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The Issues and the Present State of Nuclear Energy in Japan

Former Vice-Chairman of the Atomic Energy Commission
Yoshinori Ihara

Introduction

Japan, in starting research, development and utilization of nuclear energy in the middle of
1950's, established the Atomic Energy Basic Law. This Law stipulates in the first place that the
development and utilization of nuclear energy in Japan shall be limited to peaceful purposes, and
at the same time, prescribes that an Atomic Energy Commission shall be set up “for the purposes
of carrying out the planned national policies on the research, development and utilization of atomic

energy and of realizing the democratic operation of atomic energy administration.”

The Atomic Energy Commission set up the "Long-Term Program for Research,
Development:and. Utilization of Nuclear Energy” in the same year of its establishment (1956),
which was revised several times, and the 8th Long-Term Program was enacted in 1994,

Although the path of nuclear energy development and utilization that Japan set out on since
the time of establishing the Basic Law to the present has not always been flat and easy, it is
considered that, when everything is said and done, the way progressed smoothly. Presently,
nuclear power generation in Japan supplies one third of the total need for electric energy.
Moreover, the utilization of radiation and radioisotopes has spread over very wide fields and
includes medical treatment, agriculture, industry, environmental preservation and basic research;

consequently, nuclear energy utilization has dug deeply into our daily life.
I.  Purpose of Nuclear Energy Development

The purpose for nuclear energy development in Japan is to ensure energy stability and to
improve the quality of life for Japanese people. Although it is said that Japan-has reached
affluence as a society, it is expected that the stable supply of quality electric- power should. be
maintained towards the highly integrated future of the information age. However, the energy
supply structure of Japan is quite fragile. The degree of primary energy dependency on imports
is at a level of 84%, and this dependency increases to 94% when adding the fact that nuclear

power generation is fueled from the import of uranium.



Although nuclear energy can be regarded as quasi-domestic energy in the form of technology
concentrated energy, it is indispensable to effectively maximize the utilization of the source of
uranium, all of which is imported, and therefore, promotion of the nuclear fuel cycle should be the
base for the policy.

Moreover, it is also important to have the viewpoint that Japan should make efforts in the
preservation of the global environment through nuclear energy utilization, even against the

worsening global environment of recent years, to contribution towards our global society.
1. Basic Policy

The basic policy that Japan should hold for the development and utilization of the nuclear
energy contains the following:

(1) Development of a nuclear energy policy as a nation committed to peaceful use of

' nuclear energy,

(2) Establishment of a consistent system of nuclear power generation by light water
reactors,

(3) Ensure progress in development of the nuclear fuel cycle on the basis of a clear future
outlook, and

(4) Diversified development of nuclear science and technology and reinforcement of basic
research.

III. Present Situation of the Policy
1. Establishment of International Confidence Concerning Nuclear Non-Proliferation

Japan, in progressing nuclear energy development and utilization beginning with the nuclear
fuel cycle and under the infinite extension of the Non-Proliferation Treaty (NPT), should
contribute towards the maintenance and reinforcement of this regime based upon the security and
trends of international politics and economics, and what is more, Japan should wipe out
international concerns about the Japanese nuclear fuel cycle project for the establishment of the

international confidence,
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The future of Japan will see a large increase in the number of safeguards operations due to
the increase in the number of nuclear energy facilities; beginning with a private reprocessing plant.
Therefore, in accordance with the strengthening of safeguards (the Programme 93 + 2) by the
International Atomic Energy Agency (IAEA), Japan will improve its system which is capable of
implementing the inspection, analysis of nuclear material and information processing with

sufficient confidence.

Furthermore, in addition to the duties demanded by the NPT regime, Japan will hold the
principle that "Japan never holds surplus plutonium" as its own policy, improve the transparency
for plutonium utilization plans, and clarify the present situation of plans both domestically and
internationally.

An international guideline for the management of plutonium in each country has been

adopted by nine countries, including Yapan, for improvement in transparency.
2. Nuclear Power Generation Based on a System of Light Water Reactors

Light water reactors (LWRs) are the reactors that have recorded good perfbrmance
throughout the world and in Japan as well, and it is expected that the LWRs will form the
mainstream of nuclear power generation for a long period to come. Therefore, Japan will further
improve the safety, economic efficiency, measures against high aging problems, and reduction in
radiation exposure of employees. In addition, Japan will tackle a high sophistication of fuel and
core functions improved for high burnup fuel and mixed oxide fuel (MOX). '

Japan's capacity for commercial nuclear power generation amounts to approximately 45
million kW, which is expected to exceed 70 million kW by 2010. Nevertheless, in order to
ensure the above-mentioned power generation volume, and although it is required to secure new
sites in- addition to the existing sites, the acquisition of sites has been growing more and more

difficult in recent years,

3. Drafting of a Concrete Nuclear Fuel Cycle Program

Japan has been actively pursuing the development of domestic power reactors and the
establishment of the nuclear fuel cycle. In 1967, The Power Reactor and Nuclear Fuel

Development Corporation (PNC) was established to perform nuclear research and development on

behalf of the Japanese government. In addition to the development of the heavy-water-moderated
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light-water-cooled advanced thermal reactor (ATR) and the sodium-cooled fast breeder reactor
(FBR), PNC has become Japan’s primary research institution for the promotion of nuclear fuel

cycle related technology for the efficient use of uranium resources.

Since the establishment of the PNC, although there were some delays, a spent fuel
reprocessing plant, mixed oxide fuel fabrication plants, the experimental fast breeder reactor Joyo,
and the prototype advanced thermal reactor Fugen were completed. Construction of the
prototype fast breeder reactor Monju was completed and its performance tests have started.
Moreover, the construction and operation of a private reprocessing plant. and a uranium
enrichment plant have been advanced by Japan Nuclear Fuel Limited. During-this period, the
global situation changed greatly. From the viewpoint of the prevention of nuclear weapon
proliferation, the U.S.A. abandoned reprocessing and fast breeder reactor development, which
affected some countries and consequently, Canada, Sweden and Germany. have reconsidered their

nuclear fuel cycle policies.

This tendency is also accelerated by the existence. of a world-wide surplus of natural
uranium caused by the recent progress in nuclear disarmament and the stagnant growth of the

world's nuclear power generation.
4. Review of The Advanced Thermal Reactor Plan

In regards to the demonstration reactor succeeding the prototype advanced thermal reactor
Fugen, negotiations between the Electric Power Development Co., Ltd. (the construction
implementing company) and the local fishermen near the construction site, faced rough going, and
the negotiation settlement was prolonged. ‘

In 1994, the pending issue of a local agreement was seftled at long last. As a result of
reviewing the construction cost, it was learned that the initial estimate had to be increased by 50%.
The initial estimate itself expected that 60% of the construction cost would be financially
sponsored by the Japanese government and électric utility companies. In the end this 50%
increase in the construction cost, in addition to the existing burden of 60%, exceeded the burden
limit.

The Atomic Energy Commission deliberated on this issue from the viewpoint of economic

efficiency, nuclear fuel cycle and R&D, and as a result, the following review was made:
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(1) Because the project plans were successfully delayed year by year over a period of ten
years, any drastic rationalization design was not made, and even if rationalization was
* intended, technological demonstration would take a long period of time. .
(2) The role of the advanced thermal reactors for MOX use will be replaced based on
plans for the use of MOX fuel in LWRs.

. Taking the above-mentioned deliberations into consideration, it was determined that it is
appropriate to abandon the project. And, as a substituting project, it is pertinent to adopt the
advanced boiling water reactor (ABWR) which permits the loading of MOX fuel in the full

reactor core.

This review resulted in a very regrettable outcome for the Atomic Energy Commission in
that the successful results of research and development were not followed through to practical

operation.

5. Sodium Leakage in the Secondary Heat Transport System of the Prototype Fast Breeder
Reactor Monju

At the end of 1995, Japan suffered its first ordeal in the development of the fast breeder
reactor. A sodium leakage in the secondary heat transport system occurred at Monju. To be
precise, the history of the world's fast breeder reactor development had already experienced 154
sodium leakages, and the leakage from the Monju accounted for the 155th time. The research
made hitherto has confirmed that the cause of the sodium leakage resulted from the breakage of a
thermometer installed in the secondary heat transport system. The thermometer breakage was
due to the incorrectly designed sheath and, what is more, in repairing the line-disconnected
thermometer, a line which was forcibly thrusted into the secondary heat transport system stayed
bent, and the line consequently made the vibration of the sheath tube greater. - Responsibility of
the nuclear reactor manufacturer is great, and at the same time,' the fact that the experience from
thermometer problems from the predecessor Joyo was not utilized indicates the difficulties in
succeeding with preceding technologies.

Because of a leakage from the secondary heat transport system which is not connected
directly to the reactor core, there was no influence from the radioactive substances upon the
employees and local public, and from the viewpoint of disaster prevention, the safety of nuclear

facilities was ensured.
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Nevertheless, it is regrettable that the subsequent measures taken by PNC were very
impertinent and it was lethal that PNC reportedly concealed information and told lies.
Consequently, feelings of anxiety about and disbelief in nuclear energy spread and heightened
among the Japanese people.

Taking this opportunity, the local governors made a proposition titled "How to Review the
Future Policy of Nuclear Energy.” In response to this proposition, in 1996 the Atomic Energy
Commission opened "A Roundtable Conferences on Nuclear Energy Policy" as an arena to widely

discuss relevant national issues.
6. Uiilization of Plutonium in LWRs

The long-term target of the nuclear fuel cycle is the effective utilization of plutonium by
optimal integration of fast breeder reactor and reprocessing/fuel fabrication process, and research
and development has to be continued for a considerably long period of time to reach the target.
Therefore, it is suggested to use plutonium as the MOX fuel in LWRs for the time being from the
viewpoint of the establishment of technologies necessary for nuclear fuel recycling, and on the

basis of practical use and improvements of the system for the future fast breeder reactor age.

" At the present, in nuclear power plants uranium is converted into plutonium in the reactor,
and the fission energy of this plutonium accounts for one third of the energy obtained from nuclear

power generation.

The MOX fuel in the LWRs has been used mainly in Europe and already has recorded good
performance using more than 1,600 assemblies loaded, Thus, MOX fuel, as well as uranium
fuel, has been of practical use. Good results have been obtained by the burnup test for a small
number of assemblies also in Japan, besides the experience of loading more than 600 MOX fuel
assemblies at Fugen.

The use of plutonium in LWRS is expected to assqmé a substantial role in the energy supply.

Electric utilities which have nuclear power plants have made out their implementation plans and
intend to use the MOX fuel in a total of 16 to 18 LWRs by 2010. -
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7. Storage of Spent Fuel

Presently, spent fuel generated from nuclear power plants in Japan amounts to
approximately 900 tons annually. Meanwhile, the processing capacity of the reprocessing plant
which is under construction at Rokkasho Mura only has the capacity of 800 tons annual, and

therefore, 100 tons will remain unprocessed annually.

And so, the on-site storage capacity at several power plants will be enhanced as a measure
presently available. Moreover, improvement in the environment, including revision of the
relevant law, has been examined so that storage away from the power plant site can be available
by 2010.

8. Disposal of Radioactive Wastes
A. Disposal of High-Level Radioactive Waste

It is the duty of our contemporary generation, who benefit from nuclear energy, to establish a
disposal method for radioactive wastes, in particular the high-level radioactive waste.

'Japan’s basic waste management policy is to 1) solidify the waste into a stable form by
adding glass to the high-level liquid radioactive waste which results from spent fuel reprocessing
(vitrification), 2) store the waste for a period of 30 to 50 years to allow the waste to cool, then 3)
move the waste to a deep geological waste disposal site. The Japanese government and the
private sector collaborated to create The Steering Committee on High-Level Radioactive Waste
Project (SHP) to promote the investigation and research into the establishment of a disposal
project by the year 2000.

The Atomic Energy Commission, in order to examine measures for the embodiment of high-
level radioactive waste disposal, set up the Special Committee on High-Level Radioactive Waste
_ Disposal to perform a wide review of the social and economic aspects. Also established was the
Advisory Committes on Nuclear Fuel Cycle Backend Policy to perform a technological review of
R&D projects pertaining to waste disposal.

The report from the Advisory Committee expects that the technological reliability in the desp
geological disposal will be substantiated by the year 2000, and shows how to progress research
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and development in selecting candidate disposal sites and showing technological base to set up
safety standards.

In the draft report from the Special Committee, the following was described:

"As 1o the radioactive wastes we have created, ‘we, the present generation, have a duty to
establish the disposing system so that we do not leave this burden to the next generation.
Furthermore, ‘it is necessary to. ensure 'impartiality' between electric power users and the
inhabitants near disposal sites. As to such problems, it is necessary to form an apreement
through wide discussions with all Japanese citizens.: In implementing our duty, we need to follow

a transparent procedure, and the disclosure of information has to be thoroughly made."

The Special Commiitee members will seck wide opinions from the Japanese public before

summarizing a final report.
B. Decommissioning of Nuclear Facilities

The Japan Atomic Power Company has decided to terminate its 32-year operation. of the
Tokai-1 nuclear power plant and will begin decommissioning the facility in 1998. Although
Japan has experienced the dismantling of the Japan Atomic Energy Research Institute’s .japan
Power Demonstration Reactor (JPDR), Tokai-1 will be Japan’s first experience decommissioning

a commercial nuclear plant.

It is necessary for the decommissioning of nuclear facilities to progress under the
responsibility of a nuclear power installer/owner through cooperation with the local community;
on the major premise of safety assurance.

- 9. Diversified Development of Nuclear Science and Technology
Besides power generation, nuclear energy has a wide scope of application such as heat

supply with the high-temperature gas-cooled reactor, nuclear propulsion of ships, radiation

utilization and nuclear fusion,
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A.  Basic Research and Development of Base Technology -

In photon science, neutron science, ion and positron science, and highly developed computer

science, research activities have been carried out to develop new nuclear energy poiential.

In the fields of radio-biological effect, beam utilization, materials, "soft" science technology,
and the development of infrastructure technology, linking the basic research with the project

research has been promoted in order to create a breakthrough in existing nuclear technology.
B.  Furthering of Nuclear Energy Utilization .

A High-Temperature Engineering Test Reactor (HTTR), which is capable of supplying
high-temperature heat, will be completed in 1998.  The nuclear-powered ship Mutsu has already
completed decommissioning work after the termination of its experimental navigation and its huli

has been remodeled into the Mirai, an ocean and earth survey ship.
.- C.  Radiation Utilization

The large-scale Synchrotron Radiation Facility (SPring-8) was completed and joint use
started in 1997. The Heavy Ion Medical Accelerator in Chiba: (HIMAC) has been performing

remedial irradiation since 1994 and has been achieving favorable results.

Using the Takasaki Ion Accelerators for Advanced Radiation Application (TIARA),
development of new functional materials using various kinds of ion beams and research on
biotechnology have been conducted. The number of entities using radio isotope or radiation
generating equipment has reached about 5,000, and the equipment has been utilized in the diverse
fields of positron CT, prevention of breeding and extermination of harmful insects, desulfurization

of exhaust gas and DNA analysis.
D. Nuclear Fusion
Japan Atomic Energy Research Institute’s JT-60 achieved a critical plasma condition and

obtained the best nuclear fusion product. Large-scale helical equipment for joint utilization with

unjversities will be completed.
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The International Thermonuclear Experimental Reactor (ITER) Project, with cooperation of
three countries (Japan, U.S.A. and Russia) and the European Union, has been progressing
engineering design activities smoothly, and it has been determined that the original termination
date (1998) of these activities will be extended by 3 years to 2001.

IV. Present Issues
1. Roundtable Conferences on Nuclear Energy Policy

In holding Roundtable Conferences, not only experts in the field of nuclear energy but also
researchers, even in various fields of sociology and cultural science, leaders of local governments,
critics, and other learned people, plus those people who have critical opinions toward nuclear
energy, and people who were selected from the general public, participated in the conferences.
Completely open discussions, 11 in total, were eagerly unfolded with various operational
contrivances. '

In the conference, first, the necessity of bi-directional offer and disclosure of information
was addressed. In respomse to this necessity, the Atomic Energy Commission disclosed
proceedings from the advisory committee and opinions were raised from the Japanese people
concerning the process of policy making. Discussions on nuclear energy were made from all
possible aspects such as: 1) role of nuclear energy in Japan’s enmergy supply, 2) public
acceptance of nuclear energy with respect to public concerns for safety, and 3) the transfer of
Japan’s presently affiuent society into the next generation based not onty on a stable and secure

source of energy, but also upon worldwide and historical viewpoints.

Although there was the opinion, from religious and anti-scientific standpoints, to stop
nuclear energy development, the majority of opinions seemed to be that nuclear power generation,
which actually accounts for one third of the total generated electricity of Japan, should hold safety

first as the principle before further prudent progress in development.
However, recognizing the necessity of nuclear energy, there were some opinions raised
against siting nuclear facilities near their communities, which is what is called NIMBY, "Not In

My Back Yard."

The development and utilization of nuclear energy in Japan, which started in the middie of

the 1950s has now been continuing for almost half a century, has experienced several incidents but
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has not resulted in any accidents causing serious human injury by radiation nor not shown any
significant influence outside the facility sites.

Therefore, the issue is how to position nuclear power in the maturation of society, based on

the positive achievements in safety mentioned above.
2. Specific Measures Relating to Nuclear Fuel Cycle

Reflecting upon the discussions made conceming nuclear power policy at the Roundtable
Conference, and suggestions from moderators, and taking the examination results by the Advisory
Committee for Energy of the Ministry of International Trade and Industry into consideration, the
Atomic Energy Commission determined the "Regarding the Immediate Specific Measures for the
Nuclear Fuel Cycle" at the beginning of 1997. In this determination, first of all, the initial basic
concept of the development and utilization of nuclear energy in Japan (i.e., from the viewpoints of
natural resources restriction and environmental preservation in which Japan is situated), it was
confirmed that it is indispensable for Japan to smoothly develop the nuclear fuel cycle for the
long-period stable progress in nuclear energy generation. Based on that confirmation, including
the steady promotion of construction of a reprocessing plant, and recognizing the importance to
establish the nuclear fuel cycle in Japan, a specific concept and measures were presented with
respect to urgent issues such as plutonium utilization at light water reactors, and management of
spent fuel. At the same time, future concepts for radioactive waste disposition and fast breeder

reactor development were also presented.

This decision was approved later by a Cabinet meeting, and thus reconfirmed by the

Japanese government to this issue.

3. The Fire and Explosion Accident at PNC’s Bituminization Demonstration Facility

In March 1997, a fire and explosion accident occurred at the Bituminization Demonstration
Facility at PNC’s Tokai plant.  Although there was leakage of radioactive material in the site, the
degree of employee exposure to radiation was negligible and there was no significant leakage of

radioactive material outside the site.

But the counteraction to the accident was awkward, and differing reports about the actual

result and attempts to conceal information were made, incurring the anxiety and disbelief of the
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Japanese people again. - Furthermore, this accident resulted in exerting influences to the nuclear
fuel cycle development.

4. Restructuring of The Power Reactor and Nuclear Fuel Development Corporation (PNC)

The Science and Technology Agency which is the supervisory authority of PNC urged the
clarification of the cause of the Tokai accident, and at the same time established the PNC Reform
Examination Committee to restructure PNC. As a result of discussions from the Committee, it
was determined that PNC will be reorganized into a new organization. The main projects should
be the fast breeder reactor development, the nuclear-related fuel cycle technology development and
the research and development of processing and disposition of high-level radioactive wastes. The
three projects, overseas wranium exploration, uranium enrichment and the development of an

advanced thermal reactor, shall be abolished after an appropriate period of time.
3. Special Committee on Fast Breeder Reactors

From input at a roundtable conference, the roundtable moderator suggested that special
- committee should be established under the Atomic Energy Commission. As a result, the
committee met 12 times regarding the fast breeder reactor and these committee meetings embodied

a wide range of discussions. The report from these meetings is summarized as follows:

"The fast breeder reactor can improve the utilization efficiency of uranium much higher than
that of the light water reactors by recycling nuclear fuel number of times without disposing of it
after one use. Moreover, the fast breeder reactor is capable of decreasing the burden of waste
disposition, and therefore research has been carried out for a long period of time. Nevertheless,
the perspective for practical use from the viewpoint of economic efficiency has not been
established yet, and there arose opinions not to continue the development:  Against these opinions,
the majority of committee members raised objections to stopping the development of the fast
breeder reactor because the experimental reactor Joyo has achieved successful results and the
prototype reactor Monju was constructed, the research is continuing, and consequently research

and development should be progressed, taking into account the overseas.experiences as references.

As to the handling of the Monju, it is desired to implement research and development on the
premise such that prudent operation and control should be performed. . Moreover, . it is
appropriate to progress the development of a fast breeder reactor as a future promising altemative

for non-fossil energy resources.”
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6. Reform of Administration and Finance

As a result of Japan's total efforts for half a century since the end of World War 11, it has
become a country which holds the No. 2 rank in world economic power and now belongs to the
world's leading group in the aspect of science and technology. During this period, however,
institutional fatigue began to be seen in various administrative systems and without reform of the
present systems Japan will have no bright future. In consequence, under the present
administrative power, it was decided to implement large-scale financial and administrative

reforms.

As to the nuclear energy administration, the Atomic Energy Commission and the Nuclear
Safety Commission, which are advisory organizations to the Prime Minister, will be transferred to
the newly established Cabinet Agency, and along with the reorganization of ministries and
agencies, integration of control issues have been examined for review. Fortunately, under the
strict financial situation, the science and technology policy keeping abreast with the environmental
policy is specified as the priority policy of Japan and the necessary expenditures will be ensured.
However, it may be necessary to review large-scale R&D projects.

V. Nuclear Fuel Cycle Policy and Nuclear Armament Issue

Japan has been limiting itself to the peaceful use of nuélear-energy ever since the
_establishment of the Atomic Energy Commission. As ever, it is unlikely in the future that Japan
will be armed with nuclear weapons. In spite of Japan's principle, with respect to Japan’s
nuclear fuel cycle policy, there are concerns in some foreign countries that Japan will be armed
with nuclear weapons soomer or later. This is the greatest misunderstanding. The world
common sense that "a large power which has economic power and high technologies has nuclear

weapons" does not apply at least to Japan. The reasons are as follows:
1. Psychological and Historical Reason

Japanese people who experienced the atomic disasters at Hiroshima and Nagasaki abhor

nuclear weapons. There is no logic of retaliation at all.
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2. Institutional Reason

Assurance of peaceful utilization has been held through the ensurance of peaceful utilization
by the Atomic Energy Basic Law and the restrictions against diversion by the bilateral agreements
and various systems such as JAEA (International Atomic Energy Agency) safeguards.

3. Recalistic Reason

In Japan, there is no authority that is responsible for the production of nuclear weapons.
There are no scientists or engineers who are willing to be engaged i the development of nuclear
weapons.  Attempts at changing this situation cannot evade the supervision of the mass media,
which is totally against nuclear armament. If Japan starts the production of nuclear weapons and
is punished with economic sanctions, the economy of Japan will collapse and the Japanese people
will suffer hardships.  Such a choice cannot be possible.

Conclusion

In order for Japan to conquer its fate of having a small national territory with few natural
resources, the author thinks that it is necessary for Japan to progress with the development and
utilization of nuclear energy. Nuclear energy is an important area of study in the field of science
and technology and Japan must clarify what it needs from science and technology in the 21st
century.

Since research and development of nuclear energy takes a very long period of time, just as
other large science and technology projects, there is fear of losing future direction and being
buried in the changes of society unless the long-term perspective is always kept clear and unless

there is a positive attitude to purse the ultimate goal,

Currently, the development of nuclear energy will continue to exist in this society which is
dependent upon petroleum as its primary energy source. However, the author believes in the
future nuclear energy will gradually replace petroleum as the major source of energy for the future

of human civilization.
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Plutoniwm Recycling for a « sustainable » Nuclear Development

by Bertrand BARRE, CEA France

- Abstract

Present day nuclear reactors are sturdy, reliable, and can be safely operated to generate
cost-competitive baseload electric power. On the other hand, they make poor use of the
energy content of the Earth uranium resources. Even with high burnup fuel, a LWR
operated in open cycle uses only 1% of the energy theoretically available. This is not
enough to make nuclear energy « sustainable » on the long run. A much higher energy
use can be achieved in fast neutron reactors, the industrial feasibility of which has been
demonstrated. Because of the slow development of nuclear power throughout the world,
the time when FNR reach economic competitiveness appears far away, but in view of
the stakes, their continued development remains worthwhile. In the meantime,
plutonium recycling in MOX LWR fuel allows for some uranium and SWU saving,
reduces the plutonium coatent in the high level wastes, and maintains the reprocessing
route. The French government has decided to abandon Superphénix, but to pursue the
present reprocessing-recycle policy, and to maintain the R&D program aimed at the long
term development of the FNR.

1. The Sustainability of Nuclear Energy.

Last year, some 430 nuclear reactors throughout the world have produced around 2400
billion kWh of electric power, i.e. more than 17% of the world total electric supply. This
is much and this is little. This is much as it is equivalent to the oil production of Saudi
Arabia ; this is much because it is equivalent to all the world electric consumption back
in 1960 ; this is much, because it avoided sending into the atmosphere as much carbon
dioxide as all the cars in Europe did send. But it is far less, maybe four or five times less
than was expected in the early seventies.

In the XXIst century, the Earth population will keep growing, albeit at a much reduced
rate, and one can hope that the development gap between industrialised and developing
countries will be partly bridged. This will only be possible through a doubling - or so -
of our present energy consumption, and this, in turn, means that we shall need all the
energy sources available, and notably that we need nuclear energy to be a significant part
of the world energy mix over the long run.
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Present day LWR - which constitute over 85% of the operating nuclear plants in the
world, do not allow for such « sustainability ». They are sturdy, reliable, and can be
operated in full safety to generate electric power with a high degree of reliability. Even
with today’s low gas prices on the world market, they can, and they do in many
countries, generate cost competitive baseload power. But they make a poor use of the
energy contained in Earth uranium resources - whatever their actual figures.

Even with high burnup fuel (and there appears to be no incentive to go much beyond 60
GWd/t), a LWR operated in open cycle mode extracts roughly 1% only of the total
energy theoretically available in uranium ores. With this kind of efficiency, uranium
resources are smaller than oil or gas resources, and do not qualify for sustainability.

Since the late 40s, it is well known that plutonium fuelled fast neutron reactors, FNR,
can achieve a much better efficiency and exiract, through multiple recycling, around
70% of uranium’s energy content. With this kind of efficiency, uranium resources can
be compared to coal’s and last for centuries.

2. Status of Fast Neutron Reactors Development in France.

Among several possible FNR technologies, only one has been fully demonstrated up to
the industrial scale : it uses fuel pins with MOX uranium/plutonium oxide pellets clad in
stainless steel and cooled in liquid sodium. Core designs may vary somehow between
«pool » and «loop » primary circuits, but all these reactors exhibit many more
similarities then differences. To this generic technology belong, in Japan, Joyo and
Monju, and in France, Rapsodie, Phénix and Superphénix. »

Operated by the CEA between 1967 and 1983 in Cadarache, Rapsodie has brought a
major contribution to the development of MOX fuel for FNR. It has been
decommissioned and is presently in the early phases of dismantling.

The 250 MWe Phénix demonstration reactor, which belongs to the CEA(80%) and EdF
(20%), has been in operation in Marcoule since December 1973. It was first used to
demonstrate the feasibility of a complete liquid metal fast breeder system, and then as an
experimental reactor to qualify fuel and materials under FNR operating conditions.
Phénix has achieved a number of very significant performances :

° As a power reactor, it has been connected for 97 000 hours to the French grid ;

It totals 3 800 equivalent days at full power ;

° It is completely fuelled by its own recycled and bred plutonium ;

° It has actually demonstrated a measured breeding ration of 1.15 ;

° One experimental subassembly, BOITIX 9, has reached a burnup of 144 GWd/t ;
It has experienced only 15 clad fajlures while irradiating over 170 000 fuel pins.

[

34



In 1989 and 1990, Phénix experienced several scrams triggered by very short negative
reactivity transients, the explanation of which is not yet fully proven. " This led to a
shutdown period during which an extensive revamping of the secondary circuits was
undertaken. During the first half of 1995, the reactor performed another cycle at power,
the 49®, where no transient did occur. It is now ready to resume operation at power, to
perform experiments mostly related to the transmutation of long lived radioactive
wastes. During the Year 1999, another planned long shutdown will allow to reinforce
against seisms some auxiliary buildings and to perform non destructive ultrasonic testing
of some internal structures of the primary vessel. The reactor should then resume
operation to carry out experimental irradiations until the end of the year 2004. The
instrumentation of the reactor has been increased in order to better monitor negative
reactivity transients, should any occur. '

Superphénix, a 1200 MWe LMFBR located at Creys-Malville, along the Rhéne river,
was built and operated by NERSA, a utility owned by Electricité de France (51%), the
Italian ENEL (33%), and 2 consortium of German, Belgian and Dutch utilities.

Construction of the plant started in 1976, in the wake of the first Oil crisis and of the
launching of the « quantitative » French nuclear equipment program of late 74. ts main
purpose was then to demonstrate the feasibility of a full industrial size fast neutron
reactor, at a time when the nuclear programs throughout the World appeared very active,
and it looked like there might exist a risk of uranium shortage around the turn of the

century. First criticality was achieved in September 1985, then full power in December
1986.

Shut down for 20 months in April 87 because of a sodium leak in the fuel handling
vessel, it was again shutdown . in July 89 because of an oxygen contamination of the
primary sodium. For a mixture of regulatory and political reasons, it could not restart
within less than two years, and this means all the authorisation had to restart from
scratch.

Fully re-licensed, Superphénix was authorised to restart in August 1994, with a new
assignment, the « Knowledge Acquisition Program », with three complementary goals :
1. obtain industrial experience in the operation of liquid metal fast reactois ;
2. demonstrate the flexibility of fast neutron reactors to breed or burn plutonium
(CAPRA program) ; '
3. perform R&D on the transmutation of long-lived radwastes.

As a matter of fact, in 1990 the World nuclear programs had not developed, and by far,
as was expected in 1976, and breeding - already fully demonstrated by Phénix - did no
longer appear urgent. Conversely, plutonium stockpiles were growing, and fast reactors
appeared atiractive to burn plutonium even of poor isotopic quality (like the plutonium
found in irradiated MOX fuel elements). On the other hand, under a Law enacted by the
French Parliament in December 1991, R&D had to be carried out to explore alternative
ways of disposing of long-lived radioactive wastes. Among those ways was the
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transmutation into stable or shorter-lived isotopes. There again, because of their much
higher neutron fluxes, fast neutron reactors appeared attractive. :

Because of a small Argon gas leak in an intermediary heat exchanger, Superphénix had
only a short run in the second half of 1994, and restarted after repair in December 1995.
It operated very successfully during all the year 1996, during which a special Blue
Ribbon Panel appointed by the Government confirmed its usefulness for R&D purposes,
and it then entered its regular 10-year extended shutdown.

Following a lawsuit by several antinuclear organisations, the French Conseil d’Etat
decided, at the end of February 1997, to void the Creation Decree of the plant. Then,
following general elections in April 1997, the new French Government decided to
abandon Superphénix, considered to be too expensive. The French Government and the
French Safety Authority emphasised that safety was not at issue !

3. « MOX » Plutonium Recycle in Light Water Reactors

As soon as 1985, it was obvious that, for a fong period of time, there would not be
enough fast neutron reactors to use all the plutonium recovered in reprocessing the spent
fuel of the French LWRs in the la Hague Plant.

It was then decided to recycle plutonium, as mixed (U,Pu) oxide « MOX » fuel in some
of the French 900 MWe PWRs. MOX fuel had been experimentally tested as early as
1963 in the Belgian BR3 PWR and was already in use in some German and Swiss
reactors. In France, some advanced MOX elements were already under test by the CEA
in the experimental CAP PWR in Cadarache.

The first reload containing one third of MOX elements was loaded in the St Laurent B1
reactor of EdF in 1987. Today 13 EdF PWRs are routinely loaded with 1/3 MOX
elements and 3 more are authorised to do so. 12 additional 900 plants are technically
identical, but plutonium recycle was not included in their authorisation Decree : EdF is
progressively carrying out public proceedings in order to obtain additional
authorisations. 28 900 MWe plants would be largely enough to recycle all the plutonium
reprocessed in the 1a Hague UP2-800 plant, dedicated to EdF needs, and refabricated in
the new MELOX plant, operated by COGEMA in Marcoule. :

Today, MOX fuel is only licensed to reach a maximum burnup of 37 GWd/t, while
standard LEU fuel is licensed for 52 GWd/t. This means that MOX fuel assemblies stay
only three one-year cycle in the reactors while uranium assemblies stay one extra cycle.
This difference is only a reflection that MOX is a much « younger » fuel, with a lot less
return of experience, but the goal of EdF is to obtain full panty between the two kmds of
PWR assemblies, both in terms of burnup and economy.

There does not appear any technical reason why this goal could not be reached : both-
claddings are identical, and MOX pellets behaviour under irradiation differs from UOQ,
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pellets behaviour with both pluses and minuses. MOX pellets experience a higher
release rate of fission gases, but they are more ductile than UOQ, pellets.

MOX recycle, on the other hand, can hardly be considered by itself a « sustainable »
long term policy. At each cycle, the isotopic quality of the plutonium is downgraded,
which makes its further recycle less economically attractive, and then even impossible if
one wants to keep the core void factor negative. It is theoretically possible to overcome
this limitation by recycling « homogeneously » plutonium mixed with more and more
enriched uranium, but this appears hardly attractive at all, unless one wants to destroy
plutonium rather than use its energy content. But even for this purpose, CAPRA type
fast reactors appear much more promising.

With now more than ten years of experience in industrial MOX recycling - including
two reprocessing campaigns in la Hague for demonstration purposes - one can underline
the advantages of MOX recycling :

* MOX recycling saves natural uranium and SWU by roughly 15% ;

* the first MOX recycling divides by a factor 7 the number of fuel assemblies to be
stored in storage pools (one needs the plutonium recovered from 7 to 8 spent fuel
elements to fabricate 1 MOX assembly) ;

¢ MOX recycling is cost competitive, as the saving in uranium and enrichment costs
balances more or less the excess in fabrication cost ;

* MOX recycling keeps open and industrially viable the reprocessing option, which is
the key to a better uranium use in future fast neutron reactors.

4. Conclusion

Though it has decided to abandon Superphénix, the French government has indicated
that MOX recycle will continue in French PWRs, as shall continue the long term R&D
on fast neutron reactors.

We plan to carry out this R&D in full co-operation with our European partners and to
collaborate with Russia and, of course Japan with which we have tight links. CEA and
PNC have a very strong and active bilateral co-operation going on, in addition to the
agreement which is in force, and active too, between the European partners and all four
Japanese R&D organisation presently involved in fast neutron reactor R&D : PNC,
JAERI, CRIEPI and JAPC.

We hope Phénix will be very soon allowed to resume operation at power. We are
carrying out some experiments in the Russian BOR 60 reactor. We are planning a new
irradiation reactor to be built in Cadarache, the Réacteur Jules Horowitz, which will
have the capability to carry out some fuel and materials irradiations in representative fast
neutron spectra. But we are also waiting for Joyo to undergo its Mark III revamping and
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for Monju to restart. We have today advanced Japanese assemblies ready to be
irradiated in Phénix, there will be to-morrow advanced fuel assemblies sent to be
irradiated in Monju ! The full development of fast neutron reactors is a long term

endeavour, which shall require extensive collaboration among all the interested
countries, and, mostly, between France and Japan.
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Third International Forum on Nuclear Non-Proliferation
Tokyo, 23-25 February 1998
The Peaceful Use of Plutonium - the Necessity for Recycling
L'N Chamberlain
Deputy Chairman, BNFL

Abstract

This talk will look at the important role that the recycling of nuclear fuel has to play in the
management of plutonium for peaceful uses. It will be argued that plutonium should be seen as a vital
global energy source rather than as a waste that needs to be stored or buried. The talk will cover the
role of MOX in stabilising stockpiles and in minimising proliferation risks. MOX however is an
interim step in the management of plutonium, with the ultimate long-tetmn solution still being fast
breeder reactors. The issues of both the safeguarding and the transport of civil plutonium are ones for
which there are internationally established practices and techniques. These, along with BNFL’s and
others significant experience in the management of plutonium, should provide adequate reassurance
that plutonium can be managed and recycled both safely and effectively.
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Thamk you very much and good afiernoon ladies and gentlemen. It is a great pleasure to be invited
here to talk to you.

