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The First Tsuruga International Energy Forum

“Energy and Environment in the 21 Century”

Summary

The first Tsuruga International Energy Forum, organized by the Japan Nuclear-
Cycle Development Institute (JNC), was held from 13 through 14 May 1999 at

the Wakasa Wan Energy Research Center, Tsuruga City, Fukui Prefecture.

The objectives of the Forum, subtitled “Energy and Environment in the 21*
Century”, were: firstly, to stimulate international discussion on harmonization
between stable energy supply and the global environment, and especially the role
of nuclear power in this respect; secondly, to encourage acceptance of the nuclear -

fuel cycle development activities, particularly the operation of Monju.

To organize the Forum and decide the program in detail, a steering committee
was established whose members included the intellectuals and leaders of local
opinion. A special advisory committee was also formed in order to make the
Forum meaningful from the viewpoint of mutual understanding between the local

people and the nuclear promoters.

The Forum was supported by the following organizations:

» Science and Technology Agency (STA)

e Ministry of Education, Science, Sports and Culture
» Ministry of International Trade and Industry

» The Federation of Electric Power Companies

e Japan Atomic Industrial Forum Inc.

» Federation of Chamber of Commerce and Industry of Fukui Prefecture



« Tsuruga Chamber of Commerce and Industry
» The Atomic Energy Society of Japan

e Japan Society of Energy and Resources.

The organizers invited 11 speakers from 7 countries: France, Germany, Korea,
Russia, Sweden, UK and USA, and 13 speakers from within Japan, representing the
Atomic Energy Commission, government, academia, and the electric power
generation companies. The total number of domestic and overseas participants on

the first day was approximately 600, and on the second day approximately 450.

On the first day, the participants were welcomed to Tsuruga City and the Forum by
Mr. E. Takeuchi, Vice President of JNC and Senior Executive Director of JNC
Tsuruga Head Office. Opening addresses were also given by three special guests to
the Forum: Mr. H. Makino, Director in the Fukui Prefectural Government; Mr. K.

Kawase, Mayor of Tsuruga City; and Mr. T. Imamura, Director General of STA.

The keynote speeches were given by Dr. Y. Fujiie, Acting-Chairman of the Japan
Atomic Energy Commission and Mr. N. Chamberlain, Deputy Chairman of BNFL.
Professor J. Nishizawa, former President of Tohqku University, also made a

special lecture.

The subject of Session I was “World Energy Demand in the 21* Century” and that
of Session 1I, “Energy and Environment”. These were followed by a panel
discussion on both session themes. After the plenary session on the first day, as .
an extra-program event, an open discussion meeting was held among speakers
and general participants from the floor; discussion focused on nuclear power

development and utilization.

All the speakers stressed that the utilization of nuclear power, alongside an



appropriate management strategy for radioactive waste, is indispensable.
Limitations on the use fossil resources will become increasingly severe due to the
problem of CO, emissions and, as yet, the new ‘alternative’ energy production
systems under development cannot meet the current and projected energy demand.
Further, they emphasized the necessity of fast breeder reactor development, as this
would provide more efficient utilization of uranium resources. The restart of Monju,

they pointed out, is of worldwide importance in this context.

In the first keynote speech entitled “Nuclear Information — From Wakasa to the
World”, Acting-Chairman Fujiie predicted that mankind would be forced to
reconsider drastically the oil culture because of the risk of irreversible damage to
the global environment. The development of the fast reactor system, with the
ultimate goal of “recycle and zero-release™, is indispensable to meet long-term
energy requirements, making the restart of Monju a most important issue. World
attention in nuclear power development and utilization is now being focused on
Japan; INC has recognized this sifuation and it must make available worldwide the
technical information obtained from the operation of Monju, with the support from

Wakasa area.

The second keynote speech, entitled “The Role of Nuclear Fuel Cycle and Related
Research and Development”, by Mr. Chamberlain, highlighted the extent to which
nuclear systems contribute to the reduction of CO, emissions. The fast breeder
reactor system had the further advantage of conserving uranium resources.
However, it was vital to address the concerns about nuclear power felt by the public
regarding, for example, safety and radioactive waste disposal. The restart of Monju
operation would be a major step towards the introduction of the fast reactor cycle
and the solution of worldwide energy problems. The nuclear industry of the UK

wholeheartedly endorsed the nuclear development strategy of Japan.



In Session I, there were two presentations entitled: “Forecast of Global Energy
Consumption and Related Key Issues in Securing Stable Energy Supply”, by
Dr. K. Calder, Special Advisor to the US Ambassador to Japan, and “Asian
Energy Best Mix towards 21* Century” by Mr. K. Suetsugu, Director General of
the Asia-Pacific Energy Forum. These presentations, focusing mainly on Asia,
examined the forecasts for energy demand, security of energy supply and the
impact on the environment in the 21* Century. Both speakers emphasized that
nuclear energy should play an important role in long-term sustainable

development to avoid energy crisis.

The special lecture, by Professor Nishizawa, entitled “Research and Development
and Its Long Years Path to Commercialization”, emphasized the role of science
and technology in coping with the forecast of increase of the world energy
demand, though, in general, it takes a long time for an invention or a result of
research and development to be commercialized. Nuclear energy, especially the
development of the fast breeder system, is important to avoid the consumption of
fossil fuels such as coal or oil, which emit CO,. For the longer term he put
forward the idea of a global electricity network using a combination of hydro-

electric power generation and DC power transmission.

