we must make changes in our lifestyle. By the year
2050, the world's population is expected to double to around 10 billion people, and
this population explosion will seriously impact the stable supply of energy. If we
attempt to maintain current standards of living, we must promote a certain degree
of economic development. The world in the future, must overcome many
contradictions as far as the environment and energy are concerned. That is the
kind of situation we find ourselves embroiled in at the moment.

We are convinced that there are three lines of energy policy that should be pursued
actively to resolve these contradictions in the years to come: energy conservation,
the utilization of new energy sources such as solar energy, and above all, the
peaceful use of nuclear energy. We can no longer afford to make judgments on
energy sources based on likes and dislikes or narrow party interests. Instead, we
must apply our wisdom and energy to the utmost in order to make the best use of
these energy sources for the sake of the world in the future.

On account of the development of transportation and information systems, the
world is becoming ever smaller, and the links between nations are growing ever
closer. As the term "global standard" implies, the people of the world have come to
share common values. At the same time, it is true that each country and region has
its own culture and civilization, resulting in a conflict between “globalism” and
local interests. When dealing with the issue of energy, also, we must respect both of
these points of view, and try to make them meet each other halfway. I hope that
those of you participating will keep these points under consideration as the
conference progresses.



It is quite meaningful for the 32nd annual conference to be held here in the city of
Sendai, given the currents of the time. Sendai is the main city in Japan's Tohoku
region, which contains many facilities related to the country's utilization of nuclear
energy: not just nuclear power plants, but also nuclear fuel cycle-related facilities.
The residents of this region also maintain a high level of interest in nuclear
energy-related matters. The region has also been in the news a lot recently owing
to various archeological finds that have shed light on the roots of the Japanese
people.

There are many tasks facing Japan in the usage of nuclear energy, including the
utilization of plutonium, fast breeder reactors (FBRs), high-level radioactive waste
(HLW) disposal, and greater information disclosure and information supply. We
would like to engage you in the exchange of opinions concerning the global
environment, energy, and the future of Japan's energy and nuclear power policies,
among other issues.

I would like to cite here the contributions of Professor Junichi Nishizawa of Iwate
Prefectural University, formerly the president of Tohoku University, who served as
the chairman of the Program Committee for the Conference. Despite his busy
schedule, he gratefully accepted the chairmanship. We are deeply grateful for the
guidance he gave us during the preparation for the conference. You will have a
chance later to listen to comments by Dr. Nishizawa.

This year's conference will again feature a public session for the exchange of
opinions with local citizens concerning the future of nuclear energy and related
policies. I expect the session to be a lively one.

In closing, I would again like to thank Dr. Nishizawa and other members of the
Program Committee, session chairmen, speakers, and thank all of you for
gathering here today from near and far. I would especially like to thank Miyagi
Prefecture and other local authorities and citizens for their unstinting cooperation.

Thank you for your kind attention.
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Remarks by Mr. Tetsuya Endo
Deputy Chairman of the Atomic Energy Commission of Japan
on the occasion of the 32°¢ JAIF Annual Conference
April 12, 1999

Introduction

I congratulate the Japan Atomic Industrial Forum on the opening of its 32nd Annual
Conference, and offer my sincere respects to the many participants here from around
the country and overseas. 1 would particularly like to commend JAIF Chairman
Mukaibo, Chairman Nishizawa of the Program Committee, and all the others whose

efforts directly made this important event possible.

Significance of Nuclear Energy and Direction of Future Development

As we look ahead into the 21st century, we see substantially higher energy demand
as a result of sharp increases in population and economic growth, mainly in developing
countries. Securing stable supplies of energy in those circumstances -- energy in
harmony with the global environment, yet sufficient to sustain human development -- is
a challenge for all nations.

Nuclear power will play a key role in this future. Nuclear generation is a stable
source of electricity and is already one of the main pillars of power supply. Given,
moreover, the greenhouse-gas emissions-reduction targets agreed to in Kyoto in
December, 1997, nuclear power generation -- which emits no carbon dioxide in the
generation process -- will be looked to even more, along with efforts at energy
conservation and the development of new, renewable energies.

As we continue the development and utilization of nuclear power, the task is to
harmonize it with the needs of society and those of the natural environment. Premised
always on safety, what is required is a system that can meet energy demand for a long
time to come, while reducing the environmental burden. Completing the nuclear fuel
cycle is the way to do this. The nuclear fuel cycle, indeed, is a matter of vital national

importance, and Japan is committed to it.

Nuclear Power Generation and the Nuclear Fuel Cycle

Nuclear power generation in Japan has passed through a long, difficult period



marked by accidents and problems at nuclear power plants and other facilities, both in
and outside this country. We see the light now at the end of the tunnel. Fifty-one
nuclear power plants are operating in Japan, providing about 33 percent of total
electricity. Last December, the Tohoku Electric Power Co. launched construction of the
first unit of its Higashidori Nuclear Power Station -- an entirely new nuclear site. Last
month, the Chubu Electric Power Co. began construction of an additional reactor, Unit 5,
at its Hamaoka Nuclear Power Station. Elsewhere, permission for construction of Unit
2 at the Hokuriku Electric Power Co.'s Shika Nuclear Power Station, in Ishikawa
Prefecture, is expected to be granted soon. Thanks to the tireless efforts of its
countless crew, the nuclear ship is back on course and sailing confidently forward.

Turning specifically to fuel-cycle initiatives, last October the Diet passed by an
overwhelming majority a bill creating the Japan Fuel Cycle Development Institute. In
Fukui, Fukushima and Niigata Prefectures, there are ongoing efforts to implement
MOX-use programs within this year or next, and the government strongly supports
these. Similarly, the Rokkasho Reprocessing Plant will be at the heart of the fully-
realized fuel-cycle system, and the government has increased its efforts, in cooperation
with others concerned, to facilitate its smooth construction.

Spent fuel contains useful resources, and will be stored and managed appropriately
until it is reprocessed. The government is working to draft necessary laws on the spent
fuel storage business -- that is to say, interim storage. It will then be just as important
that the companies, too, work steadily toward actual implementation of this storage.

Japan will continue its R&D aimed at commercialization of fast breeder reactors.
Japan sees FBR's as a powerful future option among non-fossil energy sources. In
order to establish this technology, including an understanding of how to handle sodium,
it is necessary to accumulate operational data. Accordingly, the government will
continue its efforts to ascertain safety and obtain understanding and support from the
local communities, toward an early restart of the prototype FBR "Monju."

The government will also try to restart the Tokai Reprocessing Plant, after
reconfirming its safety and with the support of the local people, in order to collect data
on reprocessing, including high burn-up fuels.

Looking ahead to even more advanced fuel-cycle technologies, Japan will continue
its R&D from a long-term perspective -- beyond the simple search for economy -- finding
new ways to meet diversified human needs, reduce burdens on the environment, and

strengthen nuclear non-proliferation.

I would now like to say just a little more about some of the problems nuclear energy
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faces. I will mention them in no particular order.
High-Level Radioactive Waste Disposal

One is disposal of high-level radioactive waste. The nation is highly concerned
about the issue, and it is certainly one of the most important issues in nuclear policy at
the moment.

The Japan Fuel Cycle Development Institute has the lead role in research and
development. It is now working on a "second report,” expected before the end of the
year, consolidating R&D findings to this point on the technical reliability of geological
disposal. That report will be reviewed by international organizations, and those
conclusions, too, will be evaluated by the government. It will be a major step toward
realization of geological disposal, and the government intends to continue the steady
progress. There are plans to construct underground research facilities in Gifu
Prefecture and Hokkaido, where the geological structures are crystalline and
sedimentary, respectively. Those facilities will be more than technically meaningful;
they will also provide an opportunity for the nation witness and understand the nature
of disposal R&D. The government will endeavor to implement both plans as quickly as
possible, with the understanding of the local people.

In addition to technical matters, the nature of the disposal business, basic safety
concepts, and reasonable cost estimates are all subjects of discussion within the
government. Working in close cooperation with related ministries and agencies, the

government will develop the necessary systems to realize the disposal business.
Recovering Public Confidence

Another immediate issue is the restoration of public confidence in nuclear power.
Japan is justly proud of its nuclear technology, which is among the best in the world.
Despite this, a series of recent mishaps has increased feelings of unease and distrust, to
the point that there is now a gap between reality -- the overwhelming safety of nuclear
energy -- and public perceptions. People's confidence in nuclear power must be
restored.

In particular, the issue of the morality behind the falsification of data on spent-fuel
transport containers is one every person engaged in nuclear development and
utilization should face squarely and with sincerity. We must all rededicate ourselves to

the principles of "safety culture.® The government is determined to prevent
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reoccurrence and achieve total quality control, by improving internal controls at the
manufacturers, and its own review and examination practices.

Together with those efforts to directly ensure safety, the government is actively
carrying out a program of information disclosure, and is continuing its roundtable
conferences on nuclear policy, engaging a wide variety of people in nuclear discussions.

These are the means to restore public confidence in nuclear energy.
International Issues

A third vital issue is international cooperation -- closely related to international
confidence in Japan. Japan should always show clearly to the world its intention to
use nuclear energy exclusively for peaceful purposes. More than that, however, it must
contribute to the ever-further strengthening of the international nuclear non-
proliferation framework. In the fluid political environment of today, non-proliferation
is of critical importance.

In 1997, an additional protocol was issued to make the existing IAEA safeguards
stronger and more efficient. Japan signed the additional protocol at the end of last
year. The government is now working on modifications to the legal system to enhance
implementation of current domestic safeguards, and is endeavoring to implement the
requirements of the additional protocol expeditiously.

As part of nuclear disarmament efforts, Japan and the United States are now
discussing management and disposal of excess plutonium from dismantled Russian
nuclear weapons. Japan wants to contribute to this by making the best use of fast
reactor technology developed by the Japan Fuel Cycle Development Institute.

China, Korea and Taiwan now enjoy nuclear power generation, and other Asian
nations are eager to introduce it. The Asian regiori is expected to become the third
pillar of nuclear generation in the 21st century, right along with Europe and North
America. Japan's nuclear cooperation with its Asian neighbors will encompass both

hard and soft aspects.
Conclusion

It is the policy of Japan to promote the steady development and utilization of nuclear
power generation, and to complete the nuclear fuel cycle. It is important that this be

done with the understanding and confidence of both the domestic and international

communities.
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It has been more than five years since the current Long-Term Program for Nuclear
Research, Development and Utilization was released, and global as well as domestic
circumstances have changed. The government will soon issue a new Long-Term
Program, presenting the people with a basic concept for nuclear development ’and
utilization hereafter, a comprehensive nuclear policy, and a revised long-term outlook.

I ask all of you for your continued support and cooperation . . . and I wish you a

fruitful three days here in Sendai.

Thank you.
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The 32nd Japan Atomic Industrial Forum Inc. Annual Conference Greeting

This Conference has mainly been held in Tokyo, however, for the first time, it has been
decided that it should take place in a prefecture where a nuclear power plant is located.
We are incredibly honored that Miyagi was chosen and on behalf of the citizens of the
prefecture; I would like to extend our warm welcome.

The history of atomic power in Miyagi dates back to 1967 when the XKoyatori Area in
Onagawa Town was proclaimed a suitable site for a nuclear power plant and a resolution
for bids was called for by the prefectural and local assemblies. The mext year, the
‘Tohoku Electric Power Co., Inc. solidified its intentions of building a nuclear power
plant and began to fill in the specific details of its plan. In 1979, after having overcome
complications such as an opposition movement by fishermen, who feared that a plant
would adversely affect the fishing industry, the company initiated construction work on

the first facility.

The first facility began operations in 1984 and, in 1995 the second facility began
operations. The facilities have, to this day, had no major problems and continue to run
smoothly. We should pay tribute to Tohoku Electric Power Co., Inc. for maintaining
stable procedures while paying close attention to ensuring the safety of the environment
surrounding the power plant. Currently, construction of a third facility is progressing
and is scheduled to begin operations in 2002. It will be the first commercial use atomic

reactor in 21st Century Japan.

The current conditions facing atomic policies are extremely strict, both here and abroad.
[n particular, a German policy to eliminate atomic power dealt a great blow to Japan.
Within the country, over the past few years, a number of reoccurring difficulties and
how to dispose of the high level of radioactive waste have arisen. In Japan, there are
urgent calls to ensure the safety of energy and to establish countermeasures to global
warming and we must accurately meet these circumstances, clear up the situation
regarding the development of atomic energy, and firmly establish an atomic energy
civilization.

In the midst of all this, the 32nd Japan Atomic Industrial Forum Inc. is considered a way
to grasp which direction the atomic realm should take in the coming 21st Century. With
Mr. Junichi Nishizawa, the former dean of Tohoku University, as chairperson of the
preparatory executive committee establishing timely investigative themes, I believe that
now is the right time to open up debates. '

Specifically, the “Information Disclosure and Communication with the P_ublic”'and the
“Nuclear Energy Policy : A Local Perspective” are exceedingly beneéficial projects for
Miyagi, which houses a nuclear power plant. I pray that this conference is one that reaps
many benefits and will place a positive outlook on the future of atomic power in the 21st

Century.
Shiro Asano
Miyagi Prefectural Governor
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Remarks by Dr. Jun-ichi Nishizawa
Chairman of the 32nd JAIF Annual Conference Program Committee

In 1942, Prof. E. Fermi realized the non-military use of atomic energy firstly.
However, it had been so lowly evaluated because of the instantaneous combination to
the atomic bomb afterwords.

But, I hope to remain in your memory that the late Prof. Tadayoshi Hikosaka
published the same idea, earlier than that by Prof. Fermi, in Sendai City where this
meeting is being held now, which has not been known.

On the other side, thermal power generation and atomic energy power
generation have been alternatively evaluated several times. It is also impressive to us
that the serious increase of the concentration of carbon dioxide in the air was warned
by Prof. Giichi Yamamoto, who was also a professor of Tohoku University, more than 20
years ago.

Now, Japan is proceeding the application of atomic energy independently,
which is reasonable to be warned by many alarms. However, stable supply of the
energy for people is the obligation of the government. The foods and energy are
indispensable elements as well as water and air to keep the lives of nations. Without
love for mind and these for health, péople can never live,

Strictly speaking, atomic energy generation should be started after more
precise study and careful preparation. If the proposal of Prof. T. Hikosaka had been
accepted gently and the preparation had been started the carefully and precisely
afterwords, there might have been possibilities to proceed the building of the feeding
system of the energy without danger to construct, checking the plan in the same time.
Also, if the proposal of Prof. G. Yamamoto had been accepted and checked in orthodox
way, non effective rushing to atomic way and from fire power way might have been
unnecessary.

Professor committee could not decide to accept the thesis by Prof. T. Hikosaka,
or not for several years, it was burned out by the bombing by air force in the war time.
Unfortunately it is still usual not to have the ability to evaluate the normal future
forecasts and take the countermeasures. In those days, it should have been described
as regular, however regrettably it was not.

I, myself, invented and succeeded to develop three sorts of new semiconductor
devices, and now earnestly proceed to utilize water-powered and solar photon energy,
while I am personally tasking a part of the operation of this meeting unpleasantly,

because of the same reasons.
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Both based on the same love for the human beings, however, in recent years,
careless mistakes against the love for human beings and the royalty for the society
through responsibilities are invading the security of advanced society. These should be

earnestly being avoided eagerly and fast with every method by every one of us.
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The 32nd JAIF (Japan Atomic Industrial Forum) Annual Conference
SENDAI, JAPAN, April 12, 1999

Korea’s Expectation for Nuclear Power Development for 2000 and Beyond

Dr1. Young-Sik Jang
President and CEO
Korea Electric Power Corporation
The Republic of Korea

Good Morning, Mr. Chairman, distinguished guests, ladies and gentlemen.

I am deeply honored to speak on behalf of the Korea Electric Power Corporation(KEPCO) at
the "32nd JAIF Annual Conference".

On behalf of my delegation, I would like to take this opportunity to express my sincere
appreciation to Professor Takashi Mukaibo, Chairman of the Japan Atomic Industrial Forum,

and to the members of the organizing committee for their efforts to host this Conference.

The world is now entering a very important period for which we must prepare ourselves for the
upcoming challenges of the pending 21st century. Nuclear technology, introduced in the 20th
century, is one of the most important options available to meet ever growing electricity needs,
and its applications are expected to expand even further. Today, there are over 435 nuclear
power plants operating in 32 countries, producing 17% of the world’s electricity. In the Asian
context, though conditions for energy resources are different in each country, many countries

have chosen nuclear energy to secure a stable supply of electric power.

Over the next 20 to 30 years, electricity use is projected to grow 2 or 3 times in Asia, with
nuclear energy making a significant contribution. Providing this power without any further
degradation of the region’s already serious environmental problems represents a major
challenge. I am confident that nuclear power will be recognized as an important part of the
solution to meet rising global energy demands throughout the 21st century without increasing

greenhouse gas emissions.

Nuclear science and technology will have great effects upon us all, contributing greatly toward

improving the welfare of mankind in the future. In the mean time, the framework for the
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nuclear non-proliferation treaty(NPT) and the peaceful use of nuclear energy is contributing to
the development of civilization and the improvement of human welfare. In view of the vision
and goals of promoting peaceful uses of nuclear energy, this forum provides an opportunity to

exchange valuable information and to share precious ideas.
Distinguished Delegates,

Korea has one of the most dynamic nuclear power programs in the world. Due to limited
natural energy resources relies largely on the peaceful use of nuclear energy to sustain
continued economic growth. Since the commercial operation of Kori Unit 1 in 1978, KEPCO
has achieved rapid growth in nuclear power. Currently, we have fourteen nuclear units totaling
12 GW in capacity and eight units under construction including two units in North Korea. Two
units, under construction now, Wolsong Unit 4, PHWR and Ulchin Unit 4, PWR, will be
connected to the grid this year. These new plants are safer and more reliable, and the operating

procedures have been substantially improved through design simplifications.

Last year, we generated a total of 90 billion kilowatt-hours of electricity in nuclear power
plants which accounts for 41.7 % of the total electric power output of the country. The
average capacity factor last year was 90.2%, one of world’s top 5 and indicative of our efforts
to improve nuclear power technology in Korea. The performance of Korean nuclear power
plants has been maintained above the 87% level for the last 6 years. In addition, the number of
unplanned trips of a nuclear unit fell to 0.4 last year, down from 1.1 in 1997.

Kori Unit 4 in particular, has achieved trouble free operation for three cycles in succession and
a domestic record of the longest continuous operation of 1329 days in January this year. We are
very pleased with these outstanding results. KEPCO has regularly replaced aged components
and during the last refueling outage of Kori Unit 1, we replaced two steam generators
successfully for the first time.