As you might expect, I am a firm advecate of the role of nuclear power and particularly of nuclear fuel
recycling, so I want to start my presentation by explaining why.

The steadily increasing world population and the even more rapid increase in economic activity means

that the world’s demand for electricity could double or tripte over the next fifty years. At the moment

two thirds of this electricity is supplied by the burning of fossil fuels, with nuclear and hydro-power

equally supplying the remainder. New renewables such as wind and wave power still supply only .-
about 1% of electricity, and even the most optimistic projections for new renewables cannot meet the

increasing demand. There is little scope for any expansion of hydro-power, so the bulk of the

increased demand will have to be supplied either by the bumning of even more fossils or by nuclear

energy. :

However, the world is increasingly recognising that the burning of fossils is not sustainable. The
agreement at Kyoto was a first, but very small; step to reducing the emission of greenhouse gases. I
believe that as the evidence for global warming grows, even stronger measures will have to be taken
and the electricity generation industry, responsible at present for one third of society’s CO, emissions,
will have to respond.

With sufficient political will, nuclear power could be significantly increased, but in its present form of
thermal nuclear power reactors, the uranium reserves will last no longer than the reserves of fossil
fizels. Various estimates put the lifetime of economic uranium reserves at between 50 and 150 years,
depending on the cost of extraction and demand. If we are to think long-term, as the nuclear industry
must, then we need to continue to promote reactors that breed fuel. Ultimately, a 1 GWe Fast Breeder
reactor can be fuelled by just 1.2 tonnes of depleted uranium per year, At that level of requirement, the
cost of uranium becomes almost irrelevant, so with billions of tonnes in sea~-water alone, uranium
becomes a truly sustainable energy resource.

But Fast Reactors aiso require a supply of plutonium. They can be operated to breed more plutonium
than they consume, to supply just enough for future operations or even to consume excess plutonium,
but they still require an initial charge supplied from thermal reactors and from reprocessing. Indeed
one of the early rationales behind reprocessing was to separate out the plutonium to fuel Fast Reactors.
Our stocks of plutonium are now sufficient for this no longer to be a primary reason. But the main
reason for reprocessing, as the best means of management of irradiated fuel, still remains.

Plutonium, we must remind ourselves, is generated as a by-product of uranium fission inside thermal

reactors. But it is a very useful by-product as roughly one-third of the energy generated from the fuel

comes from the fissioning of that plutonium. So with nuclear power generating 17% of the world’s

electricity, around 5% is currently generated by plutonium. A simple calculation, valuing electricity at

2.5p per kilowatt-hour, the UK pool price, puts the value of the electricity generated by plutonium at

roughly £20 billion per year. So plutonium is already doing a valuable job, but it can do more, as I

will show. .

There are essentially two things that can be done with the plutonium once the irradiated fuel is
removed from the reactor. It can sither be left in the fuel for ultimate disposal or it can be separated -
out. :

Firstly, there is the direct disposal route. This of course is the officially preferred route of the US
administration for civil reactor fuel. Indeed this route is inevitable for much of the irradiated fuel since
the world arisings of spent fuel significantly exceed the current, or any reasonable projection of,
reprocessing capacity. So the mechanisms for the indefinite disposal of spent fuel will have to be
developed. From the point of view of the plutonium, the potential hazard is that we could be creating
plutonium mines, which could be accessed at some time in the future either at the national or sub-
national levels, by people wishing to make weapons or simply for terrorist purposes. I do not want to
explore this scenario too deeply. Isimply wish to point out that, no matter how secure the repositories
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are, no matter how difficult it would be to extract the plutonium, repositories will never entirely
eliminate the risk of recovery and reuse. Moreover, the less accessible we make the plutonium, the
harder it will be to change our minds when the world rediscovers its real value,

I want at this point to quote what President Ford said in his Statement on Nuclear Policy in October
1976, ‘I believe the avoidance of proliferation must take precedence over economic interests.” The
conventional wisdom has long been, at least in the US, that separating out plutonium increases the risk
of proliferation, and this has been the basis for the US turning its back on civil reprocessing. This view
has not been supported in the UK, Japan and other countries. In our view, separated plutonium, if
properly managed, can present less of a proliferation risk than direct disposal of unreprocessed spent.
fusl. Also, this argument is stronger today than it was 20 years ago. This brings me to the second
option of separating out the plutonium by reprocessing.

There are four principal things that can be done with separated plutonium that I wish to discuss.
Firstly, storage, secondly immobilisation followed by disposal, thirdly incorporation into Fast Reactor
fuel, and fourthly recycling as thermal MOX fuel. There are also some other technical options, such as
transmutation, but these are not economically viable options today, and may never be. I will take these
four options in turn.

The storage of plutonium is of course not a long-term solution, but it can be done entirely safely and
securely provided that storage is done by a relatively limited number of experienced operators subject
to stringent international safeguards. In the UK we have over 40 years experience of managing and
protecting plutonium., We are subject o international safeguards under the anspices of Euratom, the
European Safeguards Agency and the IAEA in an overall national safety framework overseen by the
Nuclear Installations Inspectorate. Our new THORP and SMP facilities have some of the most
advanced safeguards and physical protection features, including Near Real Time Materials
Accountancy. We estimate that BNFL’s investment in security since the mid 1980’s has exceeded
£250 million in today’s money values. The hlghly trained, specialist police force who guard our sites
and material movements have never even had to draw a firearm to protect any nuclear material in over
40 years.

Secondly to consider immobilisation, Of the various methods to achieve this, the most promising is
probably incorporation into a glass matrix by vitrification. There is much international experience of
the vitrification of High Level Waste. Vitrification has some advantages from a proliferation
viewpoint over direct disposal in that it makes the recovery and separation of the plutonium much
harder but notably still not impossible. This option is being studied seriously, particularly in the US as
a disposition route for military plutonium, There are however some significant technical and licensing
problems associated with this option, which is still unproven. It is likely to be a very expensive and
limited option that will be applicable primarily to a small part of the surplus plutonium stockpile.. . .

The third option of incorporation into Fast Reactor fuel is no longer an imminent option except for the
ongoing development programmes, but as I have already argued, is an option that must be kept open
for the time when Fast Reactors will become economically attractive as an essential part of generating
sustainable energy for the world.

The fourth optlon isto mcorporate the plutomum into new fuel for thermal reactors Mlxed 0x1de or
MOX fuel is now an established, proven technology which has been in existence for over 30 years
since a reactor in Belgium was first loaded in 1963. In the same year MOX was loaded into the
prototype Advanced Gas-Cooled Reactor, the WAGR, at Sellafield.. Over 500.t of MOX fuel has now
been manufactured world-wide, using about one third of the stock of separated plutonium. There are
about 35 reactors licensed for the use of MOX. There could be 50-60 licensed reactors by the year
2000, and there are no fundamental technical problems to the use of MOX in most PWRs. The issues
are mainly licensing and economical. T

At BNFL we have manufactured all the MOX fuel for the UK’s experimental Fast Reactors and have
been operating a small scale MOX Demonstration Facility, MDF, for thermal reactor fuel for several,
years. Fuel from that facility has already been loaded into reactors in Germany and Switzerland. Our
much larger Sellafield MOX Plant, SMP with a capacity of 120 tonnes of heavy metai per year is
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nearing completion, and has now entered a phase of public consultation prior to commissioning. The
co-location of reprocessing and fuel plant, as at Sellafield and other sites, is a key element in reducing
any proliferation risks by minimising the need for transport of plutonium in a separated form.

Of course, there will be a continuing need for the transport of plutonium in some form. In BNFL we

have many years experience of the safe national and international transport of nuclear materials, We

have a long association with our French and Japanese partners through our subsidiary PNTL, which, in

addition to the transport of irradiated fuel from Japan to France and Britain, has made returmn shipments

of High Level Waste and of plutonium for the MONJU reactor. We have been safely transporting

plutonium for over 30 years, and more recently a number of MOX assemblies have been transported to --
European utilities by air and sea. Of course, all transport is subject to strict international regulation by

the IAEA. The outstanding safety record is due to the design and development of the packaging, the

experience and expertise of the operators and the rigorous checks that are carried out at every stage of

the operation.

With a 30% MOX fuel loading, a thermal reactor can consume as much plutonium as it produces.
When SMP and JNFL’s JMOX plant are on-line and with an extension to the French MELOX plant,
some time after the year 2000, there will be sufficient capacity to stabilise and reduce civil plutonium
stockpiles; MOX fuel consuming as much as is separated by reprocessing. The IAEA estimates that
the stocks of separated plutonium will roughly halve over a period of 10 years once these plants are
operational. As more advanced reactors capable of higher MOX loading are developed and more
reactors are licensed to use MOX, the entire production and consumption of plutonium will become
increasingly stabilised. ‘ '

There are five key advantages to MOX fuel which I want to outline:

Firstly, it can effectively stabilise or reduce the total plutonium inventory, both civil and military.
Recycling plutonium is the only certain way of avoiding the potential for diversion.

Secondly, plutonium is itself a valuabie energy source. Just one kilogram of piutonium, which I could
easily carry in my hand, has the energy potential of one thousand tonnes of oil. Future generations
may regard us as mad to throw away and make inaccessible such an energy source. And of course it is
a carbon-free energy source, each kilogram of plutonium recycled saving the discharge of more than
three thousand tonnes of CO,.

Thirdly, such plutonium will remain visible, or for ex-military plutonium become visible, as part of the
civil safeguards regime, so that the potential or opportunity for clandestine diversion will be
minimised. The expertise built up in military uses of plutonium can be refocused on its civil uses, truly
turning swords into ploughshares. '

Fourthly, recycling reduces both the amount of waste and the number of spent fuel elements that will
require ultimate disposal.

And fifthly, we will maintain and develop the skills and capabilities that will be needed longer-term -
when the, I believe, inevitable resurrection of nuclear power occurs and the need for efficient, -
commercial breeder power stations emerges.

The current economics of MOX fuel are often misundersteod. The fuel currently costs four to six
times as much to fabricate as virgin uranium fuel, but it can save up to £50M over the lifetime of a
reactor, principally by offsetting the cost of mining, purifying and enriching new uranium. MOX will
become more widely economic with improved manufacturing experience and as more advanced
reactors with higher burn-ups are developed. For these reactors the alternative to MOX is more highly
enriched, more expensive uranium fuel, making MOX relatively attractive.

I want to finish my talk by addressing what are perceived as the three principal risks associated with
the management of plutonium.
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Firstly, there is the risk of a state deliberately diverting nuclear materials or facilities from civil to
military use. This is predominately a political issue, which requires effective international surveillance
and safeguards. As the world becomes more connected and surveillance techniques increasingly
improve, I believe that the chances of a rogue state being able to default on its Non-Proliferation
commitments will become increasingly remote. To strengthen this point I believe firmly in developing
the notion of mternatlonal pari:nershlps for the management and control of all the relevant nuclear
activities. SRS :

Secondly, there is the risk of the theft of nuclear materials by terrorist or other groups. This risk has
been enhanced by the ending of the cold war and the release from strict military supervision of
significant quantities of nuclear materials. It should be noted that there is no evidence of any credible
risk of diversion of civil safeguarded material. However, the theft of any nuclear material is a risk that
needs to be addressed very seriously and one that, if it were to occur, would undoubtedly have an
adverse impact on the civil use of plutonium. The quicker that any plutonium at risk of theft or
unauthorised trading is brought under international control, fabrlcated into MOX fuel and burnt in a
nuclear power reactor, the better.

Thirdly, there is the risk of closing off the nuclear power option. This could perversely leave the world
more open to the threat of nuclear proliferation. Nuclear materials exist and will continue to exist.
They can best be controlled by ensuring that we maintain viable and peaceful outlets. Allthe
arguments put by the anti-nuclear lobby must be seen in the context that their overall aim is simply to
shut down the nuclear industry. We must continue to convince the public that the civil use of
plutonium is actually a solution to plutonium proliferation and not part of the problem. We must also
ensure that Governments receive a balanced view, and trust that they will be able to resist short-term
single-issue populist lobbying and take seriously their moral obligations to heed the longer-term needs
of world populations.

I have outlined a number of approaches to the management of plutoniwm. All of these will have to be
pursued to some extent, but the most important of these for the immediate future is the thermal MOX
option. Its pursuit is a key element of both the effective management of plutonium and of the long-

term maintenance of nuclear power as an environmentally beneficial and sustainable energy resource.

Thank you.
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Tokyo, Nadao Hall, February 23-25, 1998

OVERVIEW OF RRC “KURCHATOV lNSTITUTE’; PRINCIPAL STUDIES
OF PLUTONIUM USAGE IN OPERATING AND FUTURE REACTORS

P. Fomitchenko, N. Ponomarev-Stepnoi, P. Alekseev
Russian Research Center "Kurchatov Institute”, Moscow, RUSSIA

An overview of Pu usage strategies, considered in Russian Research Center “Kurchatov
Institute” and developed in collaboration with other scientific and industrial organizations is
presented. The aspects of peaceful plutonium usage (also excess weapons Pu) are
discussed. They comprise the evaluation of plutonium as a valuable source for nuclear
power sector, its possible role in the optimization of the nuclear power sector in Russia.
Various reactor concepts are briefly considered for Pu usage. Among them are operating
reactors which have already found their place in the power sector (traditional LWRs and
fast reactors) as well as emerging reactor concepts like modular high-temperature reactor,
lead or steam-water cooled fast reactors and molten-salt reactor for closed fuel cycle.
Overview of domestic and infernational activites of RRC Kl in these fields is shortly
presented. Among them is the comprehensive program aimed at the licensing of MOX fuel
usage in VVER-1000 reactors (considered along with the implementation of the new fuel
cycles) and efforts for its scientific qualification. '

INTRODUCTION

The world community has now reasons to be concerned about accumulation of plutonium, produced in
operation of existent power reactors, as well as weapon-grade plutonium, released according to the
arms reduction programs.. Plutonium treatment problems are not only technical, ecological and
economical, but also political, because they are directly connected with nonproliferation of nuclear
weapons and social acceptability of the nuclear power. ‘

Studies of Pu usage strategies have been always one of the main fields of interest at the Russian
Research Center “Kurchatov Institute” and have been developed in collaboration with other scientific
and industrial organizations. Plutonium treatment was always realized in RRC Kl as one of the most
important branches of technical culture. This treatment includes production, separation, storage,
solving nonproliferation issues, and utilization. The latter became the most essential item in the studies
mentioned above.

Itis well known, that in Russia (as well as in some other nuclear countries), plutonium is considered as
a valuable energy source which should be used, because in future it can become fuel of vital
importance. The development of approaches to the use of this source is tightly connected with the
progress in understanding of the role of plutonium in the nuclear power sector of Russia.

The key problem for all countries, considering recycling of plutonium, is the optimization of this process
for the nearest term, middle-term and long-term future. From the very beginning of Russian nuclear
power development, the choice of fuel cycle was based on the purpose to use natural resources in the
most effective way. This is the reason why a closed fuel cycle option was accepted, and it resulted in a
strategy of plutonium and radwaste treatment.

STRUCTURE OF THE NUCLEAR POWER SECTOR

For the long-term future, the optimal utilization of plutonium will have many common features in Russia
and other countries. For the nearest- and average-term future, the rational plans of plutonium utilization
in Russia can significantly differ from similar plans of other countries [1]. But no doubt that the
plutonium treatment option that we choose for middle-term future should become a good basis for the
development of optimal fuel cycle in the far-term future.
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The long-term nuclear power development program of the Soviet Union adopted in 1970s, provided for
its large-scale and intensive development with the two-component power structure: at the initial stage -
nuclear power plants (NPP} with thermal reactors to produce energy and accumulate plutonium for
supplying fuel for NPPs with fast reactors at the first stage of their development. At a later phase of
nuclear power development, NPPs with fast reactors should become a component of the future large-
scale nuclear power, ensuring total neutron balance. Initially, the whole nuclear fuel cycle (NFC) was
planned for such a two-component structure, that fuel would be supplied with the help of fast breeder
reactors and by closing the fuel cycle with respect to uranium and plutonium. So, from the very
beginning creation of a closed NFC was planned in the Soviet Union. - '

Nowadays, it is @ common understanding that for the large-scale and long-range implementation of
nuclear power (NP}, nuclear power should be harmoniously included into the general energy system
‘which is a natural part of the Earth infrastructure. Therefore, nuclear power system should satisfy at
least the following requirements: cost effectiveness, sufficiency of resources, safety, acceptable
environmental impact, and nonproliferation.

Two first requirements can be well met by using a two-component NP system involving thermal and
fast solid fuel reactors. This NP structure would permit the natural resources (uranium and/or thoriuim)
to be much more effectively used, uranium production to be reduced, and, hence, the radon
penetration into the biosphere would be sufficiently lower. '

The plutonium utilization options are considered now in RRC Kl with account for the following facts:

° increase in plutonium stacks due to delay with construction of fast reactors and nuclear weapons
reduction; : . :

o positive experience gained outside of Russia in plutonium utilization in thermal reactors;
significant reduction of available (developed) uranium deposits after disintegration of the USSR
and increase in the uranium cost: S
growing concern of the society about long-lived toxic radwastes:
significant uncertainty in the rate of the future nuclear power development.

In RRC Kl a lot of efforts were made to elaborate methods for reaching the required breeding level,
enhancing the safety of nuclear power units, and reducing the capital investments. They are currently
known, and what is needed is time and funds for their realization.

Difficulties may be encountered with the public attitude to the level of environmental impact, which will
be primarily determined by the quantities of rédionucli_d'es, both in the fuel cycle {uranium, plutonium)
and in the radwaste disposals (minor actinides, fission products), and of those globally dispersed
(carbon-14, tritium, krypton-85); and with the public attitude to the problem of nonproliferation of
nuclear materials, which will be in the main determined by the availability of pure Pu in fuel cycle.

A number of approaches in treatment of the long-lived radwastes are considered now. In RRC K,
along with other studies, the nuclear-chemical concept of minimization of long-lived radwastes is now

elaborated. This issue is closely related to the use of plutonium as a source of neutrons and energy
required for theijr minimization.

For stich a concept, the muiti-component system was proposed (Fig 1.) [2], in which we consider
?h:‘osc;?ses concerned with the final use of recycled fuels, such as flucrides, in molten salt reactors
o - discharged fuel goes through dry gas-fiuoride processing; _
® - after isotope correction uranium is recycled as a fuel in thermal and fast solid-fuel reactors;
= a fraction of plutonium, together with all minor actinides and some fission products (FP), is
incinerated in a molten salt ‘burner’ reactor (MS-BR); stable and shortlived FP are removed from
the burner reactor by the separation systems of the reactor itself {these problems can be solved
by chemical and physical methods); N
the major part of plutonium is intended for thermal and fast solid-fuel reactors;
stable and short-lived FP are directed to'an interim storage facility from which (unless they can be
usefut in medical or industrial applications) they are sent to final disposal.
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Fig.1. Multi-component nuclear energy system with closed fuel cycle for all actinides including Pu,
and dangerous long-lived fission products (FP, - short-lived FP).

As far as the weapons-grade plutonium concerned, now in RRC Kl the following principle is supported.
When and if new advanced-reactor systems are constructed, on their merits as energy options it may
prove desirable to employ them in the disposition of any surplus military plutonium that remains at the
time, or in further reducing the risks from spent fuel or other waste forms containing both civilian and
previously dispositioned military plutonium. But disposition, fo the spent fuel standard, of the surplus
military plutonium that exists today should proceed in the meantime, using the existing reactor
technologies that can most quickly, safely, and inexpensively be adapted to this task.

UTILIZATION OF PLUTONIUM IN REACTORS

This chapter briefly presents some reactor concepts, both supposing Pu usage and supplementing the
nuclide balance in the whole structure of nuclear power sector. These concepts have been developed

by RRC KI working closely in collaboration with other scientific and industrial organizations in Russia
and abroad.

As can be seen from the evolution of the basic ideas of these reactor concepts, they were always

aimed at the solution of the problem to use natural resources in the most effective for current situation
way.
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Fast neutron reactors

The criteria for choosing optimum fast reactor type cooled by have undergone essential evolution
during NP development. At the earlier stages of NP development, the key point was to obtain the
maximum breeding ratio, i.e. minimum fuel doubling time in the closed fuel cycle. This approach arisen
due to high rates of NP growth expected in those times, which could lead to exhausting of cheap
uranium ores.

Because of higher capital costs compared to LWR, the majority of liquid metal cooled fast breeder
reactors fueled by plutenium (LMFBR) projects developed in RRC Kl and other institutions (OKBM)
was designed to have high unit power, 1000 MWe or more, and high breeding ratio (about 1.5-1.8). For
the solution of fuel supply problems, in RRC KI also helium-cooled fast hreeder reactors with doubling
time from 3 to 5 years were considered.

As the rates of NP growth turned out to be not so high, by the mid-1980s the criteria for fast reactors
began to be reevaluated. Breeding, safety and efficiency criteria got almost the same importance in
expert analysis.

Alkaline metals (Na-K, then Na) were selected as a coolant for fast reactors 40 years ago and now its
technology is well developed. Such characteristics as low price and compatibility with steel, real
capabilities to reach high power density of fuel, decrease of loading and time of Pu doubling were very
attractive for problems actual in that time. In current conditions, decrease of Pu loading and short times
of its doubling are not still actual. On the other hand, the chemical activity of Na, moderate temperature
margin up to boiling, fire danger and rather high activity hinder a full realization of fast reactor
possibilities and reaching by them of the best safety and profitability levels.

By 1882, as a first step, in the RRC Kl a concept for the core of a fast sodium-cooled reactor with
shroudless fuel assemblies, low hydraulic resistance (<1bar), lower coolant heating-up, heterogeneous
U-Pu core composition ensuring core breeding ratio 1.0, both in medium and large power output
option, was developed. Its neutron economy and safety features are better than conventional sodium-
cooled fast reactors.

The negative properties of Na coolant stimulate search for new coolant compositions for fast reactors
to implement their positive qualities to a greater extent. It is obviously impossible to speak about
inherent reactor safety without refusal from alkaline coolant. Liquid lead and its eutectics Pb-Bi, Pb-Mg,
Pb-Li (possessing their advantages and shortages in comparison with Pb) are preferable by nuclear,
thermal-physical, chemical and cost properties among liquid metals.

A lead-cooled fast reactor was proposed [3] by RRC KI (with EDO “Gidropress”, IPPE, RDIPE} in the
mid-1980s, in which all internal dangerous sources are excluded. Concept of fast reactor with lead-
based coolant with implementation of design upgrading measures allows to create a facility with such
inherent safety features as negative void reactivity coefficient and aimost zero reactivity change during
fuel bumup in regimes providing the equilibrium nuclide fuel composition.

High-temperature gas-cooled reactors

The high-temperature gas-cooled reactor (GT-MHR) concept [4] is a joint Russian-U.S.-French-

Japanese development of all experience gained while designing graphite reactors, cooled by high-
temperature gas. : C L

The concept is based on the use of the core with graphite moderator and helium coolant as well as of
the fuel in the form of microspheres with pyrocarbon and silicon carbide coatings. The GT-MHR
consists of a reactor enclosed into a steel high pressure vessel incorporated with the power conversion
system using gas turbine cycle. The GT-MHR is characterized by enhanced safety and high efficiency
{up to 50%) which could make it economically more advantageous comparing with other reactor types.

In reactors of this type weapons-grade plutonium is used in the form of undiluted glutonium dioxide.
The use of microspheres allows the high burnup of Pu : up to 90% of the initial 2*Pu charge, to be
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reached in a once-through cycle. Plutonium contained in the spent fuel is of no interest for weapons
production. The ceramic structure of the spent fuel and the multitayer coating properties make possible
its long-term disposal in geological formations without reprocessing.

As a new advanced-reactor system, a variant of GT-MHR with low enriched uranium-loaded core is now
evaluated, to estimate its merits as energy option for certain energy market domains.

Molten salt burners

In Russia, a systematic research program on the MSR problem was launched at RRC Kl in 1971.
Today in RRC Kl, a feasibility study on new fuel cycle development based on molten salt technology is
carried out, and it is supported by MINATOM Institutions (VNIITF, EDO “GP”, IPPE), Ministry of
Science and Academy of Science, and within international cooperation (Chech Republic, Japan).

The advantages of the MSR as a burner reactor [5] follow not only from its potential combination with
the gas-fluoride technique of fuel reprocessing, which is low-cost and produces a small quantity of
waste, but also from its capability to use fuel of any nuclide composition. The MSRs have the flexibility
to utilize any fissile fuel in continuous operation with no special modification of the core, as
demonstrated during MSR operation for **U, #*0) and Pu. The MS-BRs require a minimum of special
fuel preparation and can tolerate denaturing and dilution of the fuel. Moreover, the systems of this
reactor could be simultaneously used as the components of the external fuel cycle.

Now the future fuel cycle of the MSR burner should be aimed at solving the following tasks:

e introduction of highly radioactive fissile materials (Pu, Np, Am, Cm) as well as some fission
products into the fuel cycle; - : -
minimizing the amount of radwaste generated by fuel cycle as a whole and on individual stages;
reprocessing of fuel and its recycling in nuclear power installations must be realized with as few
operations as possible. and a minimum loss of radionuclides to be incinerated outside the
protective barriers of the closed fuel cycle;

e infroduction of thorium into the MSR fuel cycle in small amount to increase plutonium content in
molten salts in near-term applications and on a large scale for creation of a uranium-thorium fuel
cycle for long-term applications. :

Innovative LWR-type reactors

When the fuel supply of the expected high rate of NP growth was considered as the main problem
(before 19886), the main directions in the development of light-water reactors, in particular, of VWER
type, were concentrated on the improvement of their fuel consumption features by spectrum shift for
the increase of conversion ratio from 0.55 to about 0.7-0.75.

Among them are con"cepts of high conversion LWR (HCLWR) with moderator-to-fuel ratio about 1.0
(tight lattices), and another one is spectrum shift by the use of supercritical water as a coolant (with

EDO “GP"). The latter concept permits to obtain the mean fuel cycle hydrogen-to-fuel atom ratio similar
to the value of VVER at EQC [6].

One of the ultimate examples of such an approach is Steam-Water Power Reactor {(SWPR) concept
suggested by RRC K! with EDO “GP” and VNIAM [7]. The origin this concept is an attempt to combine
the advantages of low-level capital costs due to succession of light water reactor technology with
acceptable level of fuel breeding inherent for fast reactors. The idea of this concept is the cooling of
fast reactor by steam mixture. Such cooling mode allows to provide low cladding temperatures, and,
hence, the possibility to use steel as a structure material. Average core parameters like coolant density
and operating pressure for different SWPR designs can vary in relatively wide ranges. Key points are

the almost constant coolant temperature in the core and high thermal capacity of the core due to phase
transition. : : :

As the SWPR neutron sbedtrum in normél.operation is essentially fast, the qualification of design and
operation of LMFBR'’s fuel elements can be applied. The fast neutron spectrum provides breeding ratio
of about 1.0 and advantages in safety compared to LWRs.
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Judging SWPR, as an advanced reactor concept, by the criteria of safety, economy, ecology and fuel
consumption, one can summarize that
*  SWPR is quite competitive in safety with traditional LMFBRs and LWRs;
*  SWPR is the same as PWR from the economical point of view, being much better than LMFBR;
* - SWPR is capable to incinerate long-lived radwastes and fransmute TRU with the rate typical for
any fast reactor, and much better than any thermal reactor.

Utilization of plutonium in operating VVER-1000 reactors - a realistic near-term option B

The calculational studies of the possibility to use plutonium in VVER-1000 reactors have been carried
out in RRC Ki for several years. In the moment, under consideration is the simplest way of involving Pu
in the VVER-1000 fuel cycle - the direct substitution of a part of uranium fuel by MOX fuel without
essential changes in the core design [4]. It was found, that physical peculiarities of a core with MOX
fuel (reduction of the effective fraction of delayed neutrons, of the efficiency of absorbers, etc.) pose
restriction on the number of MOX fuet assemblies in the VVER-1000 of existing de5|gn Therefore, the
fraction of about 1/3 is usua[[y considerad.

Nowadays, in Russia the intensive studies are carried out for the modernization of the VVER-1000 fuel
cycles, which main features are the following [8]:

o use of the improved fuel assembly with zirconium spacer grids and guiding tubes; -

» use of uranium-gadoliniurn fuel as a burnable absorber;

e core loading patterns with reduced neutron leakage.

Comparisons of the currently used design three-year fuel cycle with the modernized one showed the
significant advantages of the latter in a number of important parameters. In particular, the control &
protection system (CPS) efficiency is increased by about 25%. By 2000, the transition to the new
VVER-1000 fuel cycles should be completed, and this fact is now taken into account in RRC Kl while
analyzing the parameters of VWER-1000 with MOX fuel.

In 1997, the comprehensive program aimed at the licensing and operation of the VWER-1000 with
partial (1/3) core loading with MOX fuel made of weapon-grade plutonium was elaborated under the
scientific leadership of RRC KI. This program suggests the participation of all responsible’ scientific and
industrial institutions in Russia, and now approved by MINATOM of Russia.

The main directions of the work and, therefore, the main its results should be the followmg
o qualification of the MOX fuel use in VVER-1000 reactors;
e development and fabrication of MOX fuel, fuel rods and assemblies for VVER- 1000 reactors and
their licensing;

e development of facilities for fabrication of MOX fuel, fuel rods and assemblies for VVER-1000
reactors; _
qualification and pilot operation of the lead test assemblies in a WER—1000 reactor;
licensing of NPP units with VVER-1000 for the use of 1/3 MOX fuel assemblies;

¢  pilot operation of serial MOX fuel assembiies in VWER-1000 reactors.

Along with traditional pellet technology for fuel rod manufacturing, developed by VNIINM, also the
vibropacked technology for VWER-1000 MOX fuel is considered.
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CONCLUSIONS

There is a possibility to update the NP fuel cycle, which enables the NP safety, ecology, cost
effectiveness and sufficient resources supply and nonproliferation to be ensured for the long term.
A muiti-component fuel cycle system can be incorporated into the nuclear power infrastructure.

In such a multi-component system, plutonium is considered as a valuable neutron source for
utilization of minor actinides and for incineration of dangerous long-life fission products. Weapons-
grade Pu couid be converted into a non weapons-grade form without degradation of its potential
properties ‘as a nuclear fuel, allowing delayed utilization without reduction of the economic
efficiency of the nuclear energy system.

The nuclear power sector of Russia apparently will not change until 2010, except for finishing of
the construction and commissioning of several units. it is doubtful, that by this time MOX fuel can
become competitive with the usual uranium one. But further delays in the beginning of works to
include plutonium in the NP fuel cycle could lead to necessity to use expensive natural uranium,
and, therefore, to increase in NP energy cost for the next 20-30 years.

In the next ten-year period it is necessary to carry out all R&D works on qualification of all
components of the 21st century nuclear power infrastructure. Inclusion of excess weapon-grade
fission materials into the fuel cycle of nuclear power could permit to considerably reduce terms and
investments required for the creation of the efficient structure, ensuring the possibility for the
nuclear power sector to reach its goals in energy supply.

' Ufilizatibn of W-Py plutonium in VVER-1000 reactors is a realistic near-term option which should

be undertaken in collaboration with other countries, in particular, in the creation of the “International
Data Base For Licensing of MOX Fuel in VWER-1000s".
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Peaceful Use of Plutonium Alse Necessary in Prevemting Global Warming

Hiroshi IIDA
- Editorial Writer, Sankei Shimbun

Abstract

For Japan's energy security and for observing the Treaty for the Prevention of Global
Warming, expansion of the peaceful use of nuclear energy, mainly used for electric power
generation, is essential. However, there is a limit to uranium resources, which will
mevitably be exhausted in the near future. Uranium prices will soar in such a situation, and
worse yet, obtaining uranium will be difficult. In order to avoid this kind of situation, the
best solution would be to use plutonium extracted by reprocessing spent nuclear fuel.

A Prime Minister of Japan once remarked that "Japan has the capability for nuclear development
(in terms of developing nuclear weapons) but has no intention of doing so," -this sparked
controversy at the time. Although many politicians and journalists, including myself, interpreted
this remark as stating, in an easy-to-understand way, "The Three Non-Nuclear Principles,” which
constitute Japan's national policy. Some people were ready to jump at and criticize such comments
and people in neighboring countries were made wary of Japan, taking issue with the Prime
Minister's remark by saying that "One may change intentions anytime." '

It is true that in neighboring South Korea, reprocessing of spent nuclear fuel from nuclear
plants is prohibited because of an agreement with the U.S., and there is a mounting sense of
distrust about why Japan is permitted to reprocess spent nuclear fuel. My own experiences during
informal talks with South Koreans involved with electric utilities and scientific journalists has given
me the impression that they all believe, in earnest, that "Japan will someday arm itself with nuclear
weapons." :

Although it is very difficult to dispel such suspicions and concerns, Japanese people will have
to steadfastly explain, in order to gain the understanding of these people, the following message:
being the only country in the world that suffered from atomic bombs, and having learned a valuable
lesson by seeing the actual example of how nearby North Korea attempted nuclear development and
has had to face severe response from the international community as a result, and as a couniry
which subsists on international trade for survival, Japan will never plan nuclear weapons
development, and this is guaranteed by the existence of the Atomic Energy Basic Law.

Of the carbon dioxide (CQ,), which accounts for much of the greenhouse gases emitted in
Japan, 29% comes from thermal power planis, This means that switching from thermal to nuclear
power generation will contribute corisiderably to the prevention of global warming. - In preparation
for the Kyoto Convention for the Prevention of Global Warming held in late 1997, the Japanese
Government calculated that it would be necessary to construct 20 more nuclear power planis in
order to reduce CO, emissions by 2.5%, compared with the 1990 level. However, it was decided
- at the Convention that Japan's reduction target should instead be 6%, far exceeding the projected
2.5% figure. Because there has been a 10% increase in CO, emissions in Japan since 1990, a
reduction of 16% in CO, emissions by 2010 will actually be necessary in order to meet the target.
Even when taking into account such factors as solar power, wind power and other energy saving
efforts, this would entail switching from thermal to nuclear power generation by building more than
40 new nuclear power plants, according to simple arithmetic.
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Assuming for now that the difficulty of securing locations for nuclear plant construction is
solved (which is quite unlikely), there is the fact that natural uranium resources are finite, just like
oil and natural gas. When exhaustion becomes more imminent, Japan, which already imports 14-
15% of the global production of uranium at present, will probably come under intense pressure
from the international community. We would be lucky if prices just skyrocket; obtaining uranium in
the first place will inevitably be very difficult. This will be a matter of life or death for Japan, an
industrial nation that imports raw materials, processes them using electricity and exports
manufactured products. Making good the promise Japan made to the world at the Kyoto
Convention for the Prevention of Global Warming will also be impossible, which will seriously
damage Japan's reputation in the international community.

The only way for avoiding such a scenario is to use the plutonium that is already stored in
nuclear plants and then extracting the plutonivm by reprocessing spent nuclear fuel, which
continues to accumulate at nuclear plants. There are organizations in Japan opposed to plutonium
which try to incite anti-plutonium sentiments by taking advantage of the mentality of the general
public, for whom nuclear weapons are called to mind at the mention of plutonium. It is, however,
only natural for Japan, which depends on imports for more than 80% of its primary energy, to
utilize the plutonium which is regarded as an energy source obtained by quasi-domestic production,
especially in this age of recycling.