Session Il opened with a presentation entitled “Issues and Trends Related to
Control of Greenhouse Gas Emissions — A Perspective from COP3 and COP4”, by
Dr. R. Eynon from the US Department of Energy. He explained that the US
needs to replace coal-fired power stations, which at present generate more than
50% of total electricity supply, by some alternative electricity generating system
in order to meet-its commitments on greenhouse gas reduction. Nuclear power
can help to achieve this, but with construction at a standstill, the key issue will be
life-extension of existing nuclear power plants..It will be extremely challenging -

to achieve in 12 years the targets set at the Kyoto conference.



In the presentation entitled “The Role of Highly Industrialized Nations to Prevent
Global Warming”, Professor A. Morishima, President of the Institute for Global
Environmental Strategies, described the energy situation in Japan. It was agreed
at COP3 in Kyoto, 1997, that the highly industrialized countries should reduce
their CO2 emissions by 5% on average (6% for Japan) relative to the level in
1990 by the year between 2008~2010. Taking into account the additional release
of CO, from the developing countries, the industrialized countries will almost
certainly be required to further reduce emissions, perhaps by up to 50% by the
end of 21* Century. To overcome this problem, Japan plans to construct an
additional 20 nuclear power stations and implement energy saving policies.
Public acceptance is essential for the construction plan to be carried through, and
so all information, even that may cast the nuclear industry in a bad light, should

be fully open to the public.

After these two sessions there was a panel discussion on problems of nuclear
power utilization from the social, economic as well as environmental viewpoints.
Ds. H. Heden, Deputy Director General of Swedish National Energy
Administration, explained that Sweden is developing new technologies
considered to have low environmental impact, such as biomass power generation,
as a means of phasing out nuclear power. On the other hand, the government
policy, that required all-out abandonment of nuclear power generation by 2010,

has been modified such that the time limit is no longer specified.

Dr. W. Suess, Head of Communications for Bayernwerk AG, explained the new
situation in Germany, in which a coalition of the Green Party and the Social
Democrat Party have set aside ideological considerations in order to seek a
pragmatic solution to energy problems, and have now entered into discussions
with the electric power companies. The number of the people who accept the need

for nuclear power is gradually increasing.



The general conclusion of the panel discussion was that Japan must take a greater
international role in energy technology development and should challenge

worldwide difficult issues.

The second day began with Session I1I, the title of which was “Nuclear Energy
Development”. This session was in two parts: (1) “Review and Perspective of
Nuclear Development in the World” and (2) “Review and Perspective of Monju”.
After the session there was a panel discussion entitled “Partnership with Local
Communities”. In parallel to the final presentations of the session, there was an
extra-program event, “Satellite Meeting to Answer Questions about Nuclear
Power and Monju”. For this meeting, the participants were divided into four
small groups and questions from concerned citizens were discussed with

specialists from JNC in face to face conversation.

Part 1 — Review and Perspective of Nuclear Development in the World

Professor G. Marcus from the American Nuclear Society presented a paper
“Prospects for Nuclear Power in the United States in the New Millennium”. She
pointed out that nuclear power still plays a substantial role in US electricity
supply, even though the construction of nuclear power plants has stagnated in
recent years. Currently 105 nuclear power plants are in operation supplying over
20% of the total electricity demand. The operating licenses of almost all the
currently operating nuclear power plants will expire between 2010 and 2025;
applications for license renewal to extend operating life must be submitted to the
US Nuclear Regulatory Commission. Recently recognition of the need for
nuclear power in resolving global environmental problems has gradually grown

among US policy-makers.

In his presentation, entitled “The Role of Nuclear Power and related R&D in.

Korea”, Professor C. Kang of Seoul National University identified four major



roles for nuclear power in Korea as: 1) assuring stable energy supply, 2) reducing
the national trade deficit, 3) lowering electricity bills and 4) mitigating the global
warming problem. Based on these roles, the vision for nuclear power in the 217
Century in Korea is to develop nuclear technology as a profitable export produét
and Korean nuclear power industries intend to strengthen their ecomomic
competitiveness through a major reform. The Korean advanced nuclear power
plant KNGR of 1300 MWe is being developed, aiming at power generation in
2010, and the basic design for a liquid metal cooled reactor KALIMER will be
completed in 2006.

Dr. B. Barré, Director of Nuclear Reactors for the French Atomic Energy
Commission {CEA) and Vice-President of the European Nuclear Society, made a
presentation entitled “European Views on Nuclear R&D and related Issues”.
Nuclear power currently accounts for 35% of the total electricity within EU and,
because of the COP3 commitment to reduce greenhouse gas emissions, public
opinion regarding nuclear power has recently become more positive in Germany,
Sweden and Switzerland. Both COGEMA (France) and BNFL (UK) have long
supported reprocessing and MOX recycling, and France and Germany are
together developing the European Pressurized Water Reactor (EPR). R&D in the
FBR field also continues in close cooperation with Japan, aiming at a more -
efficient use of uranium resources and elimination of high-level long-lived
radioactive waste. Dr. Barré further emphasized that the resumption of Monju

operation is imperative to international cooperation on FBR development.

The presentation by Dr. A. Grachev, Director of the Research Institute of Atomic
Reactors, entitled “Russian Efforts for FBR Development and its Application to
Nuclear Disarmament”, described the current situation in Russia. He explained

the Russian-US program for the disposal of excess plutonium from nuclear .
weapons, its utilization in fast reactors such as the existing BOR-60 and BN-600, -

and its conversion to MOX fuel — now underway in collaboration with the United .



States, France, Germany, Canada and Japan.