In the current economic turmoil, we are very fortunate that a large part of our generated
electricity comes from nuclear power. One of the noteworthy aspects of Korean nuclear
power is that KEPCO is operating two types of commercial reactors on its electricity
generating system, namely PWR and PHWR, which are quite different in design concepts,
safety features and operational characteristics.

I think that KEPCO is the only utility company in the world to own PWR-PHWR reactor

technology and have operating experience of both simultaneously. Two reactor types and
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flexible power management is a strong point of our system. Recently, several countries have
taken interest in the Korean approach and experience, and particularly in our operational
performance and safety. In this regard, I believe Korea will be able to provide valuable

experience in the nuclear power area.

As the world knows, KEPCO is now involved in constructing nuclear power plants in North
Korea. KEDO designated KEPCO as the prime contractor for the two unit 1,000MWe light
water reactors to be built in North Korea. This project is being carried out based on the 1994
Agreement Framework between the United States and North Korea. Currently, KEPCO has
been performing preliminary preparation works such as Pre-Project Services and preliminary
Works Construction for the project. Also, several kinds of surveys have been carried out
successfully around the site since January 1996. Since then about 160 engineers and experts
have been sent to Sinpo, North Korea. This project is progressing well and with the keen
interest of President Kim Dae-Jung, main construction works are expected to begin in the near

future.

The funding issue for this project was resolved in November last year, among the member
countries of the KEDO Board.

This project is aimed at freezing North Korea’s nuclear weapons program. However, we have
another mission. Based on the President Kim Dae-Jung’s "Sunshine Policy” we will open a
new chapter in North-South cooperation, peaceful coexistence and enhanced economic
exchange with the North.

We are carrying out the Sunshine Policy proposed by President Kim Dae-Jung to ensure that

the nuclear community can play a leading role in the Rebuilding Korea Campaign.

I sincerely hope that all leaders in the nuclear community world wide will continue to have an
interest and extend cooperation in the implementation of this project. In this regard, I would
like to request the special understanding and positive cooperation of the Japanese Atomic

Industry for the successful completion of this project.

KEPCO will have a total of 28 nuclear power plants by the year 2015. During the rapid
growth of the Korean economy, the electricity consumption rate increased by more than 10%
annually. Following the recent IMF economic crisis, the growth rate decreased to minus 3.6%
last year. The Korean economy is now at a recovery stage and the electricity consumption
rate is more than 1997 Pre IMF rule.
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Currently, the Korean government and KEPCO are revising our Long-Term Power
Development Plan. Nuclear power will continue to account for over one third of total power
generation and based on this, the total generating capacity of nuclear power will almost
double by 2015. In 1992, Korea launched the Next Generation Nuclear Reactor Program to
develop a 1,300 MW class standardized advanced light water reactor, which utilizes the
expertise accumulated through the Korean Standard Nuclear Plant’s design and technology

self-reliance program.

The Next Generation Nuclear Reactor Program adopted world-class design standards and its
reactor type is the evolutionary water cooled reactor. In order to enhance safety and economic

viability, thermal output has been increased while upgrading basic safety systems.

The Korean government is restructuring the industry and privatizing government owned or
controlled businesses. Accordingly, the role and the structural organization of KEPCO will
undergo major changes over the next several years. According to the restructuring plan of the
electric power industry, the power generation sector of KEPCO will be divided into 5 to 7
power subsidiaries in order to sell to either foreign or domestic companies. However,
considering the operational safety and the special features of nuclear power generation, the

nuclear power sector will definitely remain as 100% owned KEPCO subsidiary.

Our philosophy for nuclear power is peaceful, promoting the generation of efficient electric
power without any desire to make nuclear arms.- We operate nuclear power plants with a motto
"nuclear safety first, economy second". It is our conviction that the exploitation of nuclear

energy for peaceful purposes can be achieved only on a solid foundation of safety.

The issue of nuclear safety and the safe management of radioactive materials are common tasks
for all of us. Therefore, a more active technological collaboration and sharing of information

between countries is essential.

Korean Government is now pursuing to reorganize nation based on democracy and free-
enterprise system. However, Korea is also facing difficulties in securing new sites for nuclear
power plants and radioactive wastes repositories. Moreover, the extra cost associated with
site resident compensation and waste treatment is making nuclear energy more expensive than
coal fired generation. These issues present a challenge to the further development of nuclear
power projects. However, KEPCO will try to conduct its nuclear power business based on

public acceptance.
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In order to ensure the continuous development of nuclear energy, safety and economic viability
must be enhanced. Transparency of all nuclear facilities must be ensured to secure public
acceptance and support.  Also, to gain public support, we must stand by the NPT. I believe
this is a common challenge that the nuclear community must meet collectively. We will also
continuously exchange operational information and increase technical cooperation with
international organizations like IAEA, WANO, INPO and with other utility companies to

ensure safer and more economic nuclear power operations.
In closing, I would like to express my gratitude once again to the staff members of the Japan
Atomic Industrial Forum, who have made tremendous efforts toward making this conference a

SUCCESS.

Thank you very much.
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In the United States, nuclear power is our second largest
source of electricity — after coal — supporting about 20
percent of our electric power. However, no new huclear

plants have been ordered in the United States since 1978.

Utilities have shut down operating plants, and more plants
are likely to be closed as the elécticity system in the U.S.
deregulates. In early 1998, Commonwealth Edison
announced it would shut down its two Zion units down

permanenﬂy; and Millstone One in Connecticut was retired

last year. 7L Evass Lﬁm ,46//%,/4;'54&_7%74\‘ te A,
u.f.,ﬁj 6//7/ é/—‘
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Competition in the electricity sector has led to a brisk market
in the sale of nuclear plints GPU slold its Three Mile Island
holdings to AmerGen Energy jEntergy recently bought

Boston Edlson S P;lgnm nuclear station. Bostordisenhas

Both AmerGen and Entergy own and operate multiple

nuclear stations, and plan to use their experience to lower

Operating cost at newly acquired sites. ‘%67~ﬁ:——ﬁfsméfsv@

"l:a_\_cu/rh(ha. (‘L-”“‘_“_:! Wtocll 1. ""f‘i&%/‘é{,-

Industry experts expect this trend to continue: single
operating units being purchased by owners of multiple
Plants, leading to a consolidation in the U. S. nuclear

B sustocna bl shiled nclion wAldrress,;  Lyiotn

lndustWth the most efficient operations well positioned

for de- regulatlon.

In addition, nuclear utilities in the Untied States are also

eXtending plant operating lives. Baltimore Gas and Electric

Is seeking an extension of the license for its Calvert Cliffs
fanilitv and guke POW?I’ has submitted an spplizetion for tha Licemes.
; Oconer pla.i.
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Also, developing countries in Asia and other regio/n;ofth/e
N - L) . ' " - ’ Of

are under’construction
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W“ trdvisty ecters
Here in Japan, you have an aggre sive effort to build up
your nuclear power infrastructure and the Unitéd States has

much to learn from these efforts.v| am told thefTEPCO
reduced the construction time on its newest Advanced

Boiling Water Reactor — Unit 7 of the Kashiwazaki Kaariwa

Nuclear Power Station -- to 51 months:.

This is an impressive accomplishment, but there are
demands for even faster construction. According to some in
<§e industry, building a new nuclear plant would not be
financially justifiable unless it could be completed in under

three years. It is unclear whether existing technologies,




including our Advanced Light Water Reactor designs, can

currently meet this stiff challenge.

st In today’s world, which is awash in surplus energy and
short on capital for new energy development, huclear power
is being forced to compete with extremely low-cost sources

of electricity.
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d
contributien-towards-limiting CO2 emissions over the last 20

years has come from nuclear power. In the United States
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on an annual basis, nuclear power avoids greenhouse gases

equivalent to burning 50,000 railroad cars full of coal.
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Nuclear Waste

o e US

No issue is more critical {o the future of nuclear power than

solving the problem of waste disposal.

The Clinton Administration continues to believe that the

overriding goal of the Federal Government's high-level




radioactive waste management policy should be the

establishment of a permanent geologic repository.
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We consider such a repository essential not only for the
disposal of commercial spent fuel, but also for high-level
waste and spent fuel from the cleanup of the Department’s
nuclear weapor}'fcompl'ex, and from the Navy’'s nuclear

powered fleet.

A permanent geologic repository is also important to our
non-proliferation goéls: an alternative to reprocessing . . .
storage for foreign research reactor . . . and an option for the
disposition of surplus plutonium from nuclear weapon

stockpiles.

I know that there are advocates of reprocessing here today
and throughout the industry.
e, O
We have, however, concluded that reprocesémkeﬁ == .
economic sense and even less sense for our non-
proliferation policiés. According to a recent Energy
Resources International study, reprocessing will add about

40 percent to the price of nuclear fuel.

But whether or not you share the Administration’s views on

reprocessing, geologic disposal of spent fuel and high-level
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waste — for three-bhyrdred-o1

d years -- is an

issue that we all must face.

In December 1998, Secretary Richardson submitted the
Viability Assessment of a Repository at Yucca Mountain to

Congress and the President.

‘While this report revealed no technical “showstoppers ” it
did identify additional scientific and technical work needed
before a decision can be made whether to recommend
Yucca Mountain as the site for the repository.

 Gwhne /
Consequently, we intend to Astudy the presence and
movement of water through the repository block: the effects

of water movement on the waste package;&a‘nd the effects of .

heat from the decay of radioactive materials inside the
Sealegic and . . \
waste packages on the site's /\hydrologlc behavior. ‘

i harcolescl, fr chroch £S5 st s orks chsschor s yhudion o Fy20m
We are on target to decide in 2001 whether Yucca Mountain
is suitable to be the location of a répository and to submit a
license application to the U.S. Nuclear Regulatory
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Russia-and Nuclear Nonproliferation g £ Mt (Al orr

Cr\-hm)xﬂf/w# Lo %ﬂ
Fourth, | would like to focus briefiyron the United States 7

cooperation with Russia on nuclear material security issues

that are directly related to civil nuclear power issues, The U S 2
/Zzﬁ:‘b ﬁ’f)’lﬂ/—' ézu//é%i ;l‘«é 7‘/}711”5/@ b toedA S eles o pets oA s

nnby"’/ﬂ"z‘m‘/ﬂbj% T //li«y{ftc/u y M W; M"ﬁ&'\,u»-; f&ana%x{c—)&a(,(’

fo el ted. : ~
7¢ e She fu?uﬁ?&%c@movegr is notonly-tied-to-the-challenge

ina-Adclear-waste issues but zles tied up with

the success of our. broader nonproliferation -efforts, gt
Nonproliferation concerns influence virtually- all of our
nuclear policies.

Our cooperation with Russia on nuclear materials issues has
intensified greatly since the end of the Cold War. Fhis—has

ngwee-ﬁ”{ﬁe Department of Energy and the Russian Ministry

of Atomic Energy. -« r'f;a«j'f) °L“d’”( + %xm

1 a Nuclear Committee as a fo_rmal
part of the U.S.-Russian binational commission headed by
Vice President Gore and the Prime Minister of Russia to

orchestrate the wide range of these activities. And as part of




the Nuclear Committee we have just formed a subgroup
pbetween DOE and Minatom to address nuclear waste

jssues,

A particular focus of our joint efforts in the DOE work with.
Minatom has been to reduce the amounts of special nuclear

material and to increzae thgé security and accountability of

the material that remains, , A/lcleer W/M Lre 547 7 7%~
7 Vool 25 B
ﬁry’%, Desee that 5 ke £ w—fa—/m Pea fts o a»/efj

llé! ! /{
The HEU Agreement, as many of you know, involves the

purchase by the U.S. of the LEU extracted from 500 metric
tons 'of HEU from Russian weapons over twenty years for

use in civilian nuclear reactors. TThs t & Spfimataets,
J12.8 6/\%—*«7\“) 444,\4,.4‘&(& M@)‘bﬁ) b‘] L rmtneiid Thras e |
0'\0/% %L( M:'\“O\:rn.‘f\‘w V\md)n«{ﬁ(x&ﬂ‘d btz b date pan = mo&»—»ﬁm

On March 24, 1999, Secretary of Energy Richardson and
Minatom Minster Adamoyv signed agreements, in conjunction
with the signing of a commercial contract between Russia
and three major uranium companies, that will provide for the
stable long term sale of Russia’s natural uranium from the

original HEU agreement.

As a result, the entire agreement will again function
smoothly, returning much needed revenue to Russia, turning
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megatons into megawaits, and demonstrating our ability to
confront and overcome the most difficult of challenges to the
implementation of the agreement in a lasting manner. This

Is good for nonproliferation, and good for nuclear power. -

On plutonium disposition, we all share a national security
interest in working with Russia to assure that material

removed from nuclear warheads is removed from weapons

applications. of Lomat, Thot 5 o on;UnLc EM:/\j "W"‘“ thaod wAll Gt
i P it sl thot ot Bovncd o ithot ncjn g

U.S. cooperative effortis with RuUssia on plutonium
disposition are premised on a two-track approach, including
immobilization and burning as MOX in reactors. The U'S.
recognizes Russ@%terest in MOX and seeks Russia’s
reciprocal participation in an approach that puts that interest

in the service of disposition to the spent fuel standard.

In the U.S. case, we intend only once-through MOX runs in
reactors. In the Russian case, we anticipate that all excess

weapons plutonium will be bumed before there is any

dispesition,—economicalty and—on nonproliferationrgrotmds,

)
S e MO X & et ,aarmmtu-uj (l,;—»ﬁwﬁﬂﬂv—t with LEu, -,
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The next two to three years will be a crucial period in

U.S.-Russian relations concerning the disposition of surplus
weapons plutonium. The United States is proceeding with
research, design and licensing activities for disposing of
surplus U.S. plutonium but, in order to not be placed at a
strategic disadvantage, will not begin construction of new
facilities for disposition of U.S. plutonium unless there is
significant progress on plans for plutonium' disposition in

Russia.

At the Moscow Summit in September 1998, President
Clinton and President Yeltsin signed a Joint Statement that
committed the two countries to seek to conclude a Bilateral
Plutonium Disposition Agreément s.pecifymg: the
technological approach and schedules to be followed by
each country . . . the typés of facilities ta be constructed in
Russia . . . and commitments with respect to the financing of
these activities in Russia. The mibhef Gommitmast & 7o
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Negotiations are underway, and initial conversations with
Russian éounterparts reveal _ significant commonality of
vision on the content, étructure, and timing of this
agreement. | believe that an agreement can be concluded

this year to enable plutonium disposition to proceed in both

countries.

Once such an Agreement is in place, the U.S. and Russia
would each proceed with parallel programs with comparable,
although not necessarily identical, rates of disposition. n
Russia, this program would require the design, construction,
and operation of facilities to convert weapons plutonium
metal into non-weapons form and to fabricate MOX fuel, as
well as to modify Russian reactors to permit MOX utilization.

The estimated annual capacity of existing Russian reactors
(7 VVER-1000 reactors and 1 BN-600 reactor) is two metric
tons per year. The U.S. goal is to increase this rate of
plutonium disposition in Russia to five metric tons per year
through the expansion of the plutonium conversion and MOX
fabrication facilities and the identification and utilization of

additional reactor capacity (whether inside or outside
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Russia) to consume MOX fuel fabricated from plutonium

withdrawn from Russian weapons.

The $200 million recently appropriated by the U.S. Congress
will help jump start the ongoing negatiations with Russia but,

ultimately, more funding will be needed to create the

necessary infrastructure in  Russia to dispose of

approximately 50 tons of surplus Russian plutonium.

: ~
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4o proposal of th_z ?ovemment-cf Japan to assist the Russian
 Federation Py permitting the disposition of plutonium as fuel
in the BN-600 fast reactor. This proposal is a highly

constructive addition to international efforts to address the
arms control and nonproliferation concerns raised by stocks

of ﬁssﬂe materials from nuc’le;}r military programs. we a/fz;;;v%*y
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_ Advanced Reacbtgrs. A Key factor limiting Russia’s ability

S

S

to consume MOX fuel fabricated from plutonium withdrawn

from Russian weapons, is the limited number of existing

Russian reactors.
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The United States Government provided $5 million this yéar
to serve as seed money to fund ‘joint U.S.-Russian
development of gas reactor technology to dispose of excess
weapons-derived plutonium. A working group under the
Joint U.S.-Russian Steering Committee on Plutonium -

Disposition has been formed to prepare plans for the design

of the reactor. T < duatar f puch = reactr 1o cddite G m&ﬂu‘;/
< W)(,j%}\a{ F b o /).JM;(‘Ajfhﬁ'redu.dwbl/{Pbg. . Ow tle

deve!apmént ~and

construction of a prototype high temperature gas reactor is
estimated to cost about $1 billion. - eleet #r shich fha

eihredy pad heat G~ be mandctid 4 ffoct tu ot L clewdy ppi st
If this technology is going to be fully developed and
imp!ement‘ed, a number of significant technical obstacles
‘must first be overcome as well as significant commitments

to follow-on funding.

It is my understanding that s also
i wWith this—develont — -~ the talent and

experience in this room .may p'lay an important part in

determining how we proceed on this front. Jeek = /’“/V*""
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One of our collective objectives is fo help Russia as it
attempts to restructure its nuclear weapons complex: to
right-size it for the new era and to provide opportunities for
its scientists and nuclear workers to redirect their talents to
non-weapons applications.

Quoccct: d

The work on HEU, plutonium and, advanced reactors
oo —

s our shared goals of fewer weapons, more secured

weapans grade materlal, more security, and more energy.

Nuclear Research and Development

Finally, I wili discuss DOE’s nuclear energy research and

development programs, their goals and the potential they

hold for international cooperation. T bz~ bwo 0ot coba L
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NER/ is designed to address the future use of nuclear power
by supporting innovative research at national laboratories
and universities, and by private industry. We have solicited

research proposals in the areas of :

e Proliferation-resistant reactors and fuel technology;
e New reactor designs with higher-efficiency, lower

e cost, and improved safety; |

e lower-output reactors;

o New technologies for managing nuclear waste; and

® 'Advanced nuclear fuel. 7
7@/,,?/%4 Wy ot s dent Wﬁ;7 /7/:// el it Ao 7m/4>dvn
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Once the proposals are evalmm'ects are funded,

the Department will seek international partners with whom
we can work to advance the state of the art of nuclear power

technology. .
s epppreroat M,}Zd nwidunBd D. T raisht wdel FhoA sy The /vy%m/ b
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International collaboration adds tremendaus value to our

research and development efforts. We all benefit from the
wide experience, capabilities, and expertise that the
international community brings to difficult research

challenges.
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such collaboration also helps leverage scarce research

dollars that are at a premium worldwide, eliminates

& WW&"W%%WWWW*FW&W@ SRR e

duplicative research, and makes the best use of the
international nuclear research infrastructure. =5 dad, emrtln cchnty
Y R (hy NBgdc) st N~ At %mmmw 4 Ouf/wu’:‘ﬁf.
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hf‘(ﬁltimately, of course, we hope that research developed
under the NERI program will produce technology that will

help us achieve our goal of an energy future where nuclear

remains a competitive option.