Although an ideal solution would be to realize the fast breeder, which achieves 60 times as
much utilization efficiency as a light water reactor that uses enriched uranium as fuel, the troubles at
France's Superphenix and Japan's Monju prototype reactor have resulted in making the prospect of
realizing fast breeders more remote than before. In the meanwhile, more and more spent nuclear
fuel from light water reactors is accumulating. Japan also has the obligation of receiving from
France extracted plutonium which was commissioned for reprocessing. A likely outcome would be
that a large increase in the plutonium amount stored in Japan, which various countries of the world
are so wary of, will become a reality; such a scenario will have to be avoided by all means.

The second best option, although not as high in utilization efficiency as fast breeders, may be in
using mixed-oxide fuel (MOX), a mixture of wranium and plutonium, is burned in light water

reactors, which is sometimes called as “the Pu-thermal technology.” The advantages of adopting
this plan are as follows: the amount of final high-level radioactive waste disposal will be very small,
although such disposal will be necessary, regardless of which method is used; it would be possible
to use current light water reactors for this plan with only simple modifications; and importantly,
conserving uranium resources will be possible with the implementation of this plan.

Along with speeding up the development of the fast breeder reactor, the application of “the Pu-

thermal technology” into actual use should be implemented as soon as possible, as these endeavors
would make up a nuclear fuel cycle policy significant to Japan, both from the viewpoint of
preventing global warming and of conserving finite resources. Regarding the fast breeder in
particular, some people tend to ask the question, "Why does Japan carry on the development of the
fast breeder while other countries have given up the effort?” We should try to gain the -
understanding of such people by actively sending a clear message to the world that Japan, with its
advantages in development technology and cost, will try to play a pioneering role and make
contributions by sharing the resuits of its research and development efforts and relevant information -
with the rest of the world as a common intellectual and technological property.
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It is an undeniable fact that dispelling the doubts and concerns of various countries of the world
about plutonium is a difficult task. It is desirable for Japan to constantly make public the current
storage amount of plutonium and to come up with measures to move in the direction of international
plutonium management in the near future.

If I may add a little more regarding the development of the fast breeder, the responsibility for
which will be moved from PNC to a new organization to be established, I think it will be necessary
to promote substantial participation of researchers from developed countries which should improve
other countries' sense of trust in this research. We have already had the experience of many
foreign researchers participating at nuclear fusion research facilities in the Tsukuba Research and
Education City, and the transparency of information concerning plutonium research may be raised
thanks to the word-of-mouth communication of these foreign researchers. Participating in this
research in Japan, which regards fast breeder development as an important part of the peaceful use
of nuclear energy that is Japan's national policy, while many countries have taken a step backward
in fast breeder development would provide a unique opportunity to conduct extensive research with
foreign researchers hoping to take part in the effort.
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(Abstract)

Japan's nuclear policy is to reprocess spent fuel and recycle recovered plutonium and uranium. Fast Breeder
Reactor (FBR) can utilize uranium with remarkable efficiency, so its commercialization is regarded as
essential. However, considering of the present energy supply and demand situation, FBR development is
expected to be delayed.

While under contracts with BNFL and COGEMA, we own about 10.5 tPu(f} overseas as of the end of March,
1997. It is necessary to steadily utilize recovered plutonium to avoid worldwide concerns, based on the
principle that Japan should never own surplus plutonium.

At present, the utilization of MOX fuel in light water reactors (LWRS) is the most feasible method and will
become primary means of plutonium utilization for the coming several decades. In Japan it is scheduled to
start in 2 nuclear units from 1999. To start the utilization of MOX fuel in LWF.ql, it is important to cbtain the
understanding of the residents around the nuclear sites, and a nationwide consensus by assuring the

‘transparency of plutonium utilization, showing necessity and safety .
1. Necessity of Nuclear Power

Japan has scarce natural energy resources and we depend on foreign resources for 80% of our primary
energy supply. After experiencing two oil crises, the concept of energy efficiency has gained pbpul'aﬁty in
Japan. We have also tried hard to develop oil-alternative energy. Even so, the oil-dependent energy
production of Japan remains as high as 56 % (in 1935), and 99.7 % of the oil is imported, which makes

Japan's energy supply structure extremely fragile in comparison to other industrialized countries.
In the meantime, although energy efficiency is promoted, the energy demand in Japen is expected to
continue to increase in the future , as the Japanese life style continues to become richer, more comfortable,

and in general more information-oriented.

Under these circumstances, it is necessary for us to diversify our energy resources in order to ensure our

future energy security. That is why Japan has promoted the utilization of nuclear power.
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Currently, global environmental issues are of great international concern. Last December, the Third Session
of the Conference of the Parties for the Framework Convention on Climate Change (COP 3) was held in
Kyoto, to have worldwide discussions of these issues. In the conference, the targets for greenhouse-gas
reductions of the industrialized countries were decided and agreed upon by the member countries. Japan's
target is to reduce its emission of greenhouse gases to 6 % below 1990 levels by sometime between 2008 and
2012. Japan's reduction program was using the estimation that 20 more nuclear power plants of 1,000 MW '
each would be constructed by 2010. Therefore, nuclear power is expected to become one of the ideal means of
relieving the negative impact on the environment. The amount of COZ2 released by nuclear power is
significantly less than other types of power generation, even cbnsidering all the processes involved, ranging
from fuel mining to plant construction and operation. Consequently, there is every reason to believe that

nuclear power can be the “ace” of all the power generation methods in terms of preventing global warming.

(Fig. 1) CO2 emissions according to Power Source

Coal

Gil

LNG

Solar heat energy
QOcean thermal energy
Tidal current energy
Sunlight energy
Wind force

Wave power
Geothermal energy
Nuclear energy(#2)
Hydroelectric
Nuclear energy(*1)

CO02 emissions per 1 kWh

0 50 100 150 " 200

- V] 1 1 1

Carbon conversion
(g—c/kWh)
250 300

L J

| 270

] 200

1178

)
25

O o o

[~

I[___lli_ll

Note: COZ2 emissions levels include emissions from material mining, construction, transportation,

purification, operation(actual power generation), maintenance and all other processes

Nuclear energy(*1): centrifuge separation method, plutonium-recycle

Nuclear energy(';“Z)': géseo'us diffasion method, closed-cycle
Source: CENTRAL RESEARCH INSTITUTE OF ELECTRIC POWER INDUSTRY

58



2. Necessity of Nuclear Fuel Cycle

Japan’s nuclear policy is to regard spent fuel as a valuable quasi-domestic energy resource, reprocess it
domestically, and recycle recovered plutoninm and uranium as nuclear fuel.
To establish the above system, Japan’s first commercial reprocessing plant is now being constructed by

- Japan Nuclear Fuel Ltd,, in Rokkasho-mura, Aomori prefecture. It is.scheduled to start operation in 2003.

From the viewpoint of ensuring energy security, effective utilization of uranium rescurces, and waste
reduction, establishment of the nuclear fuel cycle is important.

The 20th century civilization has been based on mass production, mass consumption and mass disbosa].
However, in the coming 21st century, we should aim to create a “recycling-oriented” .civilization which
utilizes natural resources effectively, minimizing waste generation as much as possible. In the field of
nuclear power, it has become necessary to recycle plutonium and uranium, reduce radioactive waste to the
minimum level. This concept follows naturally from the idea of a “recycling-oriented economy society”,
where resources are effectively used and waste generation is minimized. Typical examples of such a society
is one which makes use of power generated by refuse incineration, and which uses recycled paper.

In January, 1997, the Atomic Energy Commission of Japan reaffirmed that it is essential to smoothly
develop the nuclear fuel eycle, for the stable development of nuclear power in the long term, and suggested
some measures which include plutonium utilization in LWRs. In February, 1997, those measures were

approved by the cabinet and confirmed as the government’s policy.
3. Plutonium Utilization

{1) Reprocessing of spent fuel

Since 1970, most spent fuel has been reprocessed at overseas reprocessing plants according to the contracts
with BNFL and COGEMA. As a result, we own about 10.5 tPu(f) overseas as of the end of March, 1997. The
amount of plutonium recovered from the overseas reprocessing contracts will become about 30 tPu(f) by
around the year 2010. Flmdaineni_:a]ly, the recovered plutonium is to be fabricated into MOX fuel overseas,
and then shipped back to Japan to load in EWRSs. It is highly important to use the recovered p]utoniul:;:l at a
steady pace, so as to avoid worldwide concerns, based on the principle that Japan should never own surplus

plutonium.
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(Fig. 2) Present condition of Japan's plutonium stockpile (as of the end of March, 1997)

Recovered Overseas reprocessing (BNFL, COGEMA) 12.4 tPuf
plut_onium - {Domestic reprocessing (PNC) . 4.3 tPuf
Total 16.7 tPuf

Amount of plutonium to be used in FBR & ATR in Japan 5.1 tPuf
Stockpile Overseas reprocessing (BNFL, COGEMA) _ 10.5 tPuf
of Plutonium Domestic reprocessing (PNC) ' 1.1t Puf
Total 11.6 tPuf

(2) Plutonium utilization in Fast Breeder Reactor (FBR)

FBR system can remarkably upgrade the efficient use of our uranium resources. Therefore, it is one of the
most promising non-fossil energy options for the future, and thus, it is necessary to develop FBR

commercialization program.

However, to establish FBR commercialization emphasizing safety, we have to consider that FBR system
should be economically competitive in comparison to other types of energy resources. Taking into account
the present situation of the uranium market, the stability of the oil market, and also the current status of
the research and development of FBR technology, it will take longer than originally expected to actually

commercialize FBR.

{3) Plutonium utilization in LWRs (utilization of MOX fuel)

In Japan, since the Long-Term Program for Research, Development and Utilization of Nuclear Energy in the
1960°s, the utilization of MOX fuel in LWRs has been consistently planned to be carried out as one of the
plutonium utilization methods. In the 1982 version of the Long-Term Program, the small scale
demonstration program of MOX fuel in LWRs was suggested. Based on that suggestion, the Kansai Electric

and Japan Atomic Power performed it as well as the post-irradiation examination.

The utilization of MOX fuel in LWRs is the most feasible method of utilizing plutonium. This can be seen
from the experiences in France and other Buropean countries, and in Japan’s Advanced Thermal Reactor
(ATR) called “Fugen”, and also from the results of the small scale demonstration. We believe that the
utilization of MOX fuel in LWRs will become primary means of plutonium utilization in the coming several
decades, judging from the present energy supply and demand balance, and the delayed progress of FBR

commercialization.
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In addition, the amount of plutenium recovered from the overseas reprocessing contracts will keep on
increasing. Therefore, it is necessary for us to immediately start the utilization MOX fuel in LLWRs, so as not

to appear suspicions in the eyes of the international community with regards to nuclear proliferation.

Based on this information, we have announced the MOX utilization program as a commen theme. In Japan,

it is scheduled that 2 units will start using MOX fuel in 1999, expanding the use of MOX fuel LWRs for 16 to

18 by around 2010.

(Fig. 3) Japan's program of MOX fuel utilization in LWR

By 2000 Beginning of the By 2010 Total number of
2000's units
Tokyo Electric 1999 1 unit
2000 1 unit 1 unit 0 - 1 unit 3 -4 units
Kanzai Electric 1999 1 unit
2000 1 unit 1 - 2 units 3 - 4 units
Chubu Electric 1 unit 1 unit
Kyushu Electric 1 unit 1 unit
' JAPCO 2 units 2 units
5 other utilities 1 unit per utility 5 units
EPDC 1 unit 1 unit
Total 4 units 5 units 7 - 9 units 16-18 units

4, Assuring the Transparency of Plutonium Utilization

In the process of promoting plutonium utilization in Japan, it is necessary to pay great attention to
preventing worldwide concerns about the nuclear proliferation. Japan's development and utilization of
nuclear power has always been strictly limited to peaceful purposes from the very beginning of its
introduction to nuclear power, conforming with the Atomic Energy Fundamental Act of Japan. We have also
signed the JAEA Safeguard Agreement, and have accepted the JAEA's full-scope safeguards relating to all

types of nuclear materials.

Moreover, we have been trying our best to assure transparency in plutonium utilization by voluntarily
disclosing our plutonium demand and supply perspectives, as well as data about our plutonium inventory, in

accordance with the principle that Japan should never own surplus plutonium.

1 believe it is necessary to make further efforts to assure the transparency of our plutonium utilization, and
thus to obtain both domestic and international understanding and trust for the future. To achieve this goal,
we intend to strictly observe the Nuclear Non-Proliferation Treaty and the Convention on the Physical
Protection of Nuclear Material, to accept IAEA program 93+2, and to continue our effort to disclose

information about our plutonium inventory.
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5. Conclusion

Unfortunately, anxiety and distrust of nuclear power are increasing among the general public in Japan. To
counteract this, Japanese utilities must keep on giving safety their highest pricrity, and try te disclose
information to the public. We intend to spare no effort to obtain the understanding of the necessity and the
safety of MOX fuel utilization from the residents around the nuclear sites as well as the general public, so as

to be able to carry out the MOX fuel program in a steady and successful manner.
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PEACEFUL USE OF PLUTONI_UM: ISSUES AND TRENDS
Philippe Savelli, Deputy Director, Nuclear Energy Agency of OECD

Abstract

Energy and especially electricity demand will grow, in spite of efficiency improvement. Nuclear power is
one of the proven technologies that can contribute significantly to sustainable energy supply in the 21st
century. Large scale deployment of light water reactors could exhaust known uranium resources around
the middle of the next century. While recycling uranium and plutonium in those reactors is a more efficient
use of uranium resources, fast reactors ave the only demonstrated technology that allows to exploit fully
the energy content of natural uranium and to monitor plutonium inventories. The technical feasibility of
Jast reactors has been demonstrated but further research and development is needed to enhance their
performance and economics. To keep the fast reactor option open and fo reduce the financial burden in
each country it is necessary for interested countries to exchange information and experience. International
organisations such as NEA could play a key role in this regard.

Introduction

Plutonium offers opportunities and challenges for the nuclear community world-wide. Potentially, the use
of plutoninm can extend significantly the resources of nuclear fuels. Some technical options are available
already for managing, using or disposing of plutonium, and R&D in this field is pursued by a number of
countries. The management and peacefil use of plutonium do not raise major technical difficultics.
However, plutonium handling require specific safety and radiation protéction measures. Also, beyond
technical, economic and safety issues, plutonium management has wider political and social aspects that
have to be recognised.

The Nuclear Energy Agency (NEA) has camied out several studies covering scientific, technical and
economic aspects of plutonium management. Those studies include analyses of the physics' and safety’
issues associated with plutonium recycling, economics of plutonium recycling in light water reactors’, and
assessments of plutonium management® and use as a nuclear fuel’. Also, the work of NEA covers analyses
of nuclear power development and fhel cycle strategies in the medium and long term, that provide a
framework for assessing and comparing alternative plutonium management options.

The present paper is based essentially upon the findings and conclusions fiom those studies, reflecting
scientific knowledge, technical know-how and consensus views of experts from NEA Member countries, It
covers an outlook of world energy and electdcity demand to 2050 and projections of nuclear power
development that serve as a framework to discuss alternative reactor and firel cycle strategies.

Emergy, Electricity and Nuclear Power Qutlook

Energy demand growth will depend on many factors, including technological progress, lifestyle changes
and national energy policics. However, there is no doubt that world energy demand will continue to grow,
at least for several decades, and that electricity demand will grow at a higher rate than energy demand. Even
if technology progress, efficiency improvement and the success of policies aiming towards sustainability
would meet the most optimistic expectations, population growth as well as social and industrial
development are likely to outweigh gains on energy intensities of the world economies.

One of the most anthoritative organisations in the field of energy analysis, the World Energy Council
(WEC), in its 1995 report entitled “ Global Energy Perspectives to 2050 and Beyond™, presents energy
scenarios leading to a world primary energy demand ranging between 14 and 25 Gtoe in 2050, as compared
with 9 Gtoe in 1990. it should be pointed out that those scenarios are assuming that sizeable efficiency
improvements are achieved world-wide. Over the period to 2050, the energy intensity of the world
economy is assumed to decrease by 0.8 to 1.4 per cent per annum, depending on the scenario considered.
Other international and national studies give similar ranges for energy demand in 2050 and beyond.

Today, electricity accounts fr some 20 per cent of final energy consumption in the world. Electricity
consumption has grown consistently at a higher rate than energy demand, and this trend is expected to
continue for a number of reasons. Electricity is an efficient and flexible energy carrier that provides energy
services without harmfiil environmental itapacts at the point of end-use. Also, a significant share of the
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population in developing countries has no access to electricity. The average per capita consumption is
roughly ten times lower in developing countries than in OECD countries, reflecting the limited accessto
electricity supply in the most populated regions ofthe world. In those regions, consnmption is likely to
grow very rapidly as soon as supply is available. Therefore, world electricity consumption is expected to
more than double by 2050, reaching between 25 000 and 40 000 TWh as compared with some 12 300
TWh at present.

On the supply side, although there are many options available for providing the energy services that people
need, the choice is in fict Hmited when constraints related to natural resources, technical development,
economics and environmental protection are taken into account. Nuclear power is one of the proven
technolegies that can contribute significantly to sustainable energy supply in the 21st century. Recent
studies on long-term nuclear power development provide a range of scenarios covering a range of possible
nuclear capacity evolutions in the world to 2050. For example, Key Issues Paper No. 1 of the International
Symposmm on Reactor and Fuel Cycle Strategies: Adjusting to New Realities’ presents nuclear capacities
in the word ranging in 2050 from 333 GWe (in case of nuclear power phase out) to 1 800 GWe. Other
studies, such as the Global Vision Project being carried out by the Los Alamos National Laboratory in the
United States, snggest similar ranges of miclear power projections by 2050. In the efrence scenario
developed by the NEA, within its programme of work on muclear power and sustainable development, for
mvestlgatmg alternative fuel cycle strategies, it is assumed that world nuclear capacity will be around 1 100
GWe" by 2050.

Nuclear Fuel Cycle Strategies for Plutonium Management and Use

The scenarios discussed above are illustrative of possible futures and not predictive, but they constitute a
relevant framework to investigate fiel cycle strategies that would provide adequate uranium and fuel cycle
service supply capabilities to support nuclear power world-wide. For each step of the fiel cycle, diférent
processes, either technically proven and commercially available or under development, may be considered
in order to adapt nuclear fuel supply to demand. In each country, fuel cycle strategy choices will depend on
national policy goals, economics, domestic energy resources and industrial capabilities, and a number of
other factors. Also the growth rate of nuclear power, in each country and world-wide, will have an impact
on fuel cycle strategy choices.

High or medium nuclear capacity growth, in a given country and/or world-wide, is likely to provide
incentives to reprocess spent fiel in order to recover and recycle fissile materials as a means to reduce
uranium requirement. Reprocessing and recycling, including recycling in fast nention reactors, could be
considered also, in some countries, even in the case of low nuclear capacity growth, as a means to reduce
plutonium stocks and high level radicactive waste. Although safe technical solutions are available for the
disposal of plutonium contained in spent fuel, its recycle, and especially its use in fast reactors, enhance the
sustainability of nuclear power in the long term.

Also, fuel cycle strategies have to take into account the plutoninm stockpiles already existing. For several
decades, the production of nuclear electricity has generated fission products and actinides, including
plutomum By the end of 1995, about 970 tonnes of plutonium (tPu) had been generated; about 185 tPu
had been separated; and about 50 tPu had been recycled in reactors . Taklng into account the muclear
programmes being implemented and the fiel cycle strategies in place, it is estimated that, by 2000,
separated plutoninm inventories will increase to about 175 tPu and that cumulative amounts of plutonium
contained in spent fiiel will reach around 1 000 tPu. After the twrn of the century, the quantities of
plutonium sepamted and contained in spent fiels will depend upon nuclear power growth and fel cycle
strategies adopted in d1ﬁ'erent countries.

Technologies Br reprocessing light water reactor (LWR) spent firel and recycling plutonium in those
reactors have been developed and are commercially used in some countries. Several reprocessing plants and
facilities manufacturing mixed oxide (MOX) fiel elements for LWRs are in operation. Reprocessing, and
production and use of MOX in LWRs have reached industrial maturity during the last ten years and
considerable experience has been accumulated already in the field. Currently, 32 LWRs are licensed to use
MOX fiiel and this number is expected to increase. The MOX fuel fabrication capacity exceeds 200 tonnes
of heavy metal per year (tHM/year) at present and will rise to about 400 tHM/year before 2005. The
experience with recycling plutonium in fast neutron reactors although more limited, is significant also.

The risks and hazards associated with separated plutonium handling, storage, transport anduse havebeen
recognised since the early development of nuclear industries and are well understood. Because of its
radioactivity and toxicity, plutonium presents potential hazards to workers. In OECD countries, civil
plutonium handling ficilities have very good operational and safity records, provide high standards of
protection for pubhc health and the x=.rmronmemEl The design and operation of civil plutonium handling
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ficilities meet intemational safty and radiation protection standards and norms’, and foliow well
established practices and international guidelines. :

Because of its potential non-civil uses, plutonium must be guarded against diversion. A number of
international, regional and bilateral agreements are in place for ensuring that plutonium and plutoninm
handling facilities are subject to safeguards and, in most countries with civil nuclear programmes, national
safeguards systems are in place. Therefore, plutonium separation, transport, storage and use are under strict
government control and international surveillance. Over many years, the international organisations in
charge of safeguards have gained significant experience in controlling the steps of the fiel cycle involving
plutoninm handling,

Although the fast neutron reactor history is as old as that of thermat reactors, the accumulated experience
on their operation is not very extensive. World-wide, ten countries developed fist neutron reactor
technology at different times and to a certain extent, but few countries are currently pursuing fast neutron
reactor programmes. The rationale for developing fast reactors was, and remains, the recognition that they
areby farmore efficient than thermal reactors in utilising natural uranium, Consequently, the slowing down
of nuclear power growth, that in tum has alleviated concerns on uranium supply, led to delays in fast
neutron reactor development and implementation. Only two industrial-scale fast reactors have been built
and operated. On the one hand, these reactors have demonstrated the technical validity of the concept. On
the other hand, the feed-back fiom the experience acquired with the construction and operation of test,
prototype and industiial-scale fast reactors calls fr additional research and development aiming at
enhancing their technical and economic performance. In this context, it is expected that only a few fast
reactors may be built before 2025,

Different fuel cycle strategies, based upon existing technologies and/or concepts under development, may
be considered for the long term. The Bllowing discussion illustrates how altemative strategies would
impact on umanium consumption, cumulated non-reprocessed spent fuel arisings and plutonium
inventories. Those indicators, among other factors, are of relevance to assess the sustamablhty of nuclear
power and its fuel cycle,

With regard to natural resource management, if the world nuclear capacity would be around 1 100 GWe by
2050, as mentioned above, with once-through operated reactors, cumulative uranium requirements would
exceed uranium reserves by 2025 and known uranium resources by 2040, Past experience shows that, over
years, exploration efforts and science and technology progress have led to an increase in amounts of known
uranium resources in spite of oontmumg production'’. However, delincating and explmtmg additional
conventional and unconventional uranium resources, that could complement uranium supply by 2050,
would retquire costly exploration and development activities. Therefore, with the progressive exhaustion of
. known resources recoverable at Iow costs, uranium prices are likely to increase. In this connection, fist
reactors could be part of a strategy aimed at ensuring long term security of nuclear fuel supply i u-rfspectlve
of the rate of discovery of economically recoverable uranium resources.

Finally, once-through strategies do not utilise the energy that canbe extracted from plutonium contained
in spent fiiel. Reprocessing spent fiel and recycling fissile materials in thermal reactors can reduce
significaptly the amounts of plutonium remaining in non-reprocessed spent fiel, Within the iliustrative
medium muclear growth scenario mentioned above, the use of MOX in LWRs could reduce by some 60 per
cent the cumulative amounts of plutonium contained in non-reprocessed spent firel by 2050. However,
recycling plutonium in LWRs only does not allow a full utilisation of the plutonium contained in spent
fuel arising from LWRs. Therefore, the amounts of plutonium contained in non-reprocessed spent fuel that
have to be disposed of continue to increase, although at a lower rate than in once-through strategies. Fast
reactors, as they canuse plutonium from all types of spent fuel including MOX fuel discharged from LWRs
and fast neutron redctors, conld in the long term reduce dmstically plutonivm stockplles other than the
hold-up inventfories in reactors and fuel cycle facilities,

With the development of fast reactors, other fizel cycle strategies might be considered in the long term.
Options such as partitioning and transmutation of actinides could address concems related to waste
minimisation and global sustainability. It should be pointed out, however, that extensive research and
development remains to be done for demonstrating the technical feasibility of those options.

Concluding Remarks

There areanumber of options available or under development for peacefud uses of plutonium, including its
recycling in therrnal and fast reactors as well as its final disposal in spent fuel or in separated form. Among
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those options, decision makers in each country arelikely to base their choices upon a wide range of criteria
reflecting national policy objectives and goals.

Fuel cycle strategies aiming at reducing uranium requirements and radioactive waste arisings are likely to
become increasingly attractive from sustainability as well as economic viewpoints. Fast reactors ofer
advantages both in terms of natural resource management and in terms of plutonium amount and
radioactive waste minimisation. However, alternative opticns, already available or that would emerge from
on-going research and development, might prove to be equally attractive.

The technical £asibility of fast reactors has been demonstrated but finther research and development is
needed to enhance their perdfbrmance and economics. Intergovernmental organisations such as the NEA
could play a role in facilitating information exchange and experience sharing between interested countries
and, thereby, reducing the efforts and financial bundens in each country aiming at keeping the fist reactor
option open.
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Strengthening Nuclear Nonproliferation; Japanese Perspective
Position Paper by Ambassador Nobuyasu Abe

In spite of the significant progress in nuclear disarmament in the last decade,
the risk of nuclear proliferation is still real and growing. To achieve a world free
from the dangers of nuclear weapons, the world has to further strengthen the
nuclear non-proliferation efforts. Japan fully embraces the NPT as the essential
bulwark against nuclear proliferation. Japan is trying hard to bring the CTBT into
Jorce and to start negotiation for a fissile material cutoff treaty as soon as possible.
Japan is also committed to work for the containment of proliferation risks in the
existing and newly emerged areas through such export control regimes as NSG and
MTCR and new ways and means for this purpose. :

1. Opportunity and new challenges

Gathering momentum for nuclear dlsarmament _

The end of the Cold War provided a golden opportumty for the efforts
towards nuclear disarmament. The achievement so far, mcludmg those leading
up to the end of the Cold War, include the 1987 Intermediate-Range Nuclear
Forces Treaty and the U.S.-Seviet or Russia START I and START II Treaties.
We also welcome the bilateral understanding reached Iast year to start working
on START IIl. We can now look forwards to their strategic warheads to be
reduced to the range between 2,000 and 2,500 each by the year 2007. We have
also succeeded in extending the NPT and adopting the CTBT. If there are those
who may say that is not good enough or is too slow, I would say this is a
significant progress and we should try to consolidate the progress so far achieved
and to build further on it.

New challenges: imminent threat posed hx the grollferatlon of weapons of ImAass

destruction
By consolidation I mean, for example, tackﬂmg the question of the

management of the fissile material produced by the arms reduction so that we
may prevent the material and the technology and experts from falling into the
wrong hands. Our continued concern is the efforts by the countries mainly in
the Middle East, South Asia and Northeast Asia to acquire nuclear weapons.
The occasional news that efforts to smuggle fissile material were foiled combined
with the experience here in Japan of the religious cult that tried to obtain WMD
and succeeded, at least, in producing chemical weapons confirms our new
concern that not only the countries of concern but now also small fanatic or
terrorist groups can put hands ou the means to produce nuclear weapons.

By building on the progress I mean, for example, to work to bring the NPT
Review Conference to a success in the year 2000 and to secure further adherents
to the NPT and bring CTBT into force.
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2. Japan's commitment towards a nuclear weapon-free world

Building practical steps towards the ultimate elimination of nuclear weapons

free from the world
- It may be superfluous to say but as the only nation that experienced the

scourge of atomic bombs Japan is unswervingly committed to work towards a
world free from nuclear weapons. It is against this background that Japan has
been promoting the U.N. General Assembly resolution entitled "Nuclear
Disarmament with a view to the Ultimate Elimination of Nuclear Weapons." We
are grateful for the almost universal and overwhelming support offered to the
resolution. In order not to make such a resolution a mere slogan, our belief is
that we need to build concrete and realistic measures of nuclear disarmament step

by step so that we may nurture more favorable security environment that enables further
progress towards the ultimate goal of total elimination of nuclear weapons.

Indeed the non-nuclear commitment starts from Japan. To those non-
believers who may still suspect Japan may one day go nuclear let me reiterate
our commitment that Japan has no intention to acquire nuclear weapons and
will continue to abide strictly by the IAEA safeguard inspections.

3. Securing nuclear nonproliferation; NPT the cornerstone

In fact among the arms control negotiators the recent debate abeut nuclear
disarmament centers around the question of whether we should or should not
start negotiation on any nonproliferation agreement until there is a firm
commitment from nuclear weapon states to definite nuclear disarmament. In
our view this goes against our thinking of step by step approach to the ultimate
goal and as a practical result stifles any further progress towards nuclear
nonproliferation while the two nuclear superpowers proceed towards rapid
reduction of their strategic weapons.

In our view the NPT is the cornerstone of nuclear nonproliferation. Without
this bulwark against nuclear proliferation, there would have been many more
nuclear-weapon states today. The world would have been more dangerous and

more destabilized. Japan firmly supported the indefinite extension of the Treaty
and is working hard to win more adherents te achieve the universal application
of the treaty. Brazil's adherence left only a handful of states as non-adherants. I
know that they have many reasons to explain why they cannot accept the NPT
but on this score Japan will remain tenacious in its efforts to persuade them to
join the NPT.

Strengthened NPT review process

We also need to work on the strengthening of the NPT reglme based on the
two key decisions made at the time of the Treaty extension in 1995. They are the
"Principles and Objectives for Nuclear Non-Proliferation and Disarmament"
and the decision regarding the "Strengthening (of) the Review Process for the
Treaty." We are working with other countries in this strengthened review -
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process running up to the Review Conference in the year 2000. It is an
important process to maintain the Treaty's credibility and viability.

Strengthened and more efficien t IAEA sai'eguards system :
For the international nonproliferation system to have real teeth it is also ,
important to strengthen and make more efficient the IAEA safeguards_system_ _
in line with the latest IAEA Program "93+2." This is especially so in view of our
experiences in Iraq and North Korea where persistent inspection efforts still have
not cleared the air. The program must be implemented without delay by all
countries including nuclear-weapon states.

4, CTBT hnstonc acbievement

The latest achievement in nuclear disarmamem was tlae hnstonc signing of
the CTBT in 1996. It was the culmination of the step-by-step efforts to curve
nuclear weapons competition and proliferation, following the partial ban,
the outerspace ban and the threshold ban. Banning all nuclear explosions it is
not only a strong measure to curve the efforts by the non-nuclear weapon states
to acquire nuclear weapons but also serves as a strong brake against the .
escalation of nuclear weapons competition among the nuclear weapon states.

Brmg CTBT into force as soon as possnbl :
The overwhelming support in the U.N, General Assembly in adoptmg the

CTBT was 2 clear pronunciation of support by the international community.
Japan took the lead last July becoming the first to ratify the Treaty among those
countries that are required for the enactment of the Treaty. Japan urges the
other signatories to ratify the Treaty as early as possible. I weuld also urge the
signing of the Treaty by India, Pakistan and North Korea whose particlpatnon is
reqmred under the Treaty for its eutry into force.

I h'ave'rec'ently been to some of those ceuiltries to have discussions on this
and other questmns of arms control. I heard many arguments justil'ymg tbelr
position of not signing the Treaty. But Japan, together with other countries,
will have to continue the efforts to persuade them to reconsnder their posntmns $0
that we can bring the ’I‘reaty into force before it becomes too late '

Tn the meantime Japan and other members of the Preparatory Commission
for the CTBT Organization have already started their preparations to 1mplement
the verification régime of the Treaty. Japan not only picks up nearly 16% of the
bill for the organization but also offers practical help by transferring its seismo-
logical monitoring technology for nuclear test detection and by provndmg
training for the experts from developing country members.- -

5. Cutoff treaty next step in nuclear nonprohferatlon

Beyond the CTBT the next step forward to strengthen nuclear
nonproliferation is a treaty to cutoff the production of fissile material for nuclear
weapons. The U.N. General Assembly in 1993 adopted a resolution calling for
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such a treaty. The concept was also endorsed in the document adopted at the
time of the indefinite extension of the NPT in 1996. The document titled the
"Principles and Objectives for Nuclear Non-Proliferation and Disarmament"
expressed the agreement that "the immediate commencement and early
conclusion of negotiations on a FMCT as the next step after the CTBT, is
important in the full realization of nuclear disarmament.

Cutoff Treaty can greatly contribute to nonproliferation _

A fissile material cutoff treaty can greatly contribute to nuclear nonpro-
liferation by literally cutting off supply of the essential ingredient of nuclear
weapons to those countries trying to acquire nuclear weapons. The treaty can
also nail down the commitments of those nuclear weapon states who have
declared their voluntary cutoff and help nen-proliferation by extending
verification measures to fissile material production facilities such as those for
enrichment and reprocessing that are currently not subjected to international
monitoring.

Despite the wide international support for the cutoff treaty, however,
negotiation at the Conference on Disarmament in Geneva has not yet started,
partly due to the insistence of some countries who argue that it should only be
started in parallel with negotiation on nuclear disarmament with a prescribed
timeframe. This in fact created a serious deadlock in Geneva. In our view such
a linkage policy has new become an effective roadblock against the cutoff
negotiation.

Japan’s practical options to break the deadlock

Japan has proposed a number of options to break the deadlock. Last
February Japan proposed to appoint a Special Coordinator to conduct
consultations with the CD members in Geneva in order to identify the issues in
the field of nuclear disarmament which could be negotiated in the Conference on
Disarmament in Geneva. Since we detected still some reluctance to go along
with this option, Japan further proposed late last year to start discussions on the
technical aspects of a cutoff treaty as a means to pave the way for treaty
negotiation. Indeed our preference still is to start the negotiation of the treaty
itself immediately. We can go along with either the appointment of a special
coordinator or the establishment of an ad hoc working group for this purpose.
South Africa made a proposal to establish a committee on nuclear
disarmament at the outset of this year's CD session. Japan welcomes the
proposal and is prepared to explore.

6. Containing proliferation risks in the specific areas of concern

Beyond these international instruments of nuclear nonproliferation, Japan is
also acting in the field of specific areas of proliferation concern and the less
formal international nonproliferation regimes. For example, Japan joins the
efforts to help Russia and other former Soviet republics to dismantle their
nuclear arsenals, to stave off the drain of expertise related to nuclear weapons

82



from those republics, to manage the plutonium derived from dismantled nuclear
weapons and to prevent illicit trafficking of nuclear materials out of those
republics.

Efforts to help Russia and the other FSU republics
Such endeavors related to the former Soviet Union are all new kind of non-

proliferation challenges that the world has never faced with. Japan has so far
pledged equivalent of US$100 million for the dismantlement projects including
~ construction of storage and disposal facilities for fluid radioactive material,
provision of fissile material containers and equipment for emergency
preparedness and establishment of state accounting and control systems for
nuclear materials. The International Science and Technology Center in Moscow
and its twin in Kiev are a part of efforts to stave the flow of sensitive scientists
and engineers out of former Soviet Union for which Japan has pledged US$25.9
million or roughly 20% of the total project fund. The center in Moscow has
already made a significant headway. Japan offered $6.1 million for 20 projects
in 1997. Here in Japan we are intensifying our efforts to encourage Japanese
industries to take advantage of the opportunity offered by the center.