Part 2 — Review and Perspective of Monju

The Deputy Director of Monju, Mr. K. Ito, under the title “Results and Future
Outlook of R&D Activities in Monju”, set out the objectives of the Monju
project: In addition to experience in design, fabrication and construction already
obtained, Monju would be used to confirm the performance, safety and reliability
in operation of an FBR power plant and, at a later stage, to conduct research in
important fields such as trans-uranic nuclide transmutation. He added that
although the current target of Monju program must be to restart operation, its
ultimate purpose is to demonstrate the technologies and provide the R&D data

required for the commercialization of FBR plants.

Mr. Y. Kani of the Moﬁju Construction Office spoke on the topic, “Improvements
to Enhance Monju Safety”, He described the comprehensive review of safety
-conducted since the sodium leak, and the proposed plant improvements now
being investigated: (1) installation of additional sodium leak detectors, (2)
increasing the capacity of the sodium drain system, (3) installation of a nitrogen
gas extinguisher system to put out sodium fires, (4) dividing the secondary

sodium area into smaller sealed zones to prevent the spread of sodium aerosol.

Mr. J. Kono, from JNC Tsuruga Head Office, presented “Activities to Enhance
Public Acceptance by Regional Communities”. He reviewed the activities carried
out since the sodium leak accident to recover public confidence in JNC. These
activities had included explanatory meetings and site tours, aimed at raising .

public understanding of the Monju project.

In his presentation entitled “The Future of Monju - EXpé"cta‘tions of an

International Research Fellow”, Mr. P. Harrison, a British researcher working at



Monju, emphasized the importance of the Monju project from the perspective of
international cooperation on FBR development. The reduction in scale of
American and European FBR development at a time, when new FBR projects are
growing Asia, places Japan at the forefront in setting standards in design and
safety for this field. The information technologies of the Internet can provide a
means to open and further internationalize the Monju project. To achieve the
technical objectives of the FBR program, the highest priority must be given fo the

early restart of Monju.

Extra Session “Partnership with Local Communities”:

This special session opened with a keynote speech, “Perspective on R&D for
Advanced Power Reactor and Expectations to the Wakasa-Tsuruga Region”, by
Mr. Y. Moriguchi from the Power Reactor Development Division of STA. He
underlined the low CO, emissions associated with nuclear power plants, by
drawing comparisons with fossil-fuel plants using coal, petroleum and natural gas.
The particular circumstances of Japan, due to its lack of natural energy resources,
made the development of nuclear power, especially the FBR and nuclear fuel
cycle technologies, extremely important. After a thorough review, the STA had
reached the conclusion that the long-term scenario for developing the FBR was an
appropriate option for future energy supply. On this basis, Japan should continue
to develop the FBR, from the viewpoint that Japan éhould contribute to the
worldwide challenging development, even if other countries reduced their FBR
‘programs. Mr. Moriguchi then described STA regional schemes to support and
promote R&D on innovative technologies and its transformation into viable
business ventures. The STA would encourage cooperative development as, for
example, in the utilization by outside companies of patents held by INC. Finally,
he -expressed “his wish that, with the consensus of local communities; Monju

should be restarted as soon as possible.

In the course of the ensuing panel discussion, Ms. C. Berger, from Los Alamos -



National Laboratory, explained that the State of New Mexico contributes 30% of
the budget for the laboratory. The presence of laboratory has a mutually
beneficial effect on the local economy including employment, and assistance to
local businesses through, for example, training for local college students and

organizing an inventor’s forum each month.

Public acceptance of nuclear power in France was described by Mr. J-J. Lavigne,
Counselor at the French Embassy in Japan, where in France almost all the
electricity is produced domestically, 80% by nuclear and 20% by hydro-electric
power. The high percentage of nuclear generation gives the public a clear view
of the benefits of nuclear power and has a significant impact on improving public
acceptability. In 2006, the National Assembly will decide a strategy for the
disposal of high-level radioactive waste based on R&D currently being carried

out by the nuclear industry.

Mr. T. Tanaka, former Mayor of Takahama-cho in the Wakasa region spoke of his
experience. Nuclear power stations in Takahama, the population of which is only
12,500, produce 3,390MW of electricity, which corresponds to total demand of
Kyoto, Shiga and Nara Prefectures. He felt it was unfortunate that such a small
community should be placed at the center of major and controversial decisions

about nuclear power plant siting without greater support from outside.

The panelist from JNC, Mr. S. Kikuchi, Executive Director at Tsuruga Head
Office, said that JNC employees consider themselves to be first and foremost
members of the local community. Although the complete integration of a new
industry into an existing community inevitably takes time, through openness and

involvement, a genuine partnership can be created.

The panel discussed partnership with local communities, the relationship with the

10



press and mass media. It was pointed out that the real objective should be a
situation where the local people and the nuclear industry employees share lives in

the local towns in a completely natural way.

On 15™ May a technical tour to Monju was organized and about 30 people,

including speakers and panelists, participated.
Particularly noteworthy points arising from the Forum were:

1. Nuclear power will play a significant role in meeting the forecast of energy
demand of Asia in the 21% Century, reducing damage to the global

environment, and maintaining sustainable development.

2. The FBR, as an integral part of the nuclear fuel cycle system, is necessary
from the standpoint of a long-term energy policy, hence the restart of Monju

is of worldwide importance.

3. It was widely felt that Monju should become an international center of FBR
technology, responsible both for leading FBR development and sharing the

information so obtained.

To promote the worldwide spread of information on FBR technology from Monju,
the Tsuruga Head Office of JNC would undertake to organize this kind of forum

periodically in Tsuruga City.

11
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INVITATION

On the eve of the 21° century, there is a growing expectation of a new role for
nuclear power as a means to harmonize energy growth with environmental
conservation.

An international forum entitled “Energy and Environment in the 21° Century”
will be held to discuss the role of nuclear power and related issues such as global
energy demand in the coming century in order to seek a balanced and
environmentally acceptable solution.