ThesecoRomic competitiveness of existing nuclear plants
has” givegn rise/to anethey’ DOE _prfogram — ene Ahat is
Carried odt i tandém with indtstry. AWe have cafled i) the
Nuclear Enhergy Pla - Obtimizatidn pragrarmy, ar PO.
NO‘i peciﬁcall 'esigne’d to extend the“life of‘existing

nuclegr’ plants through competifive and quality research.

Conclusion: International Cooperation

To conclude, | would llk@p@%@%ﬁh&%—ﬁﬁﬁ-’tﬁﬁ’rﬁ@ﬁ-—ﬁl&y

oday-is “international cooperation”.
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DOE coopgfrgtion wit _Russia coptinues to play a central

rolel in dur éfforts”to help R(ssid restriéture its nuclear
wehapghs complex and 6 provide opporjunities™ o its

sdientists And engineeyd to re-direct their(iaténts to non-

véapons Uses.

@\,NEE:Eﬁmgtamj'Many of the meetings | have had and,
expect to have during my short stay here in Japan will focus
on increasing international nhuclear cooperation in the

nuclear area between the United States and Japan.

Nuclear energy must be part of a comprehensive integrated
d § cupr? P —
appcgaeh—%e addressing our national and multinational goals.

e R e P Asndapp, attanamic duslgprt
'But just as no_sjngle energy source can solve all-of our
eléctyitity supply chéllenges! so in tHe biggér pigtre Apé the

chaflengés of pfoviding“€afe, aplindant/ sustdinable energy .-
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Many energy decisions will still have to be made. on a
national basis, taking into account the unique resource and
industrial concerns of each country.

There is much that can be done cooperatively on

transnational, regional, continental and  ‘even

trahscontinental baSes that can alleviate national constraints

and optimize our use of energy-related resources.
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The Future of Nuclear Power: Looking Ahead .

Mohamed ElBaradei
Director General
International Atomic Energy Agency

Japan Atomic Industrial Forum

Sendai, 12 April 1999

It is a pleasure for me to address this Opening Session of the 32" Japan Atomic Industrial
Forum on the subject of Nuclear Power and Sustainable Development. Japan is a major user
of nuclear power, a substantial contributor to nuclear technology transfer in the region and to
developing countries in general, and a strong supporter of the IAEA. In 1998, Japan’s
commercial power plants supplied some 36% of national electricity demand and reached a
record average capacity factor of 82.8%. Moreover, guided by the “Three E’s” - energy
security, environmental protection and economic growth - the contribution of nuclear power
to national energy production is expected to increase. Japan is alsq at the forefront of nuclear
science and technology in many areas. Some examples are its active participation in the
International Thermonuclear Experimental Reactor Project (ITER) and its development of the

High Temperature Engineering Test Reactor.

Yet the use of nuclear power in Japan is not always fully understood by all segments of the
public. ‘It is clear, therefore, that one of the key challenges for all those involved in the nuclear
sector is to foster a culture of communication and transparency and to engage more widely
with civil society. Public understanding is key to public acceptance. And public acceptance is
key for nuclear science and technology to be able to contribute their full share to addressing

the many serious challenges facing our common future.

The Role of the International Atomic Energy Agency (IAEA)
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My purpose today is to present an overview of the opportunities and challenges facing nuclear
power and the importance of strengthened international co-operation to meet those challenges.
I speak from the perspective of the IAEA which was established in 1957 as the vehicle for
international co-operation in the safe and peaceful use of nuclear energy. The Agency is
guided by three complementary and equally important strategic objectives. These are: to assist
Member States, particularly déveloping countries, in the use of nuclear technology; to
promote radiation and nuclear safety; and to ensure to the extent possible that pledges related

to the exclusively peaceful use of nuclear energy are kept.

As the worldwide intergovernmental organization dedicated to nuclear science and
technology, the Agency acts as an international focal point for technology sharing, the setting
and application of standards and verification of non-proliferation undertakings. The reputation
of the Agency — and therefore the value of the work that it does — depends on its scientific
and technical competence and its objectivity. It is from this perspective that I make my
remarks today under four headings: nuclear power and the global energy mix; nuclear safety
and the importance of public confidence; economic competitiveness and the role of research
and development; and the importance of nuclear verification and prevention of illicit

trafficking.
Nuclear Power and the Global Energy Mix

I begin with the contribution of nuclear power to the global energy mix. As we enter the new
millennium, two energy related issues are at the top of the international agenda. One issue is
the need to meet increasing global energy demand, particularly for electricity, which is driven
largely by growing populations and economies in developing countries. According to the
United Nations, world population will reach 6 billion this year and is projected to increase to
nearly 8 billion by 2050. A conservative scenario from the World Energy Council projects
global electricity demand to treble (from 1.4 TW in 1998 to 4.1 TW) in the same period. For
developing countries alone, energy demand is likely to increase two to three fold in the next

thirty years, depending on the economic growth scenario.
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The other issue is the threat of global warming and climate change and the need to mitigate
the emission of man-made greenhouse gases (GHG). Under the Kyoto Protocol, industrialized
countries agreed to lower their GHG emissions. Last November, at the Fourth Session of the
Conference of the Parties (CoP-4) to the UN Framework Convention on Climate Change,
other countries announced voluntary commitments to the same ends. Energy produced from
fossil fuels accounts for aboutb half of man-made GHG emissions. By contrast, electricity
produced from nuclear energy produces practically no GHG. While there are many hopes for
‘clean’ energy sources, including through nuclear fusion, the fact is that except for nuclear or
hydro power (which has limited growth potential), there are not yet any other economically
viable, minimal-GHG-emission options for base load power generation. Moreover, the World
Energy Council predicts that even with substantial research support and subsidies, non-
traditional renewable resources which currently account for 1% of global energy supply could

grow to no more than 3 - 6% of global energy supply by the year 2020.

The global challenge is to develop strategies that foster a sustainable energy future that will be
less dependent on fossil sources. In view of the relatively long lead times required for the
planning, construction and commissioning of new energy production facilities, meeting this
challenge is becoming increasingly urgent for both developed and developing countries.
While the short term outlook is for continued high dependence on fossil fuels and greater
GHG emissions, the energy choices for the future need to take account of global and national

targets and timetables for reducing carbon dioxide emissions.

At the beginning of 1999, some 434 nuclear reactors operating in 31 countries provided over
16% of global electricity and accounted for the avoidance of about 8% of global carbon
emissions. The accumulated operating experience for nuclear power reactors reached a figure
of over 9,000 reactor-years. Clearly, nuclear power is already a mature and readily available
technology for cost effective mitigation of GHG. This would suggest that nuclear power will
continue to play a key role in energy strategies for sustainable development, together with
renewable sources, improved fossil fuel conversion and greater efficiency throughout the
energy system. And for many countries, nuclear power offers additional advantages in terms

of security of energy supply.
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However, the most recent IAEA projections show the nuclear power share of global electricity
supply falling to 13% in 2010 and between 8.9 - 12% in 2020. New nuclear power projects are
at a standstill in Western Europe and North America but growing in some rapidly developing
economies in Asia and in parts of Central and Eastern Europe, although the impact of the
financial crisis on planned expansion in these areas is not yet clear. It is appropriate to ask
what are the challenges facing. nuclear power and what must be done to ensure that the
contribution of nuclear power to meeting demand for environmentally clean energy is given a

full and fair consideration?

To my mind, two factors are key: public confidence and economic competitiveness. In many
countries, public concern over nuclear safety, particularly waste management and transport, is
a critical inhibiting factor on decisions to construct new plants and on the continued operation
of safe and efficient plants. And in countries which are deregulating their energy markets, the
high initial capital costs of new plants and concerns about competitiveness have tended to
focus new investment elsewhere, including on combined cycle gas power plants. Meeting the
challenges to the future of nuclear power thus requires action on two fronts: the restoration of
public confidence in the safe and exclusively peaceful use of nuclear energy and the
demonstration of economic competitiveness of nuclear power in comparison with other

options.
Nuclear Safety and Public Confidence

Nuclear safety is a national responsibility but a global issue. In terms of both potential health
and environmental impacts and the effect on public opinion, nuclear accidents know no
borders. A demonstrated global record of safety in nuclear, radiation and radioactive waste will
be, in my view, a determining factor for the future role of nuclear technology. To achieve such a
record requires close international co-operation, by everyone for the benefit of everyone.
International co-operation in the safe use of nuclear technology should not be perceived as an
intrusion on national sovereignty but, 611 the contrary, as an investment in the future of
nuclear energy and applications and an invaluable aid in assisting States in exercising their

right to use them.
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The global safety record for nuclear power plants has shown continued improvement
throughout this decade, with marked progress in Central and Eastern Europe. However, the
Agency’s Nuclear Safety Review for 1998 identifies several areas where increased attention is
required. In 1998 there were no accidents at nuclear power plants causing public harm but
several safety related events at power plants underlined that there is no room for complacency
and constant attention must bé given not only to technical safety measures but also to

managerial and organizational practices.

The transport of spent fuel was stopped in three European countries after inspections of
transport containers revealed minute levels of radioactive contamination which were higher
than those specified in national regulations.. This led to public concern and emphasized the
importance of strict adherence to the Agency’s Regulations for the Safe Transport of

Radioactive Material and the need for transparency in public communication.

There were a number of accidents concerning abandoned radiation sources, known as orphan
sources. In Georgia, in Turkey and last month in Peru, orphan sources resulted in some cases
of serious radiation overexposure. These events underlined the serious challenge posed by the

lack of adequate control of radiation sources in some countries.

The role of the IAEA in nuclear and radiation safety is to foster a comprehensive nuclear
safety regime in which the international community as a whole contributes to and benefits
from binding conventions, accurate and current safety standards and fneasures to assist in the
application of those conventions and standards. In recent years, several important international
conventions, negotiated under the IAEA’s auspices, have helped to fill gaps in the nuclear
safety regime. The first Review Meeting under the Convention on Nuclear Safety is scheduled
this month. Peer review is key to the Convention’s aim of achieving and maintaining a high
level of nuclear safety worldwide. But we remain watchful of other areas in which the

international community as a whole would benefit from binding norms.

The Agency’s Safety Standards Series represents international consensus on safety
requirements and their implementation. In the present biennium we have undertaken the

preparation or revision of the entire corpus of safety standards - a total of some seventy
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documents - to ensure that they are comprehensive, scientifically accurate and current. Last
month, the Board of Governors approved a new safety standard for near surface disposal of

certain radioactive wastes. Eight more new or revised standards are expected to follow.

However, the key to what is known as ‘safety culture’ is in the actual application of
conventions and standards. In this area, the Agency offers a wide range of services to assist
Member States — various types of review missions, training, the fostering of scientific
research, technical co-operation and information exchange. The provision of these safety
assistance services is key to achieving a global best practice in the application of safety

standards. They are the best practical way for safety culture to penetrate borders.

Waste management is an increasingly prominent public concern even though one of the
comparative advantages of nuclear power is the very small volume of wastes generated. The
Agency assists Member States in their management of low and intermediate level waste
through the assessment of different technologies and information dissemination. But with
respect to the management of spent fuel and the final disposal of high level radioactive waste,
political decisions are required. These decisions can be delayed but they cannot be avoided -
the quantities involved are growing. Experts agree that technical solutions exist for safe and
permanent disposal. But to my mind, only when these solutions have been demonstrated will
the public perceive that the waste issue has been resolved. This is an area for urgent national

attention and co-operation on an international or regional basis, as appropriate.

The bottom line is that public confidence is inseparable from nuclear safety. And nuclear
safety cannot be merely proclaimed - it must be demonstrated throughout the entire nuclear
fuel cycle, most urgently with respect to the management of radioactive waste and spent fuel.
A demonstrated global safety culture, together with timely and transparent public information,

is an essential building block for public confidence.

Economic Competitiveness and the Role of Research and Development

I turn now to the question of the economic competitiveness of nuclear power. The structure of

the global electricity sector is changing. Several States are deregulating and privatizing their
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energy markets. Power plant operators are searching for improved performance and greater
economy to reduce costs. National regulatory authorities, including in Japan, are scrutinizing
applications for plant life extension. Governments are considering how to factor national

GHG emissions commitments into deregulated and privatised domestic markets.

The increasingly competitive environment has significant implications for nuclear power. On
the one hand, the increasing safety and reliability of nuclear power plants over the past decade
can be seen in the improved production figures, fewer unplanned outages and increased
average annual availability which grew from 70% in 1989 to 78% in 1996. On the other,
competition from fossil fuels has increased. The price of oil in recent years has been at very
low levels and new, more efficient coal and gas technologies with comparatively low initial

capital costs and substantially faster construction times are being introduced.

For nuclear power plant operators, there is a pressing need for more efficient use of all
resources, including personnel and more effective management of plant activities such as
outages and maintenance. At the same time, continued vigilance is required by national
regulatory authorities to ensure that there is no sacrifice of safety for the sake of profitability;
that plant operators continue to devote the necessary resources to staffing, training, and
maintenance; and that there is full adherence to operating procedures. The IAEA assists its
Member States in both these areas through the collection and dissemination of the latest

technological improvements and accepted good practices.

Two areas are of immediate importance: managing nuclear plant life extension which, by
comparison with the construction of new energy facilities, is a cost-effective means of
meeting energy demand, and ensuring that environmental externalities are factored into
comparative assessments of energy options. The systematic collection, processing and
dissemination of a large amount of data on aging and degradation processes is key to the
evaluation of the current condition and future degradation trends of the component system and
structure of nuclear power plants. In 1994, the IAEA commenced development of an
International Database on Nuclear Power Plant Life Management. This multi-module database

covers reactor pressure vessel materials, pipe components, steam generators and concrete
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containment. I would expect that all States would benefit from increased information

exchange on successful life management of aging plants.

The issue of full accounting of externalities has both technical and political dimensions. It
should be recalled that the choice of nuclear power and of a particular energy mix is a national
decision. Since 1992, the Ageney has developed the technical tools necessary for Member
States to conduct their own objective comparative evaluations of all available energy options.
Through sophisticated databases and methodologies, economic, environmental and risk
analysis of all processes throughout the fuel cycle can be conducted. Over 30 countries are
presently using these comprehensive analytic tools. Several international lending institutions
such as the World Bank and the European Bank for Reconstruction and Development utilise

data from these programmes before approving investment in electricity projects.

But whether concern about externalities such as pollution and climate change will result in the
full internalisation of the environmental costs of fossil fuels remains to be seen. For its part,
the IAEA is contributing to the International Panel on Climate Change (JPCC) Th!ird
Assessment Report and is working together with UNDP, the UN Department of Economic
and Social Affairs and the World Energy Council to conduct a world energy assessment for
the UN Commission on Sustainable Development which, at its Ninth Session in 2001, will
address energy issues for the first time. Our objective is to ensure that nuclear power is given

a full and fair hearing.

This brings me to the role of research and development. As this Conference will undoubtedly
show, the full potential of nuclear science and technology has not yet been reached. There are
many prospects and opportunities for research and development. Indeed, the challenges to
nuclear power require scientific and technical research to improve every component of nuclear
fuel cycle technology and to develop advanced evolutionary and inhovative reactor designs.
As I have previously noted, high priority should be placed on new techniques for on-site and
surface storage and for underground disposal of nuclear waste. But in increasingly deregulated
markets, other objectives to strive for include new reactor designs with higher efficiency and
availability, lower cost and improved safety, and small and medium size modular plants with

passive safety features, multiple applications, short construction times and low capital costs.

82



To take just one example of an area where market demand is encouraging rapid development
and application of nuclear power technology, at the JAEA’s General Conference last year
Member States supported strengthening the Agency’s activities relating to nuclear
desalination and small and medium size reactors. Over 25 different concepts for reactors in
this power range are at different stages of development. Also, some countries (Morocco,
Egypt, India and others) have started or are preparing their own national nuclear seawater
desalination demonstration projects. Through co-ordinated research and technical co-
operation the Agency is assisting developing countries to address issues such as design
simplification, staffing requirements, cost reductions and the maintenance of safety standards

as well as assisting in planning and implementing demonstration programmes.
Nuclear Verification and the Prevention of Illicit Trafficking

My final subject concerns two issues - nuclear verification and the prevention of illicit
trafficking - which are vital for international peace and security and have a major impact on
public confidence in the future of nuclear energy. They also have a bearing on the need for
nuclear research and technology to continue to seek to develop proliferation resistant and
“safeguards friendly” nuclear systems to give the highest assurance of no diversion of nuclear

material.

The past decade has brought profound international changes but with respect to nuclear non-
proliferation it is a mixed picture of global hopes but regional tensions. While major
reductions have been made in the stockpiles nuclear weapons in the declared Nuclear-
Weapons-States, and several other States have dismantled, abandoned or foreclosed their
nuclear weapons option, in key areas of high tension such as the Middle East and South Asia,
regional accommodations have not yet been reached to enable the full application of the non-
proliferation regime. Indeed, the nuclear weapon tests conducted last year by India and
Pakistan sent two clear messages: the international community must increase its focus on
perceived and real regional instabilities which are the driving forces behind the acquisition of

nuclear weapons and it must accelerate the process of nuclear disarmament.
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Two actions are urgently required to move towards nuclear arms reduction and the ultimate
elimination of nuclear weapons: a ban on the production of fissile material for nuclear
weapons and other explosive devices and a gradual reduction of existing stockpiles of such
material. As to the first of these, negotiations in Geneva, in which the Agency has been asked
by the United Nations General Assembly to assist if requested, unfortunately have not yet
restarted. As to the second, some further progress has been made in preparatory work in
anticipation of requests from the Russian Federation and the USA for the Agency to verify
that fissile material removed from nuclear weapon programmes in the two countries remains
in peaceful activities. But agreement is still to be reached on the modes of financing these and

other nuclear arms reduction measures.
The Strengthened Safeguards System

Effective verification is indispensable to advancing the agenda for the reduction of nuclear
arms and their eventual elimination. The role of the IAEA, through its verification and
safeguards activities, is to provide the necessary assurance that States are complying with the
nuclear non-proliferation and arms control commitments they have undertaken. Over 180

States have undertaken to accept IAEA safeguards on their nuclear material and activities.