Other measures in the process of formation are, first, international efforts
to help manage surplus weapon plutonium and, second, to tackle illicit
trafficking of nuclear materials. The U.S. and a few other countries have already
started working on plutonium question. In our view, while the primary
responsibility for the management rests with the states that possess the
plutonium, the international community has its own role to play to avert
proliferation risks and promote the reduction of nuclear weapons. In this
context, Japan has been urging nuclear weapon states to place their surplus
material under the IAEA safeguard as early as possible. Japan on its part is
prepared to contribute to the efforts making use of the experience and
technology that Japan has acquired through the peaceful use of nuclear energy.

On illicit trafficking of nuclear material the P8, i.e. Japan and the G7
industrial countries plus the Russian Federation, have started to make progress,
for example, through encouraging the undertaking of more enhanced
information-sharing and greater cooperation among law enforcement,
intelligence and customs authorities. A Point of Contact system was established
for better communication. The P8 is soliciting expanded participation in the
program.

Strong commitment to KEDO
Closest to Japan a very specific threat of nuclear proliferation exists in

North Korea, Japan is firmly committed to play a significant role in the con-
struction of light water reactors under KEDO to implement the’ Framework
Agreement. Following the groundbreaking ceremony last summer, groundwork
for the project are progressing in Kumhbo. In the meantime Japan continues to
support JAEA to have North Korea adhere strictly to that Agreed Framework
and implement fully its safeguards agreement with the IAEA so that it can dispel
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the concern about its nuclear development.

Export control regimes complement legally binding instruments for nuclear non-
proliferation . L

The Nuclear Suppliers Group(NSG) and the Missile Technology Control
Regime(MTCR) are two important export control groups for nuclear nonpro-
liferation purpose. By adhering to their common export control policy of
restraint they supplement the legal comstraints imposed by the international legal
instruments. Japan has no problem in controlling the exports of any weapon or
any of its component because it has been maintaining a very strict policy te ban
exports of weapons from Japan. In fact, the policy was applied so strictly that
the Cabinet recently had to take a special action to allow export of demining
equipment for humanitarian purposes. Japan applies strict policy of restraint as
to the dual-use technology and material to ensure that trade of such items do not
inadvertently contribute to the manufacture of nuclear weapons or their delivery
means. Japan is committed to promote the purposes of these nonproliferation
regimes which so far have had a reasonable degree of success but have a lot more
to be done as the threat of proliferation persists and the technology they have to
control advance day by day.

Japan currently performs the role of Point of Contact for the NSG in Vienna
and chairs the MTCR for the current year until the next annual meeting
scheduled te be held in Budapest ceming Octeber. In order to further the .
objective of the regimes we are seeking to win cooperation of non-members in
pursuit of our common nonproliferation objectives by organizing seminars and
other activities for non-members including what we call the transshipment
points.. In my capacity as the chair of the MTCR I am working to organize
dialogue sessions with India, Pakistan and China this year. Japan will also be
taking up this issue in such a regional forum as the ASEAN Regional Forum.

Conclusion

As I have reviewed the various avenues of nuclear nonproliferation, there are
a lot of agenda and homework that we need to work on the question of nuclear
nonproliferation and disarmament. I pledge today that Japan is prepared to do
its utmost to make as much progress as possible and I myself will devote myself
to those works. Se wish me a good luck so that there can be a good progress to
be made this year. Thank you.
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The Third International Forum on Nuclear Non-Proliferation
Tokyo, 23-24 February, 1998

GETTING THE CUT-OFF CONVENTION_NEGOTIATiONS STARTED
By George Bunn

Abstract: Negotiation of a cut-off convention has long
been stalled at the Geneva Conference on Disarmament, just as a
treaty to ban anti-personnel land mines was stalled there. If that
Conference does not begin negotiations for a cut-off this year,
Japan should do for the cut-off what Canada did for land mines:
Invite governments to a conference it would host at its capital to
negotiate such 'a treaty without insisting wupon the rule of
unanimity that has blocked. progress at Geneva.

Full text: With the end of the Cold War, Russia and the
United States are dismantling thousands of nuclear weapons. These
have come from cuts agreed between the two in the first treaty
reducing long-range strategic missiles (START I), from the treaty
eliminating intermediate-range migsiles (the INF Treaty), from the
Bush-Gorbachev-Yeltsin reciprocal unilateral withdrawals to Russia
and the United States of shorter range nuclear weapons, and, of
course, from obsolescence. As a result, hundreds of tons of
plutonium {(Pu) and highly enriched uranium (HEU) are no.longeY
needed for defense purposes in Russia and the United States.
Other nuclear-weapon states have also. announced cuts. B

An expert committee of the U.S. National Academy of Sciences
has concluded that the existence of this surplus Pu and HEU.
"constitutes a clear and present danger to mnational and
international security" because . "these +two materials. are the
essential ingredients of nuclear weapons and limits on access to
them are the primary technical barrier to acguisition of nuclear
weapons capability in the world today."® U.S.-Russian negotiations
have sought bilateral agreement to cut-off further production of Pu
and HEU for weapdns, to dispose of the excess Pu and HEU safely and

Iy.s. Department of Energy, Nonproliferation and Arms Control
Assessment of Weapons-Usable Figsile Material Storage and Excess
Plutonium Disposition Alternatives DOE/NN-0007 {(Washington, DC:
Office of Arms Control and Nonproliferation, 1997) (hereafter
DOE, "NP Assessment”"), p.1l, 26; U.S5. Natiocnhal Academy of Sciences,
Committee on International Security and Arms Control,  Management
and Dispogition of Excess Weapons Plutonium, {Washington, DC:
National Academy Press, 1994) (hercafter "NAS, Management of Pu'),
PP-l; 19- .

5

NAS, Pu Management, above, pp.1l, 189.
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to guard it from theft or diversion.3

Among the five declared nuclear-weapon states (Britain, China,
France, Russia and the United States -- hereafter the "Five"),
there appears to be a near moratorium {(without explicit agreement)
on producing more Pu and HEU for weapons. Yet there are no
pending negotiations even among the Five for a cut-off convention,
a treaty to prevent further production of Pu and HEU for weapons,

The long-standing proposal for such a convention is an
¢ssential next step toward strengthening international barriers to
nuclear proliferation and toward achieving nuclear disarmament,
Yet the cut-off is stalled at the Geneva Conference on Disarmament
because of differences over what it should cover and because of the
insistence, of members of the Conference on a rule of complete
unanimity. If that Conference fails again in 1388 +to begin
negotiating a cut-off, I propose that Japan invite governments to
send representatives to Tokyo to negotiate a cut—-off convention
just as Canada invited those interested in banning anti-personnel
land mines to come to Ottawa to negotiate a treaty to do so.

Why is Japan an appropriate state to jissue such invitations?
Japan has more knowledge of the terrible consegqguences of nuclear
war than any other country in the world. At the same time, Japan
is one of the most advanced in nuclear technology. Given the rate
at which Japan is acquiring Pu for peaceful purposes, it will one
day have a very large stockpile. While some experts in Japan
maintain that this stockpile could not, technically, be used for
making nuclear weapons, the nuclear experts of the U.S. National
Academy of Sciences and of the U.S5. government agency responsible
for making such weapons disagree. While not the best Pu for
making bombs, the Aperican experts say that what Japan is
stockpiling will work.'

3 DOE, NP Assesgsgment, above, pp.l13-14, 23-24, 42; Bruce
McDonald and Nikolai Yegorov, Chairmen, Joint U.S.-Russian
Plutonium Disposition Steering Committee, Joint United
States/Russian Plutonjium Disposition Study (Washington, DC: GPO,
Sept. 1996); G. Bunn and J.B. Rhinelander, "The DUMA-Senate Logjam

on Arms Control: What Can be Done?" The Nopnproliferation Review

{

R. Johnson, "Geneva  Update No.37, Conference on
Disarmament," Disarmament Diplomacy (July/Aug.1997), pp.17-18; R.
Johnson, "First Committee Report,”" Disarmament Diplomacy (Nov.

1997), pp.18, 21.

¥ gee DOE, "NP Assessment,"above, pp. 37-39; NAS, Management
of Pu, above, pp. 32-33.
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Acgquiring Pu or HEU is the most important hurdle today to
terrorists or governments seeking to make weapons of the kind
dropped on Hiroshima and Nagasaki. How to design such weapons is
a 50-year old technology that has been disclosed publicly. As U.S.
Department of Energy experts have said:

Several kilograms of plutonium, or several times that
amount of HEU, is enough to make a nuclear bomb. With
access to sufficient gquantities of these materials, most
hations and even some subnational groups would be
technically capable of producing a nuclear weapon....

Instead of making bombs itself, Japan has chosen to join the
nuclear Non-Proliferation Treaty (NPT) which prohibits it from
manufacturing them. It has a clear interest in reassuring the rest
of the world that it will not withdraw from the NPT in order to
make nuclear weapons if it one day faces a more threatening world
than that of today. It has an interest in demonstrating that its
support for nuclear disarmament for all states is sincere.

At the same time, Japan should have an interest in seeing that
the Five declared nuclear-weapon states and the Three undeclared
"threshold" states (India, Israel and Pakistan) choose the path
that it has chosen -- giving up nuclear weapons. It also should
have an interest in strengthening the nuclear—non—proliferation
regime in a way that will reduce the NPT's discrimination between
huclear-weapon and non—nuulearﬂWeapon states in the inspections
that it requires. .

Giving a major boost to the negotiation of a cut-off
convention would serve all of these interests. Japan would be
taking a strong leadership role in helping to negotiate a long-
overdue treaty that is an essential next step both toward nuclear
disarmament and toward strengthening the non-proliferation regime
in a way .that should make it more eguitable. Japan is well
gualified tu help lead the way toward a cut-off convention.

Why is the cut-off urgent? With the end of the Cold War, the
public in many countries including my own seem to have stopped
worrying about nuclear war between Russia and the United States.
In my view, there is another nuclear threat that is in fact greater
today —-- that from attack by terrorists or rogue states with
nuclear weapons like the Weapuns first designed more than 50 years
aga.

We in the United States awocke to this danger when the World
Trade Center in New York City was bombed. That bombing could have
killed 10,000 people in the twin towers of the building that were

6 See DOE, "NP Assessment,'" above, p.vii. See also p.13.
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both supposed to fall pursuant to the terrorists’ plan. We were
lucky that they did not. Later, the terrorist bombing of a federal
govefnment building in Oklahoma City did kill 168 and injure some
600, :

People in Japan probably alsc thought they were safe from mass
killings by terrorists. But the release of the chemical-weapon
nerve gas by the Aum Shinrikyo terrorists in the Tokyo subway was
meant to kill far more than 12; it did injure some 5000. Befure
using nerve gas, the Aum Shinrikyo had tried to buy a nuclear
weapon in Russia and had experimented with anthrax, a deadly
biological weapon. We can no longer assume that terrorists do not
want to kill thousands of people and would not choose to use
nuclear weapons if they could acgquire them.

There are far more nuclear weapons, Pu and HEU in Russia and
the United States today than elsewhere in the world. . Preventing
theft of that material by terrorists or others is of concern to
every country where it might be used. Yet other countries do not
yet even know accurately how many tong of Pu and HEU Russia and the
United States have and how well it is guarded. These are matters
of international concern today. A cut-off convention would not
only prohibit making more Pu and HEU for weapons, but could begin
the process of letting the rest of the world know what the
remaining guantities are, where they are located, and how well they
are protected. It could begin to require the nuclear-weapon states
to permit inspection of Pu and HEU materials not just to provide a
numerical accounting but alsc to satisfy international standards
for guarding the material.

What sort of a cut-off convention should Japan’s invitation to
other governments to Tokyvo negotiations propose? There are two
opposing positions to be avoided.? One is the original U.S. cut-
off proposal which would simply agree not to produce Pu and HEU for
weapons and would provide for inspection only at the plants that
have produced it in the past. Russia and the United States have
both agreed in principle to go beyond that in their bilateral
talks, in their trilateral discussions with the Internataional
Atomic Energy Agency (IAEA) on safeguarding excess weapons
materials, and in recent nine-power negotiations described below.

! Seea, e.g.,elG. Bunn, "Physical Protection of Nuclear
Materials: Strengthening Global Norms," IAEA Bulletin (v.39, no.4,
1887 forthcoming}.

8_ For an excellent analysis of the cut-off options, see
Annette Schaper, A Treaty on the Cutoff of Fissile Material for
Nuclear Weapons --What to Cover? How to Verify? (Frankfurt: Peace
Research Instituts Frankfurt, 1997 ) (hereafter, Schaper,
Cutoff),chap.3. o o
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Both have agreed in principle to dedicate excess Pu and HEU from
weapons to peaceful purposes subject to IAEA verification. Details
such as the amounts to be declared excess and the methods of
verification necessary to prevent disclosure of weapons secrets
remain to be worked cut. Thus, Russia and the United States have,
in other negotiations, already proposed going beyond a gimple
prohibition on future production of Pu and HEU for weapons.

The opposing position to be avoided is the Indian proposal

that agreement on the cut-off must be conditioned wupon an
agreement to achieve total nuclear disarmament by date to be
specified now. The cut-off has long been thought of as a step

toward nuclear dlsarﬂamunt but not as the final treaty requiring
nuclear disarmament. There are other steps along the way that
mnust first be taken -- difficult technical and political problems
that need to be resolved -- before the right path toward nuclear
disarmament can be seen clearly and a date certain for achieving it
be predicted with accuracy. To insist upon resolving all these
problems before taking the next step is unrealistic; it only blocks
negotiation of a cut-off convention.

In between these opposing positions is an approach that would
dedicate to peaceful purposes Pu and HEU from weapons dismantled as
a result of START agreements, the INF Treaty, reciprocal-unilateral
withdrawals or obsoclescence -- dismantlements agreed or announced
by the Five. START I and IT and the INF Treaty deal with missiles
and do not reguire dismantling warheads from the missiles
destroyved. The Bush-Gorbachev-Yeltsin reciprocal unilateral
withdrawals of weapons to Russia and the United States do not
require warhead dismantlement either. Nor do the announcements of
reductions in nuclear weapons by any of the Five. But to assure
the reszt of the world that warheads have in fact been dismantled
irreversibly and that the process of nuclear disarmament has begun,
a cut-off convention could provide for inspection by the TAEA of Pu
and HEU from dismantled weapons declared excess to defense needs.

Who should be invited to Tokyo negotiations for a cut-off
treaty? All non-nuclear-weapon states party to the NPT are already
subject to a cut-off obligation in the NPT: They are prohibited by
Article ITI from manufacturing nuclear weapons from any Pu or HEU

See DOE, NP Assessment, above, pp.13-17; McDonald and
Yegorov, above, pp.Sum-l1--Sum.-35; Bunn and Rhinelander, above,
pp.75-80; G. Seneviratne, "New IAEA Head Orders Expert Panel to
Evaluate Programs, Performance," Nucleonics Week (1 Jan. 1898},

" 5ee, e.g, Address by UN Secretary General Kofi Annan to

Geneva Conference on Dlsarmament, 30 Jahuary 1987, UN Press Release
5G/SM/987/12, pp. 2-3. . :
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that they may have and they are subject to Article IIl’'s
reguirement of comprehensive IAEA safeguards to verify that they do
not do so. |

The key states not subject to such cobligations are first the
Five. They have all joined the NPT but they are subject to
different obligations. Until the negotiation of a cut-~off or other
nuclear disarmament agreement pursuant to NPT’s Article VI, they
are permitted to manufacture Pu and HEU for nuclear weapong. Their
facilities for doing so and for storing Pu and HEU from weapons
are not required by the NPT to be subject to IAEA inspection.

Three other key states not subject to NPT or other cut-off
obligations are the "threshold" states, India, Israel and Pakistan
{referred to here as the "Three"), none of which has joined the NPT
but all of which have the capability to make nuclear weapons.

India, as already indicated, has taken a posgition at Geneva
that appears totally non-negotiable. Pakistan has refused to agree
to cut-off negotiations unless India does so. Israel is
preoccupied by the Middle East peace process and demands a further
accord there before it negotiates restrictions on its nuclear
facilities. Thus, none of the Three is likely to join a cut-off
negotiation except as observers at the beginning i though they
should all be invited to Tokyo along with the Five.

If, in its invitation, Japan outlines what is to be negotiated
and refuses to require unanimity for decisions, it can prevent
India or any other country from blocking all negotiations. As a
result, the disagreements at Geneva should not prevent negotiation
of a cut-off convention at Tokyo for the Five, a convention that
could be joined by the Three when they are ready to do so. Since
the negotiations are likely to take several years, there may be
time to persuade the Three to join the negotiations before they are
completed.

Should the negotiations be left to the Five if the Three do
not come? I believe not. There are many non-nuclear-weapon states
with the ability to make nuclear explosives who have, like Japan,
chosen to join the NPT instead. They are the states most
discriminated against by the inherent differences in the NPT's
obligations for nuclear-weapon as compared with non-nuclear-weapon
states -- until nuclear disarmament is achieved, They are also
the states most discriminated against by the refusal of the Three

to Join the NPT. They have a clear interest in a cut-off -

convention applicable to both the Five and the Three.

A cut-off convention should be verified by the IAEA which
already verifies the cut-off related NPT obligations of non-

1 Schaper, above, pp.6-8, 26-29, 53-55.
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nuclear-weapon NPT parties. The IAEA is now engaged in trilateral
negotiations with Russia and the United States on safeguards for Pu
and BEU that they declare excess to military needs. The IAEA has
an interest in cut-off negotiations and has assigned eﬁpert staff
to work on how a cut-off convention should be verified.'® The IAEA
and its members, at least those subject to IAEA safeguards because
they have nuclear power or research reactors, should be invited.
Members of the TAEA Board would likely be asked to approve a
verification role for the IAEA if a cut-off convention were
negotiated.

The IAEA has played a key role in negotiations to create
international guidelines for management of Pu. Multi-party
negotiations failed to achieve agreement on that subject in the
late 19708 and the early 1980s. But, during that period, the
Convention on Physical Protection of Nuclear Materials of 1980 was

negotiated with TAEA help. In 1992, as a result of a Japanese
initiative assisted by the TIAEA, negotiations resumed on Pu
management guidelines. Nine powers participated in these

negotiations, the Five plus Belgium, Germany, Japan and Switzerland
-- all advanced in nuclear technology and concerned one way or the
other with Pu fuel cycles, Iﬂ December of 1997, the Nine anncounced
their agreement to the TAEA.

The original Pu management idea was to provide effective
protection for stored or transported materials not in use in
regularly safeguarded reactors, to place it under IAEA safeguards,

and to release it only for immediate civilian use. Another
important goal was to increase transparency concerning the amounts
of civilian Pu in storage in each participating country. The new

agreement would make Pu in storage subject to agreed international
Pu management guidelines.

Protection against diversion by the owner of the Pu as well as
theft by terrorists or others seeking nuclear weapons were goals of
the Nine-power negotiations just as they should be for a cut-off
convention. Given those goals, the participation in the Nine-power
negotiations of four non-nuclear—-weapon states concerned with Pu
fuel cycles was important.

1z See Seneviratne, above, p.15; T.E. Shea, "Verifying a
Fissile Material Production Cut-0Off: Safeguarding Reprocessing and
Enrichment Plantsg: Current and Future Practices,"”" Paper presented
at Seminar on Safeguards and Non-Proliferation, IAEA Headguarters,
Nov. 16-17, 1995.

I3 See DQE, NP Assessment, p.31; Schaper, Cutoff, pp. 13-15H;
Martin Kalinowski, e-mail <dh3m@hrzpub.tu-darmstadt.DE>, 16 Dec.
1997 {(notes by governmeénts to TAEA not made public as of this
writing). .
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Since the cut-off would deal with HEU as well as Pu, more
states should be included in the invitation than the Nine that
negotiated the guidelines for international management of Pu.
Certainly those non-weapon states that are IAEA members and have
nuclear-power or research reactors should be invited even though
all their signatures might not be needed to create a useful
agreement.

Who would come? Each of the Five has supported the initiation
of cut-off negotiations at the Geneva Disarmament Conference. They
have each manufactured nuclear weapons and together have the most
Pu and HEU. They are clearly important to a cut-off negotiation.
Bilateral discussionw with them would be useful to find out

whether, if the Geneva Conference fails to begin cut-off
negotiations this year, they would come to Tokyo to begin such
negotiations there -- without the rule of unanimity for decisions

that has prevented progress at Geneva. Without all or most of them
participating, the negotiations would probably not succeed.

The Three would be important to the negotiation also. But, if
they do not choose to come to Tokyo in 1889, they should be told
that they would be welcome at a later time.

Many other IAEA members would probably come if the Five agreed
te come.  While the cut-off does not have the kind of public
support that an anti-personnel land-mine ban had when Canada
invited states tov its conference in Ottawa, it is an essential
next step toward nuclear disarmament and it should help provide a
stronger, more equitable, non-proliferation regime. It should be
of interest to many states with nuclear capability.

What rules of decigion? Japan’s invitation should outline the
kind of cut-off convention it hopes to achieve -- within broad
limits. I suggested earlier that my goal would be to reject two
opposing views which are both unlikely to produce agreement, but to
leave options open in between.

Under the Ottawa process, unanimous agreement was of course
sought but the rules permitted decisions by a two-thirds majority
vote. No vote of this kind was necessary because the Chair and
designated representatives of the Chair found out informally
through discussions and caucuses what was wanted by two-thirds or
more of -the participants. The Chair announced these results and
participants could chﬁllenge them and seek a vote.  But no formal
votes were necessary. C

H J.Ve:-.-lin,- "Landmines, Special Report: Stage Three of the
Ottawa Process, .The Oslo Diplomatic Conference," Disarmament
Diplomacy, (Sept. 1997}, pp. 6, 8. s
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Such a process might be called "consensus with an emergency
krake" -- a brake which is rarely used to stop progress, but is
there for real emergencies. Why not try such a process for cut-off
negotiations?

Conclusion. Japan should invite the Five nuclear-weapon
states, the Three threshold states and the members of the TAEA with
nuclear power or research reactors to come to Tokyo in 1899 to
begin negotiation of a cut-off convention if the Geneva Conference
on Disgarmament does not begin negotiation of a cut-off in 18838,
The conference should use the Ottawa rules for decisionmaking.

You may ask who I am to ask Japan to take the lead in cut-off
negotiations. I first came to believe in the value of the cut-off
while working for the U.S. Arms Control and Disarmament Agency in
the Kennedy administraion in 1961, I helped get the cut-off into a
proposal President Johnson made in 1964 to the predecessor to the
present Geneva Disarmament Conference. In 1968, as the U.S.
representative to the earlier conﬁgrence, I agreed to place the
cut-off on its provisional agenda.

Despite many efforts since then, the cut-off has gotten no-
where at the Geneva Conference. Its time for a country as
knowledgeable as Japan about the meaning of a cut-off -- having as
strong interests in achieving one as Japan does —-- to take the lead
in trying to move the negotiations elsewhere. If my country did
it, other states might be suspicious of our motives. Moreover,
given Presgident Clinton’s current conflicts with the U.S8. Senate
concerning arms control treaties, he might cause more difficulties
for Senatel?onsideration of other treaties if he issued such an
invitation.

I am an old man who would like to see a cut-off negotiated
before he dies. States are losing interest in it because of their
frustrations at Geneva. I fear it will again be put aside if Japan
does not take action. ' '

I L.B. Johnson, Message te Eighteen-Nation Disafmament
Conference, ENDC/120, Jan.21, 1964.

.w Report to the UN General Assembly and. Disarmament Commission
on behalf of the Eighteen-Nation Disarmament Conference, ENDC/236,
28 Aug. 1968. '

17 See Bunn and Rhinelander, above, pp. 73-76, and appendix}
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Reinforcement of the Nuclear Nom-proliferation System
and a Treaty Banning Nuclear Weapons

Masatsugu NAYA
Institute of International relations,
Sophia university (Tokya)

I. Reinforcement of the Non-Proliferation System after the Cold War
Right after the end of the Cold ¥War, the role of nmuclear weapons

~dramatically diminished. The nuclear detervence strategy during the Cold

War was so formulated as to limit the role of nuclear force to deterring the
oppoment from using nuclear weapons in the wnusual context of the two-party
-game between the U.5. and the Soviet Ufdion. This was a confirmation of the
military stalemate that the two superpowers had come to in the mid 1950s with
the completion of the hydrogen bomb and ballistic missiles as a delivery
system. Nuclear deterrence is often cited as one of the main contributing
factors in furning the Cold War into "the Long Peace.” Il is nol so evidenl,
however,  that nuclear deterrence really prevented a major war. For, in W¥ I.
before the nuclear age. the leading powers had become deeply aware that a

“defense dilemma” ---excess of war damage over any political purpose of war-——
had gone too far to permit another major war. Therefore the potential for
nuclear war simply made the dilemma clearer. Nuclear force had become not so
ruch a weapon for actual use as & "political” ome by the 1960s, lo keep the
credibility of nuclear deterrence by showing the willingness to fight even a
third world war. - . :

As a matter of course, the wtility of nuclear weapons im this context
shrank at once with the demise of the Soviet Union. This strategic change has
been reflected in a series of agreements on substantial disarmament such as
the INF Treaty of 1987, START 1 of 1991, and START I of1993, the latest of
which will reduce the strategic nuclear warheads of the U.S. and Russia to 1/3
of their peak levels.

Guided by this rather bright course of disarmament, the nuclear non-
proliferation regime has also been strenghthened in terms of the number of
adherents to the Nuclear Nonproliferation Treaty (NPT}. It should be noted,
however, that substantial disarmament and reinforcement of the nuclear non-
proliferation system were not necessarily linked by a simple causal relation-
ship, nor will they be hereafter. For example, South Africa abandoned its
nuclear development program, including some finished weapons, because
adversarial forces in neighbouring countries, who were obviously supported by
Cuba, the Soviet Union and other communist nations, had disappeared with
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the end of the Cold War. Argentina joined the NPT (and perhaps Brazil will
follow) as the nuclear option it has long kept became an obstacle on its way
to democratization and economic reform based on international financial
support. France and China became members of the NPT because their resistance
to the “Pax Russo-Americana” system became meaningless once Lhe bipolar
structure had dissolved. Thus nuclear disarmament and nuclear non-
proliferation will have to be dealt with separately in the future too.

The NPT was extended indefinitely in 1995, Along with this, negotiation
of the CTBT was completed inm 1996, as wentiowmed in the “Objectives and
Principles of Nuclear Non-proliferation and Disarmament™ which was adopted on
the occasion of the NPT's indefinite extension. (However the CTBT does not come
into effect as long as India refuses to sign it). The CIBT, though not vyet
effective, will have moral and political influence in preventing the increase
of nuclear-weapon-states (NWSs}. Thus, the nuclear proliferation problem that
had been seen in almost every region of the world has now become an isclated
problem in the Middle East (Israel) and South Asia (India and Pakistan).

But we have seen new nuclear proliferation issues arise during the same
period. Secret nuclear activities have heen brought to light in some countries
which had joimed the NPT as non-nuclear weapon states (NNWSs). Nuclear
‘development in Iraq was uncovered by the UN inspection mission after the Gulf
War and the alleged nuclear development in North Korea was shelved by the U.S. -
North Korez Framework Agreement inm October 1994. To cope with these new
probiems, the IAEA has worked hard to reinforce its verification system,
resulting in 2 new model protocel, which empowers the IAEA to extend its
inspection to undeclared facilities and areas where nuclear materials are not
handled directly.

Another distinctive feature in the post-Cold War reinforcement of the
non-proliferation system lies in stricter and wider export comtrals onm
materials, equipment and facilities relating to nmuclear development. The
Nuclear Suppliers Group (NSG, 1977) agreed to extend its export regulations to
nuclear related but general-purpose items. Regional approaches to the issue
have -also produced excellent results. Two treaties on the nuclear-weapon-free
zone (NWFZ) in South Bast Asia and Africa were sigmed in 1995. The NWFZ
covers most of the southerr hemisphere, including the Antarctic, Latin America
and the South Pacific. '

Thus, the international community has established a more solid nuclear
non-proliferation system on its way out of the post-Cold War chaos.

2. 1he Role of the Remaining Nuclear Stockpiles
How to reinforce the nuclear non-proiiferation system hereafter depends
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on the role of the remaining nuclear arsenals. The bigger the expected utility
of nuclear weapons is, the higher the probability of nuclear proliferation
becomes. To that extent, the system must be firm

First of all, the NWSs do not believe that the role of nuclear force
will soon be over, though the major threats are gonme. However loose and rough
it may be, a nuclear balance is still assumed to provide major support for
international order as long as the anarchical structure of the international
system remains unchanged. Equations of calculating the balance of power
contain elements which are hard to analyze objectively, such as the prestige
and status of a great power. The United States regards ifs nuclear deterrent
as an- indispensable hedge against two nuclear powers, Russia, due to its
-uncertain domestic politics, and China, due to its rapid ecomomic and military
rise. Moreover, the U.S. fears at bottom that, if the U.S. nuclear umbrella
were withdrawn, Germany and Japan would switch to arm themselves with nuclear
weapols against Russia and China respectively. Russia has made it clear in its
"Concent of Natiomal Security,” issued on December 24, 1997, that it comsiders
the maintenance of a nuclear deterrent as an important task. The more Russia's
status declines, the higher its nuclear deterrent will be revalued. China is
also making efforts to improve its nuclear arsenal qualitatively, pursuing
smaller and more accurate warheads, solid-fuel, long range missiles, and
multiple-warhead missiles. Nor will the United Kingdom or France dispose
of their nuclear force. 7

Therefore, the prospect of nuclear disarmament negotiations beyond
the coming START Il is very uncertain, largely depending on the development of
strategic reiations among the major powers. It is mot highly comceivable that
KWSs could work out a new shared nuclear doctrine that would enable them to
guide further disarmament. Thowgh the basis of past nuclear docirine has
long disappeared, no new doctrime is in evidence. There are always some
countries who may be induwced to get nuclear weapons, as long as their utility
is believed in, however eclipsed such a philosophy may be.

Secondly, there remains the problem of the opaque nuclear weapon states,
namely Israel, India and Pakistan. They are believed to have virtually
coupleted construction of a nuclear device outside the NPT regime. Whether
they can keep their nuclear option open is, they c¢laim, a matter of Iife and
death in terms of national secwrity. These countries will abandon the nuclear
eption only after they feel themselves sufficiently secure in a full-blown
regime of peace in their respective regions. The question is who will create
such conditions in those regions. No other nation besides the United States
is making effective efforts or is competent to do so for the time being. In
this respect, the U.S. nuclear force is supposed to play some role in the
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effort-to lead a regional peace, soothing India's fear of China and providing
Istael with security reassuarance. Taking into account the Iragi nuclear
development and missile attacks against Israel during the Gulf War, the U.S5.
retaliatory nucliear force seems to be necessary to keep Israel from becoming
a declared nuclear-weapon state.

Thirdly, another emerging problem is that some NPT members allegedly
engage in secret nuclear development. Americans cali them "rogue states”.
Iraq was found to have been about to complete a nuclear device by the UNSCOM's
inspections after the Gulf War. Later North Korea was, too. The United States
suspects Iram and Libya. There is a controversy, however, over whether
nuclear force is really necessary to counter these micronuclear powers,
because their nuclear capability will long remair poor under the current tight
international export controls and the major powers have high~tech conventional
weapons like PGM or TMD as a passive part of their “counter-proliferation”
measures, which would be more effecfive in coping with these minor threats.
This line of argument must be right and rational. Nevertheless, it would be.
unwise, or at least incautious, to declare in advance the exclusion of any
nuclear options from possible countermeasures. Those couniries might be less
reckless, when impressed strongly with the possibility of :suffering 2
devastating blow should they use their weapons of mass destruction.

Finally, another new threat, that terrorist might acquire nuclear
weapons, should be added. This seems to be one of the most serious comcerns in
the United States at present. In the case of nuclear terrorism by a nonstate
actor, nuclear weapons have no¢ relevance as a deterrent. But in President
Clintoen’s directive to review the nuclear strategy set forth im December
1997, preparation for nuclear retaliation against terrorists was mentioned
as one of the roles of the remaining U.S. nuclear arsenals, particularly in
the case of an attack om the U.S. mainlamd by terrorist{s with weapons of mass’
destruction.- This seems [ess unlikely when pne takes into account growing -
fears of nuclear smuggling. On the one hand, there are toms of fissile
material released from scrapped warheads under inadequate control in Russia
and, on the other hand, Islamic fundamentalist groups: in the ethno-religious
conflicts,. which have increasingly taken place in former Soviet republics and
other countries adjacent to Russia, are often hostile-to the United States.

As stated above, nuclear weapolts remain part of the global and regional
‘security equation. But what is noteworthy here is that the roles listed are
no longer as essential .as they used to be -during the Cold ¥ar. Now nuclear
powers appear to be searching for excuses for maintaining their nuclear
stokepiles and have come up with these "roles” out -of bureaucratic inertia
The main approach -to non-preliferation in the Cold War era was to deny.
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suspected nations accsess to the materials, technology and equipment relevant
to nuclear development, while admitting the value of nuclear weapons as a
deterrent. It appears highly questionable to reinforce this approache as was
done in the posi-Cold War situatiom, for the nuclear proliferation problem has
become an issue only relevant to a limited number of states and the utility of
nuclear force as a deterrent has greatly decreased.

3. The Nature of Nuclear Weapons Recopsidered

I do not intend to deny the importance of the current nuclear non-
proliferation regime as a valuable institutional asset of the interrational
community. It surely deters wavering countries from going nuclear and helps
confidence-building efforts in conflict-ridden regions.

The often cited prediction, made in the NPT negotiation process, that
more than twenty nations might acquire nuclear weapons in ten to fifteen years,
turned out wrong thirty five years later. Now most nations are forswearing
membership of the nuclear club. Now that the law of diminishing returns is
working within the NPT regime, we have to examine seriously whether the
further reinforcement of the present NPT/IAEA safeguard system really pays.
Would pushing India and Israel to join the NPT for the sake of its _
universality result. in real reinforcement of the system? Could the IAEA's new
tough measures, such as special inspections of undeclared facilities and
paterials as well as environmental sampling, deter countries who are firmly
determined to develop nuclear weapons? Would it not just force extra costs om
most NNWSs? The reinforcement of export controls may seem nothing but am -
increase of trade discrimination to the majority of natioms who have no
intention of acquiring nuclear weapons. '

We need a change of approach regarding the non-proliferation issue. It
is necessary to draw close attention fo the fact that, apart from the lenient
deterrence relations between the United States, Russia and China, the role of
the nuclear weapons mentioned above is no longer “political.” Certainly, it
is only a technicality to differentiate the “political” from the “actual”
use of nuclear weapons, because the “political” use is effective only when
nuclear weapons are believed to be actually usable. But sometimes the role
assigned to the remaining nuclear arsenals seems to assume much more strongly
their actual wse in an asymmetrical power equation than in bipelar circum-
stances of the Cold War. The United States appears to see it as highly
probable that Irag or North Korea would resort to nuclear weapons, once they
acquired them and the United States would retaliate with theirs. The funmction
of nuclear weapons now tends to be similar to that in the example of Hiroshima
and Nagasaki, where atomic bombs were believed usable and actually dropped to
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force early surrender on Japan.

Here we can remember the distinct effects of nuclear weapons when
actually used. The most important is that, in addition to the enormous
destructive force of the blast, heat and radiation make no distinction between
combatants and non-combatants, one of the essential principles of the law of
warfare (humanitarian law). It was on the grounds of legal principle that the
admissability of nuclear weapons has been questioned from the beginning of the
atomic age. In fact, the Soviet Union insisted on the immediate ban of atomic
weapons in the first session of the UN Atomic Energy Commission right after
WWII. Nuclear weapons could be regulated along with other weapons of mass
destruction like biological, toxic, and chemical weapons, which are all banned
under respective treaties. The reason why nuclear weapons are not banned is
that their deterrent effect was recognized and placed in the center of the
successive military strategies of both superpowers. The pricrity has been the
avoidance of major war by the balance of terror, not the regulation of
inhumane weapons.