When predicting the development of nuclear power, it is essential to take into
account many different factors; the global energy situation, global warming
associated with energy growth, and the status of world and Japanese domestic
nuclear energy technology.

This forum, which gives special consideration to the role of nuclear power and
fast reactors in particular, is the first of its kind to be held in Tsuruga City. I hope
that it is the first of many, so that Tsuruga City, the home of the Monju project,
will become an international focus for the discussion of these important issues and
make this city a world center of fast reactor development.

It is my sincere wish that this forum serves to promote a deeper understanding
of the role of nuclear power and nuclear cycle development against the background
of worldwide energy resources and global environmental concerns.

The First Tsuruga International Energy Forum
Chairman, Organization Committee
Eiji Takeuchi
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9:00

9:30

11:00

11:30

12:30

13:30

14:30

14:45

15:45

Opening and Welcoming Remarks
(E. Takeuchi, Senior Director of Tsuruga Head Office, INC)

Address by Special Guests
(H. Makino, Director, Fukui Prefectural Government)
(K. Kawase, Mayor, Tsuruga-shi)
(T. Imamura, Director General, STA)

Keynote Speeches
(KN-1)"Nuclear Information - From Wakasa to the World - "
(Y. Fujiie, Deputy Chairman, Japan Atomic Energy Commission)
(KN-2)"The Importance of Advanced Reactor Systems and Fuel Cycles ™
(N. Chamberlain, Deputy Chairman, BNFL, UK)

Coffee Break

Session-I, "World Energy Demand in the 21% Century"
Chaired by K. Iida, Chairman, JAPC
(S1-1)"Forecast of Global Energy Consumption and related Key Issues in Securing
Stable Energy Supply"
(K. E. Calder, Special Adviser to the Ambassador, United States Embassy in Japan)
(81-2)" 'Best Mix' Approach to Energy Supply in Asia for the 21* Century"
(K. Suetsugu, Director General, Asian-Pacific Energy Forum)

Lunch

Special Plenary Session
Chaired by K.Uematsu, Special Technical Advisor, INC

"Research and Development and Its Long Years Path to Commercialization"
(J. Nishizawa, former President of Tohoku University)

Coffee Break

Session-1I, "Energy and Environment"
Chaired by T. Sawa, Professor, Kyoto University
(S2-1)"Issues and Trends Related to Control of Greenhouse Gas Emissions -
A Perspective from COP3 and COP4"
(R. T. Eynon, Analyst, USDOE)
(82-2)"Role of Highly Industrialized Nations to Prevent Global Warming"
(A. Morishima, President of Institute for Global Environmental Strategies
and Professor of Sophia University)

Coffee Break
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16:15

18:00

18:30 ~
20:00

Panel Discussions and Q & A on Sessions-I & -11

Chaired by K. Kanda, Professor, Kyoto University

Panelists:
H. Heden, Deputy Director General, Swedish National Energy
W. Suess, Head of Communications, Bayernwerk AG
K E. Calder, Special Adviser to the Ambassador, United States Embassy in Japan
A. Morishima, President of Institute for Global Environmental Strategies
and Professor of Sophia University

Adjourn

Informal discussion meeting between experts and local attendees
Chaired by 8. Kikuchi, Executive Director, INC
Panelists:
G. H. Marcus, Board of Directors, American Nuclear Society, USA
C. 8. Kang, Professor, Seoul National University, Korea ,
B. Barre, Director, CEA, France and Vice Chairman of ENS
J. Ishigaro, Director General, Fukui Peaceful Utilization of Atomic Energy
Committee
M. Nakamura, Senior Research Adviser, CRIEPI]
K. Miyazaki, Professor, Osaka University

Eﬁdﬂ![ ] qth h Iaﬂ

9:00

10:40

Session-III, "Nuclear Energy Development, Part-1: "World; Review and Perspective

Chaired by T. Kishida, Executive Director, Kansai Electric Power
(S3-1)"Prospects for Nuclear Power in the United States in the New Millennium"

(G. H. Marcus, Board of Directors, American Nuclear Society, USA)
(S3-2)"The Role of Nuclear Power and Related R&D in Korea"

(C. S. Kang, Professor, Seoul National University, Korea)
(S3-3)"European Views on Nuclear R&D and related Issues”

(B. Barre, Director, CEA, France and Vice President of ENS)
(S3-4)"Russian Efforts for FBR Development and Its Application to Nuclear

Disarmament"
(A. F. Grachev, Director, Research Institute of Atomic Reactors, Russia)

Coffee Break
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11:00

12:10 -

11:50 ~
13:30

13:30

15:10
1520

15:50

| Q&A Wikt:h thé Audience

Session-III, "Nuclear Energy Development, Part-2: "Japan; Review and Perspective
of Monju"
Chaired by K. Miyazaki, Professor, Osaka University
(83-5)" Results and Future Outlook of R&D Activities in Monju"
(K. Ito, Deputy Director, Monju, INC)
(83-6)"Improvements to enhance Monju Safety"
(Y. Kani, former Group Leader, Monju, INC)
(S3-7)" Activities to enhance public acceptance by regional communities”
(J. Kono, Director, Administration, Tsuruga Head Office, INC)
(S3-8)" The Future of Monju : Expectations of an International Research Fellow "
(P. Harrison, Engineer, INC)

Lunch

Satellite Meeting to Answer Questions about Nuclear Power and Monju
Chaired by S. Kikuchi, Executive Director, INC
Panelists:
T. Yanagisawa, Director of Fugen, INC
T. Ishimura, Deputy Senior Director, Tsuruga Head Office, INC
K. Mukai, Director, Tsuruga Head Office, INC
T. Suzuki, Director, Fukui Office, INC