Since 1991, and as a result especially of the Agency’s experience in Iraq, it has become clear
that effective safeguards must provide assurance not only about the nuclear activities declared
by a State, but also about the absence of any undeclared activities. To do this, the system has
needed to move beyond its focus on nuclear material accountancy — essentially a quantitative
audit system designed to keep track of material declared to the Agency — to a system based
on more qualitative assessments. This has entailed development in three major directions:
more information, wider access to locations and greater use of advanced technology in areas
such as remote monitoring and environmental sampling. In implementing this system, the
Agency’s objective is to achieve optimum effectiveness and efficiency by meshing fully the

traditional nuclear material accountancy system with the strengthened measures.

In order to introduce the strengthened safeguards system, the IAEA Board of Governors

approved in 1997 a Model Additional Protocol which provides the necessary legal authority
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for implementing the new measures. On the basis of the model, States are invited to conclude
a Protocol additional to their existing safeguards agreement. Japan’s Protocol was signed last
December and is now before the Diet for approval for ratification. To date, Additional
Protocols covering 40 States have been signed. I would hope that that by the year 2000

adherence would be global.

The introduction of the strengthened safeguards system will raise substantially the level of
assurance, but it must be recognized that, even with full implementation, nuclear material
safeguards cannot provide 100% guarantees. Some uncertainty is inevitable in any country-
wide technical system that aims to prove the negative, that is to prove the absence of
concealable objects or activities. For this reason, while safeguards are a key element, they
must be supplemented by other mutually reinforcing non-proliferation components. These
include export control and, most importantly, regional and global security arrangements

which aim at removing the incentives to acquire nuclear weapons.

Finally, a brief word on illicit trafficking. The potential threat to public safety and the danger
of nuclear weapons proliferation from the illicit trafficking in nuclear material and other
radioactive sources is an area of major international concern. While there are no known cases
where weapons or weapons. components have been stolen, there have been cases of theft of
nuclear material. In the past 12 months, the Agency’s Illicit Trafficking Database programme
has recorded 6 incidents involving nuclear material (mostly in insignificant quantities), 24
incidents involving other radioactive sources and 2 incidents involving both. The prevention
of illegal movements is a national responsibility but regional and international co-operation is
essential. Through information exchange, training, technical assistance and other support
services, the Agency is assisting Member States to prevent, detect and respond to theft,

diversion and other unauthorized uses of nuclear material and other radioactive sources.
Conclusion

Three decades ago, nuclear energy was hailed as the energy of the future. Today, its growth is
Stagnant in many parts of the world and it is not absolutely assured that global environmental

considerations will, by themselves, result in new investment in nuclear power generation. The

85



12

extent to which objective consideration will be given to the positive contribution of nuclear
energy to human welfare and sustainable development in general depends on ensuring its
peaceful and safe use and its competitiveness in the market place. I must emphasize that these
are not competing objectives - there is no trade-off between peace, safety and economics. All

must be pursued equally.

The challenges to the future of nuclear energy require an active response. The world would
not be well served if an important energy choice were to be foreclosed unnecessarily. A strong
and effective global safety culture, well focused research and deve'lopment programmes for
safer and more efficient nuclear technology, and purposeful commitments to non-proliferation
and moves towards nuclear disarmament are essential building blocks for public confidence.
In each of these areas strengthened international co-operation is key to successfully meeting

the challenges of the new millennium. This is a task to which the IAEA remains committed.
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THE MIDDLE EAST: VITAL GEOPOLITICAL AND STRATEGIC INTERESTS

Judith Kipper
Director, Middle East Forum
Council on Foreign Relations

The Middle East continues to be a region of major strategic interests in energy for
the United States, Japan and Europe. The free flow of oil from the Persian Gulf at
reasonable prices to fuel the global economy is vital in times of prosperity as well as in
times of recession. Following the Gulf War, the United States assumed responsibility for
security in the Persian Gulf coupled with a policy of containment in the form of United
Nations sanctions for Iraq and unilateral American sanctions for Iran. This policy of
containment has been effective militarily to limit the capacity of Iraq to threaten its
neighbors and to prevent Iran from obtaining advanced weapons systems. The
importance of the Middle East, particularly the oil rich Persian Gulf, will grow over time

geopolitically and strategically.

This region, even after the end of global tensions in the Middle East during the
Cold War, has many critical sources of potential instability. While the political discourse
and the media may focus primarily on one issue, Islamic extremism, the real sources of
instability are demographics, lack of development and what can be described as
“statism.” Other familiar and important sources of instability include the Arab-Israeli
conflict, corruption, water shortages, lack of democratization, terrorism, lack of civil
society and abuse of human rights. Broader sources of instability are less familiar and

include proliferation, labor, structural and agricultural issues.

The United States now gets only about 5% of its imported oil from the Persian
Gulf. As Asian economies recover, the Gulf will become primarily an exporter to Asia
which will dramatically change the financial, trade and potentially strategic relations
between the Gulf and the West and between the Gulf and Asia. Recycling petro-Yen and

the protection of Asian sea lanes will be major strategic issues for Japan in the near future.
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Saudi Arabia continues to be the major player in capacity and impact on any
energy emergencies. To avoid over dependence on Saudi Arabia, Iran, Iraq and Libya
must come on-line fully, however, political and financial problems have prevented the
development of production capacities in those key countries. Dubai, Iran, Qatar and
Oman will emerge as new “gas” powers possible new pipelines, LNG exports, ports and
tankers will change the strategic map in the Gulf. On these issues, the Persian Gulf
could eventually interact with Central Asian exports primarily due to the question of

pipelines.

What is vital for global energy security is that all Gulf exporters require massive
investment in new production capacity and related infrastructure to maintain moderate
prices and to ensure a secure supply of oil and gas over time. This is a major concern
for energy security as the direction of Gulf exports decisively shifts toward Asia. Again,

investment to increase capacity will weigh heavily on Japan’s strategic interests.

To illustrate this point, in 1995 Asian imports were approximately 4.8 mbd with a
projected increase over 20 years to 17 mbd in the year 2015. Total World oil imports in
1995 were 37.1 mbd with about 14 mbd —less than half-coming from the Persian Guif.
Total world oil imports in 2020 are projected to be about 71 mbd with some 42 mbd-more

than half- coming from the Persian Gulf.

In comparison, the Carribean Basin and the Former Soviet Union (FSU) are each
expected to export only 5 mbd by the year 2020 with even less from South America and
the North Sea.

While Iran, Iraq and Saudi Arabia are the major Persian Gulf military powers, it
is unlikely that any of the smaller Gulf states including Saudi Arabia can now or in the
foreseeable future defend themselves. The presence of United States forces in the Gulf is
now accepted as a permanent factor in the area to provide energy security. Secretary of
Defense William Cohen’s recent Middle Eastern tour emphasized the close cooperation
between the United States and the smaller Gulf states. During his tour, he revealed that
the United States will share intelligence on the missile programs of Iran and Iraq and
provide early warning of missile launches in the region to American allies; advanced

weapons systems will be provided to several states and the US will discuss with Qatar the

3
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expansion of accommodations for American forces and prepositioning of equipment;
both Saudi Arabia and Kuwait will work with the United States to study chemical and

biological threats as well as defenses against those weapons.

Economic development in the Middle East and North Africa has lagged making
the region the slowest growing in the world. The GDP of these areas was flat from 1979-
1994 in comparison with East Asia and the rest of the world. The Gulf states’ failure to
diversify economically has slowed growth and kept them behind other parts of the
Middle East. Recent low oil prices have resulted in an even further decline in economic

growth during 1998.

Investment has been affected by the Gulf War coupled with a decade of
government deficit spending and the steady growth of entitlement programs in a climate
of a decline in real oil revenues. The failure to emphasize development of the private
sector has resulted in an export of capital. State industries and utilities cannot fund their
own investment creating a vicious cycle of growing government spending and lack of
investment opportunities. The rate of job creation is slowed encouraging the reliance on

lower-cost foreign labor.

In this economic environment, oil exports are simply not enough to sustain wealth
or even the standard of living. Inter-Arab trade is negligible, agriculture is not well
developed and little effort has been made to diversify. Budgets usually rise to exceed
maximum revenues during periods of high oil prices, but decline when prices are low.
Subsidies, entitlements, and defense spending contribute to high budgets leaving little
capital for investment. State domination of the economies of the Gulf along with major
budget deficits which are financed by domestic borrowing exacerbate the problem.
Compounding the slow economic growth and lack of structural reform is the
demographic crisis in the Gulf. Population growth is a critical threat to Iran, Iraq, Saudi
Arabia and Yemen. Oil revenues will not stop a steady drop in per capita income without
far more serious cuts in growth. Saudi Arabia’s per capital income is already only 50%

of what it was in the mid-1980’s . The population of Saudi Arabia grew from 15.8 million
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in 1990 to 18.6 million in 1995. In the year 2000, it will rise to 22 million, 25.8 million in
20005, and 30 million in 2010. This demographic growth in Saudi Arabia means the
population will double between 1990 and 2010.

Iran’s per capital income is down to the pre-petrodollar boom of the 1970’s.
Iran’s population growth may prevent future growth in real per capital income. Iran’s
population grew from 56 million in 1990 to 65 million in 1995. The population is likely to
rise to 75 million in 2000, 85 million in 20005 and close to 100 million in 2010.

Iraq’s per capital income , now at a crisis level, dropped some 50% between 1980-
1989. The population of Iraq grew from 18 million in 1990 to 21 million in 1995 despite
sanctions. Iraq’s population is likely to reach 24.5 million in 2000, 2814 million in 2005
and 32.5 million in 2010. ‘

The demographic explosion is also critical in other Gulf states. Oman - will grow
from 1.5 million in 1990 to 3.3 million in 2010. Bahrain with little oil wealth will be
affected by population growth from 503,000 in 1990 to 771,000 in 2010. Qatar will grow
from 486,00 in 1990 to 693,000 in 2010, but can manage this demographic increase if
foreign labor is expelled. The United Arab Emirates will grow from 1.6 million in 1990 to

2.3 million in 2010 which will need to be carefully managed.

The outlook for the Persian Gulf is bleak. Economic, demographic and security
problems are characteristic of a region which has not been able or willing to diversify and
is not capable of defending itself. Iraq will continue to be a problem for the
international system. Sanctions cannot and will not be lifted without Iraq’s compliance
with United Nations Security Council Resolutions on weapons of mass destruction. The
split in the United Nations Security Council on how to persuade Iraq to comply with the
UN Resolutions is in itself a threat to the international system. Consensus of the
permanent 5 members of the United Nations Security Council-United States, United
Kingdom, France, China and Russia-has been an essential element of global stability
during and since the Cold War. Today consensus does not exist in the Security Council
which limits the effectiveness of the United Nations at a time when its role is vital in

dealing with Iraq and other international conflicts.
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The United States policy for Iraq of “containment plus change of regime” does
not in any way contradict the demand by the United Nations Security Council for Iragi
compliance on eliminating its weapons of mass destruction. It is unlikely after forfeiting
some $120 billion in oil revenues that the Iraqi regime is ever going to comply. Its
elaborate deception and concealment policy is a priority for Iraq which is not yet willing
to give up weapons of mass destruction. While many countries have weapons of mass
destruction, a global transnational issue, it is intent that determines the threat. Saddam
Hussein without these weapons would just be a brutal dictator in his own country, but not

a regional and international threat.

The United States is prepared to enter into a dialogue with Iran without pre-
conditions to enable both Washington and Tehran to put issues of concern on the table for
discussion. At this time, Iran is not yet ready for such an official dialogue because of
the domestic political struggle between conservatives represented by the Supreme Leader
Ali Khameni and the moderates represented by President Mohamed Khatemi. This
transition in Iran is a struggle for the post-revolutionary heart and soul of Iran. While
Islam is the voice of the political discourse, it is the re-emergence of Iranian nationalism
and Persian culture that is important to most Iranians. President Khatemi did not create
the change in Iran, rather his overwhelming election allows him to represent the
aspirations of the youth in Iran, most of whom were very young at the time of the
Revolution 20 years ago or born since. While there are many political factions in Iran,
none are asking to change the system. What they are asking for is more openness and
more freedom, a process of democratization and normalcy which will allow Iran to once

again become part of the international community.

This transition in Iran will take time. Elections have proved an important vehicle
for the moderates as seen in the recent municipal council elections. The next elections
for the Majlis (Parliament) will be critical. New legislation is desperately needed to
make structural reforms in the economy, banking system and investment laws to increase
productivity and job creation. Iran’s economy is in a state of crisis and decisionmaking
on strategic issues such as the oil and gas industry are delayed by the stalemate in the

political situation.
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Iran’s geopolitical importance and its legitimate concerns about its own security
cannot be underestimated. Iran has a NATO member, Turkey on its border, the Taliban
in Afghanistan are a direct threat, and Pakistan, a country in crisis, has become a nuclear
power. Iran has succeeded in normalizing its improved relations with Saudi Arabia
which serves the interests of both countries, however, Iran’s improved relations with the

Arab states is expedient as historical conflicts and mistrust still exist.

A discussion of the Middle East must include concern about North Africa’s
economic and demographic crisis which directly threatens Europe and the Mediterranean
region. And, the Arab-Israeli conflict remains a constant source of tension in the region
and in relations between the United States and some of its European and Arab friends.
This conflict has a serious domestic constituency in the United States Congress and
public opinion. While an effective and powerful Israeli lobby does exist, no lobby can
create support if there is none within the body politic. A lobby can only tap and make

use of that support to bring attention to an issue.

After the Israeli elections in May and the run-off in early June, the President has
pledged that he will again become personally involved to implement the Wye Plantation
accords between the Palestinians and the Israelis, to begin final status talks and to
encourage Syria and Israel to restart their negotiations as well. The road to peace in the
Arab-Israeli conflict is long and hard with many obstacles along the way, however, there
is no doubt that, in time, Israel and the Arabs will be at peace as neighbors. Ironically, a
permanent Arab-Israeli peace will further illuminate the focus on the real threats to
instability in the region — economics, demography, water, lack of representative

governments, state control and corruption.

SUMMARY:

When the President of the United States takes a geopolitical look at his foreign
policy problems each day, the on-going economic crisis in Japan is probably the most
important issue. The United States and Japan are 40% of the global economy and Japan
is 75% of the Asian economy. The United States has long advocated Japan’s playing the

role that it deserves, however, its economic decline can still potentially impact negatively
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on the United States and the global economy. Washington’s concern and anxiety about

structural changes in the Japanese economy are major issues for this administration.

Another major issue for the President is potential instability in Russia, a major
power with nuclear weapons which is, today, in a state of economic, political and
military crisis. Structural reform in Russia is likely to be a decades long project making
this issue a permanent strategic concern for the United States and its Japanese and

European partners.

Beyond Japan and Russia, the President must be concerned about key
transnational issues which include weapons of mass destruction, energy security,
environmental questions, narcotics, hunger and health, clean water, safety of sea lanes,
transfer of technology, the impact of computer technology and the gap between the rich
and poor countries. Regional crises in Europe as in Yugoslavia, Africa as in Rwanda, the
Middle East and elsewhere will continue to become inflamed periodically requiring
immediate attention from Washington and Tokyo as well as the capitals of Europe.
Multilateral approaches to resolving conflicts more often than not are accompanied by
massive humanitarian requirements. These may be the responsibility of the United States
as the sole superpower, but in the transition since the end of the Cold War, Washington is

less and less able to act alone.

The Middle East, always a front-page story in the United States, is the one region
where so many strategic interests, concerns and issues coincide. Despite the search for
alternative sources of energy, for the foreseeable future, long into the next century and,
perhaps, beyond, the global economy will be ever more dependent on the free flow of oil

at reasonable prices from the Persian Gulf.
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Introduction

With the world population set to double over the next fifty years, various authoritative
organisations have forecast the energy resource requirements to sustain global
development. Maintaining the economic status of the leading nations and the
progress of the developing countries, as well as extending these standards of living
globally, will place huge demands on the energy supply industry. Some reference
scenarios predict almost a three-fold increase in energy demand to meet these

expectations.

The serious issue of global warming and climate change has gained much attention in
the last decade. The United Nations Framework Convention on Climate Change was
agreed at the ‘Earth Summit’ in Rio de Janeiro in 1992. This was followed by a
succession of Conferences of the Parties to the Convention (COPs) which sought a
consensus on the practical implementation of the ideals of the Convention. The
participating nations adopted the long-term aim of stabilising the concentrations of
greenhouse gases in the atmosphere, without impairing continued economic and

social development. By the third conference meeting, COP3, held in Kyoto in 1997,
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hard commitments were being made to actually reduce the emissions of carbon

dioxide against historic levels.

Hence, the challenge for energy supply over the coming half century was to provide at
least twice as much energy, whilst demonstrating improved environmental
performance. It became clear that the future role of nuclear energy needed to be
viewed in the context of climate change. Nuclear power is a well-developed energy
source, which already avoids the emission of more than two billion tons of carbon
dioxide per year. Achieving the Kyoto commitments requires a long-term energy mix
strategy that takes account of the environmental impact of our energy sources, shifting

away from the fossil fuel dependence seen throughout the world.

Electricity Generation in the United Kingdom

The last decade has witnessed a dramatic change to the structure of the electricity
supply industry in the United Kingdom. The privatisation programme, a period of
relaxation of restrictions on the use of natural gas for power generation and the
development of efficient gas generation technology have resulted in rapid changes
within the generation sector. Combined cycle gas turbine (CCGT) stations will
acquire about 30% of the market by the turn of the century, largely at the expense of
coal-fired generation. Wholesale prices for baseload electricity have consistently

fallen, with all generators striving to remain competitive.
The environmental benefits of nuclear power, in terms of the negligible emissions of

greenhouse gases, were well known, but gave little leverage in a market place that

placed no value on the environment. As recently as 1995, the Government recognised
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the key role of nuclear power in meeting the national energy needs, but concluded that
additional nuclear generating capacity was not needed on the grounds of emissions
abatement. At that time, public sector support for additional nuclear stations was seen

‘as unwarranted interference with the deregulated electricity market.

The rate of progress in addressing climate change has seen some shift in Government
thinking and future energy strategy. The present Government in the United Kingdom
has targeted a 20% reduction in carbon dioxide emissions by 2010 as its response to
the Kyoto protocol. This will need the emission of some 18 million tonnes of carbon
to be avoided, but what does this challenging target mean in the context of the future

for nuclear power?