Now that the utility of nuclear arsenals as an effective deterrent has
rapidly receded, we may have an historic opportunity to regulate
nuclear weapons in terms of the law of warfare. It will be almost impossible,
however, to go back to the pre-nuclear era. The fear of diverting fissile
material produced in power plants will persist, for neither will the peace-
ful use of nuclear energy be abolished, nor are the blueprints and .
manufacturing technology of nuclear weapons be eradicated in the forseeable
future. Should nuclear weapons be totally abolished at once, every country
would be oversensitive towards the weapon-producing capacity of other
countries, and doubts beget doubts, destabilizing international relatioms. As_

'suggested earlier, the non-proliferation problem and that of controling the
remaining nuclear stockpiles have to be dealt with in a closely linked, but
separate manmer. ‘

4. A Treaty Bamning Nuclear Weapons

It might be useful to refer once again to the discussion at the first UN
Atomic Energy Commission in 1946. As mentioned before, the Soviet Union
claimed that nuclear weapons should be banned immediately. As opposed to
this, the United States proposed to build a strict and comprehensive inter-
national control system of atomic energy. Although they failed to compromise
fifty years ago, there seems to be a growing possiblity of integrating these
two approaches for deeper cuts and stricter regulation of nuclear weapons.
A new regulatory mechanism would comprise three parts.

Firstly, the illegality of nuclear weapons would have fo be established,
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as a final goal, by a treaty banning them in terms of the law of warfare. The
treaty would apply to both N¥Ss and NNWSs. Secondly, another agreement should
be worked out that all parties take on the obligations they accepted under
the past treaties such as the NPT, CTBT and NWFZ treaties and their protocoles.
Thirdiy, there would be a final agreement to construct a strict international
control system of the remaining nuclear stockpiles. The current five NWSs
would have to take special responsibility for securing the implementation of
all three agreements, the third one in particular. To fullfil their.
obligations, they would have to be allowed fo have a minimum nuclear force and
decisions on its use would have to be left to their discretion. Bui the
purpose of such use would be strictly limited to carrying out the treaty
~obligations and would, in principle, exclude self-defense. o
Special obligations that NWSs would have to assume are as follows:
~--to pledge no-first use in general and nen-use against non -nuclear weapon
states,

---to complete a treaty governing the cut-off of the production of fissile
material as soon as possible and to sbject all nuclear activities to a
mutual inspection system set up by the five NWSs or the IAEA's safeguard
system, . _ _

-—-to hold a multilateral nuclear disarmament conference of the five NWSs
.and to work out an anual program te reduce nuclear force to the minimum
level and make stockpiles tramsparemt. In the first stage, the U.5. and
Russia could propoese to make deeper cuts, if China would make public its
inventory of arsenals and be willing to freeze its force at current
levels. ‘

Some political benefits could be expected -from such a mechanism.
First of all, the significance of the international community confirming
the illegality of nuclear weapons would be immeasurable, and would provide
the non-proliferation system with a new basis. The IC]'s advisory opinion
concerning the legality of threat or use of nuclear weapons announced in July
1996 was, in rough outline, that the threat and use of nuclear weapons
generally violates the rule and principle of humanitarian law. However, it
stated in the latter part of the same clause that they could not conclude
clearly whether it is illegal in the extreme contingency of self-defense of
~a nation. If the illegality of nuclear weapons were generally confirmed,
the role of the remaining nuclear force would be confined to securing the
implementation of treaties and-ensuring that the non-first use pledge by the
N¥Ss was strictly carried out. The latter part of the clause would eventually
become unnecessary. ) - .
Discriminatory, though such a regulatory mechanism might be, it would be
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no more so than the NPT. The privileges of the NWS would be limited and
discrimination would be minimized as a result of new constraints on their
activities and an obligation to achieve a radical reduction in the number of
nuclear weapons. NNWSs could also ease the possible nuclear "security dilemma’
through renewed anti-nuclear commitment. Once the new mecharism was firmly-
established, it would make it easier even for mon-signatory states to
participate in the new mechanism, providing they were not accused of past
nuclear development activities.

In the suggestions so far made there are many political, legal and
technological problems to be examined inm detail hereafter. It is, however,
worth examining them as a step towards strengthening an anti-nuclear stance (

“ nuclear taboo” ) based on the new conditions of the post Cold War era.
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The Fissile Material Cutoff Treaty as a Policy Driver
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Abstract

‘Several initiatives on fissile materials have been started during the last years which all aim at strengthening the
non-proliferation regime: the safeguards reform 93+2, the International Plutonium Guidelines, disarmament
and material control cooperation with the Newly Independent States (NIS), and attempts to start negotiations
on a Fissile Material Cutoff Treaty (FMCT). They all show that there is a growing tendency towards
universalization of transparency and control measures. Today, major proliferation and rearmament dangers
result from the lack of safeguards and irreversability of disarmament in nuclear weapon states. The FMCT
could act as a policy driver to promote new principles. But so far, not much progress has occurred in starting
negotiations. The reason is an unfortunate perception that there is a contradiction between disarmament and
nonproliferation. The paper will explain the current situation and the role an FMCT can play for a new
universal fissile materials regime.

Introduction

Until only a short time ago, everybody was confident that negotiations on a treaty to end the production of
fissile material for nuclear weapons, the so-called cutoff, would start soon.! But meanwhile, the Conference on
Disarmament {CD) is deadlocked, and the confidence in soon negotiations is replaced by stupefaction. The
underlying conflict of the Comprehensive Test Ban Treaty (CTBT) negotiations can be summarized as
nuclear disarmament versus nuclear nonproliferation. The same conflict is now blocking progress with
negotiations in the CD on the Fissile Material Cutoff Treaty (FMCT). But the cutoff would be the major policy
driver to insert transparency and irreversibility in the disarmament process,” and all efforts should be taken to
find a way for progress. The CTBT can be regarded as a tool to cap the qualitative nuclear arms race, e. g. to
hinder the future development of qualitatively new muclear explosives, and an FMCT can be seen as its
quantitative counterpart, capping the amount of material available for new nuclear weapons. It would also
have the benefit to promote a universalisation process of verification of fissile materials that could lead
towards universal full-scope safeguards.

*  Author's address: Peace Research Institute Frankfurt (PRIF), Leimenrode 29, 60322 Frankfurt, Germany, Tel.
+49-69-959104-0, Fax: +49-69-558481, E-mail: Schaper@em.uni-frankfurt.de

The topic of this paper is discussed in detail in: A. Schaper, A Treaty on the Cutoff of Fissile Material for Nuclear
Weapons — What to Cover? How to Verify?, PRIF Reports No. 48, July 1997.

1

W. Walker, Reflections on Nuclear Transparency and Irreversibility: the Re-regulation of partially disarmend
states, Background paper for the Conference on the Fissile Material Cutoff, Schlangenbad (Germany), 25-27 July
1997.
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The need.for universal full-scope safeguards

The current system controls mainly those states which have complied with the NPT for many decades and
which do not pose any proliferation danger. The goal is to detect noncomplicance as early as possible. But it
has been learned from the history of nuclear proliferation that it is also important not only to detect the
receiving end of sensitive technologies but also the supplying end, and the latest safeguards reforms have taken
this lesson into account. The major sources of proliferation relevant materials and technologies can be found in
the NWS who control them only nationally without obligation to adhere to international standards and without
obligation to have the security of their nuclear materials be checked by an international agency. The
proliferation dangers have increased since the end of the Cold War: huge quantities of weapon materials are
becoming excess, and the processes of warhead dismantlement, material transport, storage, and disposition
create additional diversion risks. The risks are especially high in Russia which is in the process of transforming
its nuclear control system. The security of the Russian nuclear production complex is estimated to be far below
Western standards and in danger of deteriorating even further; thus, proliferation is likely to increase.® The
time is ripe to consider additional measures. The international safeguards in the NNWS have greatly reduced
the danger of nuclear proliferation. They have triggered discipline and high standards of physical protection,
material accountancy and control of nuclear materials and installations. The major dangers now result from
the lack of similar standards in NWS. Universal international safegnards would promote a security culture and
similarly high standards. everywhere.

Apart from nonproliferation, nuclear arms control has another pillar which is nuclear disarmament. Both are
complements that reinforce each other. Also the goal of nuclear disarmament would be best served if universal
full scope safeguards would be implemented. During the next decades, the international community must deal
with increasing amounts of insufficiently secured fissile materials, resulting from nuclear arms reductions,
while upgrading security of civilian and military nuclear installations in the Newly Independent States (NIS)*
and other countries that have rapidly developed their nuclear industries, e.g. East Asia. Further nuclear
reduction agreements beyond START II are likely, and more weapons-grade nuclear material will be declared
excess.” So far, many of these activities are highly intransparent for the international community, and they
would be reversable, in case international politics would develop in an unfortunate rearmament direction. I
case excess nuclear materials would be irreversably submitted under international verification or even JAEA
safeguards, such a reversal would become far less likely.

?  W. C. Potter, "Before the Deluge? Assessing the Threat Of Nuclear Leakage From the Post-Sovict States", Arms

Control Today, October 1995, S. 9-16; A. Schaper, "Nuclear Smuggling in Europe — Real Dangers and Enigmatic
Deceptions”, Paper presented at the Forum on Illegal Nuclear Traffic: Risks, Safeguards and Countermeasures,
Como, Villa Olmo, sponsored by the UE Joint Research Center, June 11-13, 1997, proceedings forthcoming 1997;
V. A. Orlov, "Accounting, Control, and Physical Protection of Fissile Materials and Nuclear Weapons in The
Russian Federation: Current Situation and Main Concerns", Paper presented at the International Seminar on
MPC&A in Russia and NIS, Bonn, sponsored by the Deutsche Gesellschaft fiir Auswirtige Politik, April 7-8,1997.

O. Bukharin, "Upgrading Security at Nuclear Power Plants in the Newly Independent States", The
Nonproliferation Review 4 (Winter 1997), p. 28; for an overview on the security of the Russian nuclear complex
see: O. Bukharin, "Security of Fissile Materials in Russia", Ann. Rev. Energy Environ. 21 (1996), p. 467-496.

The problem of excess Pu and its disposition options have been studied in detail by: National Academy of Sciences
(NAS), Committee on International Security and Arms Control (CISAC), Management and Disposition of Excess
Weapons Plutonium (Washington 1994); NAS, CISAC, Management and Disposition of Excess Weapons
Flutonium: Reactor Related Options (Washington 1995). .
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Indeed, the time is ripe for the introduction of regulatory measures also in the NWS, and for the creation of a
fundamental, new concept of how to deal with fissile materials.® More principles are needed as a base for new
regulations and agreements: These principles should include transparency of fissile materials, in contrast to the
former secrecy in NWS during the Cold War, irreversibility of transfers of fissile materials from the military
into the civilian use, and universality of international measures. It is now widely understood that nuclear
activities are not only national concerns. However, while transparency is accepted and practiced in non-
nuclear weapon states, it is still new to the NWS and the states outside the NPT. The degree to which the NWS
are ready to endorse IAEA safeguards for themselves varies. While the United States shows an increasing
openness, Moscow has-yet to seriously consider transparency: V. N. Misharin, a former diplomat who served
two tours of duty at the JAEA said in an interview on IAEA Safeguards in the Former USSR: "The IAEA also
should keep in mind that large segments of Russia's nuclear industry will remain outside IAEA control."”
Ambassador Sha Zbukang presented China’s position on verification of a cut-off treaty as: "The verification
measures should be least intrusive in nature and sufficient care been taken to avoid abuse".®

But some processes that lead into this direction have already started: Several bilateral and international
collaboration projects are designed to reduce proliferation dangers in the NIS, notably the Nunn-Lugar
Cooperative Threat Reduction (CTR) Program.” These initiatives aim at implementation of material
accountancy,'® reforms of export controls™ and border controls, conversion of jobs in the military nuclear
complex,” the dismantling of warheads, the conversion of military reactors,** the construction of a storage
facility at Mayak for fissionable materials,™ and technical solutions for the disposition of fissile materials.’

D. Albright, F. Berkhout, W. Walker, Plutonium and Highly Enriched Uranium 1996 — World Inventories,
Capabilites and Policies, (SIPRI, Oxford University Press, 1997) see Chapter 15: "The control and disposition of
fissile materials: the new policy agenda"

V. N. Misharin, "IAEA Safeguards in the Former USSR", The Monitor 1 (Spring 1995), p. 4.

Amabassador Sha Zhukang, "China's Position on the Cutoff Convention", Paper presented at the Workshop on
"Fissile Material and Tritium — How to Verify a Comprehensive Production Cutoff and Safeguard ail Stocks",
sponsqred by UNIDIR and INESAP, Geneva, Switzerland, 29-30 June 1995.

Department of Defense, 1997 Annual Defense Report, Chapter 7: "Cooperative Threat Reduction" (Washington
1997); U.S. General Accounting Office (GAQ), Weapons of Mass Destruction: Status of the Cooperative Threat
Reduction Program, (Letter Report, GAO/NSIAD-96-222, 09/27/96); for assessments see: J. E. Stern, "U.S.
Assistance Programs for Improving MPC&A in the Former Soviet Union", The Nonproliferation Review3 (Winter
1996), p. 17; and O. Bukharin, "U.S. Cooperation in the Area of Nuclear Safeguards", The Nonproliferation
Review 2 (Fall 1994), p. 30.

1 A. Rumyantsev, "The Accounting and Control of Nuclear Material and Radioactive Substances in Russia",

Yaderny Kontrol English Digest 1 (Spring 1996), pp. 5-8. ‘
~ E. Kirichenko, "Evolution of the Russian Nonproliferation Export Controls", The Moritor 2 (Summer 1996), p. 8.

1

For this purpose, the International Science and Technology Center has been implemented that aims at funding
civilian projects with international collaboration involving scientists from the Russiar nuclear weapons complex.

. See: The International Science and Technology Center, January — December 1995 — Second Annual Report,
(Moscow 1996); for the activities of the IAEA see: Sven Thorstensen, "Nuclear Material Accounting and Control:
‘Coordinating Assistance to Newly Independent States — An Overview of IAEA-Supported Activities to Help
Former Soviet Repubhcs Establish State Systems Of Accounting and Control", JAEA Bulletin (January 1995), p.

© 29; for the activities of the Buropeans see: European Commission, Communication from the Commission to the
Parliament .and the Council. Illicit Trafficking in Nuclear Materials and Radioactive Substances —
Implementation. of the guidelines laid down in the communication from the Commission of 7 September 1994,
(COM(94)383) and in the Conclusions of the Essen European Council, COM (96) 171 (Brussels, 19 April 1996);
and Commission of the European Communities, DG XVII, Exratom-Russian Caoperat:on in Nuclear Materzals
Accountancy and Contrel, (Luxembourg, 31 March 1997).
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In addition to these practical initiatives, political reforms are underway: A remarkable endeavor towards more
international transparency is the trilateral U.S.-Russian-International Atomic Energy Agency (IAEA) talks on
IAEA verification of declared excess materials.'® Substantial reforms of the IAEA’s safeguard systems — the
93+2 program — were triggered by the Iraq proliferation case and are now being implemented. They are aimed
at detecting clandestine nuclear material production at an earlier stage. Export control reforms have introduced
the principle of full-scope safeguards in the recipient country as a condition for nuclear exports.” New
transparency measures on plutonium, the so-called ,,plutonium management guidelines” (GPM) have been
negotiated in Vienna, spurred by concerns about Japanese plutonium shipments. They are perceived as a
beginning for even more universal reforms. The FMCT is one of the most important next ‘stéps in nuclear
disarmament, and all efforts should be made to overcome the current difficulties in 1ts designated negotlatlon
forum, the Conference on Dlsarmament (CD) '

All these activities are motlvatcd byan interest in more transparency of flssﬂe matcnals and the desue to make
the disarmament process irreversible. The interest of many actors in universal measures and safeguards is
rising. For example, any German participation and collaboration in disposition projects is-only possible under
international safeguards.’® To date, however, the United States is the only nuclear weapon state that has
already put some declared excess material under JAEA safeguards: The Moscow P8 nuclear summit in spring
1996 did agree that JAEA safeguards should be applied to such material "as soon as practicable™’. But this
wording weakens the potential commitment substantially because the "practicable" allows wide interpretations
and has the potential to change the meaning into "never." Neverthless, if vigorously pursued, the objectives
outlined in this official statement by the P8 can mark a historic turn in the traditional structure of the giobal
nonproliferation regime. :

The stalemate at the CD

Lessons have been learned from the CTBT negotiations that will strongly influence any future FMCT
negotiations. They are the major reason for the current deadlock, because in contrast to the start of the CTBT

B T. Perry, "Stemming Russia’s Plutonium Tide: Cooperative Ffforts to Convert Military Reactors", The
Nonproliferation Rgview 4 (Winter 1997), p. 104. . . .

1 GAO Report, note. 9.

3 The disposition efforts are still in their infancy. The still most. advanced disposition project is the’ proposed

French-German-Russian cooperation on the fabrication of MOX from disarmament material whose technical
feasibility has beén demonstrated by several studies and whose acceptance has been endoised by a meeting of the P8
Nonproliferation Experts Group in November 1996. See: A. MacLachlan, "French, Germans-and Russians aim for

- 1998 decision on MOX plant"; Nuclear Fuel, Dec. 2, 1996; National Academy of Science and German-American
Academic Council (GAAC), U.S.-German Cooperation in the. Elimination of Excess Weapons Plutonium,
(Washington July 1995). The idea of making use of the abandoned German MOX facility at Hanau which would
have secured maximum transparency was not pursued because of lacking public acceptance. See: A. Schaper,
"Using Existing European MOX Fabrication Plants for the Disposal of Plutonium from Dismantled Warheads", in
W.G. Sutcliffe, ed., Selected Papers from Global ‘95, (UCRL-ID-124105, Livermore, Iune 1996), p. 197

Dcpartmeut of Energy, Trzla!eral Imtzatwe on Verifying Excess Weapon Origin Fzsszle Materzals, (Press
Statement, November 8, 1996); B. Pellaud, "International Verification of US and Russjan Materials Released for
Storage and stposmon ‘Paper presénted at the International' Policy Forum: Management & Dasposmon of
Nuclear Weapons Materials, Landsdowne, Virginia, 12 February, 1997.

16

7 H. Miiller (ed. ) Nuclear Export Controls in Europe, (European Interumversny Press, Brussels 1995)

18 See GAAC study, note 15. Ty

1 Moscow Nuclear Safety and Security Summit Declaration, April 20, 1996
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negotiations, now the conflicts lay on the table, They can be summarized as nuclear disarmament versus
nuclear nonproliferation, although the majority of the negotiation partners wanted both.® The nuclear
weapon states (NWS) were mainly motivated by the prospect of nonproliferation, e.g. the curbing of any
future nuclear weapon developments by the states outside the NPT (SON), including the development of
thermonuclear designs in the cases of India, Israel, and Pakistan. At the same time, they were interested in
minimizing their own restrictions as much as possible.

India, a major target of the efforts by the NNWS, had the perspective that the NWS demanded far more from
the SON than they were willing to give in return. Throughout the negotiations, it stressed the disarmament
component, in a way that doring the two and a half years became more and more radical. It culminated in the
demand for a timetable for comprehensive nuclear disarmament. This goes far beyond any traditional
perception of what constitutes a test ban, and was unacceptable to the other participants, mainly because it was
unacceptable for the NWS and everybody knew that insisting would deadlock the negotiations.?

The value of the FMCT as an arms control and disarmament measure, beyond its value as a non-proliferation
measure, has been underestimated in the NWS - partly deliberately. An FMCT would involve considerable
administrative effort to implement, and would require changes in attitudes and behaviour, especially regarding
multilateral verification within the NWS. Originally, when it was proposed by Clinton in 1993, it was
probably perceived in the U.S. as an easy arms control success, just cementing the end of production of
military plutonium (Pu) and highly enriched uranium (HEU) that has taken place anyway, and with
verification only on former production facilities. It is likely that the consequences of which verification would
be necessary and how many undissolved questions might cause trouble was studied only later. The emphasis
on non-proliferation and the refusal to address the topic of disarmament has thus been a useful means, for some
constituencies, of lessening the likelihood that an FMCT will ever be negotiated.*

What could be the scope of an FMCT?

At the center of diéputes already during negotiations for the FMCT mandate was its potential scope. There is
a wide variation of possibilities covering bans or production bans on a range of different material categories.
The following Pu and HEU categories of utilisation can be distinguished:

1. military direct use material in operational nuclear weapons and their logistics pipeline,

2. military direct use material held in reserve for military purposes, in assembled weapons or in other
forms,

military direct use material withdrawn from dismantled Weapons,

military direct use material considered excess and designated for transfer into civilian use,

military direct use material considered excess and declared for transfer into civilian use,

direct use material currently in reactors or their logistics pipelines and storages, and

irradiated Pu and HEU in spent fuel from reactors, or in vitrified form for final disposal.

B ST R ol

On the interests and results of the CTBT negotiations see: A, Schaper, "Der Umfassende Testé_toppvcrlrag:_ kurz
vor dem Ziel — oder gescheitert?", HSFK-Standpunkte, Nr. 7, Angust 1996; An English version is: A. Schaper,
"The Comprehenswc Test Ban Treaty From a Global Perspective”, in: M. McKinzie (Ed.), The Comprehensive

Test Ban Treaty: Issues and Answers, 0ccasmna1 Paper #21, Comcll University, Peace Studies Program, June
1997.

' See P. Bidway, A. Vanaik, "After the CTB... — [ndia’s intentions", The Bulletin of the Atomic Scientists, p. 49,
- March/April 1997. - ) '

Z 1 owe this point to W. Walker.
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Large quantities of materials are neither inside weapons por declared excess. So far, there are no legal
obligations for NWS for limitations, declarations, or international controls of any of the military categories

beyond national legislations. The following table gives an overview on how much material is in categories 1-
5: ' :

USA FSU France China UK average
. - total

Inside weapons

Pu 28-37 | 8r  15-2 ? — T

HEU 140 -280 165 —330 74-148 9.0-135 3-6 485
Unknown destination

Pu 1 10-20 0-76 1.5-5 0-6 0-2.7 77

HEU ‘ 126 —395 0 — 667 2-23.8 1.5-16 0-7 553
Declared excess _ '

Pu 38.2 50 -100* 0o - 0 0 T4

HEU 174.3 500° - 0 0 0 674
Under safeguards ' ‘

Pu 2° 0 0 0 0 2

HEU 10 0 0 0 0 10
Total

Pu 85 x2% 131£25% 50x30% 40=50%- 3.1x20% 228

HEU 645+ 10% 1025+30% 24x30% 20x25%  8+25% { 1722

Numbers for total, inside weapons, and U.S. declared excess from AlbrightlBerkhﬂuthalkerr‘.
* Not officially declared, but working figures used in dispasition studies of Russian Pu, e.g. the Joint U.S./Russian study™.

® Russia has agreed to seil 500 t weapon grade HEU to the USA over 20 years.
< from F. v. Hippel®.

Table: Inventories of Pu and HEU inside and outside
operational nuclear weapons (illustrative estimaies).” The units are tons.

The potential variations of an FMCT scope with different degrees of obligations are:

The original approach which bans just future production without measures on existing materials: This was
the original U.S. proposal. It would cement what is already almost reality but it would leave huge quantities of
already existing material untouched, thereby still allowing rearmament to the levels of the Cold War.

The good-will-approach which strives for reductions of the amount of military material: It would also ban the
transfer of material back to military uses, once it has become civilian, and it would register upper limits that
are allowed for undeclared material. In addition to the original approach this approach would include the
following: :

a) the ban of future production,

% D. Albright, F. Berkhout, W. Walker, Plutonium and Highly Enriched Uranium 1996 — World Inventories,
' Capabilites and Policies, SIPRI, Oxford Univeristy Press, 1997

# Joint U.S./Russian Plutonium Disposition Study, prepared by the Joint U.S.-Russian Plutonium disposition
Steering Committee, September 1996

# F. v. Hippel, "A Program for Deep Cuts and De-Alerting of the Nuclear Arsenals”, Paper prepared for the 5th
ISODARCO-Beijing Seminar on Arms Control, Cheng-Du, China, 12 - 15 November, 1996
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b) the ban to transfer material back to military uses, once it has become civilian,

c) the register of upper limits that are allowed for undeclared material, e.g. material above this limit must
be declared excess, €.g. it must be put into category 5 of the above list. A variant or complement could
be an International Nuclear Weapons Register.?®

The one-Way-approach which would make sure that the amount of military material is not increased and more

obstacles against a reversal would be inserted: This could be accomphshed by the following additional .
obligations:

d) the ban to withdraw material from international safeguarding. This goes beyond what is currently legat = -

under the voluntary safeguards agreements with the ITAEA which allow the withdrawal of materials
from safeguarding "in exceptional circumstances".”

€) the obligation to put declared excess material (category 5) under international safeguards within a
defined timetable.” The definition of the timetable should be more explicit than the wording of the
‘Moscow P8 nuclear summit declaration "as soon as it is practicable to do so", A timetable will probably
be necessary because there might be specific problems at former military sites that must first be solved.

The advantage would be that the control over fissile materjals would be steadily increased and would thereby
better serve disarmament and nonproliferation. Also related activities would be confirmed and strengthened,

especially the already ongoing efforts to submit Russian and U.S. declared excess materials under IAEA
~ safeguards.

The disarmament approach which would create mechanisms for reduction: Instead of building in only some

political pressure not to keep military stocks too large, some more binding disarmament obligations would be
created when the scope would also cover the following item:

1) the obligation to adjust the upper limits of undeclared material to future nuclear disarmament treaties,
e.g. a START-HI treaty and others that might come. This implies that these limits must be ]USt]flcd in’
negotiations on their quantities and made plausible with rough estimates of how much is averagely
needed for one warhead, as soon as the next nuclear reduction treaty is concluded. This will create
pressure to keep them low. As a consequence, the limits will not be much larger than the actual need, e.g.
in weapons and in reserve for military purposes (categories 1 and 2). Large ambiguous stocks
considered excess but not declared so (categories 3 and 4) will be delegitimized as a consequence.

The Indian approach which would be a time-bound framework for comprehensive nuclear disarmament: This
is what India now asks as a condition for its cooperanon In the logic of the above list of scope clements,
another element would be added:

g) The obhgatlon to reduce all mﬂuary materlal ina defmed time down to zero.

This has been unacceptable for the NWS and presumably also for Israel during the CTBT negotiations and is
equally now. This demand is the reason for the current deadlock in the CD. In fact, an FMCT has always been
understood as a step towards nuclear disarmament and as a disarmament symbol, but not as the final nuclear
disarmament treaty. Time-bound proposals are always problematic where substantial problems have to be

% XK. Kinkel, "German 10-point initiative for nuclear nonproliferation”, Bonn, 15 December 1993. For the
- significance of this proposal and the reaction of the NWS see: H. Miiller, "Transparency in Nuclear Arms: Toward
a Nuclear Weapon Register”, Arms Contro! Today, October 1994,

T. Shea, "On the Application of IAEA Safeguards to Plutonium and Highly Enriched Uranium from Military
Inventories", Science & Global Security, Vol. 3, p. 223, 1993.

This corresponds to the proposal of an International Register of Plutonium and HEU: D. Albright, F. Berkhout, W.
Walker, World Inventoy of Plutonium and Highly Enriched Uranium 1992, SIPRI, Oxford University Press, 1993.
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solved, They neglect the obstacles and problems that have hitherto resisted nuclear disarmament. Proponents
of timetables for nuclear disarmament refuse to first approach solutions for these problems.” -

Verification and nondiscrimination

Although many verification scenarios are possible, reaching from just a fence around former military
production facilities to complete new global concepts, even the minimum requirements are high: Even in case

 the scope is only the original approach, e.g. only a ban on future production (e.g. only item a) of the above
list), it still has to be ensured that material produced later is not simply declared as earlier production. The
consequence is that all civilian and military materials being produced after entry into force must be put under
safeguards. If the civilian material would be left out, it could later be declared as earlier production and
diverted into military use. Verification must cover not only nonproduction but also nondiversion at least of
civilian materials produced later. This is the same as what is already being verified in NNWS under full scope
safeguards, with the only exception that NNWS are not allowed the possession of unsafeguarded materials
from earlier production. In other words, no material must be diverted to nuclear weapon use, equally for all
members of a nondiscriminatory FMCT, except that the NWS and states outside the NPT (SON) are aliowed
a "black box".

The logical conclusion can be drawn that a similar verification system, e.g. full-scope safeguards, would also
be appropriate and necessary for an effective FMCT verification. They do not only cover direct use materials
and their major production facilities which are reprocessing and enrichment plants, but also the next category,
special fissionable materials which also include low enriched uranivm and spent fuel. Even source material is
controlled, though to a less intrusive extent.

The question arises why different standards for the NPT or for the FMCT should be set, aithough the
verification task is the same. Why should a lower standard in the one case be satisfactory while it is not in the
other? It can be argued that as long as a NWS has not disarmed down to zero, some warheads more or less do
not make much difference, and secondly, as long as a NWS’s black box of unsafeguarded materials is not
empty, it makes less a difference if small diversions remain undetected. However, the goal of verification is the
deterrence of noncompliance by creating a sufficiently high detection risk. In case of the NPT, the frust into the
NNWS is not high enough to renounce full scope safeguards. Why should NWS be more trusted not to divert
fissile materials for nuclear explosive purposes than NNWS? A provocative variant of this question is: who
can be more trusted, those who have renounced nuclear weapons, or those who still maintain nuclear arsenals

* . and huge quantities of unsafeguarded weapon materials? At stake is not just a question of technical feasibility

but more principally, the question of the importance of treaty compliance. It would be discriminatory if there
were two different classes of state parties who are granted two different degrees of trust. But so far, full scope
safeguards are still difficult to accept for NWS.

It is concluded here that the time is ripe. Although the current reality is the contrary of a consensus, the topic
can hardly be removed from the agenda any more. An FMCT would put this complex of universal fissile
material control reforms into the arms control context. The major benefit would be reinforcement of ali other
efforts, and the general strengthening of the nonproliferation regime. The FMCT would act as policy driver to
ensure that verification measures are developed and applied in NWS.

The FMCT is a major next step on the nuclear arms contro} agenda, explicitly mentioned in the Principles and
Objectives. It is a key element of nuclear nonproliferation and disarmament policy. In principle, its verification
is possible, and far less contested than was once the verification of a testban. It would constitute the policy
driver for more transparency and irreversability that are desired and necessary anyway. There are no technical,

® W, Walker, "Evolutionary Versus Planned Approaches to Nuclear Disarmament", Disarmament Diplomacy, p. 2,
May 1997; H. Miiller, "Far Reaching Nuclear Disarmament", in UNIDIR Newsletter, Nr. 31/1995, p. 31-38.
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but only political obstacles that can be overcome if the political will is there. It is important that the idea of the
FMCT is not lost, even if short time progress is unlikely.
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3rd International Forum on Nuclear Non-Proliferation
Tokyo, 23-25 February 1998

TAKING STOCK: PROLIFERATION AND PLUTONIUM

Thomas E. Shea
International Atomic Energy Agency

For the purpose of my remarks, I wish to distinguish three faces of proliferation in order to focus on
existing international preventative mechanisms and additional steps that might be undertaken:

1. Use of forcible seizure, theft by stealth, bribery or extortion to acquire nuclear
- weapons, components or fissile material from a State possessing such commodities.
Preventing this form of proliferation is first and foremost the responsibility of the
State itself, effected through stringent laws coupled with protective measures and

- strict enforcement. Regional and international cooperation is essential to ensure
that no nation or sub-national group is able to acquire such commeodities, nor is able

to find refuge. '

2. Creation of an indigenous clandestine nuclear weapon development program, perhaps
in violation of treaty commitments, perhaps not. Preventing this form of
proliferation is accomplished by restricting access to materials, goods and services
that could assist a State with such an intention, and of efforts to discover such -
programs before they reach fruition. '

3. Diversion of indigenous or imported materials, goods or services from declared
peaceful use to the development or manufacturing of nuclear weapons. Diversion
would complement clandestine activities in such a case. The involvement of the
“peaceful” industrial activities could range from providing a basis for training
specialists in related technologies to providing a cover for bypassing supplier
resfrictions to providing the actual fissile materials to be used in nuclear weapons.
The “peaceful” activities might be conceived and created as a cover for the weapons
work, or may already exist when a State decides to acquire nuclear weapons.
Preventing this form of proliferation is accomplished by restricting access to sensitive
materials, goods and services, and through regional and/or international verification
to ensure that peaceful nuciear activities serve no malevolent purpose. :

Coping suéc&ssfully with the general “threat” of nuclear weapons proliferation requires universal
recognition of the fact that real threats regarding the use of existing nuclear arms, and real threats of
proliferation — when they are known — endanger peace and demand corrective steps.

Nuclear weapons were invented during World War II, and used against this country, in which we are
today privileged to revisit the past and to contemplate the future. 'We come at a time of promise. We might
marvel at the remarkable accomplishments over the past ten years in controlling nuclear proliferation and in
stopping and reversing the nuclear arms race. With the end of the Cold War, the threat of global nuclear
warfare has receded and nascent but significant steps have been taken towards the ultimate elimination of
nuclear weapons.  Progress has been most evident in the step-wise reductions of nuclear arms agreed between
the Russian Federation and the United States and in the Comprehensive Test Ban Treaty. '
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Closer to the topic of this Forum, over the past ten years, clandestine nuclear weapon development
programs were stopped in a number of States. In some cases, the States concluded independently that their
security would not be enhanced by acquiring nuclear weapons and so they stopped their programs —
unilaterally or in concert with neighboring States (e.g., South Africa, Argentina, Brazil). Other States were
compelled to stop through outside influence (e.g., Iraq and the Democratic People’s Republic of Korea).
Some of those programs involved the production of plutonium, others highly enriched uranium. In some
cases, peaceful nuclear activities served as a means to conceal their true intention.

Until the extent of Iraq’s clandestine nuclear weapons program became clear, JAEA safeguards had
focused on declared facilities and material. Iraq and later experience in the Democratic People’s Republic of
Korea compelled States to conclude that the safeguards system needed to confront more directly the threat of
clandestine operations, in facilities where inspections were routinely carried out and in undeclared facilities
which may be far away from locations where JAEA inspectors were allowed. At the time, the Chemical
Warfare Convention was being concluded and provisions incorporated in that Treaty went substantially
beyond the rights embodied in comprehensive IAEA safeguards agreements.

Reacting to Iraq and the DPRK, a project (initially known as Project 93+2) was undertaken to
strengthen the effectiveness and efficiency of the IAEA safeguards system. The first series of improvements
fall within the legal provisions of existing safeguards agreements, while a second series require expanded legal
authority to be secured through a protocol additional to the comprehensive IAEA safeguards agreements.

The first series of improvements in the Strengthened Safeguards System includes requirements for
earlier notifications and information on the construction of new facilities and modifications to existing
facilities, the application of environmental sampling within facilities where inspections are carried out, access
to and use of additional information regarding the nuclear activities within a State, and the adoption of
advanced technologies including unattended assay systems which. are integrated into the material transport
systems in several Japanese plutonium facilities.

The second series of improvements address limitations on access and requires States to submit
expanded declarations on nuclear-related activities and to accept controls on equipment and certain materials
which could be. used in the manufacture of nuclear weapons. It also provides for expanded use of
environmental sampling, and opens possibilities for the use of modern telecommunications as a means to
enhance the effectiveness and efficiency of IAEA safeguards. It is also foreseen in the additional protocol
that wide area monitoring systems may be adopted in the future to increase the sensitivity of detecting
clandestine reprocessing plants, and perhaps enrichment facilities.