"Nuclear Energy Development: "Partnership with Local Communities”
Chaired by S. Kajiwara, Editorial Writer, Yomiuri-shinbun Osaka
(83-9)"Perspective on R&D for Advanced Power Reactor and Expectations to the
Wakasa-Tsuruga Region"
(Y. Moriguchi, Director, Power Reactor Development Division, STA)

Panel Discussions, " Partnership with Local Communities "

Chaired by S. Kajiwara, Editorial Writer, Yomiuri-shinbun Osaka

Panelists:
C. Berger, Director, LANL, USA
J-J. Lavigne, Counselor, French Embassy in Japan
T. Tanaka, former Mayor of Takahama-cho, Fukui ‘
Y. Moriguchi, Director, Power Reactor Developmcnt D1v1310n, STA
S. Kikuchi, Executive Director, JNC !

Coffee Break

Closing Remarks

(S. Hirasawa, Executive Director and Director of Monju, INC)
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Energy Best- Mix in Asia towards Twenty First Century

K. Suetsugu
Asian-Pacific Energy Forum

Abstract

. Trend of Energy Demand and Supply in Asia

1) Currency and Economic Crisis and Trend of Energy Demand and
Supply

2) Increased Dependence on Import and Energy Trade

. Global Warming and Asia
1) COP3 Protocol and Asia
2) Problems with China

3) Local Energy Best -Mix

. Relation between Energy and Security in Asia
1) Relation between Mid-East /Central Asia
2) Local Energy Development and International Relation

. Issues on Nuclear Power Generation in Asia
1) Problems in Local Cooperation
2) Funds, Technology Transfer and Nuclear Non-proliferation
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Outlook for Primary Energy Supply in China
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Issues and Trends Related to Control of Greenhouse Gas Emissions- A
Perspective from COP3 and Cop4
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Issues and Trends Related to Control of Greenhouse Gas Emissions- A
Perspective from COP3 and Cop4

Robert T. Eynon
Energy Information Administration
U.S. Department of Energy

Absent policy changes, energy related carbon emissions in the United States are expected to
increase 22 percent (328 million metric tons) between now and 2010. This will put them 33
percent (445 million metric tons) above 1990 levels and over 43 percent (539 million metric
tons) above the Kyoto Protocol greenhouse gas emissions target.

In order to meet this target, the mix of fuels used in the United States will have to change
significantly. Most important in these changes will be reduced coal use in the production of
electricity. Generation from coal plants currently accounts for over half of the eleciricity
produced in the United States, but it also accounts for neatly one third of energy sector carbon
emissions. Generation companies are expected to turn to natural gas and, to a lesser extent,
renewable fuels such : as biomass and wind, and nuclear life extension to reduce their carbon
emissions.

Consumers will also lower their carbon emissions by reducing their use of carbon
intensive equipment and investing in more efficient equipment. However, unlike in the electricity
generation sector, consumers do not normally place as much emphasis on fuel costs when
making their technology choice decisions so their response is not expected to be as large.

The shifts in fuel use and movement towards more efficient technology will come at a cost.
Depending on the level of domestic emissions reduction required (the amount of the required
reduction that can not be met by emissions offsets, carbon sinks, or international trading), the
price of fuels could rise significantly. The higher energy costs would also be expected to dampen
economic growth, but the economy is still expected to grow.

The potentially high costs could be reduced if new technologies evolve more rapidly than
expected. However, the timing of the Kyoto target - 12 years away - combined with the long
lives of most energy intensive equipment will make this very challenging.
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Overall NEMS Modeling Approach

Simulate Permit Auction With Overall Cap On Emissions

Solve For Permit Price That “Clears” Market

Treat Permit Price As “Carbon Tax” Added To Fuel Prices

Assumes No Initial Allocation Of Permits

Potential Electric Utility Carbon Reduction
Strategies

 International Trading

« Demand Reductions

¢ Fuel Switching

 Early Retirements/replacement
» Renewables

* Nuclear

» Sequestration




International Trading

« Not Explicitly Represented

o Implicitly Represented By Adjusting Carbon Limit
(Combination Of Trading And Offsets From Sinks And
Other Ghg)

« Range Of Cases Examined (24% Above To 7% Below
1990 Levels)

o Focus On 9% Above And 3% Below Cases
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Demand Reductions

e Conservation

o Accelerated Stock Turnover

e Efficiency Standards




Fuel Switching

e Revise Dispatch Order
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o Cofire With Alternate Fuel
— Natural Gas
— Biomass

Early Retirements/Replacement
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» Determine Costs Of Continuing Opes
Capital Improvements)

¢« Determine Revenues

o Identify “Non-profitable” Capamty (Costs Exceedmg
Revenues)

* Retire “Non—pi'oﬁtable” Capacity With Operating Costs
Exceeding Capital And Operating Costs Of New Capacity
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Renewables

Primary Options -- Biomass And Wind
Included Regional Supply Curves For New Hydro

No Explicit Renewable Portfolio Standard

Nuclear

License Renewal Evaluated (Simila

asil Retirements)

— Determine Levelized “Going-forward” Costs (Includes
Necessary Capital Improvements)

— Compute Levelized Cost Of Most-economical Type Of New
Capacity

— Extend License For 20 Years If Cost Of New Capacity Exceeds
Cost Of Continuing Operation

New Nuclear — Except For Sensitivity Case, Not Permitted At
Request Of House Science Comunittee
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Sequestration

» High Technology Case Assumes Availability Of Coal-fired
And Gas-fired Gasification Technologies With Carbon
Scrubbers