In 1997, nuclear power contributed almost 30% of the total electricity generation in
the United Kingdom, which was broadly equivalent to the generation from coal and
gas resources. Based on this fuel mix, nuclear géneration currently avoids the
emission of more than 17 million tonnes of carbon. If the current nuclear power
stations are not replaced by new nuclear plants as they close, then the output of
nuclear by 2010 will be around 70% of its current level, declining to 33% by 2012
and to 10% by 2022. Even assuming that electricity demand remains constant,
replacing the current nuclear power stations with gas stations would result in the

emission of an additional 10 million tonnes of carbon.
The Trade and Industry Select Committee Report on Energy Policy recently stated:

“While a major effort would be required to turn around public opinion, and despite

the current unfavourable economic case for new nuclear plant, the question as to
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eventual new nuclear build cannot and must not be ducked any longer. We
recommend that a formal presumption be made now for purposes of long-term
planning that new nuclear plant may be required in the course of the next two
decades.” It is not therefore unreasonable to expect that the United Kingdom should

seek to replace its nuclear fleet with new capacity in the next twenty years.

Energy Security in the United Kingdom

Securing long-term energy supply is a key component of national security. Energy
policies are inevitably dictated by local circumstances, such as access to natural
resources like coal, oil and gas. Each country needs to account for its present and
future energy requirements, economics, industrial objectives and obligations against
international commitments in defining their national energy policy. In the deregulated
electricity market of the United Kingdom, energy policy is directed at ensuring a
secure, diverse and sustainable energy supply at competitive prices. This diversity of
supply embraces the need for a variety of supply options, whilst achieving an
appropriate balance of resources in the energy mix. With a period of relaxed
restrictions on the use of gas, the choice of primary energy resource is now being left
to the market, which so far has placed no value on environmental detriment from the
various energy resources. The agreements made at Kyoto are perhaps only the
beginning of the environmental challenge to energy generation, and we should expect
even more challenging requirements to emerge from future international negotiations.
The Government needs to look beyond the current targets and timetable in defining

the forward energy policy and providing long-term emissions reductions.
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As part of the efforts to meet the obligations of the Kyoto protocol, some
consideration has been given to the concept of trading permits and downstream
energy taxation based upon the carbon content of the primary fuel. The nuclear
industry already accounts for the overall cost of generation, including plant
decommissioning and waste management, in its price to the electricity market.
Carbon measures would place similar responsibilities on the fossil fuel industry to

account for their impact on the environment.

The Position of BNFL in the United Kingdom

Following the recent integration of the first-generation Magnox nuclear power
stations into the BNFL Group, the Company generates more than a quarter of all
nuclear electricity in the United Kingdom, accounting for 8% of the total energy -
supply. In addition, BNFL is the leading supplier of fuel cycle services to the
industry, providing fresh fuel and spent fuel management services to support the
nuclear generating capacity in the United Kingdom. Through the provision of these
services, BNFL is well established as an integral part of national energy security. In
addition, by extending these services to overseas customers, BNFL has become an
important foreign trader. For example, the provision of reprocessing and recycling
business at the Company’s Sellafield site has made BNFL the United Kingdom’s

premier exporter to Japan.

BNFL remains committed to the future of nuclear power in the United Kingdom and
supports the replacement of the Magnox and Advanced Gas-Cooled Reactors (AGR)
to maintain the role of nuclear generation in the UK energy supply. We will be

playing an active role in developing the case for new nuclear generating capacity and
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through our recent acquisition of Westinghouse will be offering reactor designs

capable of fulfilling the national needs for safe, cost effective and efficient generation.

Global Vision

However, BNFL’s vision and>role extend to the global industry, with a forward
strategy that aims to maximise the value of the Company whilst securing the longer
term future for nuclear power. All aspects of the Company’s portfolio are key to this
growth strategy, as BNFL strives to achieve the full potential of its core businesses.
Our experience in clean-up and decommissioning projects has earned significant
overseas business, notably in the United States. The Company’s commitment to
reprocessing and recycling are reinforced by the operation of the Thorp reprocessing

plant and the construction of the Sellafield MOX plant.

This global vision is evident from the recent acquisition of Westinghouse, which will
give BNFL access to new markets, transforming the niche UK-based fuel business
into a major international player in the global nuclear industry. The Westinghouse
business supplies fuel and services to the world’s largest operating reactor fleet,
including the majority of the top performing reactors in the United States. We will be
seeking future opportunities for the reactor services business, including advanced
reactor designs like the AP-600, which will provide opportunities for managing stocks

of plutonium through effective utilisation of mixed oxide fuels.
We recognise the many challenges that the nuclear industry faces, principally in

maximising safety, managing spent fuel and waste arisings and achieving wider

public and political acceptability. Securing the future of the nuclear industry means

100



presenting a balanced view of nuclear power, which addresses the misconceptions and
presents nuclear as part of the solution for global energy security. This must be
achieved in an economic climate in which nuclear has to compete with cheap fossil
fuels that are generally exploited for short-term profit. Our collective confidence in
the future role of nuclear in the global energy mix should not prevent a continued
drive to reduce overall fuel cycle costs. Short-term cost reduction is vital in
maintaining this future against the challenge from other energy resources. Moreover,
we must maintain the development of advanced technology to attain improvements in
the costs of nuclear generation and the associated fuel cycle for the longer term. Cost

and environmental competitiveness will be key to our future success.

Sustainable Development

The once-through fuel management scheme utilises about 1% of the uranium as
mined, consigning much of the fissile and fertile content of the fuel to waste, whilst
the tails from the uranium enrichment process also remain idle. With known reserves
at present prices, we could expect this to keep the nuclear industry going for
something like the next 60 years. If we want to have more than a passing existence,
then such profligacy is clearly not a sustainable option and we have an obligation, as
responsible custodians of valuable global energy resources, to utilise these materials

fully.

Sustainable development of nuclear power relies upon responsible management of our
resources, with long-term commitments to reprocessing and recycling, leading to the
eventual deployment of fast reactor technology. We all know that optimum utilisation

of the uranium resource through fast reactors will achieve a major step-change in the
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projected lifetime of nuclear generation, with the potential to provide more energy
than the known fossil fuel resources combined. Even though the delay of fast reactor
deployment has been discussed widely, caused largely by political or economic
considerations as well as the remaining technical issues, BNFL continues to support
collaborative projects on fast reactor development, including participation in various
programmes examining reactor and fuel cycle technology. We are committed to
maintaining our knowledge and skills to keep fast reactor technology alive as a
realistic future option, whilst addressing the various issues which have inhibited its

deployment to date.

Nuclear Fuel Cycle

Responsible management and utilisation of our resources encompasses the whole of
the nuclear fuel cycle. The concepts of reprocessing and recycling are at the heart of
BNFL’s strategy for sustainable development. The costs associated with reprocessing
are comparable with other spent fuel management options, with recycling maintaining
the long-term stability of fuel costs. Moreover, reprocessing is a proven strategy for
the management of spent fuel, as recognised by the Pacific Rim countries in the
development of their nuclear power programmes and by the successful management
of spent fuel in both the United Kingdom and France. This can be contrasted with the
many uncertainties associated with other spent fuel management options, like interim
storage and direct disposal, as well as the current situation in nations which have

turned away from reprocessing.

Reprocessing is a well-established technology that offers the potential to enhance the

utilisation of the uranium resource. It also underpins the responsible management of
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wastes, since the overall volumes, particularly high level radioactive waste, are less

than those associated with the direct disposal of spent fuel.

Whilst the deployment of fast reactors is delayed, the recycling of plutonium as
thermal reactor mixed oxide (MOX) fuel represents a short-term responsible
utilisation of resources. In addition, the development of MOX technology keeps alive
the knowledge and skills associated with fast reactor technology, pending the revival
of fortunes that we expect to come for the nuclear industry. BNFL remains
committed to demonstrating the need for plutonium and promoting the utilisation of
MOX fuels in current and future reactor designs. The increasing use of MOX fuel
across the world is helping to establish plutonium as a valuable asset for use in
reactors, whilst effectively managing the stocks of plutonium for more effective use in
future. For example, assuming the replacement of the United Kingdom’s current
nuclear power stations with advanced reactors, such as the AP-600, would allow
significant fractions of MOX to be irradiated. The reactor would consume plutonium
in the fuel but would also avoid the creation of plutonium that would be bred in a
uranium oxide fuel assembly used in place of the MOX fuel. A fleet of such reactors,
with a total generating capacity equivalent to the current United Kingdom nuclear
generation, could consume the order of 5 tonnes of plutonium per year, whilst

avoiding the production of about 2 tonnes of plutonium.

Research & Development
Whatever the benefits of reprocessing and recycling, they will not convince the
electricity utilities if they result in a significant increased in the overall generating

cost. Current fuel reprocessing represents a relatively small proportion of the total
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spent fuel arisings, but competes directly with alternative strategies such as direct
disposal and interim storage. Wasteful as these options may be in the long term, and
at best delaying a firm policy decision for a generation or two, their immediate
advantages are liable to become compelling unless reprocessing and recycling can be

made more economically attractive.

The major challenge to the industry is the development of low cost recycle technology
and the acceptance of plutonium as a valuable energy resource. Implicit in this is the
need to counter the criticisms typically directed at the nuclear industry with regard to
safety, waste management, environmental performance and the potential for nuclear
proliferation, whilst maintaining credible prospects for the future. Historically, fuel
cycle developments have been restricted to discrete stages of the fuel cycle, with the
relationship between them receiving only limited attention. It is now essential that
fuel cycle developments are viewed holistically, addressing the relationships between
the various stages of the fuel cycle. The objectives of this holistic approach are the
achievement of minimum total cost, whilst maximising safety and minimising waste
generation. In response to this latter challenge, a sizeable component of BNFL'’s
extensive R&D programme is directed at the development of ‘back-end’ fuel cycle

technology.

After many years of dominance in commercial reprocessing, the scope for future
development of the Purex process is limited. In the absence of a serious commercial
rival at this time, development of reprocessing technology within BNFL is
concentrated largely on simplification of the process, aiming for enhancement of our

existing reprocessing capability and ensuring the availability of advanced technology
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for deployment in new reprocessing plants. In line with the considerations of the
holistic fuel cycle, the development programme aims to reduce costs, reduce effluents
and minimise wastes. Generally, the approach looks for changes to the processes of
fuel breakdown, dissolution and solvent extraction that will yield benefits downstream.
For example, one major element of the programme is the development of a single
cycle flowsheet, which would eliminate the need for separate processes to purify
uranium and plutonium product streams, whilst avoiding the production of several
liquid waste streams. Consideration is also being given to the requirement for
complete separation of plutonium from uranium, particularly if we envisage the
widespread utilisation of MOX fuel. Processes may therefore be adapted to produce
some uranium as pure oxide material, and a mixture of plutonium with the remaining
uranium. Alternatively, total co-processing of a mixed uranium and plutonium

product stream could be feasible.

The experience of BNFL in operating its Sellafield site has demonstrated that wastes
arising from the reprocessing of irradiated fuel are manageable. vHistoric and current
waste arisings are already being managed in ways that are satisfactory in terms of
engineering, safety and economics, and within regulatory limits. Although the waste
volumes and activities associated with aqueous reprocessing technology are
comparable with those arising from other spent fuel strategies and comparable
industrial activities, BNFL continues to actively research alternative technology for
the treatment of spent fuel, in particular the application of molten salts. This
technology offers the prospect of minimising liquid and aerial discharges, providing
that the waste forms can be optimised and dealt with. However, it is recognised that

substantial development work will be required to take the level of understanding and

105



engineering feasibility of such alternative processes to the same status as the well-
established and industrially-proven Purex reprocessing technology. This work will be
essential in drawing balanced financial and environmental comparisons between the
various spent fuel treatment options. Moreover, care must be taken to treat these sorts
of fuel cycle developments holistically, to ensure that the full impact of any

substantive change is accounted for in all parts of the fuel cycle.

Of course, the environmental spotlight has also addressed the impacf of reprocessing,
with the Oslo-Paris (OSPAR) convention agreement setting some demanding but
achievable targets for BNFL over the next 20 years. Significant progress has been
made in reducing the radioactive liquid discharges from BNFL’s Sellafield site, with
more than £2 billion invested in waste retrieval and clean-up plants. The majority of
this liquid discharge is actually associated with the retrieval of historic wastes and is

unrelated to the operation of BNFL'’s flagship Thorp reprocessing plant.

All major development work is expensive, and in the absence of significant external
subsidy must be financed from today’s profits. To the extent that various national
nuclear industries share the same market they are in competition, but there is mutual
benefit to be gained from collaboration, particularly in the pre-commercialisation
stages. BNFL continues to seek opportunities for cost-effective development via

collaboration with other research organisations across the world.
Global Energy Security

In the present political framework, energy security is established on a national level,

with local energy policy determined by the availability of natural resources, current
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and projected energy demand and economic circumstances. In some cases, alliance
within economic blocs, like the European Union, may provide some influence on the

electricity market place.

The concept of global energy security can oniy be built upon a sound foundation of
responsible national and localised policies and legislation, which acknowledges the
value of supply diversity and our future environmental commitments in meeting the
expected increase in world energy demand. There is a clear future role for nuclear
generation in attaining energy security whilst achieving international commitments on

climate change.

Ensuring the future of the nuclear industry in the current economic and political
climate requires a concerted effort to reduce costs and demonstrate our long-term
viability. Future efforts to improve the economics of the fuel cycle, particularly in
relation to reprocessing and waste management, are central to this mission. We must
demonstrate solutions for the ‘back-end’ of the fuel cycle and retain options for the
management of spent fuel. The commercial reprocessing of spent fuel in the United
Kingdom and France is a proven and reliable method of managing spent fuel,
particularly given the problems associated with other options currently available.
Indeed, overseas reprocessing is an important element of trade between Europe and
Japan, providing the cornerstone for ongoing nuclear co-operation and collaboration.

The future development of reprocessing technology relies upon the availability of
successful ongoing commercial operations. Adopting a policy of spent fuel
reprocessing and recycling is a strategic decision that is not compatible with the

commitment of ad hoc quantities of spent fuel for reprocessing. Local policies of
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‘wait and see’, whilst searching for viable alternatives, may seem tactically attractive
but could well put at risk the reprocessing business and the development and

maintenance of the technology and skill base for the future.

Nuclear power does have a role to play in meeting the energy demands of future
generations. BNFL'’s strategy is to be a leading player in securing this future and
achieving global energy security. Our commitment to the future of nuclear, including

the recent acquisition of Westinghouse, will help to realise this.

108



Coexistence of Challenge and Chances in China's

Nuclear Industry

MIN Yaozhong

Assistant President, CNNC

China National Nuclear Corporation (CNNC)

(April, 1999)

109



Coexistence of Challenge and Chances in China's Nuclear

Industry

Mr. Chairman,

Ladies and Gentlemen:

I have the honor to be invited to the 32nd Annual Conference of Japan
Atomic Industrial Forum as the head of CNNC delegation. Firstly, I'd like
to express our warm congratulations on the opening of the Conference. I
am very pleased to have this opportunity again with the external
counterparts to exchange the ideas about the issues on the development of

nuclear industry in China, Japan, as well as in other countries.

The year of 1998 saw the challenge and chances in China's nuclear
industry. Among three operating units in the mainland, two 900MW
PWR units in Daya Bay NPP still kept good operating performance, with
generated electricity totaling 12.94 billion kWh in that year, and the
capacity factor reached 82.6%. The Unit 2 continuouslly operated in
safety for 305 days, a new record created on the continued operation of
single unit since its commercial operation. The 300MW PWR unit in
Qinshan NPP has being operated for 73 months since its first connection
to the grid, and the average load factor reached 81% from 1995~1997,
and refueling and overhauling were conducted successfully three times as
planned. By the end of the 4th operation cycle, it was found that the
thimble guide tubes of the neutron flux monitoring system in individual
channels failed in operation. Therefore, a special in-service inspection for

the internal was arranged during the 4th refueling outage, which began

1
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from July 14, 1998. As found in the inspection, several thimble guide
tubes in the néutron flux monitoring system were damaged, and related
fasteners loosen and fallen. Because the number of the damaged guide
devices used for monitoring neutron flux in the reactor core remained
within the operation limit, the data acquisition was little affected. As
Qinshan NPP kept safely operating before the overhaul, the nuclear safety
was not influenced, even the environment. Based on the principle of
“Safety first and quality first”, Qinshan NPP requested the foreign
company to repair this internal. At present, the repair is proceeding as
planned. It is estimated that the unit will restart up in this July. Other
repair works have been finished successfully. The owner is holding the
chance in personnel training in order to improve the safety culture of all

the staff and workers in the plant.

Four nuclear power projects have been initiated successively during the
Ninth Five-Year Plan, i.e. Qinshan Phase II, Guangdong Ling’ao,
Qinshan Phase III and Lianyungang NPPs, consisting of 8 units with total
installed capacity of 6,600 MW. Qinshan Phase II project consists of self-
designed and constructed 2 X600 MW units; the first concrete was
poured in June 1996, and the containment of Unit 1 has been domed by
now, and that of Unit 2 will be domed in this September. Unit 1 is
expected to connect to the grid in 2002. Guangdong Ling’ao NPP, 1 km
west of Daya Bay NPP, is composed of 2X980 MW PWR units; the
concrete was first poured in May 1997, and the installation of the nuclear
island was started in January 1999 ahead of schedule, and Unit 1 is
expected to put into operation in 2003. Qinshan Phase III with 2X720
MW CANDU-6 units is a turnkey project contracted by AECL. The
project is well underway since the first concrete was poured in June 1998,
and both containment have been domed within duration shorter than the
schedule. The unit 1 is expected to run in 2002. Two advanced/91 VVER-
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1000 PWR units (with an installed capacity of 2X1000 MW) were
imported from Russia for Lianyungang NPP. The design and the main
equipment of the nuclear and conventional islands are undertaken and
supplied by Russia, while some other equipment by third countries,
including the TXP/TXS all-digital instrument & control system from
Siemens. It is predicted that the first concrete will be poured in October

1999, and Unit 1 put into commercial operation in 2004.

Mr. Chairman, certain scale has been formed in China’s nuclear fuel
cycle industry through nearly 40 years’ development on the principle of

self-reliance combined with opening to the outside.

China is relatively rich in uranium resources, and has rather large proven
reserves. In recent years, the focus of uranium exploration has been
transferred from southern mountainous areas to the vast north-western
and northern basins in China. Great progress has been made in
exploration of large-scale and low-cost sandstone uranium ores applicable

to in-situ leaching.

Other than the existing diffusion enrichment capability, China purchased
the centrifuge enrichment equipment from Russia in the past few years.
As a result, the uranium enrichment production in China will meet the
needs of separative work required by PWR nuclear power plants until the
beginning of next century. In addition, substantial progress has been
made in self-development of new composite sub-critical centrifuge, and
the Research & Development on laser separation of uranium isotopes is

carried out smoothly.