The second stage improvements require additional legal rights, as noted above. Last May, the IAEA
Board of Governors approved a model for the protocols additional to comprehensive IAEA safeguards
agreements, and in September, States began signing the protocols. At present, seven States have signed and
ratification proceedings are underway. In the Pacific basin, Australia has signed and inspections under that
Protocol are expected to begin this year,

When these measures are adopted, the Strengthened Safeguards System, as it is called, will be fully
implemented. The IAEA safeguards system will be more effective at being able to detect steps underway by
States in relation fo the development of nuclear weapons, should such steps be taken. Moreover, the control
mechanisms restricting access to sensitive nuclear technology will continue to tighten, making it increasingly
difficult to obtain outside assistance in developing nuclear weapons. As a result, international capabllltles in
relatlon to the second and third threats of proliferation will have been substantially improved.

Int_erﬁatiogal .mea'sures to stop the spread of nuclear weapons will be aided further aé progress continues

in related arms control measures. As the Russian Federation and the United States ratify and implement
START II and begin negotiations on START III, and as other nuclear weapon States begin to take
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comparable steps towards the reduction of their respective arsenals, the commitment to the promise of Article
VI of the NPT will become tangible. Such progress can only bind the community of NPT Parties more
closely to the shared goal of the full and final elimination of nuclear weapons. - Talks are now underway
between the United States, the Russian Federation and the IAEA under a “Trilateral Initiative” to establish a
verification system for weapon origin fissile materials, with the understanding that the measures applied in
those States may also find acceptance in the remaining nuclear weapon States.

Progress towards the implementation of the provisions of the Comprehensive Test Ban Treaty will also
help to solidify international support for the eventual elimination of nuclear weapons. States party to
comprehensive IAEA safeguards agreements have always been subject to a complete ban on testing nuclear
weapons, and in fact, non-nuclear weapon States party to NPT or the Tlatelolco Treaty or the Rarotonga
Treaty or the Pelindaba Treaty or the Asean Treaty, are already banned from any activities in relation to the
development or acquisition of nuclear weapons. . The CTBT was intended to serve several purposes, to stop
further development in nuclear weapon States, to block threshold States from avenues to produce
sophisticated weapons, and to make explicit the express bans on testing that all Parties accept. At the
present time, the CTBT provisions for entry into force are blocked: the Treaty’s provisions require that the
five acknowledged nuclear powers (America, Britain, China, France and Russia) sign, together with the three
threshold States (India, Israel, Pakistan). Not all of the required States are unwilling to sign, and hence, the
Treaty’s provisions for entry into force cannot be met. Even without entry into force, however, the CTBT
will constrain such ambitions. Concluding the Treaty carried with it the moral commitment of States to
observe its precepts, and global opinion would be outraged by any further testing, whether by a State that has
signed the Treaty, or a hold-out. Moreover, the verification system for the CTBT is being established by the
newly created Comprehensive Test Ban Treaty Organization which shares headquarters accommodations with
the IAEA in the Vienna International Centre. The verification system will include four global networks to
detect evidence of nuclear testing, and that capability, while inhibited somewhat by the refusal of the threshold
States to participate, will make it very difficult to hide weapons testing. While the legal powers granied
through the Treaty may be frustrated, especially those in relation to challenge inspections, the CTBT will be
substantial force serving to frustrate the expansion of existing arsenais and the development of new ones.

Are these proliferation control measures enough? If not, what more is needed?? Will further measures
gain international support both in terms of the added assurance they provide and the funding required for their
implementation???

Of all of the tendentious issues that might motivate further steps, there are two that merit special
consideration. The first is the peaceful use of plutonium, and the second are steps that could accelerate
progress towards nuclear dlsarmament, specifically, a fissile material production ban.-

In the early years of nuclear power, closing the fuel cycle was accepted as part of a strategy to generate
electricity that, in the words used at the time, would be “too cheap to meter.” Under Presidents Ford and
Carter, the idea of using plutonium came to be viewed in relation to concerns that widespread access to
plutonium would exacerbate the challenge of curtailing proliferation. Over the intervening years, the nuclear
world divided itself into two camps: those that favor reprocessing and plutonium usage and those favoring
forgoing such a route, Technical problems slowed the development of breeder reactors and the costs of
reprocessing, mixed oxide fuel fabrication and waste management grew to provide economic advantages to
once-through fuel strategies. Several States determined that the benefits of plutonium use, especially
recycling in light water reactors, was not essential at present and deferring such programs would not a have a
substantive impact on meeting national energy requirements. Other States continued to pursue the plutonium
option, for diverse reasons. Japan asserts that its lack of natural energy resources and difficulties in finding
suitable arrangements for disposing of nuclear waste compe] Japan to embrace the plutonium option. States
pursuing the peaceful use of plutonium may believe that the risk of proliferation may be overstated and that
energy resource management arguments and the waste disposal advantages justify the peaceful use of
plutonium.
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The peaceful use of plutonium is clouded by the fact that the difference between peaceful and military
plutonium is relative, not absolute, and thus any non-nuclear weapon State embracing the peaceful plutonium
option invites the concern of other States and non-governmental organizations, especially in the absence of
compelling need or economic advantage. The plutonium produced as a natural byproduct of the production
of electricity through nuclear energy is certainly a potent energy source. When extracted from spent fuel, its
use as a replacement reactor fuel reduces the demands on natural resources and decreases the volume of
hazardous waste resulting from nuclear power. By contrast, plutonium produced for use in nuclear weapons
consists predominantly of the isotope Pu-239, generally in excess of 90%. Similar plutonium might be
created in the production of electricity’, but for the most part, the fraction of Pu-239 is substantially less in
peaceful plutonium than in military plutonium. It is known that the physical properties of all plutonium
isotopes are such that virtually any plutonium with any mixture of isotopes might be used to create a nuclear
explosive, but as the fraction of Pu-239 decreases, the engineering demands become increasingly complicated
by the spontaneous emission of neutrons and heat. There is no way to denature plutonium, and hence no way
to rule out the use of “peaceful plutonium® in nuclear weapons. If a State were to decide to divert plutonium
from peaceful nuclear activities to a weapons program, the intensified JAEA safeguards should deter such
steps, and if the State persists, provide an early warning before they succeed. . The CTBT, too, in spite of the
fact that it may not enter into force for some time, carries a very broad international ‘commitment against
testing, and the verification system, while it will not provide the full sensitivity until all monitoring stations are
up-and operating, will provide a capability to detect and pinpoint the most likely nuclear explosmns that might
be carried out. .

. What can be done beyond that? I would like you to picture in your minds two States engaging in the
peaceful use of plutonium. One is innocent, with no aspirations other than legitimate activities intended to
meet its national energy needs in a conscientious manner. The other State is intent on acquiring nuclear
weapons, using “peaceful” nuclear programs to avoid detection as long as possible. . I believe that many of
the outward indications from the two States would be difficuit to distinguish. It seems to me, then, that with
this duality in mind, a State pursuing a strictly legitimate program must seek to distinguish its indicators from
a State following a malevolent course.  If the State considers that with all factors considered, peaceful use of
plutonium is stilf preferred, what practical means are possible to mmgate the suspicions that nnght otherwise
arise? '

Three thoughts come to mind:

.- First, sign and ratify the Protocols Additional to Safeguards Agreements. Non-nuclear weapon States
will demonstrate that they are prepared to make the additional commitments and allow expanded inspection
access, and more than any other step, this should provide the assurance that only a more effective verification
system can offer. Nuclear weapon States will demonstrate their willingness to accept more extensive
commitments to- non—prohferatlon and to create a climate which could lead to nuclear arms reductlons

: Seoond, take steps to make the programs transparcnt to the world. IAEA safeguards are carned out
under agreements that provide that information submitted by States or gained. in the course of inspections is
confidential. . Recent progress has made by a number of States pursuing peaceful plutonium -programs
towards releasing information and that information should help. Each State — especially each non-nuclear
weapon State — pursuing a program that is prudent and legmmate needs to find ways to make its activities and
intentions open, if it wishes to mitigate suspicions.

. ! The plutonium produced in blanket assemblies in breeder reactors and in on-load power reactors permitting
refueling during normal power production more closely resembles “weapon-grade” than “reactor grade” plutonium.
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Third, minimize the accumulation of stocks of separated plutonium as might arise when utilization gets
out of sync with production. In situations where such accumulations arise, steps should be taken to defer
reprocessing and to continue to produce mixed oxide fuel elements as a means of making the plutonium less
immediately usable.

Let me turn lastly to the prospects for a fissile material production cut-off treaty (FMCT)"z and what its
impact might be on proliferation and the peaceful use of plutonium. I cannot imagine that nuclear weapons
can be eliminated without eliminating existing stocks of fissile materials and banning the production of future
stocks. I believe that the FMCT is thus essential as a step towards limiting the ability of the nuclear weapon
States and the threshold States to produce nuclear weapons. Together with a verification systems for
weapon-origin fissile materials, the foundations of a comprehensive scheme would be set in place for
international verification of progress towards nuclear disarmament. It may be possible to go beyond that
later on, to negotiate proportionate reductions in the fissile material stocks remaining available for use in
nuclear weapons, for example, but the FMCT is necessary and probably essential as the next step, and
" probably the only step that might gain universal support.

Negotiating the FMCT will require thorny issues to be resolved. Some of those issues will affect all
parties, while others would affect only the nuclear weapon States and threshold States. Provisions for non-
explosive military uses of fissile material will be a problem, as will existing stocks non subject to IAEA
verification {stocks set aside for military use and fissile materials intended for, or arising from peaceful
nuclear programs). In addition to imposing controls on facilities used in the past for the production of fissile
materials for military use, at the least, controls should extend under an FMCT to all enrichment and
reprocessing facilities, and to all facilities that would store, process, use or dispose of fissile materials.

What impact an FMCT would have in non-nuclear weapon States is not at all clear, since there is no
such treaty nor even suggested texts in circulation. There might be impacts, for example, if challenge
inspections were to be adopted, or specific linkages to the CTBT verification system, or if the conditions on
the confidentiality of reporting findings were to differ. There might also be confidence building measures
incorporated in the FMCT that could influence judgments on the prudence of proposed peaceful uses of
plutonium, and transparency measures that might be adopted. The FMCT might also serve the purpose of
strengthening the protection of plutonium, and the controls on exports of sensitive materials and technology,
thereby addressing the first two proliferation threats.

All of these steps could contribute to preventing the proliferation of nuclear weapons — especially the
third threat — while assuring that the peaceful use of plutonium does not raise unacceptable risks. It is rather
simple to conjure up notions of proliferation and the means that might be taken against them. The world
picture today is rather promising, and in such times, there may be a reluctance to accept new obligations or to
create costly verification arrangements. While the ideas I indicated would contribute to preventing
proliferation, encourage further nuclear arms reductions, limit nuclear weapons production capabilities, and
- would create conditions under which legitimate and prudent peaceful uses of plutonium could proceed than at
present, at the end of the day, it would be anyone’s guess whether or not the steps suggested were in fact
necessary, or whether they go far enough. I am convinced that the costs will continue to be modest in
_comparison with the immense consequences proliferation might bring about, and of the benefits to be realized
through the prudent and legitimate peaceful utilization of plutonium.

? Fissile materials include highly enriched uranium and uranium-233, for example. I have limited my
considerations to plutonium in these remarks.
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- Dingli Shen

(China)
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Seongwhun Cheon

(Korea)
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KEDQ, its achievements and current issues
by Dr. Young-Jin Choi, KEDO

Abstract

Without KEDO, the nuclear non-proliferation regime might have suffered a serious, if not
fatal, blow. During its two and a half years existence, KEDO has proved itself to be a
successful mechanism thwarting a nuclear arms race among Northeast Asian countries and its
spread beyond. The provision of heavy fuel oil to North Korea, costing about $60 million a
year, is the key element sustaining this scheme.

The other mandate of KEDQ, i.e., the provision of two nuclear reactors to North Korea, is the
centerpiece of the deal. The construction of reactors is serving, it has been revealed in the
course of implementation, a larger scheme. This is confidence building among Northeast
Asian countries, a rare experience for them. A $5.2 billion project, involving thousands of
workers and millions of tons of material, cannot succeed without a modus vivend; between
North Korea and the KEDO countries. No wonder that the project has proven to be much
more challenging than anyone has imagined.

The challenges are two-fold: dealing with North Korea and cooperation among KEDO
countries. Solutions have been found to seemingly intractable situations, but at the same time
many unexpected new problems are constantly emerging. It is a fascinating process and the
stakes are enormous. But there is no guarantee that it will succeed. As the construction of
reactors begins in earnest, KEDO needs more care and attention. Its ultimate success or
failure depends upon the evolution of the inter-Korean relationship externally, and internally
upon the complex leadership emanating from triangular cooperation among Seoul-Tokyo-
Washington.
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The North Korean nuclear question and Geneva Agreed Framework

When both China and Russia established diplomatic relations with the Republic of Korea, the
DPRX found itself suddenly abandoned by its former allies and thus completely isolated. .
Pyongyang, at the same time, was faced with an economic failure.. Moreover, it became .-
evident that North Korea could not live on its militarist unification slogan: its idée fixe had
become obsolete because it lacked the means to achieve it. To its horror, Pyongyang had seen
its world reversed: instead of hoping to unify the South on its terms, North Korea had to fear
unification by South. It wanted to become a North Vietnam but instead became more like
East Germany-- the gravest crisis since its foundation half a century ago. The regime’s very
survival was at stake. North Korea responded to this crisis with a failing strategy, opting for
nuclear weapons. In March 1993, Pyongyang declared that it would withdraw from the NPT

regime.

It is a failing strategy because Northeast Asia, arguably the most dangerous flashpoint in the .
world, cannot allow inira-regional nuclear competition. Reasoning with Pyongyang proved -
very taxing. Amid frustration, the North Korean nuclear problem almost provoked a war in .
the Summer of 1994, The miclear option could not be tolerated, even at the risk of a war. The
rationale was proliferation, regional and global. North Korea's going nuclear would force
South Korea to embark on the same path and eventually Japan also. And this trend will -
spread beyond Northeast Asia, dealing a fatal blow to the NPT regime. North Korea had to
opt out. But North Korea had been a hostile country to the West: A deal, more than
persuasion, was necessary.

After much ado, the Geneva Agreement was reached in October 1994. "Freeze and -
conversion" were the main themes and a quid pro quo concept was introduced:

-North Korea would receive annually 500,000 metric tons of heavy fuel oil (HFO) in
exchange for a freeze of 5 MW, 50 MW and 200 MW graphite- moderated reactors (with -
related facilities) in operation or in construction; and

-North Korea would receive two 1000 MW light water reactors (LWR) in exchange for the
dismantlement of the above-mentioned three reactors and related facilities. In other words, a
conversion from proliferation-prone reactors to proliferation-resistant ones.

The Geneva Agreement thus successfully thwarted the unacceptable North Korean nuclear .
option. Regrettably, however, its achievement and contribution to the NPT regime and to the
peace and stability of Northeast Asia has not been fully appreciated. Why?. Perhaps because it
was a deal, that is, a compromise solution rather than a complete victory. Perhaps because a
quid pro quo concept was introduced. But vague complaints and criticism should not obscure
the essential achievement and contribution of the Agreed Framework. The proof is that
nobody has come up with a better alternative, barring a surgical sirike, in other words,
second Korean war. e
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Why was a surgical strike, or rather the threat of it, out of question? Why was no better
alternative to the Geneva Agreement possible? This was because of the very specific and
complex nature of the North Korean problem of which the North Korean nuclear question is
only a part. Without addressing the former, it was not possible to properly address the latter.
More than one and a half years were necessary for the protagonists of the Agreed Framework
to realize it. The problem they were dealing with exceeded the nuclear domain. This was
also the road to be taken from the Agreed Framework to the creation of KEDQ in July 1995.
Legally, KEDO’s mandate is limited to the North Korean nuclear question. Yet, KEDO is
bound to deal with the very essence of the North Korean problem and contribute to the
solution of it, without which KEDO's mandate can never succeed. KEDO has become an
interim mechanism, par excellence, for dealing with the North Korean problem.

KEDO as an interim mechanism for North Korean problem

At the heart of the KEDO's mechanism lies North Korean problem: to survive, North Korea
must deal with South Korea but it fears the consequences of the deal. No country other than
South Korea and no companies other than South Korean companies are willing to take the
high risks accompanying massive investment in North Korea. But Pyongyang is very fearful
of the destabilizing effect these investment and reform measures would bring to its
population. Hence North Korea’s continued refusal to deal directly with the South. As long
as Pyongyang harbors instinctive fear of Seoul, the only practical solution is indirect contacts,
1.e., a camouflaged inter-Korean dialogue.

In fact, as KEDO assumed the immediate responsibility to negotiate the LWR Supply
Agreement with DPRK, KEDO proved to be a very useful mechanism for inter-Korean
dialogue, albeit with the U.S. as a third party interposed. The three-month long negotiation
between September and December 1995 in New York was successfully concluded on three
premises: 1) South Korea's central role in the LWR project and North Korea’s acceptance of
it; 2) America’s valuable leadership/intermediary role and Japan's significant role especially
in the form of its magnanimous financial contribution; and 3) that the LWR project could
proceed only with a favorable inter-Korean atmosphere.

Such premises were natural outcomes because of several factors: 1) South Korea would bear
the bulk of financing and the reactors to be built would be a South Korean model with
KEPCO (Korea Electric Power Corporation) as the prime contractor; 2) yet, as long as North
Korea harbors an instinctive fear of direct contacts with the South, an intermediary/leadership
would be necessary; and 3) the reactors would be constructed by South Koreans with the help
of North Koreans. .

KEDO and DPRK have been following up the LWR Supply Agreement with negotiations on

a dozen implementing Protocols. Conclusion of six crucial Protocols enabled KEDO to break -
ground in August 1997 at Kumho, the nuclear site on the northeast coast of DPRK. In the
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process, the LWR project, quite naturally, has increasingly become inter-Korean in nature.
The project takes place on Korean soil, with mostly South Korean money and by ahnost
exclusively South and North Korean people. How could it be otherwise?

Like it or not; intended or not, KEDO’s business will be directly affected by the inter-Korean
relationship. And KEDO’s success or failure, in turn, will favorably or adversely affect the
inter-Korean relationship. The submarine incident of September 1996 was a case in point; the
incident completely froze KEDO activities for three months but the KEDO project was
instrumental for the solution of the incident.

Thus to understand KEDO and to fathom KEDO’s ﬁJtufe, it is néceséar_y to understand the
inter-Korean relationship, which is marred by dilemmas and replete with myths.

Pyongyang’s dilemma. Why was North Korea refusing to deal directly with the South? North
Korean avoidance of direct contact with the South or its refusal to enter into an inter-Korean
dialogue or its confrontational attitude was nothing new. It had been Pyongyang's consistent
policy line. Most dialogues, both proposed and real, between the two Koreas on various
levels in 1970s and 1980s served propaganda purposes. As long as Pyongyang maintained its
irredentist unification policy, it could not be otherwise. :

If there were exceptions, one can count two: the first one occurred in 1972 in the wake of the
Sino-American rapprochement; the second took place in 1991 in the wake of the demise of the
Soviet Union. In 1972, Pyongyang agreed to a dialogue to enhance its position on a par with
Seoul. No sooner had Pyongyang seen its position enhanced than it retreated from the
dialogue table. Having seen Hanoi triumph, it also saw continuing dialogue as an impediment
to its irredentist reunification policy line. In 1991, Pyongyang sought an assurance that it was
still on a par with Seoul. But soon, Pyongyang saw an ongoing dialogue as a threat to its
regime. The apparent refusal to engage in dialogue is the same but the contents are reversed:
from offensive to defensive. There is the rub.

On the defensive, Pyongyang's aggressive unification posture had become a fiction. But the
entire regime, political structure, ideological orientation had been built on the premises of
militarist unification. Making an aboutface, if any, would not come easy. By design or by
inertia, Pyongyang would maintain for a considerable time its confrontational attitude towards
Seoul. At the same time, as eloquently demonstrated by the KEDO project, Pyongyang had to
engage with Seoul. This ambiguous situation created a dilemma for Pyongyang: between
decades-old confrontation and newly required engagement.

When Pyongyang was on the offensive, engagement towards Seoul was a public relations
matter at best or simple duplicity at worst. But now that Pyongyang is on the defensive, its
engagement towards: Seoul has become as genuine as its confrontational attitude. As long as
Pyongyang remains a prisoner of this dilemma, ambiguity, confusion, vascilation and duality
will mark Pyongyang’s attitude towards the Seoul, presenting formidable challenges for the
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latter.

Seoul’s dilemma. This ambiguity in turn causes serious problems for Seoul, because it would
be as if the goal posts are moving constantly. It is not easy for politicians to maintain an
engagement policy in the face of provocative actions and virulent verbal attacks. The end
result can easily be inconsistency. Only true leadership can see that such actions and verbal
attacks demonstrate weakness rather than strength on the part of Pyongyang. Only true
leadership can maintain a consistent policy line.

Even before this challenge, South Korea already has its own difficulty due to its inherent dual
attitudes towards the North; North Korea is both a brother country and its deadly enemy as it
experienced during the Korean War, To make the situation more complicated, Pyongyang is
pursuing an unequivocal engagement policy towards Washington while shunning/fearing
Seoul. Thus, Seoul also is faced with its own dilemma: whether to engage or contain North
Korea. If Pyongyang’s dilemma is much more serious w1th its very survival at risk, Seoul’s

dilemma is much more complex. ‘

In dilemmas, emotions mix with cool reasoning, wishful thinking: with realistic goals and
popular sentiment with actual policy lines. All these help create hazy myths. These myths
constitute stumbling blocks for KEDO’s work by fueling suspicion and distrust. The
clarification of them, and acceptance by both Seoul and Pyongyang of the clanﬁcauon, will
greatly facilitate KEDO's work.

Myth of unification polz'cy. Emotion is as powerful as reason, if not more. This is true for an
individual as much as for a nation’s public matters. The emotional importance of unification
for the Korean people can never be underestimated. But unification as an external policy line
has become a myth. Neither Pyongyang nor Seoul can will unification through a war. A
Vietnam type of reunification, which North Korea persistently pursued for four decades until
the demise of the Soviet Union, is no longer feasible. This is true both for North Korea
because of its overall weakness, and for South Korea because of its ideological orientation as
well as strategic vulnerability. Neither can unification be achieved through negotiation. This
is in the realm of fantasy. No country or regime voluntarily has ever chosen to disappear.
There is no case of negotiated unification in history. So, much-talked-about peacefui
reunification as a public relations matter should be distinguished from real policy options.
The only realistic unification is the demise of one party, currently North Korea according to
widely accepted international opinion. But the essential character of this theory is that the
demise of North Korea cannot be provoked. If it happens, it will happen only through North
Korean failure, as was the case with East Germany. Thus the so-called unification by
absorption can come only by a North Korean default, not by South Korean design.

Will North Korea collapse by default? After the demise of the East Germany, it had been
widely predicted that the matter is not whether Pyongyang would collapse but when. = Yet,
North Korea so far has proven to be much more resilient than thought. The conventional
wisdom has been that because its economy has already collapsed, the regime should follow
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suite. But the regime has yet to show signs of collapse. What went wrong in the assumption?
The North Korean economy collapsed, yes, but what economy? Only its industrialization has
failed. Its century-old rudimentary agricultural economy is still there, albeit with drought and
flood damage. And the regime is the most secluded in the world: for most North Koreans,
unlike the East Germans, their situation is nothing new, and thus, from their view, nothing
fixable. Deprived the possibility of horizontal comparison, one can only have vertical
comparison. Historically, North Koreans repeatedly experienced famine, flood and draught.
This combination of agriculture and seclusion is the secret which explains why North Korea
has not collapsed despite widely accepted predictions. This does not mean, however, that
North Korea has no problems surviving. This means only that it has more resiliency than it
appears, especially for Westerners. No regime can ensure its long term survival with an ever-.
aggravating political, economic and social situation. In order to remedy to this, it has to
engage with the outside world.

Myth of confrontation/containment. In engaging with outside world, Pyongyang’s plight is
how to get rid of its anachronistic militant unification policy and its legacy. While its people
are starving, North Korea still maintains the fifth largest army in the world and possesses a
large stockpile of biological and chemical weapons. It also has developed a missile delivery
system capable of reaching as far as Tokyo, not to mention the entire Korean peninsula. It
still maintains aggressive operations towards the South, as indicated by the submarine
incident in 1996. It can be argued that all these may be a disappearing legacy or the
unfortunate inertia of North Korean's militant unification policy. But without the reduction in
its offensive military capability, Pyongyang will have difficulty convincing the world that it is
pursuing an engagement policy. The stern reality is that the post-Cold War order rendered
Pyongyang's militant unification policy archaic and anachronistic. Engagement with Seoul,
not confrontation, will serve Pyongyang's best interest. Pyongyang may fear the
consequences but the bottom line for Pyongyang is: is the medicine worse than the disease?

For South Korea, the crucial question is whether containment (isolation, or strangulation) of
North Korea will further a solution, be it the demise of North Korea or its engagement.
Pyongyang, until it opts for reform and opening, will only use, for ifs survival, external
pressure or threats to tighten its grip on its cadre and population. The more the South talks
about forcing reform and opening, the more it will alarm the North. This will certainly make
its reform and opening less likely. If reform comes, it will come from Pyongyang’s own
choice. If it is meant to be genuine, it should come from Pyongyang’'s own choice.
Containment of a Pyongyang, which is already on the defensive, is counterproductive. Thus,
the obvious choice for both Pyongyang and Seoul is engagement, not
confrontation/containment. Although Seoul holds all the cards for the future, the chief burden
seems to be on Pyongyang to shed its ambiguous posture. Because unless Pyongyang
commits itself for engagement, it's futile for Seoul to try to engage Pyongyang.

Myth of zero-sum game. Clearly, engagement is a win-win stragegy. But there are qualms
about engagement both in Pyongyang and Seoul. Pyongyang would see engagement as a
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Trojan horse, For Seoul the misgivings are: what if engagement diplomacy results in the
survival of North Korea, which was otherwise doomed to die? The answer to this question is
that a confrontation/containment policy will increase the probability and the magnitude of
North Korea’s implosion (because of the lack of safety valve) or explosion (because of the
regime’s resentment, be it self-generated or imposed, against the outside world) of North
Korea. An implosion serves neither Pyongyang’s interest nor Seoul's best interest. War means
extinction for North Korea, but can Seoul risk a second war on the peninsula in the name of
unification?

An engagement policy may or may not increase the probability of North Korean survival. In
spite of engagement, or perhaps because of it, North Korea may perish. In such a scenario, it
will perish more peacefully than confronted with containment or strangulation. In case
engagement diplomacy does increase the probability of survival of North Korea, it will also
increase inevitably interdependence between two Koreas. The net result will still be
beneficial for Seoul because to survive, the price North Korea should pay is to become similar
to the South by emulating it. Thus, misgivings and qualms take its root from a zero-sum
concept. Inter-Korean relations can and should be made non zero-sum.

Challenge and current issues facing KEDO

In the end, inter-Korean dialogue will follow. But until a certain measure of confidence has
been established, the two Koreas need an interim mechanism to overcome deep-rooted
suspicion and mistrust. KEDO is one and the Four-Party Talks is the other, these two
embodying the same mechanism. KEDO and the Four-Party Talks will benefit from the
dissipation of the triads of myths. And conversely, perhaps more importantly, the work of the
KEDO and the Four-Party Talks themselves may constitute the very process of dissipating the
myths. These are the fundamental challenges facing KEDO.

To successfully meet the challenge, KEDO deserves more attention for its unique valuable
role. But attention and assistance to KEDO, far from being reinforced, appear to be
dwindling. Why is that so? Principally because, after the creation of KEDO and more
importantly after the ground breaking, the protagonists assume that now that the ground
breaking is done, the progress will be automatic. Nothing can be more erroneous than this.
The truth is exactly the contrary: KEDO is accumulating problems which undermines its
proven usefulness. KEDO and the LWR project need more attention than before from both
KEDO executive board member countries and the DPRK. What are the problems and issues
KEDO and DPRK are facing?

Conceptually, the current issues are two fold:

-how to harmonize North Korean security concerns with KEDO S practlcal needs; and

-how to manage internal coordination of KEDO, especially in terms of financing the LWR
project,
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Both KEDO and DPRK have been delivering faithfully their respective commitments.
Moreover, contrary to much speculation, the DPRK has been taking a practical and business-
like attitude. But one central theme remains. Ever since the creation of KEDO, the recurring
central theme in dealing with DPRK has been the latter’s security concern. North Korea has
been living virtually without contact with the Western world. Now with all its friendly
socialist countries gone, its has only Western countries to deal with, countries which were its
enemies. Thus, KEDO's every position and every move is viewed first through the prism of
potential threats to its reglme This is the single most important impediment to KEDO's
work. : :

The question of transportation routes for the LWR project is good example illustrating how
difficult it is to harmonize security concerns with practical needs. At the peak of KEDO's
construction of the nuclear reactors, there will be thousands of South Korean and North
Korean working together. In the meantime, millions of tons of equipment and material will
be transported to the nuclear site. What route should the people and equipment take? Land?
Sea? Air? Because almost all the people, equipment and material will be transported from
the South to the North, the most efficient and economic means of transportation is by land and
sea.. But Pyongyang refused to even mention the words ‘land transportation’ in the Supply
Agreement and subsequent Protocols and agreed only to partial sea routes. The upshot is that
a very inconvenient air route, via Beljmg, is the most frequently used. :

As the projcct has progressed, more people and material have been transported- back and
forth. Already, KEDO has reached a point where it can no longer proceed with current
transportation means. KEDO’s practical needs are obscured by Pyongyang’s security concern.
Several missions have been delayed and canceled and even those taking place have suffered
from unnecessary hardships and a waste of time and money. For example, about one exfra
week is needed just for travel to and from the site. KEDO has urgent practical needs to
improve transportation means, especially sea routes, but the DPRK so far is not responding,

probably thinking that with the ground breaking, the essentials have been taken care of.

Exactly the reverse is the case. KEDO's work needs the DPRK’s continuous political
attention. In doing so, the DPRK should be able to somehow overcome its excessive security
concerns.

Matching the North Korean issues, KEDO has its own internal issues. The most critical is the
financing of the LWR project. Last October KEDO members were able to agree on the total
cost of the LWR project. It will be $5.2 billion. The coded language for cost-sharing is that
the ROK will play a central role, Japan will play a significant role, and the U.S. will play an
important role. This is all KEDO has inherited from the negotiators of the Agreed
Framework. But can the sum of central, significant and important equal $5.2 billion? Is this
a workable formula? The current provisional funding provided by South Korea will dry up
before August this year. KEDO has only several months to resolve this important issue.

Compounded by financial and/or political difficulties facing Seoul, Tokyo and Washington, it
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will not be an easy task to reach an agreement. KEDO is far from being on track. KEDO can
only operate with a long term funding plan, which cannot be delayed further.

Another financial problem KEDO faces is financing the annual shipment to the DPRK of
500,000 tons of HFO. In actual dollar terms, it will cost around $60 million per year. It is no
secret that KEDO has accumulated debts in supplier and bank credits. This year will be
telling as KEDO will need an extra $50 million for HFO. Will KEDO be able to find it?
Should yearly funding prove to be difficult, a creative mind might still see a. solution-- KEDO
is incurring a substantial amount of demurrage charges due to the insufficient absorption
capacity on the part of North Korea. The human mind rejects new ideas the same way the
body rejects foreign proteins. A crisis may be need to overcome the threshold. Will KEDO be
able to resolve this grave financial situation without a ctisis?

It is not fair to end this paper on a gloomy note because despite a couple of above-mentioned
urgent problems, KEDO has been remarkably successful. Beyond its original design, KEDO
has been fulfilling a larger mission as well: KEDO is a unique and very valuable mechanism
not only for the North Korean nuclear question but for the larger North Korean problem. The
stakes are enormous-- just imagine the negative impact that KEDO’s failure would bring to
the NPT regime, peace and stability in the Korean peninsula, Northeast Asia and beyond.
KEDO must not fail. For this, KEDO needs continuous nurturing by its member countries
and the international community. It also needs more political attention from DPRK. This
year will be crucial for KEDO'’s continuing success, if not its survival.

END
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Problems Concerning Nuclear Power Development in Asia

Shun_u Shjmoyama
Semor Auditor, The Iapan Atomic Power Co.

An international joint project: "The Long—Tenﬁ Future for Nuclear Power in Asia,” created last
year and promoted by The Committee for Energy Policy Promotion of Japan and The Atlantic
Council of the U.S., is being made by a group of international experts to study various problems
concerning nuclear power development in Asia and the world to identify and clarify key points for
the commercial use of nuclear power generation with the mid-21st century in mind and to prepare
policy suggestions covering these areas. '

~ Of the total planned working time set at two and a half years, the first part focusing on work in
the Asian region has now been completed and a policy paper titled "An Appropriate. Role for
Nuclear Energy in Asia's Power Sector” was prepared. Nearly 60 experts from Japan, the U.S.
and countries in Europe and Asia have participated in this research work and after a conference held
for three days in Seoul South Korea in Tune, 1997 work was started on the actual preparation of
the report, which was completed after mutually exchangmg opinions for a penod of six months.
I would like to use this opportunity today to introduce the contents of this paper as my presentation.

I'was involved in th.lS work as a moderator at the conference in South Korea and as the chief
organizer among the Japanese for the preparatlon of the report. Although the report is not
necessanly based on the complete agreement among the participating: experts and many itemns
requiring further study remain, we can say that 1t identifies the main problems concemmg ‘nuclear
power generation in Asia in the current 31tuat10n and the dlrecuons for solvmg these problems We
have prepared an "Executive Summary" of the report, a “Conclusmns and Recommendations" and

a "Highlights of Recommendations.” I will explain the outline of these sections and then present
_ some of my own opinions regarding this matter. s '
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EXECUTIVE SUMMARY.

Over the next 20 to 30 years Asian economies are expected to grow more rapidly than economies
in the rest of the world. Despite economic difficulties in the latter part of 1997, the fundamentals
for longterm growth for the region are exceptionally strong and should result in substantial
growth in energy demand. The International Energy Agency (IEA), for example, assumes that
. roughly 75-80 percent of the energy needs of Asia will be met by an approximate doubling of coal
and oil use. It is expected that gas use will also double, but will nevertheless meet only about ten
percent of overall energy needs. Electricity use is projected to grow by a factor of two to three,
with nuclear energy making a significant contribution to meeting the needs for power in a
number of Asian countries.” Providing this power without worsening the region's already serious
environmental problems represents a major challenge for the countries of Asia.

Historically, the major additions to nuclear power capacity have occurred in North America,
Japan, and the countries of Europe. In the future, based on present planning, over three quarters
of the increase in global nuclear power capacity is projected to come from Asian countries. Asia
could therefore become the new center of civilian nuclear power development.

The Asian commitment to nuclear power is motivated by a number of considerations: keeping
nuclear power on the list of options available to meet the rapidly rising demand for electricity;
reducing energy import dependence; improving air quality; reducing greenhouse gas emissions;
benefiting from the technological spin-offs of high technology; and easing energy supply logistics.

The'plah'néd rapid development of nuclear power in Asia presents challenges both to the -
countries concerned and to the rest of the world. This Atlantic Council paper discusses the
nature of these challenges and presents recommendations on how such challenges might be met.
These include: :

o = Adhering to strict safety standards in nuclear plants and strengthemng the
: "safety culture". ‘

- Ensuring the mdependence and competence of the agencies that regulate nuclear power.
Improving the effectiveness of management and disposal of nuclear wastes and spent fuels.
Determining the cost competmveness of nuclear power.

Establishing the financial integrity of national power sectors.

Understanding and responding to public attitudes towards nuclear power.
Strengthening the role of the International Atomic Energy Agency (TAEA) in
preventing proliferation of nuclear weapons. _

o ® 0 © @ .0 .