* Co, From Combustion Is Captured And Then Pumped In
Underground Aquifers Or The Oceans

o Up To 90 Percent Of Co, Is Prevented From Entering

Atmosphere And Carbon Penalty Is Reduced Accordingly
Part 11
Key Electricity Sector Results
of Complying With
the Kyoto Protocol

Encray Inforuation Atiinit
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Alternative Carbon Caps

o Alternative cases implicitly address the potential
impact of carbon sinks, offsets and trading
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Projected Energy Related Carbon Emissions
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Carbon Emissions Reductions
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Carbon Price in 6 Cases
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Coal Plants are Cheap to Operate

Coal Plant Production Costs, 1881-1997
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Reference Case Electricity Generation By Fuel
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Coal Generation in 6 ElA Cases
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Historical Capacity Additions Compared to

Kyoto Study Additions
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Nonhydroelectric Renewable Generation
Across Cases
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Nuclear Generation in 6 EIA Cases
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Percant by year

Annuzal Growth Rates in Potential and Actual
Gross Domestic Produect, 2005-2010
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S52-2 Role of Highly Industrialized Nations to Prevent Global Warming
A. Morishima, President, Institute of Global Environmenta! Strategies
Summary
“Sustainable Development” was a key word of the United Nation’s Environmental Development

Conference held at Ro de Janeiro in 1992. During the latter half of the 20" century, remarkable

industrialization has been progressed mainly in the industriatized nations and, as the results, a

large amount of natural resources has been consumed and environmental pollution had been

continued. Suppose the globat industrialization continues with the current speed, basis of human
being will be endangered. But, if one thinks about life in the developing countries where a hundred
of million of people are still in hunger, further development is needed to provide them the
minimum foods and materials. The development, in this case, should be sustainable as it satisfies
the needs of the current generation without endanger the capability of the future generations to
satisfy their own needs.
in regard to the global warming, scientist predicts that our growth can not sustainable unless we,
industrialized nations, reduce releases of global warming gases to the level of half of the current
one at the end of the 21 century. They considered the global warming gases so far accumulat ed
together wi_th predicted global warming gas release by developing nations due to their economic
growth during the 212 century.

In the United' Nation’s Climate Change Protocol, the industrialized nations agreed to reduce their
global warming gas emission in order to keep the earth at sustainable level. In COP 3 of Kyoto in
1997, the industrialized nations as a whole accepted an obligation to reduce thair gas emission
5.2% less of the 1990 level during the years from 2008 to 2012. Ditierent nation has different
target reduction rate; Japan is 6%, the US 7% and UE 8%. But many predict that it is questionable
to attain those targets between those years.

In Japan, it is believed that to stabilize the carbon dioxide emission by the year 2010 is a practical
goal with best effort by encodraging the industries to conserve energy and by installing more
nuclear power plants. But, for further installation of the nuclear power plants, to obtain public
consensus is getting a bigger challenge. When we try to attain larger reduction in carbon oxide
emission in the future, the technical measure alone as to develop new energy would not be enough. .
Economical measure as to give incentive to the energy users will be needed to promote gradual
change of socioeconomic structure of the nation.

In accordance with the Kyoto Protocol, it is agreed that only the industrialized nations have

obligation to reduce carbon oxide emission, while the daveloping nations have no such obligation. '
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Taking into account of the increasing global green house gas emission, | would like to stress the
following two points. Firstly, we can not be optimistic to prevent global warming during the 21*
century even the industrialized nations supposed attained their goals. Secondary, unless effort and
contribution by the developing nations, seffort by the industrialized nations alone can not be
effective to prevent the warming. '

For sustainable growth preventing globa! warming, the industridlized nations are not only
requested to reach their goals defined in the Kyoto Protocol but also requested to make more
effort to reduce the emission beyond the year of 2012. The advanced nations should play a leading
role to reduce the emission and thus to encourage the developing nations tqo make the similar effort.
They can also provide financial aide together with technical aide such as COM (clean developing

mechanism} in order to encourage the developing nations to reduce their emission.
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Nuclear Energy in Germany

Dr. Werner Stiss
Head of Communications Bayermnwerk AG
Munich, Germany

Today we have heard a number of important economical as well as ecological
arguments pro nuclear. That one can't disregard the intrinsic logic of these
arguments is clearly underlined by the current debate on nuclear in Germany, the
so-called consensus discussion.

After several months of discussion of our government's plan to phase out nuclear
energy | am glad to tell you that the debate which used to be very ideological has
recently become far more fact-oriented. Today, it looks like the original idea of a
short-term abandoning of nuclear is no longer on the table.

Germany currently has nineteen nuclear power stations which provide about 33
percent of our public electricity supply. In the south of Germany - where Bayernwerk,
my company is located - the share of nuclear is even above 60 percent. in other
words: nuclear energy is the far most important source for electricity generation in
Germany, more important than hard coal and more important than lignite.

As you all know, the political environment for nuclear in Germany has become more
difficult Since last fall. Following our nationai elections _in September the
Conservative Government was replaced by a coalition of Social Democrats and the
environmentalist Green Party.

In their coalition treaty the two parties agreed to pursue the ,comprising and

irreversible abandoning of nuclear energy”.

This new policy was no surprise at all: The Social Democrats who had originally
been in favour of nuclear energy changed their minds over the years. In 1986 under

the impression of the Chernoby! accident they changed their party platform and
opted for a phase-out of nuclear.

The smaller coalition partner, the green party, actually has its roots in the

environmentalist and anti-nuclear movement of the 1970s. For them the abandoning

28



of nuclear - as fast as possible of course - is one of the key goals of their party
policy; it is in fact part of their political identity.