The fabrication of nuclear fuel elements has been localized and serialized
in China. The fuel assemblies for 300, 600 and 900 MW units can now be
fabricated all by our own. The exiting fuel assembly lines are being
backfitted for higher burn-up and longer refueling cycle. Meanwhile, in

3
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order to accommodate the development of nuclear power, China will
further increase the productivity of PWR fuel elements, and initiate the
preparation work for HWR and VVER fuel fabrication to supply fuels
used in the nuclear power plants imported from Canada and Russia

respectively.

China consistently adheres to the policy of reprocessing the spent fuels
arising from nuclear power plant. A pilot spent fuel reprocessing plant is

constructed as scheduled, and will put into use in 2000.

Great achievements were gained in the treatment and disposal of
radioactive wastes in China. Several low- and intermediate-level solid

radwaste repositories have been completed or under construction.

In order to fit in with the development of nuclear power, China is making
more efforts to carry out research and development in nuclear energy.
Important periodic progress has been achieved in research of the AC-600
advanced PWR, a potential reactor type facing to the next century. With
the preliminary design of the experimental fast reactor completed,
construction began in December 1998, and fuel loading and operation of
the reactor can be expected in 2003. Satisfactory research results have
been obtained on HL-IM (China’s controlled fusion device), and
construction of HL-2A began last January, the completion of this project
will create favourable conditions for research in nuclear fusion. In
addition, in the research and development work on nuclear heating
reactor and high-temperature gas-cooled reactor, positive results have

been accomplished.

Mr. Chairman, 1998 was a year of significant reforms in management
system of China nuclear industry. Following the decision made by the
new government headed by Premier Zhu Rongji, the governmental
functions of the China National Nuclear Corporation (CNNC) will be
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transferred to the China Atomic Energy Authority (CAEA) under the
jurisdiction of the Commission of Science Technology and Industry for
Nation Defense (COSTIND). Then, CNNC will be reorganized into a
consortium, and the reorganization will be completed before long. The
China Nuclear Industry Group Corporation reorganized as a consortium
with exclusive state investment will meet greater challenges in nuclear
power research and development, improvement of self-reliance ability,
market exploitation, etc. under the conditions of much opening market
economy. The Tenth Five-Year Plan for the development of national
economy is being prepared by associated governmental departments.
Enterprises and units relating to the energy development, including the
China Nuclear Industry Group Corporation, are actively preparing their
proposals. Based on an overall balance of the national economic
development and need of energy resources, the central government will
draw up the Tenth Five-Year Plan and medium and long-term
development programs on nationwide power construction including
nuclear power. We believe that nuclear energy, as one of safety, clean
and efficient energy resources, will certainly make due contributions to

the sustained development of national economy in China.

Thank you, Mr. Chairman
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Nuclear Power in France : Turning a Weakness into a Strength

by Bertrand BARRE
Director of Nuclear Reactors, CEA, Fi rance
Vice-chairman of the European Nuclear Society

France is a medium size country enjoying a good climate, a pleasant way of life and a
good food, but endowed with very little fossil energy resources. In the 50s and 60s,
huge efforts have been made to equip all the promising hydroelectric sites, while
domestic coal sources dwindled, and most of the economic growth was fuelled by
imported oil. Accordingly, energy dependence grew considerably.

On the other hand, though actual nuclear power implementation and generation had
been modest, France had fully developed the necessary scientific, technical and
industrial background both for the reactors, including FBRs, and the full fuel cycle.

With the oil crisis, energy dependence became unbearable, and France decided to
launch an extremely ambitious program of nuclear power deployment. As a result, the
primary energy mix of France consists today of 40% oil, 30% nuclear power, and 30%
from all the other energy sources. We cover now 50% of our energy needs from
domestic resources... but maintaining such a ratio will prove quite a challenge. In
addition, clean nuclear power makes France a very low emitter of greenhouse effect
gases among the industrialised countries. Furthermore, the strong standardised nuclear
program has constituted the basis upon which the French nuclear industry is exporting
throughout the world. We have in effect, through technology, turned our weakness -
low fossil reserves - into an asset.

Those achievements, which some people dub « the French exception » even though the
Japanese situation, for instance, is quite similar, explain why, apart from the
radioactive wastes issue, nuclear power is relatively well supported by the French
population.

But energy issues are not limited by national boundaries. During the next few decades,
the world population will grow significantly, and the major part of this increase will

occur in those regions of the planet which are today low energy users.

Faced with the depletion of fossil resources and the necessity to adopt prudent policies
for their combustion because of its possible effect on the global climate, it is hard to
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imagine any sustainable development without some kind of nuclear revival : We must
make it happen.

In term of resources, with recycling now and the future use of fast neutron reactors,
nuclear power is sustainable. Economic competitiveness should not be too difficult to
achieve, or regain, after the present « gas bubble ». The real challenge is to secure
public confidence, to alleviate fears about safety and proliferation, and to demonstrate
an accepted way of disposal for the long-lived radioactive wastes. This is not a list of
problems, this is an agenda for actions.
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Nuclear Power in France : Turning a Weakness into a Strength

by Bertrand BARRE
Director of Nuclear Reactors, CEA, France
Vice-chairman of the European Nuclear Society

Abstract
France is 2 medium size country enjoying a good climate, a pleasant way of life and a good food, but
endowed with very little fossil energy resources. In the 50s and 60s, huge efforts have been made to
equip all the promising hydroelectric sites, while domestic coal sources dwindled, and most of the
economic growth was fuelled by imported oil. Accordingly, energy dependence grew considerably.

On the other hand, though actual nuclear power implementation and generation had been modest,
France had fully developed the necessary scientific, technical and industrial background both for the
reactors, including FBRs, and the full fuel cycle.

With the oil crisis, energy dependence became unbearable, and France decided to launch an extremely
ambitious program of nuclear power deployment. As a result, the primary energy mix of France
consists today of 40% oil, 30% nuclear power, and 30% from all the other energy sources. We cover
now 50% of our energy needs from domestic resources... but maintaining such a ratio will prove quite a
challenge. In addition, clean nuclear power makes France a very low emitter of greenhouse effect gases
among the industrialised countries. Furthermore, the strong standardised nuclear program has
constituted the basis upon which the French nuclear industry is exporting throughout the world. We
have in effect, through technology, turned our weakness - low fossil reserves - into an asset.

Those achievements, which some people dub « the French exception» even though the Japanese
situation, for instance, is quite similar, explain why, apart from the radioactive wastes issue, nuclear
power is relatively well supported by the French population.

But energy issues are not limited by national boundaries. During the next few decades, the world
population will grow significantly, and the major part of this increase will occur in those regions of the
planet which are today low energy users.

Faced with the depletion of fossil resources and the necessity to adopt prudent policies for their
combustion because of its possible effect on the global climate, it is hard to imagine any sustainable
development without some kind of nuclear revival : We must make it happen.

In term of resources, with recycling now and the future use of fast neutron reactors, nuclear power is
sustainable. Economic competitiveness should not be too difficult to achieve, or regain, after the
present « gas bubble ». The real challenge is to secure public confidence, to alleviate fears about safety
and proliferation, and to demonstrate an accepted way of disposal for the long-lived radioactive wastes.
This is not a list of problems, this is an agenda for actions,
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1. Introduction

Twelve hours of flight away from Japan, France seldom appears on the front page of
the Asahi Shimbun. From abroad, France is best known for the Eiffel Tower, the
castles of the Loire Valley, perfumes and wines, and sometimes the high speed bullet
train which competes with the Shinkansen Nozomi. Sport buffs may also know that we
won the Soccer World Cup last summer... and I am sure that the French nuclear
program is well known by the JAIF attendants, but probably not so well by the man-in-
the-street

(Slide 1).

I am, therefore, happy to be offered this opportunity to share with you some views
about my country, what makes nuclear power so important for us, and why I believe it
is important for all mankind.

2. Postcard from France

With an area covering 555 000 km?, and 60 million citizens, France is a medium sized
country with varied landscapes : many coastlines along 4 seas, high mountains, big
rivers, gentle hills and fertile plains. Blessed with an almost ideal temperate climate,
French agriculture makes France a food exporter, and gastronomy is almost.a national
sport. With a rather good equilibrium between agriculture and industry, and some high-
tech achievements, France ranges among the seven richest countries in the world, the
famous "G7", and we enjoy a time honoured artistic and literary tradition. Our way of
life is so pleasant that our German neighbours describe good living with the expression

"Wie Buott im Frankreich" : like God in France.
But, as far as energy is concerned, France is no Middle East !
(Slide 2)

With 1 % of the world population, we consume 2,6 % of the world primary energy,
(the average Frenchman consumes 4 toe per year, slightly more than the average
Japanese, and about half as much as the average US citizen). But only one half of this
energy comes from domestic resources. Specifically, we have to import almost all the

oil and gas we use, and our total fossil reserves are pitiful. But such was not always the
case.
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3. From Suez to Kippur

In the 50s, reconstruction and post-war growth was fuelled by domestic coal and
hydropower, and France was close to self sufficiency energy-wise. Furthermore,
significant deposits of oil had been discovered in the Algerian-Sahara which, then, was
a part of France.

In addition, a medium-size gas field was exploited in Lacq, not far from Bordeaux,
allowing us to invest into a complete gas pipe network.

(slide 3)

A first warning came in 1957 : after the ill-fated Suez expedition, France suffered a
temporary embargo from Arab countries, which illustrated that our growing
dependency from imported oil carried with it some drawbacks. Nevertheless, those
were the "glorious" days of high economic growth, which went on happily, now
fuelled by inexpensive Middle-East Oil. Domestic coal dwindled, followed by
domestic natural gas, but energy imports were cheap, and the economy, booming. By
1973, with all our promising hydroelectric sites then equipped, 69 % of our primary
energy came from oil, mostly imported despite some finds in Aquitaine and the Paris
Basin, and only 23 % of our energy came from domestic sources.

With the first oil shock, and even though there never was a real embargo, the situation
became overnight unbearable.. For 20 years we had behaved like cicadas in summer,
but now winter was upon us : something had to be done.

To motivate citizens, the French government was running TV ads saying : "En France,
on n'a pas de pétrole, mais on a des idées", "in France, we have no oil, but we have got
ideas". Quite frankly we had only two ideas to recover some degree of energy
independence :

e idea # 1 was Energy Conservation

o idea # 2 was Nuclear Electricity.

And, as it turned out, both ideas did work...

4. Nuclear preparedness

In 1973, the handful of small power plants then in operation generated only 8 % of the
French electricity, a rather modest contribution by European standards. But nuclear
power was very much a part of our culture, of our background.
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We were proud that radioactivity had be discovered - one century ago - by Becquerel
and the Curie couple and that the first patents on the use of nuclear fission had been
deposited in 1939 by a French team led by Frederic Joliot.

As early as October 1945, General de Gaulle established the French Atomic Energy
Commission, CEA, with a mission to develop and promote every uses of this novel
form of energy,

(Slide 4)

and by December 1948, ZOE, our first research reactor, had reached criticality .

In 1946, French prospectors had discovered rich uranium deposits near Limoges, and
from 1956 to 1968 we developed a first generation of nuclear power plants - somehow
similar to the British MAGNOX : These plants used natural uranium as a fuel, in order
to escape what was, then, a US monopoly on uranium enrichment. The core of these
reactors was moderated by graphite and cooled by carbon dioxide.

Together with the reactors, we had also developed a complete industry of the fuel
cycle : uranium mining and refining, enrichment, reprocessing and HLW vitrification.
After Rapsodie, we had even started development of fast neutrons breeder reactors :
250 MWe Phénix went critical in December 1973.

By 1969, mastery of the uranium enrichment by gaseous diffusion, developed initially
for military purposes, had alleviated the fear of monopoly, and EdF, our national utility
decided to turn to more compact LWRs, built by the French industry under US license.

Five 900 MWe PWRs were under construction in France by Fall 1974. The stage was
set.

5. The "Messmer' Program
(Slide 5)

In reaction to the oil crisis, the French government instructed EdF, in the fall 74, to
launch a massive program of nuclear power deployment, with the aim of restoring
partly our energy independence by eliminating oil from our electricity generation mix.

This massive program was unique in many ways, but its most prominent feature was
standardisation :

e 34 900 MWe PWR
e 20 1300 MWe PWR
e 4 1450 MWe PWR, built by multiple units on each site.
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gtandardisation allowed for size effects and shortening of construction time : all these
factors led to very competitive nuclear power generation. Standardisation was also
made possible by another French specificity namely the very limited number of actors :
one utility, EJF, one reactor vendor, Framatome, one Fuel Company, Cogéma, backed
by one R & D organism, the CEA, with strong interactions among one another.

(Slide 6)

And the challenge was met : since 1990, nuclear power and hydropower have been
consistently supplying more than 90 % of our electricity. On the general energy
picture, oil -still our biggest contributor - has been reduced to 40 %, Nuclear power
accounts for slightly more than 30 %, and all the other sources for slightly less. The
diversification of energy sources is almost perfect.

We have restored from 23 % to 50 % the proportion of our primary energy produced
from domestic sources. But staying at that level will prove difficult in our days of
cheap natural gas and progressive liberalisation of the European electricity market.

Some people question why we consider nuclear power as a "domestic" source, since
we import most of our natural uranium. The reason is that nuclear power is very much
a matter of concrete, steel, technology, engineering, science and highly qualified jobs,

and it 1s very little a matter of uranium resource, which represents a few percent of the
total busbar kWh cost.

Concrete, steel, technology, engineering, science and jobs are indeed domestic.
Domestic too are now the huge inventories of depleted uranium, which can feed future
fast neutrons reactors for centuries...

6. Nuclear "fallouts"

Even though the prime objective of the 74 programme was, indeed, to reduce our

dependency from imported oil, Nuclear power brought with it many positive side
effects.

* First and foremost, with standardisation and series effect, Nuclear power is
extremely cost-competitive. This was obvious between 1980 and 1985, this remains

true after the so-called "oil counter-shock" for any operating plant, the investment of
which is partially amortised.

(Slide 7)

For a plant to be ordered today, and under circumstances prevailing in France,
Nuclear power remains competitive for baseload generation, but the competition
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with combined cycle gas turbines is fierce, and much of the comparison relies on
assumptions pertaining to futures costs of natural gas and the choice of the
amortisation rate.

One thing is however certain : Nuclear costs are stable and immune from vanations
in the prices of natural resources which, as we learned from the past decades, can
vary hugely and erratically.

% This vast programme has constituted the basis upon which the French Nuclear
industry exports throughout the world :

- EdF exports Nuclear electricity to many European neighbours ;

- Framatome has exported plants to Belgium, South Africa, South Korea, and China ;

- Cogéma exports Nuclear services, enrichment and reprocessing, to many nuclear
utilities across the World.

For instance, Cogéma and LVMH (Perfumes, Champagne and Luxury items) compete
year after year to be the first French exporter in Japan... All this means qualified jobs
in France, plagued by unemployment since the mid 70s..

% Our balance of payments has been improved in two ways :

- drastic reduction of oil imports
- exports of nuclear goods and services, including electricity.

(Slide 8)

* There is a last side effect, the importance of which was completely overlooked in
1974, but has been growing all during the 90s : Clean Nuclear and Hydropower

have made France one of the lowest greenhouse effect gases (GEG) emitter amongst
the industrial countries.

There is only a slight problem : all the CO, reduction was already achieved by 1990,
which constitutes the starting point of the Kyoto protocol ! Nothing more can be
achieved in terms of reduction in the electricity generation sector, and our only hope
of further reduction lies in the transportation sector... '
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7. From Weakness to Strength

Despite widespread fear of radioactivity, the Frenchmen in the street is globally aware
of the benefits of nuclear power in France, as can be shown by public polls which have
been carried out yearly since 1970.

(Slide 9)

We have been slowly recovering from the sharp drop in confidence which followed
the Tchernobyl accident, and roughly 80 % of the population are not opposed to our
existing plants. You notice I prudently use the expression "are not opposed to" instead
of "support" : Tchernobyl did prove that the previous "support" was and is fragile.
Nevertheless, within Europe at large, one often speaks of a "French exception", where
nuclear is concerned.

I, personally, think that the French and Japanese situations are quite similar, and
issuing in both countries from the perception of need, the perception of dependency
from imported fossil resources, and some national consensus about the need to limit
this dependency.

This is why I have titled this presentation "Turning a weakness into a strength" : it is
the perception of our weakness is in fossil resources which was the basis of our present
nuclear strength, our Nuclear asset.

8. Enlarging the picture

(Slide 10)

I hope I have given you a better understanding of the specific situation of France. But
energy issues are not limited by national boundaries. During the next few decades, the
world population will grow significantly, and the major part of this increase will occur
in those regions of the planet which are today low energy users. Energy demand shall
grow faster than demography...

About 85 % of the world primary energy comes today from fossil fuels - even more if
we limit ourselves to "commercial" energy sources.

Coal is abundant, oil and natural gas are relatively abundant and oil has the added
feature that most of its reserves come from a very small part of the planet - The Middle
East - which makes its supply especially vulnerable to geopolitics.
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I shall not endeavour to give precise figures for fossil reserves : such figures depend
heavily from a given state of extractive technology and from what is considered an
"acceptable" extraction cost.

One sure is certain though, Oil and gas reserves are limited, and it is unlikely that their
cost remain low in -say- fifty years, which is not far away. When prices go up, this will
hurt most the poorest countries, in dire need of development and for which oil and gas
are vital became they have no other options.

Furthermore, can we really envision leaving our grand children or great grand children
a planet without Oil nor gas ?

The case of coal is slightly different, because coal is very abundant and relatively well
distributed among the 5 continents. (even though France and Japan have very little...).
But we know that it is prudent to limit the rate of coal combustion, because of the
possible effect of CO, and other GEGs on the global climate.

I deeply believe that the commitments of Kyoto and Buenos Aires are just a beginning,
and that burning fossil fuels will have to be more and more regulated (and the most
efficient regulator mechanism is probably the incorporation in prices of the external
environmental costs). '

(Slide 11)

It is therefore very hard to imagine any sustainable Development without some kind of
nuclear revival, because fossil power, hydro and nuclear power are the only large scale
and concentrated form of energy known and available today.

This nuclear revival, we must make it happen.
8. Is Nuclear power "sustainable” ?

When we say : no sustainable Development without Nuclear power, we raise the
question : is nuclear power sustainable ?