The Atlantic Council's goal in this project was to develop a credible paper which would be useful -
to: policy makers having respons1b1hty for nuclear energy issues; Owners and managers of nuclear -
power facilities; others interested in nuclear power issues; and the general public. The working
group convened to develop this paper therefore includes individuals with broad knowledge of

*

Takehiko Sakairi notes that the word "country” or "countries” is used here with the meaning of "country or
area" or "countries or areas” respectively only for the purpose of convenience.
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energy issues, nuclear energy experts, economists and social scientists. About half of the working
group has particular expertise and interest in nuclear energy. As noted, the nuclear community
is also a key audience for the recommendations presented in the paper. The other participants
with expertise on overall energy, economics and the social sciences have contributed significantly
to broadening the perspective of the group as it discussed an appropriate role for nuclear power
relative to other energy sources in meeting the electricity needs of Asia as we enter the next
century.

The working group recognizes that nuclear power issues must be addressed in parallel, placing
a heavy responsibility on the many actors in this field. These include operators of nuclear power
plants, regulators, supphers of associated equipment and services, national governments, and
mtergovemmental orgamzatlons such as the IAEA. Given the growing role of nuclear power in
- Asia, it is imperative in the view of the working group that policies of all interested parties in the
private and public sectors be compatible and responsible.

Recommendations deserving particular attention at this time are:

° Re-emphasis of the critical importance of a safety culture if nuclear power use is
to be maintained and/or expanded.

o Consideration of an Asian association of nuclear institutions and experts to
enhance the effective management of nuclear power operations in the region.

° Increased efforts by nuclear plant operators and governments to strengthen the
role of the IAEA in helping prevent actions contributing to the proliferation of
nuclear weapons.

° Increased participation by non-Asian countries in Asian regional efforts to develop

the peaceful use of nuclear power.

Highlights of recommendations are presented on the following page.”

™ The order in which the items appear follows the order in which each item is discussed in the text.
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HIGHLIGHTS OF RECOMMENDATIONS

Reactor Safety

Intensify efforts to ensure strict standards of safety in plant
design, construction and performance, and increase regional

sharing of information and data.

Strengthen the independence, predictability and competence of
regulatory bodies.

Waste Management

Regulation
Spent Fuels Handling and

Foster acceptance by all countries of responsibility for their
own nuclear wastes. Consider the benefits and costs of regional
waste storage facilities.

enlarged safeguards systems and export controls.

Economics and Financing  |Develop acceptable models for determining the cost and
economics of nuclear power relative to other power sources,
including externalities.

Environmental Issues Assess the potential benefits of nuclear power to reduce
greenhouse gases, address air pollution and acid rain problems.

Technology and R&D Promote R&D to ensure advanced technology. Improve
regional cooperation on long-term R&D planning
and implementation.

Public Perception Address public concerns regarding nuclear power in an open,
frank and straightforward manner. '

Non-Proliferation Reinforce the non-proliferation regime by implementing IAEA

Regional Cooperation

Consider the creation of an Asian association of key
institutions and experts involved in nuclear power to enhance
the effective management of nuclear power operations in

the region. '

Participate closely in Asian regtonal efforts to develop safe and
efficient nuclear power and strengthen the nuclear non-

|proliferation regime. The Agreement of Intent signed by

Presidents Jiang and Clinton on October 29, 1997 offers new
opportunities in these respects.
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Conclusions and Recommendations 31

VIIl. CONCLUSIONS AND RECOMMENDATIONS

This study finds that, in contrast to the slowing of nuclear power capacity growth in the rest of
the world, the economies of the Asian region plan on a continued capacity expansion. The Asian
region is likely to account for a large part of the total increase in nuclear capacity over the next
20-30 years. These countries are motivated by their desire to keep options open in the expansion
of the power sector which will be necessary to improve living standards and promote
modernization; to enhance their energy security; to protect the environment; and to have access
to high technology with all its technological spin-offs. Most Asian economies share these motives.
However, the region is very diverse, ranging from Japan, a highly developed economy, to poorer
countries, where the relief of poverty is an urgent task and whose modern industrial
infrastructure is still limited. The region also varies in policies towards nuclear non-proliferation.

The working group, in its Seoul seminar and in the course of various draft revisions, examined
the challenges facing the region in fulfilling its nuclear plans and formulated the recommendations
that follow. As explained in the Executive Summary, the recommendations represent a consensus
view of the working group on a range of controversial and important issues. Their weight lies
in the expertise and experience of the working group members who formulated them, and their
ability to introduce these recommendations to decision makers in their own country on an
informal or formal basis. Though the recommendations vary in coverage and content, there is
one thread that runs through all — the desirability and even imperative of closer cooperation
between the countries of the region, and between Asia and the rest of the world.

LisST OF RECOMMENDATIONS

RECOMMENDATIONS ON REACTOR SAFETY
The countries of the region should continue to recognize the paramount importance of nuclear -
safety, strengthen the "safety culture”, and adopt strict international standards of safety in plant
performance including: design, engineering and construction; operation and maintenance; and
staff training at all levels.

As safety is a universal issue, the Asian countries could benefit from regional sharing of
information and data, and from adhering to the many international programs and protocols
governing reactor safety.

RECOMMENDATION ON REGULATORY REGIMES
In order to ensure effective regulatory regimes, each country should demonstrate that it has an
independent, competent, predictable regulatory regime, providing effective public participation,
and administered by independent agencies. Other countries, regions and authoritative
international organizations should help in this endeavor.
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RECOMMENDATION ON WASTE MANAGEMENT
In accordance with IAEA standards {emphasized at the July 1997 G-7 meeting in Denver)
governments must accept responsibility for the management of their own nuclear wastes and
demonstrate their determination to find satisfactory solutions to nuclear waste disposal. Given
concerns in some countties, the possibility of regional storage facilities could be examined.

RECOMMENDATIONS ON ECONOMICS OF NUCLEAR PLANTS
Asian countries should work jointly with international organizations and North American and
European countries to develop acceptable models for determining the cost and economics of
nuclear power relative to other power sources, relative to their own circumstances. ‘These models

should provide consistent means of estimating the uncertainty range for each major
cost component.

All countries should take into account to the extent possible the external benefits and damages
of different energy forms in formulating energy policies. The IAEA and NEA should provide
guidance on the calculation of those benefits and damages.

'RECOMMENDATIONS ON FINANCING
Given the high capital costs of power facilities, especially nuclear, countries should establish the
long-term financial integrity and credit-worthiness of their power sectors. Above all, efforts
should be made to establish meaningful tariff structures and domestic capital markets.

Given governments' expansion of nuclear power generation, particularly in Asia, these
governments could open a dialogue on the role of nuclear power in power generation with the

World Bank and other MDBs, especially in the light of concern over levels of greenhouse gas
emissions.

RECOMMENDATIONS ON R&D
Given the anticipated rapid increase in demand for electricity in the Asian region, R&D, including
stronger efforts at technology diffusion, will be needed for all forms of energy, mcludmg fossil
fuels, nuclear power, renewables and energy efficiency.

Efforts should be made to expa.nd networks where R&D information, activities, and proposals can
be shared by countries in the region; and to collaborate on R&D where possible.

RECOMMENDATIONS ON PUBLIC ATTITUDES
Greater efforts should be made by the nuclear power community to understand and respond to
general concerns of the public, media, and public opinion leaders about nuclear power.

.Joint approaches could be explored to develop strategies and programs for enhancing public

understanding of nuclear power. The benefits of nuclear power and other applications of nuclear
technology in industry, medicine, agriculture and research should be explained.
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RECOMMENDATIONS ON NON-PROLIFERATION
The Asian nuclear power mdustry and authorities should work with other nations around the
world to reaffirm their commitment to the non-proliferation regime, in particular enlarged
safeguards systems, export control guidelines, and the security of nuclear materials and facilities.
Areas for cooperation could include: material protection, control and accounting; regional
cooperation in nuclear fuel cycle activities; and advanced reactor development

Asian governments should increase their efforts at transparency and undertake systematic

conﬁdenoe—bmldmg measures in order to contribute to minimizing proliferation concerns in and
outside the region.

RECOMMENDATION ON REGIONAL COOPERATION
A new Asian regionai association should be considered, composed of private sector groups and
public institutions; concerned with the effective and safe management of nuclear power and its
fuel cycle in its broadest context. Such an association would supplement - not duplicate, conflict
with or replace - existing programs such as those sponsored by the IAEA, INPO and WANO.

R.ECOMM[ENDATION ON INTERNATIONAL COOPERATION ..
Efforts should be made to enhance cooperation among the Asian countries on the one hand, and
with those outside the region on the other, regardmg nuclear programs, pohc1es and practices

" RECOMMENDATIONS ON U.S. POLICY |
The United States should participate more clobely in regional efforts to deal with proliferation
challenges by: providing advanced technical assistance oni saféguards and material coritrol;
fostering nuclear reactor and fuel cycle technologles that offer mcreased resistance to prohferation,
and strengthening the IAEA. : : '

‘The United States should use the 1997 Agreement of Intent on Cooperation Concerning Peaceful
Uses of Nuclear Technology to help ensure the safe and efficient implementation of nuclear
power development in China. Such implementation should include continuing monitoring of
the conditions under which such nuclear cooperation takes place.
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Current Energy Status and Prospect of Nuclear Energy
for Sustainable Development in China
_ Wang Yongping - _
" China Nuclear Economics Research Center
‘P. 0. Box 2103-40  Beijing 100037 China
~ ABSTRACT
According to the China’s Agenda 21, there are 3 key issues in the overall

strategies for sustainable development in China: 1) population control; 2) resources
conservation and 3) environment protection. Recently the Chinese government also

- has established the Ninth Five-Year Plan and Long-Term Goal for the Year 2010 for o

‘National Economic and Social Development.

In this paper the current energy status in China is briefly discussed, some major
problems, such as the fairly low energy efficiency, low energy consumption per capita,
the heavy transportation 'pressure’ and -increasing seriousness of environmental
" pollution ‘raised from the uneven distribution of energy resources and the energy -
structure of taking coal as the main etc. , have constrained the sustainable
development of national economy and society. In order to be consistent with the
strategy of national sustainable development, major polices and issues concerning the
energy sustainable development in China are presented and the role and prospect of
nuclear energy development are analyzed in this paper.
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Current Energy Status and Prospect of Nuclear Energy

for Sustainable Development in China -

Wang Yongping
China Nuclear Economics Research Center
P. 0. Box2103-40 Beijing 100037 China

1. Introduction

Energy provides the fundamental material condition for the developent of human society and
human society cannot advance without energy. Energy industry, acted as the basic indusﬁ‘jqf_ national
economy, directly related to the development speed of national economy and the risé of the .people’s
living standards. The Chinese government is payihg more and more emphasis in coordinating the
development among energy, economy and environment in recent years,

In 1994, Chinese government took the lead in issuing Chine’ Agenda 21. Recently the Chinese
govemmeril also has established the Ninth Five-Year Plan and Long-Term Goal Jor the Year 2010 for
National Econontic and Social Development. These documents are now served as significant nationai
documeuts for the fulure domestic economic growﬂl and mediwn- and long-term social development.

‘The sustainable deve]opmem of energy is regarded as an important part in China’ Agenda 21 and
referred to as the use of energy which reconciles economic development with the protection of the
environment, -

First the current energy status in China is briefly discussed, some major problems constraining the
sustainable development, major polices and issues concerning the energy sustainable development in
China are presented and the role and prospects of nuclear energy development are analyzed in this

paper.
2. Current Energy Status
2.1 Energy Mix Taking Coal as the Main

Energy production: and -consumption in Chiil.a is still overwhelmingly relying on the domestic
resources aid market. In 1996, the total primary energy production was about 1315.57 Mitce in China,
which was consisted of coal 1397.00 Mt(74.8%), il 157.3 Mt(17.1%). natural gas 20.1 Bm*(1.9%) and
hydro(including nuclear power) 200.8(13.9) TWh(6.2%). The primary energy conswmption and its
share from 1990 to 1996 are shown in Table 1.

The feature of the energy system taking coal as the main still continués in China. As you know,
the coal is the relatively outweighing energy resources and the energy resources are unevenly
distributed with most coal reserves in north China and hydropower mainly in the west and north,
meanwhile, the large energy consumption for coal-fired power plants etc. are in east and south-east
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coast areas. With thie rapid economic growth.:the energy consumption increases ‘in China. The
dominant consumption of coal not only increases the tensed transport pressure, but also puts more
greater pressure to the environment protection, - This has become an. important facter to constrain the
development of China coal industry and further to affect the sustainable development of national
economy and society.

Table 1 The Primary Energy C onsumpt:on and its Shaz e(%) in 1990- 1996

Suurce 07 Enie ergy Report of China bv Clnm Price Puh]ishulg House , December 1997,

2.1.1 ImpactsonT ranspc)rtatidn

* As mentioned above;, coal is the main lypa.s of u\erg\' in China which- .1cwunied for 74.8% and
“75.0% of the total produclmn and conswmption of the primary EIIEI‘},}’ respeclwcly in 1996, About 80%
"of the existilig ‘proverr coal reserves is concentrated in areas of North China and north-east China of

which about 60% is in Shanxi, Shaanxi and Inner Mongolia. It forms a general pattern of coal
transportation, “transporting coal from the north to the south, and from the west to the éast”. According
to the statistical data from Ministry of Communications, P. R. China, about 70% of coal product is
transported by railway. The proportion of the volume of coal transportation to the total volume of fhe

railway cargo tnnsportahon in the whole country is above 40% and is ulcre'lsnu, in recent ye'lrs See
-Table 2 ' ' '

"Table 2° The'Coal Products Transported via Railway, 1993-1995 (Mt)

he total coal volume transported by railway : A
Share of coal in the railway transportation volume(%) 41.7 © 420
The coal transported mter-provmcmlly from Shan\l Shaan,\l 207.1 206.4
_and Inner-Mongolia via railways R
The coal transported for the 5 large power networks* 141.6 158.4

... The 5 large power networks are North China, Northeast China, East China, Central China and Shandong power networks, = .|
.- Source; The Compilution of Statisiical Data about the Nufional Railway, Ministry of Comnunications; P. R. China and China's Energy
- Development Report{/997) by Economic Managewent Publishing House, Beifing, June 1997, . '

TR

2.1.2 Impacts on Environment

. The environmental impact arising from energy production and consumption is a heat topic
concerned in the world. At present. there are three global atmospheric environmental issues. that are
commonly concerned by. the international community. The first is the “greenhouse effect” arising from
CO,, methane, ete. that might result.in-global warm climate: The second is the acid rain(acid fallout),
caused by acid substances, such as SO,, nitrogen. oxvgen compound, etc.; The third is the destruction
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of ozone layer caused by the chloroflurocarbons compound. Among them except the
chloroflurocarbons, other two are practically related to the use of energy. The energy production and
consiumption system dominated by coal has caused serious impacts on the atmospheric environment in
China. The recent atmospheric poflution situation in China is shown in Table 3.

Table 3 Atmospheric Pollution in China

Total waste gas emission(Timm") 8.5 10.1 11.4 L
Soot discharge (M) 13.28 13.14 14,14 17.44%
{percentage from coal burning, %) {88) (92) {93) (70%*
SO, emission (M) 15.02 16.22 18.25 23.70*
{percentage from coal burning, %) (¢0) [C2))] {90) (35)*
CO, emission (Mt) 509.6 537.4 629.6 633.8
(percentage from coal burning, %) (85) (85) (84) (3D

Source: Clean Coal Technologies{Clinese Joural), Vol.3. No.1, §997 and * China's Energy Development Repori(f997) by Economic
Management Publishing House. Beijing, Jone 1997

The discharge of SO, is mainly caused by burning coal. Generally, the sulphur content rate of
coal in China is high. Some of them are as high as 6%-7%. Such kinds of coal are still used, even
directly burning in China. According to the statistics of 88 cities in China in 19935, the average day
valne per year for the discharge of SO, is 2-424 uglm it is 81 ug/m* in north city and 80 ug/m’in south
city. The discharge of SO, in 48 of the 88 cities e\ceeded the national st'md'ud The average day value
per year for the discharge of NO, is 12-129 ug/m?, it is 53 ug/m® in north city and 41 ug/m*in south city.
The huge amount of SO, and NO, emissions resuits in a very serious air pollution in China. Now more
than 30% of the total territory is polluted by acid rain, and the eroded area is increasing. The eroded
areas are wmainly distributed in the area south of the Yangtzi River. Sichuan Basin, the area east of Tibet
and Central China, the PH value of the annual average precipitation is lower than 4 in the central of
these regions.

2.2 Low Energy Efficiency

Energy efficiency and energy conservation are the top keys to achieve a sustainable development
goal of China. According to the definition of specifications of the United Nations European E_(':o_nomic
Committee and the calculation. the total efficiency of energy system in China is still less than 10%
recently. This means that over 90% of recoverable energy reserves from exploitation, processing,
conversion. transportation, distribution to fnal use. were lost and wasted. Among thein, the energy
exploitation efficiency was about 32%. the efficiency of the intermediate link (processing, conversion,
store and transportation) was around 70%, (he efficiency of final energy use was about 41%. In China,
the product of intermediate link efficiency and the efficiency of final use is usually called “energy
efficiency”, which is about 30%. It is ten percentage point lower than the international advanced level.
There are large differences of the energy consumption per unit of product between China and the
advanced nations. This means that the energy technologies and efficiency should be improved in China.
The comparisons of the energy consumption per unit of some major products between China and the
advanced pations are listed in Table 4. '

141



Table 4 Energy Consumption Per Unit of Product
Between China and the Advanced Nations

Unit China(l) 1 Advanced{2) (12 /2 (%)

(kWh/y) 31.19 17.65 +76.7
{1994) (U.5.A,1994)

(kece / kWh) 117 332 +25.6
| (1993} {Japan,1993)

(kgee /1) 973 656 +483
(1994} (Japan,1994)

(kgce /) 1284 970 +32.4
(1994) (U.S.A.1994)

(kgce /t) 175 1073 +63.1
(1995) (Japan,1995)

(L / 100-km) 6.7 2.1 +148.1
{1994} (U.S.A.1994)

(L /100-km) 48 2.7 +77.8
{1994) (U.S.A.1994)

Source: '97 Energy Report of China, December 1997 by China Price Publishing House and China’s Energy Development Report(1997)
by Ecenomic Management Publishing House. Beijing, June 1997.

2.3 Low Energy Consumption Per Capita

The index of energy consumption level per capita not only directly related to the people’s life
quality, but also is an important sign of the developed standard of a country. The total energy
consumption and energy consumption per capita of some countries and of the world in 1996 are shown
in Table 5. From the Table. we can see that the total energy consumption of China in 1996 only
accounted for 10.4% of total consumption of the world. the energy consumption per capita was only

714.1 kg oil equivalent that was about one half of the world encrgy consumption per capita of 1460 kg
oil equivalent.

Table 5 Energy Consumption and Energy Consumption Per Capita
of Some Country and in the World(Mtoe)

Total Oil N.G. Coal Hydro(N.P.} | Per Capita (kg)
2130.3 833.0 569.2 © 5160 2121 8090
223.1 79.5 66.4 23.1 342 7563
243.4 91.0 290 14.7 108.6 4196
345.0 1374 75.2 88.9 43.5 4228
230.1 83.7 76.7 449 24.8 3910
605.4 128.0 317.0 119.0 423 4095
501.8 269.9 595 88.3 84.2 4003
874.0 172.5 15.9 666.0 19.6 714

Statistical Bureau, PR. China, 1997.

1t should be mentioned here that there is a great difference between urban and rural areas in the
energy consumption in China. By the end of 1996. the total population in China was 1223.9 million of
which the total population of cities and towns was 359.5 million, accounted for 29.37%. the total
popuiation of rural area was 8644 million. accounted for 70.63%. The rural energy conswmption was
640 Mitce in 1996, accounted for a little less than 40% of the total energy consumption in China as a
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whole(bioenergy included). From 1980 to 1996, the consumption of non-conunercial energy almost
remained the same as in the past, something between 220-250 Mice, however, the consumption -of
commodity energy rose drastically with annual growth rate of 9.3%. With the mechanization of
agriculture and the improvement of living standard of rural peoples, the vast Chinese rural areas will
become a major energy consumer. This will be inevitable to greatly increase the energy consuniption in
rural areas, demands of energy will be steeply increased in the near future in China.

2.4 Downward Trend of Energy Consumption Per Unit Qutput Value

At present the energy consumption per unit output value and energy consumption of unit main
products in China are higher than the international advanced standard. however, in 1980-1990 the
vearly average growth rate of gross domestic product(GDP) was about 9% and the annual average
growth of energy consumption was 3%, the energy consumption for each RMB 10,000 yuan of GDP
was reduced from 7.64 ton coal equivalent(lce) in 1980 to 5.32 tce in 1990, the annual average
reduction rate was 3.7%. it saved or used less eilergy totally 285 Mice in the decade. In the Eighth
Five-Year period(1991-1993), the annual average growth rate of GDP in China was 12%, the average
annual growth rate of the primary energy production and consumption was 437% and 5.5%
respectively. The elastic coefficient of primary energy production and consumption was 0.364 and
0.458 respectively.

On one hand, we can say that the elastic coefficient of energy consumption in China(the average
value was larger than 1.50 in 30 vears before 1980, and was reduced to about 0.60 in 15 years after
1980) shows that the relative low energy growth has supported the high speed growth of national
economy and a certain progress has been made in reducing the energy consumption per unit output
value, The energy consumption per RMB 10.000 Yuan of GDP from 1991 to 1996 was listed in  Table
6: On the other hand. The elastic coefficient of the energy consumption is larger than that of energy
production, so the energy development has exerted, to some extent, the “bottle-neck™ effect on the
development of national economy and society.

Table 6 Energy Consumption per RMB 10,000 Yuan of GDP (1991-1996 )
(the Monetary Base Year: 1990)

391

Energy Consumption(tce) 5.24 311 +.74

Source: '97 Energy Report of Ching, December 1997 by China Price Publishing House.
3. Polices Concerning Energy Sustainable Development

According to the Ninth Five-Year Plan and the overall sirategic target of the plan to 2010, the
growih rate of the Chinese economy should be kept in a high rate and the people’ life quality should
also be improved. The strategy of national sustainable development was emphasized by Chinese
govermmeni to well coordinate the development among energy. economy and environment. To be
consistent with the national development strategy. the following polices are stressed in the energy
sustainable development in China:

---=-- 1ely mainly on domestic resources and market, meanwhile, the energy supply and consumption
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should be regulated by making full use of foreign resources and international market,

--—-— lay equal emphasis on both energy development and conservation with energy conservation being
put at a dominant position,

---=-- develop clean coal technology and implement the policy of substituting oil with coal, .

------ strive to exploit oil and natural gas resources. actively develop new and renewable energy sources
in order to optimize the structure of energy sysiem.

------ give priority to hydropower development, develop nuclear power to an adequate degree while
making great efforts to develop advanced thermal power in power industry,

—---- and pay more attention to tackle envirommental pollution during energy exploitation and
utilization.

4. Prospect of Nuclear Energy Development

Nuclear power is a significant component of the world’s energy supply at present. There are 441
nuclear power plants in operation with a total generating capacity of some 333.5 GWe that generated
about 2406 TWh in 1996. World-wide, the nuclear share in total electricity generation is approximately
17%. By the end of 1996, the national installed capacity of electricity generation exceeded 230 GW
and the annual output of generated eleciricity is 1.070 billion KWh, with 81.5% from fossil power,
17.2% from hydro power, 1.3% fron nuclear power in Clina. The nuclear power development is still at
an initial stage with three units of 210 MW capacity in operation and eight units of 6600 MW capacity
under construction in the mainland of China,

In the Outline of the Ninth Five-Yeur Plan and Long-Term Goal for the Year 2010 for National
Economic and Social Development. the principle has been decided for the electric power industry ---
adapting to regional characteristics. combining hydropower and fossil fuel power. developing nuclear
power to a certain extent. By the end of 2000, the installed capacity of eleciric power is expected to
reach 290 GW, with the anmmal generated electricity of 1,400,060 GWh; By 2010, the installed capacity
is expected to reach about 350 GW, with the generated electricity of around 2,750,000 GWh..
According to the experts” estimation. by 2020, the total installed capacity of electric power will reach
800-900 GW and that of nuclear power will be 40-60 million KW. The proportion of nuciear power
installed capacity is small but its absolute figure is not. The nuclear energy development is determined
by the long-term energy sustainable strategy and the following actual situation as mentioned in the
section of current energy status in China;

------ low energy resources per capita, es'pecially. oil and natural gas.

------ lack of fossil fuel and hvdro resources. particularly in coastal area. where the economic growth is
much faster than that of other areas and the energy consumption takes almost half of the total of the
national energy conswumption each vear,

-=-=<= Serious air pollution and acid-rain resulting from burning tremendous amount of coal, and
-—---the expanding strained pressure on transportation system in China.
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PEACEFUL USE OF EXCESS PLUTONIUM FROM DISMANTLED RUSSIAN
NUCLEAR WEAPONS. SAFETY ISSUES

E. KUDRYAVTSEV (MINATOM, Moscow)

ABSTRACT

Beginning from 1992 a number of studies were performed for W-Pu peaceful
utilization in Russia. Very important results were obtained from Russian- German, Russian-
French and Russian-Canadian Feasibility Studies, as well as from ISTC project and some of
the US-Russian Projects. These Studies have demonsirated technical feasibility of W-Pu
utilization as MOX-fuel in certain power reactors. Some of the Studies contained preliminary
economic results. Technical feasibility implies safety assurance for all W-Pu management
activity.

All safety-related aspects (criticality, equipment and protective barriers reliability,
radiological protection, etc.) have to be taken into account for W-Pu utilization. Safety has to
be guarantied for all the W-Pu disposition stages:
® Pu storage;

* Pu conversion from metal to oxide;
* . MOX fuel fabrication and transportation;
*  MOX irradiation in power reactor;
* MOX spent fuel management.
The paper is mostly dedicated to safety-related issues of W-Pu conversion and MOX fuel

fabrication for . It is based on results of Russian-German and Russian-French (AIDA-
MOX1) Studies.

1.W-Pu conversion safety

Two primary objectives for conversion of metal Pu into oxide are:
- production of plutonium oxide suitable for next stage of MOX-fuel fabrication;
- removing of impurities (Am, Ga).

Different technologies could be used for this purpose. Russian scientists developed two
of them in All-Russian Institute of Inorganic Materials (Moscow) and in Institute of Nuclear
Reactors (Dimitrovgrad).

First process includes direct dissolution of metal Pu in HNO, +HF with further Pu
purification by liquid extraction. Pu oxide could be produced through oxalate or hydroxide
precipitation. The process is complicated by secondary waste management. Nuclear
criticality is one of the most important issue in this case. It means strict control of W-Pu
metal to be dissolved, limitation of Pu concentration in water solutions, use of equipment
with nuclear safe geometry, etc. Nevertheless this process offers the best warranties of safety.
It is based on large experience and could be implemented without extensive R&D.
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Second process is based on pyrometalurgy with direct dissolution of metal in molten salt
media (NaCl+KCl) and chemical precipitation of compact Pu oxide (or electrodeposition of
UO,+Pu0,). This oxide is not suitable directly for MOX fuel fabrication and needs
additional treatment. The process seems to generate relatively small amount of secondary
wastes, but it was not proven at industrial scale. Implementation of this technology needs
further extensive R&D. Nuclear safety is not a major issue for this case.

- As a result of French-Russian Feasibility Study it was also selected mixed process:
calcination of metal Pu in air followed by dissolution of the resulted oxide in HNO, in
presence of Ag(II) Resulted Pu solution is purified and Pu oxalate is produced [1}.

Dry process llke HYDOX process was examined in AIDA-MOX 1 Study and fmally
has been turned down in view of additional work needed for qualification. Operational safety
of the oxidation of plutonium hydride into oxide will be one of the most important issues in
this technology. Another- challenge is . volatile Ga oxide waste formed during hlgh
temperature treatment of the initial plutonium dioxide. -

2. Safety issues for MOX Fuel Fabrication from W-Pu

Different safety-related issues of MOX fabrication were considered under bilateral
feasibility studies mentioned above [1, 2, 3]. Generally speaking the safety provisions and
safety related design characteristics should be similar for MOX-fuel fabrication from civil as
well as from weapon-derived plutomum Main safety aspects of MOX fuel production are
covered in NEA/OECD Reports [4,5].

To prevent risk of plutonium release a multi-barrier system is des1g11ed for MOX
fabrication facility. A graduated low air pressure supports the system to avoid Pu
contamination outside enclosure, whlch is prowded by glove: boxes and caissons or shielded
hot cells. -

All initiating events (mtemal and extema]) which could bnng the poss1b1111y to damage
the multi-barrier system are to be taken into account. Working personnel have to be protected
from ionizing radiation. Doses are to be well under authorized limits.

Within the framework of Russian-German Feasibility Study experts from both sides
developed safety criteria for MOX Pilot Facility designated for W-Pu processing into MOX
fuel. Based on technical information from German side and Russian regulatory documents
. experts developed “Safety Concept for Pilot Plant for Uranium-Plutonium Fuel Manufacture
- from Weapons-Derived Plutonium”. This document was approved by Russian Supervision
. Authorities (Ministry of Health and Gosatomnadzor) and by Russian Minatom. German
- equipment designed for the new Hanau MOX Plant offers unique opportunity to process W-
Pu due to the fact that nuclear safety is ensured for PuO, with isotopic composition of 95%
Pu-239 and 5% of Pu-240.

Low Pu-238 and Am-241 content in W-Pu make it possible to minimize radiation dozes
for personnel (5 mSv per year) which is well below new authorized limit of 20 mSv/year. 4
stages of HEPA (high efficiency particulate filters) prevent any environmental effect for
normal operation of the plant and for the design-based events.

For the MOX Pilot Plant as well as for TOMOX-1300 Facility special containment
building was considered as a necessary protection from external hazard such as airplane
crash [1,2].
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For the Russian-Canadian Feasibility Study calculation of radiation protection and safety
was performed for handling of low-enriched W-Pu fuel bundles at. MOX facility (fuel
bundles assembling) and reactor site (loading reactor). Accordmg to NRB-95 Regulations
the. perrmsmble distance from the body to MOX fuel bundle is about 80 cm. It. means
necessity for the shielding or use of special devices to handle MOX bundle. |

One of important issues is safe transportation of MOX fuel from MOX fabrication
facility to the designated reactor site. In case of MOX fuel transportation within Russian
Federation special transport container is to be designed. European experience in MOX
transportatlon is of great value for that case. For overseas transportation of MOX CANDU
fuel with W-Pu spec:al new package was proposed with 18 MOX fuel bundles capacﬁy

Concluswns _ : SR = IR

Safety related issues are of hlghest unportance when excess W-Pu dlspos1t10n and/or
utilization .is considered. All technologies and operations. are to be evaluated taking into
account operational, nuclear and radiation safety.
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3. Russ1an/Canad1an Feasibility Study on the Utilization of Russmn Weapons-f
; Denved Plutonium in Canadian CANDU Reactors. AECL-MINATOM, 1997
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5. . Management of Separated Plutonium, NEA OECD, 1997
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Remarks by
Mr. Akio Suda,
Deputy Director-General for Arms Control and Scientific Affairs,
Ministry of Foreign Affairs of fapan

Japan’s Approach to the Management of Surplus Weapons Plutonium
(Position Paper) = .

In engaging in international cooperation for the safe and effective
management of fissile material derived from nuclear weapons, Japan attaches
importance to three cardinal principles, irreversibility, transparency and efficiency.
With these principles in mind, we have been contributing to international efforts that
address this issue. To make further headway, intensive consultation and
coordination are necessary both between Russia and the United States, and among
the (?8 states. For the present, Japan is focusing its efforts on tasks of immediate
need.

With the end of the Cold War, the international community has witnessed
emerging opportunity for nuclear disarmament. Already under way is the START
process, which represents future milestones for large-scale reduction in the strategic
nuclear forces of Russia and the United States. In order to bring us closer to a
world free of nuclear weapons, successful implementation of the START process
matters in great deal. Nevertheless, the actual work of this process entails
difficulties well beyond what many people might imagine. The ongoing
dismantlement of nuclear weapons under the terms of START I has been leading to
large-scale stockpiles of highly enriched uranium and plutonium derived from
nuclear warheads, and such stockpiles will increase with the projected
implementation of START II and START IIl. Moreover, in their present state, this
fissile material can easily be reused for military purposes and thus could pose a
serious threat to international security should it fall into the hands of terrorist groups
or be turned over to nations intent on developing nuclear weapons. Therefore, it is
imperative that such fissile material be safely managed and transformed as quickly as
possible into forms unusable for military purposes. This, however, constitutes an
enormous challenge requiring advanced technology and large-scale financial
resources.

The Moscow Summit on Nuclear Safety and Security, held in April 1996,
offered the first major opportunity to focus international concern on the management
of surplus weapons fissile material. Following the Moscow Summit, an international
experts met in Paris in October that year. There, the participating states reached a
consensus on several points: (1) among all the surplus weapons fissile materials, the
management of plutonium is a matter of particular importance, and the most suitable
and technically feasible means of disposing of such plutonium is through
consumption in nuclear reactors, (2) immobilization of plutonium in glass or ceramic
form is a possible complementary option; and (3) whichever option is selected,
interim storage of surplus weapons fissile material is necessary until its ultimate
elimination. These conclusions were supported at last year’s Denver Summit in the
Foreign Ministers’ Progress Report. At the same time, the Report welcomed a
number of:ongoing concrete international efforts and reaffirmed the importance of

154



ensuring transparency in the management of the plutonium. The Report pointed the
importance of preventing its reuse for military purposes by placing it under
international verification as well as by taking appropriate measures for physical
protection, control and accountancy.

lActive engagemend

In principle, the primary responsibility for the management of plutonium
derived from nuclear weapons rests with the states that possess them. Thus the
ways of managing such p{Jutonium should be determined and carried out by these
states. At the same time, Japan recognizes the significance of the management and
die“g)osition of such fissile material for the purpose of promoting nuclear disarmament
and ensuring nuclear non-proliferation and, to date, it has taken various concrete
actions. For example, Japan has been extending specific assistance as part of its
efforts to dismantle nuclear weapons in Russia and other former Soviet Union states.
We also established, in September 1996, an informal study group composed of
experts to study technical aspects of managing surplus weapons plutonium, and the
group’s findings were very helpful in the technical discussions at the international
experts meeting in Paris. Since then, Japanese experts have exchanged views with
their counterparts in the states concerned regarding future technical contributions by
Japan. - Furthermore, with a view to promoting greater awareness of the importance
of this issue throughout the international community, Japan submitted a resolution on
nuclear disarmament to the United Nations General Assembly last fall. This
resolution, among others, welcomed ongoing efforts for the dismantlement of nuclear
wea{;ons and advocates the importance of safe and effective management of the
resultant fissile material. It was adopted with the support of an overwhelming
majority, including all the nuclear-weapon states and most of the non-nuclear states.