When the new administration took over office they invited the major German utilities
to Participate in so-called ,consensus talks” on the future of nuclear energy in

Germany. We, the industry, decided to take part in these talks because we were and -
are still looking for long-term planning security and a reliable political framework for
the future operation of our NPPs.

However, we have made clear right from the beginning not to participate in talks if

the only 902l was to close down our reactors. This is still our position: We are ready

for ,consensus talks” but not for ,phase-out talks".

A very important aspect of the consensus talks is to establish mutual trust.
Unfortunately, our federal government's behaviour in this regard has not been very

encouraging over the past months. In fact, the new administration tried at least three
times to impede the use of nuclear energy in Germany:

1. in-January, the German Nuclear Industry with the important support of our
friends at COGEMA in France and BNFL in England were able to prevent a

legal ban on reprocessing which would have come into force by the end of
this year. The government had prepared a draft legislation which instead of
reprocessing proposed regional interim storage facilities. If our government
had not given up these plans and withdrawn the draft legislation they would
have broken internationally binding treaties between Germany and France as
well as Germany and Great Britain. |

in addition, with the blocking of reprocessing and at least 4 to 5 years of

planning and construction of the envisaged regional interim storage facilities

it would have almost been impossible to continue the operation of our NPPs.
2. In February the Federal Government dissolved the Commission on Reactor
Safety which is an advisory body to the Minister of the Environment and
Reactor Safety. The Commission had been composed of scientists and
nuclear experts, most of them with high international reputation. Today, it
seems that the commission’s new.membe_rs have not been chosen for their

scientific achievements but for their overall-anti-nuclear attitude.
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3. Let me give you a third example of our administration’s policy against nuclear.
Since March we’ve been discussing a national tax reform, the so-called ,,iax
relieve law". This law which passed our Parliament (Bundestag) in April will
have a significant impact on nuclear energy in Germany.

Let me explain: In the past we have been allowed to build up tax-free reserves
for the decommissioning of NPPs as well as nuclear waste disposal. The

calculation methods for these reserves are now to be changed.
Even though many details of the execution of the law are still not clear at this
stage we can already state that in the worst case this could lead to extra tax

payments for German utilities of more than 10 billion USD.

You will certainly understand that these unfriendly activities of the administration

have not been very helpful in promoting the ,consensus talks®. But they helped to

raise a violent public discussion about the future of nuclear in Germany. For a
certain period of time the phase-out discussion had been the number one topic in
our media. The administration had not been able to take great advantage from this

discussion.
The interesting thing in this context is that public opinion in German society which
used fo be Very emotional and was marked by fear - German ,Angst” - when it came

to nuclear has changed a lot recently. Public debate on nuclear has become much

more become fact-oriented. People start listening to economic as well as ecological
‘arguments.

Recent opinion polls prove that the acceptance of nuclear energy among our
population has increased by more than 10 percent over the last years. The refusal of
nuclear energy has dramatically decreased, in particular among the young

generation. Reasons for this development are the growing openness towards

modern technics and a less ideological but more rational and pragmatic approach
to political discussions in general. .

A government promoting a rigid phase-out policy runs the risk to get out of touch with
the People. Our Government seems to have understood that you cannot simply

replace the most important source of our electricity generation in Germany. It now
turns out that nuclear is not the ideological playground some members of the
coalition may have thought it could be. "
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There are four pro-nuclear arguments, which seem to have impressed our

govermment, at least the Social Democrats:

1.

A phase-out of nuclear would be very difficult to achieve with respect to our
constitution. Nuclear power stations are protected property of the utilities. A
law stipulating time limits for their future operation would be considered an
expropriation under the German Constitutional Law. This would at least result
in high compensation payments.

Our new government’'s prime objective was to create new jobs and economic

wealth in Germany. Now the government has found out that nuclear energy in

Germany provides 150.000 jobs. It was particularly painful for our red-green
government when in March this year 35.000 employees of the energy sector
took to the streets in Bonn and demonstrated for the continued operation of
our NPPs. '
Nuclear is the cheapest option to generate electricity in Germany. in the now
liberalised European electricity market our NPPs are our most important
asset. A ban on nuclear in Germany would either result in higher electricity
prices due to the construction of new combined cycle gas power plants; or it
would result in increased imports of electricity from abroad.

For the past years Germans have been following the debate on climate
change very closely. In this context it is important to know that German NPPs
avoid as much CO, as the entire road traffic in Germany produces each year.
Germany carries the main burden of the European CO, reduction target of
minus 8 percent, agreed upon at the Conference of the Parties in Kyoto in
1997 (Germany minus 21 percent). With a phase-out of nuclear in Germany
the European reduction target will be impossible to achieve.

if | ook at the current state of the phase-out discussion in Germany | would like to
draw the following three conclusions:

1.

The original ,green” idea of a fast, ideologically motivated phase-out of
nuclear seems {0 have disappeared. The German Chancellor Schroder
announced last week that not a single NPP will be shut down before the next
federal elections in 2002. He was quoted with a phase-out period of between

fwenty and twenty-five years. By then our youngest NPPs in Germany will
already have been operating for forty years.

31



Regardless of this the administration will continue to make life more difficult
for the Nuclear industry. Like any other energy nuclear becomes vulnerable in
a competitive market if costs are artificially increased.

The German utilities are very much aware of this. We are convinced that our
NPPs will remain to keep the backbone of electricity production for a long

period of time.
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Swedish National Energy Administration
Hakan Heden
Deputy Director General

Presentation at 1st Tsuruga International Energy Forum
"Energy and Environment in the 21* Century," May 13-15, 1999,
at Wakasa-Wan Energy Research Center, Tsuruga, Fukui, Japan

Ladies and gentlemen

I would like to take this opportunity to thank you for inviting me to

participate in this international Energy Forum.