(Slide 12)

* In term of resources, nuclear power is sustainable. With recycling today, and the
future use of fast neutron reactors, uranium resources are of the same order of
magnitude as coal, and there is thorium after uranium, and, may be, lithium if or
when we make fusion a workable option. And remember : depleted uranium has
already been mined out, and is just waiting in storage at the enrichment plants !
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% Economic competitiveness should not be too difficult to achieve, or restore, when
the present "gas bubble" collapses - whenever that is...

* In normal operation, nuclear plants are very environment friendly, much more so
than fossil fired plants, and the probability of occurrence of an accident leading to a
massive release of radioactivity is extremely low in modern LWRs. Newer models,

like the EPR, will have almost no release even in the case of a core meltdown followed
by the failure of the pressure vessel !

The real challenge is to secure public confidence, to alleviate fears about safety and
proliferation, and to demonstrate an accepted method of disposal of the long-lived
radioactive wastes.

I shall not dwell further on the topic, which would be a matter not only for a separate
paper but at least for a full meeting ! Let me just emphasise that for me, the above list
is not a list of problems, it is an agenda for actions !
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JNC’s Research & Development Policy on Plutonium Recycling
- Outline of JNC’s Medium- and Long-Term Operation Plan -
Yasumasa Togo
President, Japan Nuclear Cycle Development Institute (JNC)

The Japan Nuclear Cycle Development Institute (JNC) has drawn up the first
Medium- and Long-Term Operation Plan according to the new fundamental policy of
INC’s business authorized by the Prime Minister. The Medium- and Long-Term
Operation Plan outlines JNC’s operation over the next five years toward the 21st
century.

Taking into account of duties with regard to operations for JNC, special emphasis
was placed on a) optimal allocation of resources for securing safety , b) disclosure of
information, c) efficient allocation of personnel and budget for ensuring rational and
efficient administration, d) communication with neighboring local communities,
domestic and international societies. To establish the technology of the nuclear fuel
cycle system, with the employee’s consciousness reform, the quality assurance activity,
the close contact with universities and private sectors and the intensification of the
international cooperation, JNC will make efforts to pursue its R&D program in a
planned and effective manner and to transfer the results of that work smoothly.

The new operation plan has drawn up in consideration of the various opinions from
home and abroad including JINC’s Management Deliberation Council and JNC’s R&D
Task Evaluation Committee. And it shall be reviewed and properly revised by taking
account of the discussion on the new National Atomic Energy Research, Development

and Utilization Program in Japan and other issues surrounding JNC.

1. Medium- and Long-Term Prospects

For Japan, which is poor in energy resources, nuclear power is an indispensable
means of ensuring energy security and dealing with global environmental problems
through the use of non-fossil fuels. Therefore, it is necessary for Japan to steadily
pursue the development of nuclear power on the basis of two major premises: peaceful
use, and safety assurance with the understanding of the public.

To achieve these goals, in preparation for the future, it is desirable to establish the
Fast Breeder Reactor(FBR) system and related fuel cycle (FBR cycle) that are
economically viable and reduce the burden placed on the environment by radioactive
waste.

As to the treatment and disposing of radioactive wastes generated by JNC’s R&D
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activities, and the decommissioning facilities, efforts must also be made to minimize

costs and to ensure environmental preservation.

2. How JNC’s Operations Will Be Conducted

Premised on the assurance of safety, INC will work to improve operational
efficiency, and it allocates resources in R&D priority fields. And JNC will incorporate
opinions of the private sector from an early stage of the R&Ds, and will engage in
technical development aimed at practical needs, maintaining close contact with
universities, related institutions, and the private sector.

In addition, JNC will make maximum use of the latest technology from home and
abroad and, submitting to appropriate outside peer reviews, work to avoid
organizational hypertrophy by modifying plans as the occasion demands and adopting
a "scrap-and-build" approach.

JNC is committed to efficiently promoting R&Ds and contributing its research
results to the international community in the interest of promoting the peaceful use of
atomic energy. JNC will continue to cooperate with Russia on various fields
including the nuclear dismantling and processing programs, and with nearby Asian

countries.

3. R&Ds on FBR Cycle Technologies

O-arai Engineering Center will act as an international focal point where researchers
and engineers from Japan and abroad can strategically promote R&Ds on FBR cycle
technologies. O-arai will maintain close contact with the International Technology
Center at INC's Tsuruga head office, which is the focal point for the development of
FBR plant utilization technologies, and with the Tokai Works, which is the focal point
for the development of process technologies for the fabrication and reprocessing of
FBR fuel. In this way, R&Ds on FBR cycle technologies will be conducted on an
international scale. And JNC will also actively contribute to the efforts to develop
safety standards by the regulatory body.

(1) Establishing plant technologies for power generation using “Monju”

It is necessary to establish technologies that will make it possible to use “Monju”
as the power generating plant, using sodium-handling technologies. This requires the
steady accumulation of operation experiences and technical improvement efforts over
an extended period of time. Therefore, to formulate the prospects for practical
operation of this type nuclear plant as quickly as possible, required improvements must
be made (premised on the assurance of safety), and JNC makes efforts to gain the
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understanding and cooperation of local residents to bring “Monju” back on line
- quickly.
(2) Establishing a practical FBR cycle system concept

To achieve its goal of developing a practical FBR cycle system, INC will actively
introduce innovative technologies and, working to ensure that the overall cycle is self-
adjusted, will pursue R&Ds on reactors, fuel fabrication, and reprocessing technologies
with the dual aim of ensuring economic viability and minimizing the impact on the
environment.

~ Currently, R&Ds on developing a practical FBR cycle system will focus on
improving economic viability. R&D phases will be divided into periods of
approximately five years, with extensive peer reviews conducted at the end of each
period regarding the direction and results of the works completed to date. The results
of the peer reviews will then be incorporated in the R&D plans for the next period.
General targets for each period are summarized in phases [1] through [3] described
below.
[1] Conducting comparative studies on the FBR cycle system options
Strategy investigation study for commercializing FBR cycle system will be
started to prepare the reference materials of various FBR cycle system options to
identify the future FBR deployment strategy. R&D themes will be formulated to
develop the practical core technologies that are needed for establishment of
economically competitive technologies.
[2] Formulating the prospects for practical FBR cycle system concepts
The core technologies will be comprehensively tested and analyzed to
prepare the technologies needed to achieve practical FBR cycle system concepts,
after which its prospects will be formulated.
[3] Preparing the economic and technical basis for commercial FBR cycle systems
On the candidate systems and core technologies, its design and system
technologies will be systematized and its technical basis will be established.

In additibn, safety research, the establishment of technical guides and standards,

design evaluation guides, and other R&Ds those form a technological basis, will be
steadily pursued by JNC. And their results will be used gradually in the studies
described above. '
(3) As a long-term R&D, JNC will cooperate with universities and related institutions
to develop technologies with the aim of reducing the environmental impact of the FBR
system for burning Trans-Uranium nuclides(TRU) and transmuting or stabilizing long-
lived fission products.
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4. Developing Reprocessing Technologies for Light Water Reactors (LWRs)

Concerning the future mandate of the Tokai Reprocessing Facilities, the policies
formulated by the Atomic Energy Commission will be followed, with efforts made to
transfer technology to the utility and to conduct R&D work that places priority on
supporting and cooperating with reprocessing utility. Because the utility’s facilities
are scheduled to begin operations in the near future, it is necessary to bring the Tokai
Reprocessing Facilities back on line and to acquire full data concerning its operability,
maintenance characteristics, and other performance features at the earliest possible
date.

In view of the above circumstances, JNC will work to bring the Tokai
Reprocessing Facilities back into operation as quickly as possible. This work will be
premised on the assurance of safety, and will only be attempted after all necessary
reforms have been completed with the understanding and cooperation of local
residents.

(1) Operations will center on the research and development of reprocessing
technologies, with the aim of using the Tokai Reprocessing Facilities to systematize
LWR reprocessing technologies. As part of these activities, technology will be
transferred to the utility’s reprocessing facilities.

(2) Reprocessing technologies will be developed for LWRs that uses higuer burn-up
fuel or Mixed Oxide(MOX) fuel, and reprocessing the other special types of spent fuel
will be done.

(3) Taking the decommissioning plan of Advanced Thermal Reactor(ATR) “Fugen”

into consideration, its spent fuels will be reprocessed.

5. Closing Business

Premised on the assurance of safety, JNC will integrate the outcomes of R&Ds
carried out in “Fugen”. It will also continue safe operation until the end of 2002 year
and steadily pursue preparatory activities for decommissioning while gaining the

understanding and cooperation of local residents.

6. Capital, Personnel, and Organization

Capital will be appropriately allocated to ensure safety, which has the highest
priority. Other priorities will be to bring both the Tokai Reprocessing Facilities and
“Monju” back on line, and to preserve R&Ds on ways to improve the economic
viability of FBR cycle systems, and to formulate effective measures to protect the

176



environment from radioactive waste. The current organizational system of JNC will
be retained for the time being, and more carefully tailored measures will be taken in
personnel allocation so that the organization can operate in a rationalized manner in the
future. As the long-term plan, efforts will be made to consolidate and downsize the
organization and workforce of JNC with necessary number of safety-assurance

personnel.
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Restarting the operation of "Monju", the fast breeder reactor
and the future of plutonium recycle and fast breeder reactors
Hiroko Sumita
Attorney at Law
1 Foreword---On the discussion in the Special Committee on Fast Breeder Reactors
The sodium leak incident of "Monju", the fast breeder reactor, caused the people in

our country, especially the residents in the vicinity of the FRB, much anxiety for the safety
of FRB. The Power Reactor and Nuclear Fuel Development Corporation was not
scrupulous enough to provide against accidents which fragments of a broken thermometer
in the pipe could bring about. I cannot help commenting that the public relations taken by
the corporation in responce to the accident was inappropriate. The corporation tried to
cover-up the accident, which indicates its secretiveness or covertness. We regard such
secretiveness or covertness as one of the problems of research and development of atomic
energy in our country.
Criticism agaist research and development of atomic energy itself and FRB resulted from
the accident. Consequently, in February of 1998, the Special Committee on Fast Breedel"
Reactors was referred review of FRB research and development and I came to sit on the
committee. I am a female attorney at law and have no expertise in this field. I believe my
obligation as a committee member is to submit questions from a viewpoint of a layperson
with committee members of other specialty than atomic energy technology.
The questions I had when I became a member of the committee are as follows:
a) Do they seek to develop other energy resources more eagerly than atomic energy in
other indusrialized countries? Should we develop technology to make use of natural energy
resources such as solar power or wind power, not atomic energy? Shouldn't we make
further efforts to reduce the total energy consumption of our country?
b) The first heart transplant operation in our country by Mr.Wada, M.D. gives us an
example of secretiveness of experts.
Do the experts on atomic energy technology of PRC and other such experts tend to make
important decision covertly, to conceal unfavorable information to them, or to alter

information to their own advantage?
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Do they trustworthy for the task of developing atomic energy which involves handling of
plutonium, particularly dangerous substance?
We heard various opinion from many people including opponents to atomic energy
development, and discussed earnestly in the committee.
As a result of such discussion I am of the opinion that our country has to depend upon
atomic energy technology as one of energy resources, since our country has only a little
energy resources and imports approximately eighty percent of its necessary energy
resources.
The policy on atomic energy development varies according to political, environmental, and
economical conditions in one country. It is practically impossible for our country to
depend upon natural energy resources which would supply merely a few percent of the
necessary energy resources however hard we try to be energy efficient and to reduce
consumption of energy resources.
Though this harsh reality is common knowledge to the experts on atomic energy, I do not
think most people in our country are aware of such reality. The argument for natural energy
resources seems to emphasize its environmental friendliness, but usually it does not
provide neither quantitative evaluation whether it could subsititute atomic energy
resources nor estimate of stability of supply of such natural energy resources, which
should be regarded as unstable energy resources with the present technology. I believe we
should make every effort to provide such quantitative evaluation, estimate of stability and
other related information to the people to discuss fruitfully and constructively. |
2 On the report of the Special Committee on Fast Breeder Reactors issued in 1997

The committee issued a report in December 1997.The position expressed in the
report is as follows:

(1) 1t is appropriate to make further use of atomic energy as one of energy resources in
the twenty-first century. In utilizing atomic energy, it is prerequisite to restrict its purposes
to non-military ones in accordance with the provisions of the Basic Law on Atomic Energy,
a legislation of Japan. It should be also noted that it is a matter of great significance to gain
the trust of our society to atomic energy technology through the efforts of responsible

personnel to implement sufficient safety measures to prevent any possible accident, t0
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disclose relevant information timely and so on.

(2) While our country makes use of light water reactor technology which would be
undoubtedly described as matured one, it is necessary to pursue FBR research and
development for our country from a viewpoint of long term energy policy since our
country has consumed a lot of energy and would do so in the foreseeable future.

I believe our country should try to make a contribution to the world through the FBR
research and developement.

(3) It is fair to say that FBR technology can be the most reliable method of utilizing
atomic energy to generate electricity, and may be one of the alternative to the fossil fuel
energy in the future.

Further research and development of FBR technology and further study into its social

consequences should be promoted to get to the fair estimation of the feasibility of FBR in

our country.

Monju can be positioned as one of facilities for this research and development works. The

research and development using Monju should be carried out based on its careful operation

management.

I would like to point out the matters which deserve most serious consideration as follows:

a) implementation of sufficient safety measures to prevent any possible accident which

could be caused in the operation of FBR.

b) gaining understanding and consensus of opinion of FBR among the people in our

country, especially among the residents in the vicinity of the existing FBR.

¢) keeping the concerned personnel well aware of cost effectiveness, flexibility and also of

social consequences of research and development program..

d) promotion of non-proliferation of nuclear wepons.

3 .My thoughts and concerns about atomic energy development for the social viewpoint
Considering the approaching commencement of plutonium use in thermal neutron

reactor, I would like to make mention of following issues in relation to the situation after

the submission of the report.

(1) The policy on atomic energy development often becomes an political issue and a

national consensus of opinion over the policy is still to be made in other industrialized
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countries. I am of the opinion that our country has to depend upon atomic energy
technology as one of energy resources because of paucity of energy resources in our
country. Atomic energy is evidently one of the most effective alternative to fossil fuel
energy to cope with the global warming problem.

(2) In relation to the approaching commencement of plutonium use in thermal neutron

reactor, though I think such plutonium use appropriate to deal with plutonium surplus from
a viewpoint of efficient use of resources, I have to express my grave concern over the
forgery of the result of the container examination, which might be an indication of the
remaining secretiveness of the personnel engaged in nuclear related industry.
Such conduct would cause widespread social distrust of nuclear related industry and its
personnel. The personnel responsible for the forgery should be blamed for their
contemptuous attitude toward the people. In the light of this incident, I do not think that
the personnel in nuclear related industry try adequately to insure safety of FBR and to gain
trust and understanding of the people in our country, especially of the residents in the
vicinity of the existing FBR. I am so dissappointed to say this as a member of the
committee which required the personnel to make every effort to insure safety and to gain
trust of the people.

(3) Have they solved the cost-effectiveness problem of plutonium use in thermal

neutron reactor,?
Professor Akira Yoshioka, a member of the committee, expressed his view that such
plutonium use is not cost-effective. I think sufficient information related to its safety and
its cost-effectiveness should be made public as well as information related to its necessity
and its advantages.

(4) On the extention of the period of nuclear power plants operation to sixty years, is
such extention simply forced by the difficulty of building new nuclear power plants or is it
based upon convincing grounds in relation to cost-effectiveness and safety?

(5) Do they make every effort to develop new energy resources other than FBR
technology? Does our government allocate enough budget for such purposes? It would be
hard to reach a national consensus if the research and development program of new energy

resources put too much stress on atomic energy technology.
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(6) Even though making use of atomic energy is evidently one of the most effective
means to cope with the global warming problem, I think the proponent of atomic energy
resources should be prudent when they refer to this problem. I noticed a headline in the
morning edition of Asahi, a daily newspaper, dated the eighth of March, 1999, which reads
"They are trying to lead the basic government program to cope with global warming in
favor of building more nuclear power plants". According to the article, the personnel
engaged in nuclear related industry reportedly lobbied to make the basic government
program to cope with global warming in favor of building more nuclear power plants.
Though I do not know whether this article is true or not, I think the personnel should act
more prudently not to be misunderstood of their intention.

It is safe to say that atomic energy would be the major energy resource in our country in
the twenty-first century. I believe that its research and development program should be
aimed to insure safety and to gain trust of the people in our country, and that all the

relevant information of the program should be made public timely.
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THE SECOND PROGRESS REPORT
IN THE JAPANESE R&D PROGRAMME FOR HL.W DISPOSAL

Sumio MASUDA
Director,Geological Isolation Research Project
Japan Nuclear Cycle Development Institute (JNC)

ABSTRACT

The Japan Nuclear Cycle Development Institute (JNC), successor to the Power Reactor and Nuclear
Fuel Development Corporation (PNC) as of 1st October 1998, is currently preparing a second progress
report (tentatively entitled H12) on research and development for geological disposal of high-level
waste (HLW) in Japan. The H12, which documents progress made since the publication of the first
progress report (H3) in 1992, will be presented to the Japanese Government for assessment by the year
2000. The purpose of the work was specified in a report published in April 1997 by the Advisory
Committee on Nuclear Fuel Cycle Backend Policy of the Atomic Energy Commission (AEC) entitled
"Guidelines on Research and Development Relating to Geological Disposal of High-Level
Radioactive Waste in Japan" (hereafter the AEC Guidelines). The primary objective of the H12, as
specified in the AEC Guidelines, is to present an outline of "the technical reliability of geological
disposal in Japan". It should also provide input for the siting and regulatory processes, which will be
set in motion after the year 2000.

INTRODUCTION

In Japan, as outlined in the overall HLW management programme defined by the Atomic Energy
Commission (AEC) of Japan (1), the HLW separated from spent nuclear fuel at reprocessing plants
will be immobilised in a glass matrix and stored for a period of 30 to 50 years to allow cooling; it will
then be disposed of in a deep geological formation (geological disposal). Pursuant to the overall HLW
management programme, an organisation with responsibility for implementing HLW disposal will be
established around the year 2000. This will be followed by site selection and characterisation,
demonstration of disposal technology, establishment of the necessary legal infrastructure, relevant
licensing applications and repository construction, with the objective of starting repository operation
by the 2030s and no later than the mid 2040s.