In tackling this issue, Japan attaches a spcc1a11mp0rtancet0threecard1nal
principles: irreversibility, transparency, and efficiency.

a)lrreversibility

- The term "irreversibility" as used here means ensuring that the fissile
material once designated not to be used for military purposes will not be used for
such purposes. In May 1995, the Presidents Clinton and Yeltsin committed their
countries to not reusing excess fissile material in nuclear weapons whether it be from
dismantled nuclear weapons or from civil programs. Such a clear commitment is a
crucial step for nuclear disarmament, and Japan has a high regard for this
commitment. To ensure irreversibility, it is also important to place such plutonium
under IAEA safeguards and effective measures for physical protection. Japan has-
been very strong on this point. At the Moscow Summit on Nuclear Safety and
Security, the participants arrived at a common understanding on the need to
implement such measures as soon as they become practicable. However, it'is -
difficult to determine appropriate measures for IAEA verification, unless the
plutonium derived from muclear weapons is converted to plutonium oxide or other
forms that do not contain sensitive information of military significance. ' On this
point, Japan welcomes the ongoing talks among the Untied States, Russia, and the
IAEA to explore means for verification, and upon the conclusion of this study, we
expect that all surplus weapons plutonium including those with sensitive information
will be placed under IAEA safeguards.
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b)Transparency

In order for surplus weapons plutonium to be managed safely and
effectively, it is vital to ensure transparency by disclosing information such as the
amount of plutonium involved, the term of management required, and the physical
and chemical form of such plutonium. It is only when these pieces of information
are made available that we can define the cost for disposition, the technologies and
facilities to be employed, and consequently, an appropriate schedule for = "
management.

c)Efficiency

To promote nuclear disarmament and to warrant nuclear non-proliferation,
~we should dispose such surplus weapons plutonium as rapidly as possible and thus
restrain its accumulation to a minimum level. In this context, due consideration
should be given to making use of existing facilities and established technology.
Also, when we make any facilities available, a priority should be given to the
disposition of surplus weapons plutonium as long as such material continue to exist.
The critical importance of efficiency was affirmed at the international experts
meeting in Paris as well.

In order to reduce stockpiles of surplus weapons plutonium, it is necessary
to end fresh production of weapons-grade plutonium, and in this connection we
welcome the agreement reached in September last year between the United States
and Russia, stipulating that the three nuclear reactors for commercial use in Russia
which produce weapons-grade plutonium will cease production of such material by
the year 2000. _

d)Other considerations

In addition to these cardinal principles; other concemS, such as .séfety and
envirt);ilmental impact, should be carefully considered in the management of fissile
material.

The management of surplus weapons plutonium consists of various
processes, such as the dismantlement of nuclear weapons, the storage of resultant
plutonium and, its transformation (conversion into a material substance, fabrication
of fuel from such material, and consumption in reactors). International efforts are
under way with regard to each of these processes. The following are Japan’s
contributions.

El)ismantlcment[_

While Russia and the United States are carrying out the dismantlement of
their nuclear weapons steadily in accordance with START 1, Japan intends to play its
role in order to advance this process. Specifically, we are promoting a project to
provide Russia with equipment to deal with the eme?encies that could arise during
transportation of fissile material from the site of the dismantlement of nuclear
weapons to storage facilities.

t[nterim storage|

It would take dozens of years to transform all of the surplus weapons
plutonium into a form that is unattractive for military purposes. It is, therefore,
essential that this material be safely stored over a long period of time until its
eventua] transformation. For that purpose, the construction of appropriate facilities
is an urgent task. In this connection, a storage facility for highly enriched uranium
and plutonium from dismantled nuclear weapons is under construction in Mayak, a
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suburb of Chelyabinsk in the Ural Region. Works for designing and construction of
this facility are jointly conducted by Russia and the United States. Being mindful of
the importance of this storage facility, Japan is trying to help the project by
providing fissile material containers to be used in.this Mayak facility, and
discussions are under way with the United States and Russia. o
.. Japan strongly expects the early completion of the construction of this.
facility, which will contribute to efficient management of surplus weapons .
%Iutonium. At the same time, I would like to reiterate the importance of placing the
ssile material stored in this facility under a J)ropriate safeguards. For this purpose,
fissile material kept in this storage site shouf be subject to an appropriate control
and accounting system and be placed under IAEA safeguards with the least possible
delay. We were encouraged by President Yeltsin’s statement at the Moscow
Summit on Nuclear Safety and Security in April 1996, according to which we-
understand that roughly 40% of Russian surplus weapons plutonium would be stored
in that facility, and thus placed under IAEA safeguards. It is superfluous to say
that, such a storage facility should incorporate the physical protection - which meets.-
international standards. o _ : , _

[Transformation]

Surplus weapons plutonium must be transformed into material that is
unattractive for military purposes. As noted above, consumption in nuclear reactors
is regarded as a promising option for effecting such a qualitative change, and the
international community has been considering the implementation of this option.

In order to consume it in reactors, the alloyed metal plutonium derived
from nuclear warheads must first be converted into plutonium oxide. Russia and the
United States are considering cooperation for this pit conversion process. Since the
plutonium before conversion may contain sensitive information of military
significance, it is difficult for non-nuclear weapon states like Japan to cooperate in
such a conversion process. Still the transparency is very important in such a process
as well, and Japan keeps interests in it.

France, Germany, and Russia are planning to construct a
demonstration-scale MOX fuel fabrication facility in Russia. This plan initially
started in 1992 in separate discussions between France and Russia, and also between
Germany and Russia. Later these three countries decided to implement this project
as a trilateral cooperative scheme, Japan welcomes this progress in that such
coordination is conducive to avoiding project duplication and thus promote the
efficient management of surplus weapons plutonium. However, Russian reactors as
thecfr stand cannot burn MOX fuel and studies are required for necessary adjustments
and modifications. Japan has considerable experience and technology acquired
through its peaceful use of atomic energy, and is looking into the possibility of
assisting in these studies.

The CANDU initiative, as proposed by Canada, intends to fabricate the
surplus weapons plutonium into MOX fuel in the United States and Russia and then
transport it to Canada for consumption in CANDU (Canadian Deuterium Uranium)
reactors. This initiative, if realized, would speed up the disposal of the plutonium.
In light of this benefit, Japan undertook an evaluation of the research related to this
initiative by making use of its experience in the production of MOX fuel for Japan’s
advanced thermal reactor Fugen, which is similar to CANDU reactor.

boordination between the United States and Russial

In order to ensure the efficient disposition of surplus weapons plutonium,
we believe ‘that it is important to take a comprehensive approach that encompasses
the whole process, including dismantlement, storage and transformation. At present,
however, a-number of international projects are under consideration without a well
coordinated structure of the whole process. First, further coordination should be
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sought out between the United States and Russia. A report on a joint US-Russian
study proposed that the two countries should undertake parallel disposition so as to
reduce their respective stockpiles of surplus weapons plutonium to equivalent
amounts. We await this proposal sealed by a formal commitment of the respective
governments. If such coordination advances between the United States and Russia
in various matters, the overall picture covering all the processes will become clearer,
making it easier to formulate comprehensive plans.

fCoordination within the G8|

Coordination within the G8 could be guided by the coordination between
the United States and Russia. It is important that major contributors of each project
make relevant information available to all other G8 states to the maximum possible
extent. G8 is now trying to assess commercial feasibility of multilateral projects.

In this connection, the G8 governments clearly need to share information among
themselves as well as with the private sector. We expect such information sharing
and coordination will further facilitate this important endeavour towards the next
century, and Japan will continue to take an active part in this process.
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(Final Copy)
Disposition of Excess Weapons Plutoninum:
A View from the United States

John J. Taylor, Vice President Nuclear Power Emeritus
Electric Power Research Institute

Abstract

It is urgent to dispose of the fissile materials declared surplus by U. S. and Russia through
the START agreements. Until these materials are disposed ofin a form that assures that
they will never again be returned to nuclear weapons, the risk of their diversion remains
high and the vision of 2 global nuclear disarmament regime remains elusive.

A "road map" for appropriate disposition of excess weapons plutonium, to be carried out
in parallel by the US and Russia, has been agreed to by an independent scientific US-
Russian Commission established by Presidents Clinton and Yeltsin. The Commission
recomimends that a two-track approach be followed for the plutonium: (1) buming it in -
existing nuclear power plants and (2) immobilizing it with highly radioactive defense
wastes.

Although evaluations and experiments are underway in the US and Russia on these,
plutonium disposition processes actual disposition urgently requires several important
steps by the two countries, in cooperation with the international community: completion
of a formal US-Russian government agreement to pursue the two track disposition:
approach, development of an effective _|omt work plan, establishment of the necessary
institutions to carry out the plan, provision of the resources needed to get the _]ob done, and
placement of the excess fissile material under international momtormg

An International Commltment

The United States has made a strong commitment in cooperat]on Wlth Russ:a the P-8 countnes and the

IAEA to provide for the safe storage and ultimate disposal of the fissionable materials from the nuclear

weapons declared excess in the START agreements. Storage in highly secure facilities is a first urgent step
since the existence of tens of thousands of highly enriched uranium (HEU) and plutonium © pits” from the

dismantled warheads poses a serious risk of diversion which must be minimized. The second essential step
is dlsposmon af these materials in a form to assure that they will never again be returned to nuclear weapons.

This step is essential for two major reasons: (1) The highest practical level of proliferation resistance, -
comparable to that of commercial spent fuel, will be achieved.: (2) The pattern of mevemblllty needed to

make a global nuclear arms reduction regime will become 2 reality. This paper presents my view from the
U. S. on the progress to date and the work aheod to dispose of these excess nuclear weapons matenals

Actions to Date -
Significant progress has been made in up-grading excess weapons materials storage facxlmes both inRussia
and in the U. S., with substantial financial and technical support by the U. S.,.in constructing new, .
centralized safe storage facilities in Russia. Progress is also being made in 1mp1ementmg the dlsposmon
step, ata hlgh Ppace for the HEU but a much slower pace for the plutonium,

Actmg for theu' respecuve govemments the U. S Ennchment Corporatlon (USEC) presently in the
process of being privatized, and the Russian Muustry of Atomic Energy have entered into a contract to
dispose of the excess HEU from some 20,000 Russian warheads. The highly enriched material is being -
converted to low enriched form in Russia and then shipped to the USEC to be used as fuel in U, S. LWR
nuclear power plants. The fuel will genérate an estimated six trillion kw-hrs of electricity, enough to light
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the entire U. S. for about two years. The first shipment arrived in the U. S. in June 1995. The USEC will
pay the Russian Ministry $12 billion over the 20 years needed to complete the conversion. This step is an
important example of the “ swords-to-plowshares” - role industry can play in moving the world away from
muclear weapons.,

The disposition of excess weapons plutonium by converting it to fuel is more complex than for highly
enriched uranium because the conversion and fabrication of plutonium into the required uranium-plutonium
mixed oxide fuel form is much more expensive and political issues associated with the recycle of plutonium
in power reactors are introduced. Nevertheless, significant progress has been made in the planning and initial
development work preliminary to the actual disposition of the plutonium.

The U. S. Department of Energy (DOE) issued a Record of Decision™ in January 1997 to follow a “ dual
track” approach to the disposition of excess weapons plutonium: (1) utilizing it as (MOX) fuel in existing
power reactors, and (2) immobilizing it by mjxing it in a glass or ceramic matrix with high level defense
radioactive wastes. On each track the objective is to reduce the plutonium to a form that meets the “ Spent
Fucl Standard”®®, i.¢., makes the excess weapons plutonium roughly as inaccessible for weapons use as the
much larger and growmg quantity of phatonium in spent fuel fom commercial power reactors. A sub51d1ary
objective is to maintain high resistance to prohfemi]on during the disposition process by maintainin

same level of proliferation resistance as exists in safe storage, that is, the © Stored Weapons Standard™ untll
the material reaches the higher level of prohferahon called for in the * Spent Fuel Standard™. .

Intemahonal Cooperatlon

It is of course important that the U. S. and Russia implement the disposition process on simikar schedules
meeting standards equivalent to the Spent Fuel and Stored Weapons Standards. Recommendations™ for
appropriate disposition of excess weapons plutonium, to be caried out in parallel by the U. S. and Russia,
have been made by an independent scientific U. S.-Russian Commission established by Presidents Clinton
and Yeltsin.  The Commission recornmends that a two-track approach similar to that in the U. 8. DOE’s
ROD be followed for the plutonium: utilizing it as fuel in existing nuclear power reactors and immobilizing
it with highly radioactive defense wastes. The amount of material disposed of in each track is to be determined
by each country as each program progresses.

Preparatory work along these lines is underway in both countries. DOE is preparing bid specifications for
existing commercial light water reactor power plants to participate in the reactor  track” and has contracted
with their national laboratories to develop the immobilization process. Work is underway in Russia to
design andtest the MOX fuel systems to be used to burn the plutonium intheir VVERs. Both countries are
developing the technical processes for conversion of the metal plutonium pits to plutoninm oxide as input to
both “tracks”. Full implementation of the plan awaits completion of formal agreements contractual and
orgamzat[onal arrangements, and fmanmng mechanisms.

Substantial assistance is bemg prowded to this e&'o:tby other countnes For example Franoe and Germany
are working cooperatively with Russia to develop MOX fuel fabrication capabilities in Russia with which to
implement its excess plutonium disposition program, Canadaand Russia are jointly evaluating the use of
the CANDU reactor to burn some of Russia’s excess plutonium. The U. 8. is seeking the know-how of
experienced European organizations in developing its MOX capability and is considering the utilization of
European facilities for initial MOX fabrication and irradiation demonstrations.

The Work Ahead, Schedule, and Cost

The schedules and cost estimates prepared by the U. S. DOE ® in its planning to implement the disposition
processes make it clear that the task is a majorone. It will take 8 to 10 years before the disposition process
goes into production. The DOE schedules for the start of production are: plutonium conversion from metat
to oxide in 2002, immobilization in 2005 and reactor irradiation in 2007. The disposition of the presently
declared U. S. surplus of 5S0MT of plutonium will then take from 9 years (most rapid iramobilization variant)
to 14 years (reactor option) to complete. The costs of plutonium disposition are high. DOE estimates that
the disposition will cost about $2 billion whether it be the reactor option including credit for the energy value
of the plutonium, or the least expensive immobilization variant, or a hybrid approach in which the plutonium
will be dispositioned on both tracks in parallel, The irradiations will then take 14 years to complete. An
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indication of why the task is so costly and time consuming can be gained by summarizing the specific
processes and facilities which must be put in place. .

.-.'

The surplus weapons plutonium exists in many forms: pure plutonium metal “ pits” from dismantled nuclear
weapons, pure and contaminated plutonium metal, oxides, alloys, and compounds from related military
activities, and unirradiated military reactor fuels. Approximately 33 ofthe 50 MT U. 8. surplus plutonium
consists of high purity metals and oxides from nuclear weapons reductions. .

Generally, these high purity forms of plutonium must be converted and conditioned before they can be used
as feed materials for either disposition track. The plutonium must first be extracted from the pits, converted
to plutonium hydride and then to oxide or metal, masked from classified information, which can be used as
feed to the disposition tracks. An additional thermal processing step may be required to make the feed pure
enough for the MOX track. A more complicated mixed feed processing is required forthe 30% of the material
which does not contain pure plutonium, but the processing is simpler and less expensive if its purpose isto
prepare feed only for the immobilization track. The U. 8. is developing a hydride-dehydride process for the
conversion to oxide since it is a dry process with a minimal level of waste produced. Russia prefers the
conventional wet hydrldefomde process since it has few technical uncertainties.

Conversion prooessmg operations for the remammg matenals are more complex because there are avanety of
forms with significant differences in their impurities. These plutoniwm forms, will have to be purified for use
in the reactor option, On the other hand, this material can be accepted in the immobilization option without
having to be purified, which has led to serious consideration ofa hybrid alternative in which 33 MT would
be processed on the reactor track and 17 MT on the immobilization track. . . _ R

It is planned to select one DOE site from among Hanford, INEL, Pantex, or Savannah River to construct and
operate a pit disassembly/conversion facility and to choose between Hanford or Savannah River to construct
a mixed feed processing facility for non-pit pIutomum The mixed feed prooessmg facmty will be co-located
with the imumobilization famhty . oo

I ] -1- - - Gl C ) - ) .

In the immobilization approach, the surplus plutonium is mixed with military high-level radioactive wastes
in a glass or ceramic matrix and placed in a large canister. The size, weight, and radiation levels of the
canister are similar to those of spent firel assemblies so as to provide barriers to plutonium recovery .
comparable to spent fuel assemblies and thereby meet the  spent fuel standard™. It is presently estimated that
an immobilization canister will be about 3 meters long and 0.6 meter in diameter, will weigh one to two
tonnes, and its gamma radiation field will be about 3000 rem/hr at its anfaoe 30 years after initiaf fabrication.

Two variants to aocomphsh the rmxmg of plutonium and radloacnve wastes arebemg considered forboth the
glass and ceramic forms: (1) mixing the platonium and radioactive materials homogeneously or (2) placing
small canisters of plutonium in alarge canister containing the radioactive glass or ceramic matrix, called the
“ can-in-canister” variant. Progress to date on the R&D to develop these processes and their variants indicates
a preference for utilizing a ceramic matrix with the “ can-in-canister” variant because of advanntages in time
and cost.

It is planned to construct and/or modify existing facilities at either the Hanford or Savannah River DOE
complexes to carry out the immobilization processes. When the canisters have been loaded they will be
readied for permanent storage, which is expected to be at the national geological spent fuel repository now
under development DOE has committed to immobilize at least 8 metric tons (MT) of surplus plutomum
materials that it has determined are not suitable for use in MOX fuel. )

di i Q) Existing R
Onge the plutonium metal pits have been converted to plutonium oxide for use in MOX fuel, the oxide is
blended with low-enriched or depleted uranium oxide to form MOX fuel pellets which are inserted in fuel rods

and then fabricated into fuel assemblies. The completed fuel assemblies are shipped to a commercial nuclear
plant where they are used to refuel the reactor and generate energy for electricity production. The spent fuel
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assemblies will be disposed of in the national geologic spent fisel repository now under development. A
. typical MOX firel assembly is 4 meters long and 0.4 meter wide, weighs 0.7 tonnes, and its ganuma radiation
field will be about 7,000 rem/hr at its surface 30 years after discharge from the reactor.

The MOX fuel will be used in a once-through fuel cycle, with no reprocessing or subsequent re-use of the
spent fuel. Contractual provisions will be enforced to limit the reactor license modifications solely to the use
of MOX fuel involving surplus weapons plutoninm so as to discourage general civil use of plutonium-based
fuel. It is planned to fabricate the U. S. MOX fuel pellets, rods, and assemblies in a domestic, government
owned facility at one of the four DOE sites at Hanford, INEL, Pantex, or Savannah River. Depending on
location, the facility may be newly constructed or a modification and up-grade of an existing facility.

1t is planned to use approximately six existing commercial nuclear power plants in the

U. S. to burn the MOX fuel. DOE has left open an option to utilize the CANDU nuclear power plants in
Canada to burn some of the MOX fitel. Russian planning consistent with the Independent Scientific
Commission report would be to use their operating VVERs and the BN-600.

Environmental, Safety, and Proliferation Impacts

The final programmatic environmental impact statement™® concludes that the environmental impacts are
minimal. The impacts were fully considered by DOE in reaching its Record of Decision. The largest impacts
from the disposition processes were identified to be (1) a slight increase in the risk of latent cancer fatalities,
in the worst case 1 chance in 5,000 and (2) a slight increase in fatalities during transportation from normal
expected traffic accidents, in the worst case 6 potential fatalities over the entire life of the disposition -
campaign. When the site selections are made for the front-end processing, immobilization, and MOX
fabrication facilities, site-specific environmental impact statements will be prepared. :

Non-Proliferation and arms control assessments” thus farconclude that the dual track disposition approach:
(1) will meet the Spent Fuel Standard and, if implemented appropriately, offer major nonproliferation and
arms reduction benefits compared to leaving the material in safe storage in directly-usable form; and (2) will
substantially reduce, although not eliminate, the risk of reversal of current nuclear arms reductions. The most
vulnerable steps from a non-proliferation standpoint are during those portlons of the dlsposmon processes in
which plutonium is in bulk form and/or is being transported,

For both tracks: (1) progress in disposition will be monitored and made transparent by placing the surplus
materials under bilateral U. S.-Russian monitoring and IAEA safeguards; (2) stringent standards of safeguards
will be maintained throughout the disposition process, as called for by the Stored Weapons Standard; (3)
improved materials accountability methods and international safeguards approaches will be applied in the
bulk-handling of plutonium, including near real time accounting, increased automation in the process design,
and improved containment and surveillance; and (4) the transport of plutonium in forms vulnerable to
dlversnon will be mmnmzed by co-locatmg key facilities.

For ﬂ1e MOX track, the perceptlon of changein U. 8. fuel policy has been mmgated by commitments only
to once-through processing and to surplus weapons plutonium. For the can-in-can variant, the current effort
will be continued to deveIop a design that will prevent removal of the cans from the canisters to assure that
the Spent Fuel Standard is met. o

Programmatlc Uncertamtles

There are substant]al uncertainties in unplemennng the dual track program, some mtemal to the program and
some external. The internal uncertainties-arise principaily from unanticipated R&D results, construction cost:
and time underestiates, and delays in resolving environmental impact issues and obtaining the necessary
licenses. The external uncertainties arise principally from the level of national priority and funding, legal
challenges, regulatory changes, public acceptance, and the progmss in negotiating agreements wnh Russia
and other countries to assure a parallel and equitable effort. .

Broadly stated, the MOX track is more subject to the external uncertainties since using reactors for plutonium’
disposition is politically more controversial and the licensing process with the Nuclear Regulatory
Commission is subject to delay. Since MOX fuel fabrication and its use as a reactor fuel is presently a routine
process in Earope and has been done on an experimental basis in the U. S:, the technical uncertainties are
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small. On the other hand, the immobilization track is more subject to technical uncertainties since the
process is new and not proven. Immobilization is less vulnerable to external uncertzinties since it is less
politically controversial and licensing procedures will be less demanding for its fofally gevernment owned
and operated sct of facilitics. - Both tracks, of course, are sensitive to the impacts of natlonal priority and
funding and the development of appropriate international agreements.

Peveloping a Broad Consensus

The need to develop a consensus on the importance and the means of disposing of excess weapons plutonium
has been highlighted in the U. S. effort. Such consensus must be developed among many constituencies: the
technocrats who are depended upon to define the technical means and implement them; the industry who are
depended upon to participate in key elements of the effort; the Russian government and its agencies who will
implement in parallel the disposition. of their surplus weapons plutonium; the other P-8 countries and the
IAEA who must participate to achieve the global nuclear anms reduction regime; the U. 8. government -
officials who have to forge the plans; schedules, and budgets in competition with other goals and interests and
have to negotiate the necessary international agreements; the Congress who have to approve the plans and
subsequently authorize the funds to carry them out, and the public who need to be supportive of such along
standing endeavor if it is to sustain and succeed.

The DOE has devoted major offort to gaining this consensus as the program has progressed. Public
announcements were issued and meetings were held throughout the country to identify, and gain feedback on,
every major phase of the program: the intent to proceed with the program and prepare the appropriate
environmental impact statements; the technical assessment which screened the options and evaluated their
effectiveness, timeliness, and cost; the non-proliferation and arms control assessment which evaluated the
proliferation resistance and irretrievability of cach option; and the Record of Decnsmn whmh selected the
preferred “ two track’ approach :

The U S. and Russia have oooperated o gam agreement on the pret'ened dlsposmon processes and schedules
and to engage in joint evaluations and R&D on the options. The P-8 countries, largely at their Summit
meetings, have committed formally to cooperate on the disposition processes and to make the overall arms
reduction processes transparent through the IAEA. Meetings of the P-8 countries’ technical experts have been
convened to discuss the disposition options and their characteristics.

These efforts have gone a long way toward achieving consensus among the first three groups, the technocrats,
the industry, and the responsible government officials, but not all the way. There is still some opposition
from the environmental community because of their unwarranted perception that the reactor option will foster
plutonium recycle and this concern is shared by a small number of officials in the cognizant U. S. agencies.
Although the U. S.-Russian Independent Scientific Commission has reached agreement on the preferred
disposition processes and President Yeltsin has authorized a high ranking interagency working group to
implement the program, no formal agreements between the U, S. and Russia on theses matters have yet been
implemented. Further, there are some officials in the Russian agencies who object to plutonium disposition
in any way other than through the reactor option.

The Congress is generally dxsposed favorab]y to the effort as is ewdenced by the:r fundmg of the storage
facility up-grading and the weapons materials production aut-off initiative inthe U. S. and Russia and forthe
initial studies of plutonium disposition by DOE. Yet, the test of their fult support will not come untll DCE
submits its plans and budget requirements for the full program. D

On the other hand, the necessary level of consensus has not been reached with the public in spite of DOE’s
public participation efforts, largely because thebulk of the public are unaware of the importance and urgency
of the matter. The end of the cold war has introduced an unwarranted level of complaisance as to the risks from
nuclear weapons and little has been done by government or the media to challenge that complaisance.
Testimony to the Congress by the Direcior of the CIA and statements by Congressional leaders have clearly
identified the present risks and the U. S. National Academy has termed them “a clear and present danger”,
but the public is largely unaware of these concerns. It is an anomaly that there is so little public awareness
of these indisputably certain risks while there is widespread public awareness of, and concem for, the highly
uncertain risks of global warming. This meeting sponsored by PNC in Tokye is important in helping to
develop consensus, but it would be more appropriate if such a meeting received the attention and media
amplification of the recent meeting on global warming in Kyoto.
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The most significant technical barricr to achieving consensus is contention over the use or non-use of the.

excess plutonium as areactor fuel. This contention threads itself through the U. S. acceptance process, in the
forging of international agreements among the U. S., Russia, and the other P-8 countries, and in gaining solid
political and public acceptance. This contention ¢xisted in the carly-stages of the National Academy study in
which I participated. It was eliminated by acceptance of the following principle which is well stated in the
report of the U, S.-Russian Independent Commission to Presidents Clinton and Yeltsin: “ We believe that
agreement on these urgent steps to address the security risks posed by excess weapons plutonium can and

should be reached even while differences remain about the longer-term issues of the future of nuclear energy
and the nuclear fuel cycle; resolution of these two important problems need not and should notbe .. . -

linked.... Amangements for international cooperation in carrying out this critical disarmament mission should
be carefully designed so as not to force any of the parties to repudiate their views on the future of the fuel cycle:
the mission of disposition of excess weapons plutorium can and should be implemented without the United
States having to support steps that would contribute to additional reprocessing and recycling of plutonium,
and without Russia or the other participating states having to agree to permanently foreclose reprocessing and
recycle.” 1would hope that those of us participating in this Forum can subscribe to that principle and canhelp
design the arrangements which preclude forcing a position on the fiture of the nuclear fuel cycle.
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Japanese Technical Potentialities for the Cooperation
pertaining to Russian Excess Weapons Plutonium Disposition
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Abstract

Potential areas and items for the international cooperation pertainig to Russian excess
weapons plutonium disposition are introduced and reviewed technically. Based on Japanese
experience and experties accumulated through it's FBR recycle technology development and
actual cooperation experiences, there could find certain areas and items for the cooperation
regarding to MOX option. Trilateral project, U.S.-Russia joiht study, Russian FBR
program, CANDU option, Gas reactors option, etc are the candidates. It is necessary to keep

close contact with each country and identify certain items for the cooperation.

1.Introduction

A lot of experiences and experties pertaining to burn MOX fuel in nuclear reactors such as
JOYO, MONJU and FUGEN have been accumulated in Japan since the recycle option for the
use of nuclear energy has been adopted in order to use resources effectively. Making the most
of these experiences and experties, it can be said that Japan has strong potentials to participate
in an international cooperation which intends to turn excess weapons plutonium into MOX {uel
and burn in nuclear reactors as a disposal option. With regards to the immobilization option,
which is another disposal option, Japan has experience in vitrification technology for high-level
wastes. Japan also has actual international cooperation experiences such as installing a flow
monitor system of BN350 in Kazakstan.

The area and items for the technical contribution candidates are introduced based on the
above mentioned potentials and experiences. '

2.Technical Potentials

The technical potentials of Japan are summarized as follows:

(1) The actual burning of MOX fuel in reactors has been conducted abundantly in the
experimental fast reactor "Joyo", the prototype advanced thermal reactor "Fugen" and
the prototype fast breeder reactor "Monju". Although small in quantity, the Mihama
No. 1 Reactor and the Tsuruga No. 1 Reactor have had experience in burning the
MOX fuel. Japan, therefore, has technological abilities concerning reactor core
characteristic analysis, safety analysis, fuel design, fabrication and so on, of the
reactors of these types. In addition, although there has been no actual use of
plutonium, research on the burning of the MOX fuel in a high-temperature gas-cooled
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reactor has been conducted.

(2) As for the irradiation examination, a large number of examinations have been
conducted using research reactors in Japan and overseas countries, as well as "Joyo"
and "Fugen". Furthermore, as for the post irradiation examinations, Japan has many
facilities available for destructive and non-destructive examinations. Without
mentioning, Japan has the analytical technologies(performance analysis of fuels, etc.)
necessary for these examinations.

(3) With respect to the fabrication of MOX fuel, approximately 150 tons of the MOX fuel
has been fabricated for "Joyo", "Fugen" and "Monju". Japan has three MOX fuel
fabricating facilities, and two of them were constructed using domestic technologies.
Japan, therefore, has affluent technological abilities concerning the design,
construction and operation of MOX fuel fabrication facilities.

(4) Through the MOX fuel used for "Fugen”, it is technologically confirmed that the
handling and storage of approximately 90 tons of MOX spent fuel is basically not
different from the handling and storage of the uranium spent fuel.

(5) Japan has technologies substantiated by much experience in land and maritime
transport, with respect to both fresh and spent fuel, concerning the transport and
development of the transportation container of MOX fuel.

(6) Regarding safeguards, Japan has accepted the IAEA full-scope inspection and has

' technologies guaranteed through a lot of experiences.

(7) In regard to the vitrification technology of high-level wastes, the Tokai Vitrification
Facility(TVF) was constructed and has been operated to vitrify actual high level wastes
received from Tokai Reprocessing Plant, and a facility which succeeds this technology
is under construction at the Rokkasho Reprocessing Plant.

3. Possibilities of International Cooperation

The most potent option for the Russian plutonium disposition is the trilateral project being
progressed by France, Germany and Russia. It is understood that the final coordination has
been promoted towards the signing of a written agreement which stipulates the contents of the
cooperation. There are also potent studies being conducted by the U.S. and Russia jointly.
Thirdly, it seems that Russia intends to promote the disposition using Russian original
technologies. Canada proposes to utilize CANDU reactors in Canada for the disposition.

Based on Japanese technical advantage mentioned before, and taking the trend of each
country mentioned above into consideration, it is desired to promote cooperation by making
emphasis on the fast reactor while keeping the VVER and CANDU into vision. Itis
accordingly necessary to consider specific measures to the feasible items of cooperation
through negotiations with France, Germany, the U.S. ,Russia and Canada while paying
attention to the policy of avoiding activities being duplicated with each other.
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(1) Participation in the Trilateral Project o

Judging from the experience and technological level of Japan, to participate in this
project as the fourth country is feasible. In the trilateral project, items being considered
are the irradiation test of a few assemblies in the VVER1000, the construction of the
DEMOX plant which is MOX fuel fabrication facility for both types of VVER1000 and
BNG600, and the plant modification necessary for the acceptance of MOX fuel to these
reactors. -

The fields in which Japan can participate are the construction of fuel fabrication
facilities, the fuel performance analysis in a reactor, the irradiation test, transport,
safeguards, quality assurance and quality control associated with them, etc. Participation
possibilities can be considered in all of the foregoing fields. |

Japan's contributive objects towards the DEMOX Project can be composed of
hardware technology such as the BN60O pellet fabrication equipment with fast reactor
specifications, the technology which prevents in process powder accumulation and was
recently developed by PNC, as well as software technologies such as for plant operation
control, in all of which Japan is a bit more experienced.

It is said that the trilateral agreement takes the coming two years into vision, and
what holds as most important in the agreement seems to be the irradiation test of a few
assemblies in the VVER1000. This is especially meaningful for acquiring a positive
achievement in plutonium disposition in an early stage, and for starting an eatly
experience in MOX fuel burning in the VVER 1000, because Russia has not been
experienced in it.

It would also be possible to offer the transport containers for plutonium oxide
powder or fuel assemblies.

(2) Participation in the U.S.-Russia joint study

A lot of studies have been conducted for various options for the disposition of
excess weapons plutonium by the U.S.-Russia joint study. Some of them are being
conducted and, among them, fast reactor option and light water reactor option seem to be
a candidate for Japan's participation as an international cooperation. Safety analysis,
severe accident anlysis and core characteristic analysis using computer code could be the
examples of cooperation items.It would also be possible for Japan to cooperate the
activiities regarding immobilization of plutonium.

(3) Fast reactor option

In Russia, apart from the Trilateral Project and the U.S.-Russian joint study, the
processing measures using Russian original technologies are under consideration.
Among them, by way of the measure in which Japan could have technological interests,
there is a method to process fast reactor fuel by the vibro compaction(vibropacked)
system and burn the fuel in BN600. Specifically speaking, reactor core analysis,
support of fue] fabrication on a demonstration basis and demonstrative irradiation with
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BN600, and furthermore, the design of industrial fuel facilities for the purpose of
establishing the vibropacked fuel fabrication technology may be considered to be the
technological items. Japan has already experienced the international cooperation of fast
reactors such as installing the flow monitor system and the computer system for
materials accountancy into BN350 in Kazakstan.

(4) CANDU option

This option intends to conduct the disposition of plutonium at CANDU reactors,
after both the U.S. and Russia have processed its own plutonium into MOX fuel and
brought it into Canada. As a method for the disposition of excess weapons plutonium,
the option contains a factor which is not shared by other options in that the plutonium is
brought out of Russia for the disposition. Moreover, the basic understanding is that both
Russia and the U.S. must offer the same quantity of plutonium.

Because the capacity of disposition in Russia with the use of existing reactors is
comparatively small, this option is regarded as a measure which easily increase the
capacity of disposition.

In this issue, Japan has merits that the experience in burning MOX fuel at Japan's
advanced thermal reactor "FUGEN", the irradiation test conducted for development of a
demonstration reactor, and MOX fuel fabricating technology can be used almost as they
stand. Requests for cooperation have come from the Canadian side, taking these facts
into consideration. In addition, there was a request for the evaluation of a feasibility
study which was carried out jointly by Canada and Russia concerning whether the
function of CANDU fuel fabrication can or cannot be added to the DEMOX facilities
under examination by the Trilateral Project. On the 14th and 15th of October, '97, the
Canadian and Russian experts to whom the evaluation was offered were invited to
Japan.

Participation in the small quantity irradiation test (PARALLEX Project) at the
CANDU test reactor to be carried out at the next step by the U.S., Canada and Russia,
as well as in the detailed design of the MOX facilities, are considered to be the items of
cooperation.

{5) Gas cooled reactor option

This issue has been examined as an option researched jointly by the GA(U.S.),
FRAMATOM(France) and MINATOM(Russia) on the feasibility of the disposing of
plutonium by constructing a new gas cooled reactor. The recent situation shows that a
Japanese manufacturer with gas cooled reactor technology joined in the design study.
Because Japan has the potential to reflect its experience in the design and construction of
a high-temperature gas cooled reactor and technological development on this issue,
further progress in the cooperation might be possible.

{6) International joint research about safeguards
- In order to cooperate in the disposition of plutonium from dismantled nuclear
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weapons, it is necessary that both "putting under international safeguards” and
"improving transparency" should be guaranteed. Therefore, based on the discussion
between the U.S., Russia and the IAEA, when the technological measures for
safeguards to guarantee the framework of the international safeguards becomes to be
clear, Japan could propose to consider the approach for the safeguards, conduct the
design and R&D works for the safeguards system by the international cooperation.
(7) Long term safety management of spent MOX fuel

Although there are arguments between the U.S. and Russia concerning the treatment
of spent fuel resulting from the MOX option, it is obvious that safe and secure storage
and management must be inevitable for the time being. In order to prompt the
negotiation between the U.S. and Russia, it could be worthwhile for Japan to propose to
establish the arena for an international discussion on the IAEA safeguards system
concerning the spent MOX fuel storage.

4. Conclusion
It is considered that the seven options mentioned above will be the technologically possible
candidates with which Japan can participate, for the time being, in the international
cooperation. It is necessary to identify certain items for the cooperation as soon as possible
through the discussion with related countries and start the actual cooperation using the budget
approved by the government for the first time in JFY'98.
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