The HLW disposal programme is currently in the research and development (R&D) phase and the
Japan Nuclear Cycle Development Institute (JNC) has been assigned as the leading organisation
responsible for R&D activities. The aim of the R&D activities at the current stage is to provide a
scientific and technical basis for the geological disposal of HLW in Japan, which in turn promotes
understanding of the safety concept not only in the scientific and technical community but also by the
general public. As one of the features of R&D programmes, its progress is documented at
appropriate intervals, with a view to clearly determining the level of achievement of these programmes
and promoting the understanding and acceptance of the geological disposal strategy by the general
public. At a major milestone, PNC (now JNC) submitted a first progress report, referred to as H3, in
September 1992 (2). H3 summarised the results of R&D activities up to March 1992 and identified
priority issues for further study. The second progress report (tentatively entitled H12), scheduled to be
submitted around 2000, and should demonstrate more rigorously and transparently the feasibility of the
specified disposal concept. It should also provide input for the siting and regulatory processes, which
will be set in motion after the year 2000.

PNC (now JNC) issued the first draft of the H12 report (First Draft) in September 1998, which
summarises the results of R&D activities up to July 1998 (3). The aim of the First Draft is to confirm,
through a series of discussions with experts in various fields related to geological disposal, whether
- current R&D activities have been carried out in accordance with the AEC Guidelines. The First Draft
also contributes to the overall goal of the H12 by integrating the results of R&D activities; this is
necessary because most R&D activities address specific scientific and technical issues identified in the
Guidelines. This paper introduces the key findings of the First Draft of JINC’s H12.



DEVELOPMENT OF GEOLOGICAL DISPOSAL CONCEPT IN JAPAN

In 1976, the AEC of Japan presented a plan for high-level waste management (4). It was decided at
that time that the focus should be on geological disposal and strategies for required research and
development were formulated. Relevant organisations, such as JNC, subsequently developed R&D
programmes in accordance with these strategies. 'The AEC then outlined a disposal concept which
utilises a multibarrier system to provide a basis for geological disposal in Japan; this concept is
described in the report of the AEC's Advisory Committee on Radioactive Waste Management
(ACRWM) published in 1980 (5). In 1984, the ACRWM published a report which stated that R&D
activities should be promoted from a broad viewpoint with regard to the rock types being considered
as potential host rocks for geological disposal (6). In the revised "Long-Term' Program for
Development and Utilization of Nuclear Power", published in 1987, the basic policy for HLW
disposal was presented (7). According to the Long-Term Program, HLW resulting from reprocessing
of spent fuel should first be vitrified in order to provide a stable waste form. It should then be stored
for 30 to 50 years in order to allow cooling and then be subjected to deep geological disposal.

In 1989, the ACRWM established a set of guidelines entitled "Major Targets and Methods of
Implementation in Research and Development for the Geological Disposal of High-level Radioactive
Waste" (8). These guidelines specified that predictive assessment of the long-term performance of
geological disposal based on a multibarrier system was a major issue to be addressed by research and
development activities. It was also stated that the feasibility of constructing a multibarrier system
which would be appropriate for a range of geological conditions throughout Japan should be clarified.
In addition, the guidelines estimated that it would take more than 10 years to attain the required
progress in research and development and therefore recommended that past achievements and future
prospects should be summarised in the form of an intermediate report in order to inform a general
audience of the steady progress in R&D activities, with a view to promoting public understanding and
support.

PNC (now JNC) published a comprehensive report (the first progress report; H3) in 1992, based on the
results of past research and development activities supporting geological disposal in Japan. The
report described the concept for safe geological disposal as follows.

The concept of geological disposal in Japan is similar to that in other countries, being based on a
multibarrier system which combines the natural geological environment with engineered barriers.
The approach to repository concept development has targeted neither a particular type of rock nor a
particular area. Particular consideration is given to the long-term stability of the geological
environment, taking into account the fact that Japan is located in a technically active zone. The wide
range of geological environments throughout Japan is also considered and, within this context and due
to Japan's complex geology, a design for an engineered barrier system (EBS) with sufficient margins in
its isolation functions to accommodate such geological environments has been assessed. The major
component of overall barrier performance of the disposal system is borne by the near-field, while the
remainder of the geosphere serves to reinforce and complement the performance of the EBS. This
massive EBS was introduced to ensure long-term performance of the disposal system for a wide range
of geological environments. To summarise, the basic concept in Japan is to construct an engineered
barrier system, with sufficient margins for long-term isolation of the waste, in a stable geological
environment (9). The reference layout of the EBS involves either axial, horizontal emplacement in
the tunnel or vertical emplacement in the pit of vitrified waste encapsulated in a thick steel overpack
which are surrounded by highly compacted bentonite. In this paper, the axial, horizontal
emplacement is discussed as the reference EBS layout.

Within the context of this disposal concept, it is important for R&D activities to focus on the natural
system attributes which optimise the EBS performance. These attributes include relative tectonic
stability, low groundwater flux, favourable geochemistry and a low risk of disruptive events. The
safety concept assumes that disruptive events can be avoided by site selection. The remaining
geological environments identified as having favourable characteristics for the disposal system
provide the basis for repository design. Finally, the performance assessment is conducted for a
reference repository design, consisting of the massive EBS combined with a favourable geological
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environment, taking alternative future evolutions of the system into account.

If safety functions of the geological disposal system are assured, minor amounts of radioactivity
released from the engineered barrier system will further decay and concentrations will be reduced by
dilution during the long migration period in the geosphere. HLW disposal can thus be realised in
such a way that no significant detrimental influence is exerted on either man or his environment.

The ACRWM published an evaluation of PNC’s (now JNC’s) first progress report in July 1993,
stating that the report had demonstrated the technical feasibility and safety of geological disposal in
Japan (10). At the same time, the ACRWM recommended policies for future research and
development efforts.

R&D ACTIVITIES FOR SECOND PROGRESS REPORT (H12)

In the AEC Guidelines entitled "Guidelines on Research and Development Relating to Geological
Disposal of High-Level Radioactive Waste in Japan", which was published in April 1997 (11), the
technical reliability of geological disposal in Japan was required to demonstrate in the context of H12.
The Guidelines also specified the major issues to be dealt with in the H12 in order to provide a
technical basis for the selection of potential disposal sites and for the formulation of safety standards,
both of which are required for implementation of a geological disposal project. The final issue was
the identification of the research and development activities which would be required after the year
2000. The AEC Guidelines also considered the approach to R&D to be performed by PNC (now
JNC) in cooperation with other agencies and organisations, and how to evaluate research results
objectively and transparently in the H12.

Building on the basis provided by H3, and taking into account the provisions of the AEC Guidelines,
JNC has tackled the problem of demonstrating the technical feasibility and reliability of the geological
disposal concept in the H12 report. The report will also provide key input for site selection
procedures and development of a regulatory framework.

In order to demonstrate the technical reliability and safety of HLW disposal, the H12 report is required
to show that the safety framework provided by a multibarrier system constructed in a suitable host
rock formation is capable of functioning as designed, given the characteristics of the geological
environment in Japan. The R&D requirements for the H12 can therefore, be defined as follows:

* The characteristics of the geological environment that are important for adequate geological
disposal must be specified and it must be shown that suitable rock formations with these
conditions exist in Japan. Information on host rock properties required to ensure the long-term
safety of HLW disposal should be compiled via appropriate investigations.

e The design criteria for the EBS and other repository components must be specified and the
feasibility of constructing a repository to fulfilling these criteria demonstrated.

* The performance of the disposal system, given the specific characteristics of the geological
environment of Japan, must be evaluated with a high degree of reliability.

In order to meet the above requirements, current R&D work focuses on development of detailed and
realistic near-field models and on improving the understanding of key .processes and corresponding
databases, taking into account a wide range of geological conditions. In JNC’s R&D programme,
three major areas of research have been conducted taking into account comprehensive information
accumulated through geoscientific studies. These are: 1) evaluation of the geological environment,
2) repository design and engineering technology and 3) performance assessment.

KEY FINDINGS IN THE FIRST DRAFT OF H12 (3)
Evaluation of Geological Environment

The geological environment has two main functions in terms of ensuring the safety of geological
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disposal. One relates to the fundamental long-term stability of the site and the other to the properties
of the host rock formations and groundwaters which facilitate the emplacement of the engineered
barrier system and act as a natural barrier. In this connection, the feasibility of selecting a geological
environment in Japan which is appropriate for geological disposal was discussed, based on findings
obtained from case studies and field measurements.

First of all, important natural phenomena which can degrade the long-term stability of the geological
environment were identified. These include earthquake and fault activity, volcanic activity, uplift,
subsidence and denudation and climatic and sea-level changes. The occurrence of these natural
phenomena and the extent of changes in the geological environment caused by them were investigated,
focusing on the potential effects on the performance of the geological disposal system.

Case studies were carried out in regions where the natural phenomena mentioned above could be
easily observed. The locations and regularity of their occurrence and the extent of any changes were
investigated over timescales of several hundred thousand years or more. This work was constrained
by variability in the quantity and accuracy of the information, depending on the type of phenomena
and the regions involved. The location of localised phenomena, such as volcanic activity and major
fault movements, can be well specified and the effects of these phenomena can thus be avoided by
selecting an appropriate disposal site. On the other hand, gradual phenomena such as uplift,
subsidence, denudation and climatic and sea-level changes are more ubiquitous. It is, nevertheless,
possible to estimate future trends and their potential effects by extrapolating data obtained on the
current rate and the extent of such processes. In this way, it is possible to select a sufficiently stable
environment for geological disposal.

For example, there is little possibility that the locations of volcanic activity will change to a significant
degree unless there is a major change in the plate tectonic situation. The results of tracing the history
of volcanic activity in the Quaternary (i.e. from approximately one million seven hundred thousand
years ago to the present) show that the locations in which volcanic activity occurs are limited to
distinct regions and that there is little change in these locations. In addition, the direct effects of
volcanic activity are expected to be restricted to within several tens of kilometers from the activity
center. Significant effects from this source can thus be avoided by selecting disposal sites distant
from currently active volcanoes.

The characteristics of the geological environment which are important in terms of its second (barrier)
function mentioned above include groundwater flow, the geochemical characteristics of groundwater,
the thermal and mechanical properties of rock formations and solute transport phenomena. A great
deal of data have been obtained on these characteristics, particularly from geoscientific studies carried
out in the Tono area and the Kamaishi mine.

Groundwater flow analyses and measurements taken from two 1,000m deep boreholes in the Tono
area show that the hydraulic gradient deep underground is less influenced by topography, being
approximately half of that near the ground surface where the gradient is strongly governed by
topographic conditions.

Data in the published literature, taken mainly from the civil engineering field, were compiled in order
to investigate the permeability of different rock types. At the same time, these data were compared
with measurements taken at several hundred points in the Tono area and Kamaishi mine. It was
concluded that permeabilities obtained from the literature data were more than an order of magnitude
greater than the measurements taken in the Tono area and Kamaishi mine. Excluding fracture zones
and fault crush zones, the measured permeability of deep rock formations ranged between 107* and 100
6 m/s, with average values in the order of 10”° - 10*my/s.

Measurements of low mineralised groundwaters in the Tono area and Kamaishi mine show that water
chemistry becomes strongly reducing deep underground. This phenomenon can be explained by
reactions between the groundwater and the major minerals which constitute the rock, clay minerals,
microorganisms and organic substances.
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Measurements were carried out as part of the geoscientific studies in the Tono area and Kamaishi mine
in order to confirm the initial stress state of the rock. It was found that the ratio between the vertical
stress and internal horizontal stress was almost equivalent to 1. It was also found that changes in
rock properties caused by tunnel excavation extended to approximately 1 meter from the tunnel wall.

Pore structures observed in numerous mines and tunnels were investigated in order to clarify the
mechanisms of underground solute transport. Observations and test results from the Kamaishi mine
and Tono area showed that fracture networks developed in crystalline rocks and old sedimentary rocks
provide the major transport pathways. On the other hand, interparticular pores and microfractures
provide the major transport pathways in recent sedimentary rocks. It was also confirmed that clay
minerals and ferrous minerals, such as mica and pyrite, display generally higher radionuclide sorption
than quartz and feldspar.

The above findings led to the conclusion that the deep geological environment can maintain the
integrity of the engineered barrier system for a long period of time and that the strata themselves can
function as a natural barrier.

Repository Design and Engineering Technology

The design requirements for the EBS and the disposal facility in general were clarified based on
currently available technologies, taking account of the wide range of geological environments
throughout Japan. Realistic and reliable data and analysis techniques were used in order to derive an
example of specifications for the engineered barrier system and disposal facility, which also took
economic aspects into consideration.

Since the publication of the first progress report, more reliable supporting data have been obtained
from demonstration tests on both a laboratory and an engineering scale. The demonstration tests
were carried out as part of studies performed at INC’s ENTRY facility (12), geoscientific studies in
the Tono area and Kamaishi mine, international joint research activities at underground research
laboratories abroad and studies at research facilities both in Japan and abroad (13). The design
requirements have been reviewed, analysis techniques which provide tools for the design have been
improved and the database for the design has been developed.

Data collected mainly from the published literature were compared with the findings obtained from the
in situ studies carried out in the Tono area and Kamaishi mine. The practical feasibility of designing
and emplacing the engineered barrier system and the disposal facility was clarified for a wide range of
physical rock properties. This has provided a basis for designing and constructing the engineered
barrier system and disposal facility which can be tailored to the specific characteristics of a potential
disposal site in the future.

Aspects of the engineered barrier system specifications, such as the materials and the thickness of the
overpack and buffer materials, were investigated and the results of preliminary calculations were
presented based on the design requirements. According to the calculations, the thickness of both the
overpack and buffer materials could be reduced by approximately 30% compared with the
specifications indicated in the first progress report. Bentonite mixed with quartz sand was selected as
the buffer material, which would bring about a reduction in costs while maintaining the required level
of performance.

The mechanical stability of tunnels was investigated based on data obtained from relevant geological
environments and rough estimates were then made of the depth range in which construction of the
disposal facility is feasible. In addition, a design concept for efficient emplacement of the vitrified
waste and layout of the tunnels was developed based on thermal analyses. It was shown that the
specifications of this engineered barrier system will allow construction of the disposal system,
emplacement of the waste forms (i.e. operation of the facility) and backfilling of the tunnels (i.e.
closure of the facility) using currently available technologies or technological advances which are
expected in the near future. Development of more reliable technologies is ongoing and it is also
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expected that the applicability of the engineering technologies will be further confirmed in a planned
deep underground research facility.

Performance Assessment

An assessment method which allows reliable evaluation of the safety functions of the geological
disposal system was developed and an integrated analysis of the above concept was carried out using
this method.

A systematic scenario analysis procedure was developed. Based on this, models which simulate
relevant phenomena in detail, together with associated databases, were established in order to quantify
selected scenarios. Firstly, a comprehensive list of FEPs (features, events and processes) was prepared.
The FEPs were reviewed for relevance and grouped into scenarios. A reference scenario (the
groundwater scenario) was taken as a standard case. In this reference case, the geological disposal
system is characterised by realistic data from the geological environment and the specifications of the
engineered barrier system which represent the design parameters (Fig. 1.).

Models which can simulate the evolution of the engineered barrier system and subsequent
radionuclide migration in the rock surrounding the buffer material were developed based on the
reference case. More detailed and realistic modelling was aimed using improved understanding of
key processes and corresponding databases than in the H3 case.

The model used in EBS performance analysis are based on one-dimensional, diffusive transport with
linear, reversible and instantaneous sorption. Shared solubility and precipitation of each radionuclide
are also considered for migration process through the buffer. Radionuclide is assumed to be
congruently dissolved with glass and limited solubility at the glass surface. The radionuclides
released from the EBS are assumed to be instantaneously mixed within the excavation disturbed zone
(EDZ) and distributed among fracture pathways in proportion to each pathway's individual water-flux.

Sediment
Aquifer

Host Rock

Water
Conducting ..
Features

via Groundwater Flow
~&o ¢ Groundwater Flow

[W : Radionuclide Migration}

]
Failed HLW Glass
Overpack

Fig. 1. Groundwater Scenario Reference Case and Conceptual Models for Radionuclide Migration
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In assessing geosphere performance in a host rock, three-dimensional heterogeneous channel network
models are constructed for this purpose using a stochastic discrete fracture network (DFN) models by
linking the fracture intersections on each fracture plane. The radionuclide flux released from the
EBS was applied along a 100m section of source drift in the middle of the block-scale region in order
to avoid the effect of lateral boundaries on transverse mechanical dispersion. The processes
considered include dispersion due to the network system and variability of velocity as well as the
effects of matrix diffusion and sorption on retarding radionuclide migration. A simplification of the
complex three-dimensional DFN model using a one-dimensional parallel-plate model, needed for
extensive Monte Carlo simulations and sensitivity studies in order to evaluate the effects of parameter
uncertainty as well as parameter variation on radionuclide migration, was also discussed.

These developed models were linked with one another in a safety assessment model chain, which
allows the performance of the entire geological disposal system to be assessed. This includes a
biosphere module which uses dose as a performance indicator. A reference case for a single package
of vitrified waste was analysed using this model chain. In addition, the results were compared with
results obtained using analysis codes developed by other organisations in order to confirm that the
safety assessment methodology can correctly perform its function.

The basic model chain mentioned above performs calculations for one package of vitrified waste (Fig.
2.)). When considering the overall safety of geological disposal, it is necessary to apply the model
chain in a realistic way by taking groundwater flow within the entire repository into consideration.
At the same time, it is necessary to take account of the fact that the leaching and migration of
radionuclides are limited by interactions between packages. Further, the migration path lengths from
the engineered barrier system to fault crush zones are different for individual vitrified waste units,
being longer for those located upstream. This may result in a larger barrier effect being attributable
to the rock. A more realistic analytical framework, which allows assessment of the overall
performance of the geological disposal system taking account of the conditions mentioned above, will
be provided. For a repository containing 40,000 packages of vitrified waste, the calculated result for
one package was multiplied by a factor of 40,000. Even such an extremely conservative calculation
results in a maximum annual dose of much less than dose limitations of international
recommendations and foreign standards currently in force.
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Fig. 2. Example of dose evaluation for one package of vitrified waste
(Overpack is assumed to lose its integrity at 1,000 years after disposal and
distance from the EBS to fault zone is conservatively fixed 100m.)
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CONCLUSION

Outputs from these various R&D activities are being integrated as part of developing a safety case
that demonstrates the technical reliability and safety of the geological disposal concept. These
studies are also expected to provide a technical and scientific basis for both the site selection process
and developing a regulatory framework.

The First Draft of the H12 provides a generalised summary of the second progress report and provides
its context as an intermediate or provisional report, and includes some parts, which may not be
sufficient to respond to the scientific and technical issues identified in the AEC Guidelines. It has
been opened for comments from technical experts and these comments will be reflected to complete
H12 for its goal defined by the AEC Guidelines.
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