The two sessions today have focused on the two issues Energy Demand in
the 21st Century and Energy and Environment. Both issues raise questions
of national and international energy policy which are of vital importance

especially when regarding the climate question.

I will start with some observations on the energy development in Sweden

and after that go on with the major elements in Swedish energy policy.

During the last 30 years there has been a dramatic transformation of the
Swedish energy supply. (fig. 2a). In 1970, crude oil and oil products
accounted for almost 80 % of the total energy supply and have now fallen
to just above 40 %. Nuclear power production was introduced during the
period — and there has also been a substantial increase also in hydro and in
biofuels. During the same period the use of energy has been rather stable in

spite of economic growth.
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You can see this trend
- reduction in oil,
- increased use of electricity and biofuels (mainly wood) and

- improved efficiency

in the service and residential sector (fig. 17a.). Oil has in heating been
substituted by electricity, district heating and biofuels. The district heating

is mainly based on biofuels, waste and electricity.

You see the same development in the industrial sector (Fig. 19a)

Oil out — electricity in !

In transport, however, we use more and more of fossil fuels.

So you can say that Sweden during the last 30 years went trough a second
wave of electrification. And more import perhaps is the fact that the
Swedish electricity supply about 95 % is based on non-fossil fuel

generation. (Figure 5a)

This development has at least two major implications for Swedish energy

policy.
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The first implications relates to the heavy Swedish dependence on
electricity in general and even more nuclear. You can see from my next
picture (figure 27) that the electricity use in Sweden per inhabitant is high.
Electricity use in the USA was about 20 % less than in Sweden. Among
the industrial European countries, such as Germany and France and in
Japan electricity use per inhabitant was about half that in Sweden. In the
industrial world, Sweden also has the highest per-inhabitant-production of

nuclear.

So the energy policy objective to phase out nuclear power is a real

challenge for the Sweden.

The second implication is in the field of climate mitigation policy. Due to
the transformation

- from oil to electricity with a very low fossil fuel content

- from oil to renewables and biofuel

- and to a more efficient energy system

Sweden has reduced its carbon-dioxid emissions with about 40 % since
1970. In relation to the size of population and to Gross National Product.
(Figure 00) Sweden has low carbon-dioxid emissions compared with other

industrialised countries.
That is of course good and we are satisfied with the cutcome so far. On the

other hand: The relatively low emissions mean that that the costs for

further reductions are high, in absolute terms but also in relation to other

countries.

* %
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1997 the Swedish Parliament decided on new energy guidelines which |

will briefly comment.

The objectives of Swedish energy policy are to secure short- and long-term
electricity supply, as well as the supply and other energy, on terms which
are competitive in relation to the world around us. Energy policy should
create the conditions for efficient energy us and a cost-efficient Swedish
energy supply with a low negative impact on health, the environment and
the climate. It should also facilitate the transformation towards an

ecologically , sustainable society, promoting a sound economic and social

development in Sweden.

Regarding nuclear power, which according to earlier guidelines should

have been phased out until 2010 the new guidelines states that

“problems arise regarding, welfare, competitiveness, welfare and the

environment if all nuclear power is to be phased out by year 2010. A final
year in which the last reactor should be taken out of service should not be
specified. This allows sufficient time for the transformation of the energy

system.”

You can say that there are two pillars in the guidelines.

36



The first pillar is the development of new technology.

The development of new technology plays a central role in Swedish
industrial and energy policies. According to the energy policy guidelines a
clear focus on research, development and demonstration of new
technology is the basis of the long-term strategy to develop an ecologically
and economically sustainable energy system. The aim is to reduce the
production costs and introduce new energy technology based on renewable
energy sources. Over the next ten to fifteen years the share of electricity
and heat produced from renewable energy sources, mainly biofuels, large-
scale wind power and solar energy shall increase. The existing hydropower
system will be made more efficient. Nev?, more energy-efficient processes
will be introduced for industrial use. New technology must be developed to

become profitable and commercially available.

To achieve all this, Sweden has doubled state funding for the research,
development and demonstration of new, environmentally adapted and
efficient energy technology. The role of the public financing is to
guarantee sustainability and to act as a catalyst for industrial action. It is
industry which must play the decisive role with respect to identifying those

products and processes which can be profitable on the market.

This work must be carried out on a long-term basis. I would even go as far
as to say that it is of vital importance that we don't provide extensive
financial support for today's technology. If we do so, we will run the risk

of becoming stuck in our present society - which is not sustainable.

.



The other pillar is cost efficiency.

The task to fulfil the commitments from Kyoto is big. But the Kyoto-
commitment will be followed by even more challenging commitments.
The post-Kyoto commitments - that is the commitments on emission
reductions after the year 2012 - may become the greatest challenge ever in
international energy policy. Therefore it is of greatest importance to
organise the energy sector in a way which promotes cost-efficient solutions
when it comes to technology, production and use of energy. That means
according to our view that the states shall establish conditions for

competitive energy markets — nationally and internationally.

In Sweden we have established a competitive eiectricity market with no
state regﬁlation with very few legal restriction for trade which has now
worked in three and a half year. That means that new genefating capacity
must be competitive in economic terms. This will of course have

implications for the development of the electricity generating capacity.
As, I mentioned earlier, Sweden it is an energy objective to is to phase out

nuclear. That goal is based on non-economic considerations. We do not see

nuclear power has a place in a sustainable energy system.
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We can see that the existing nuclear capacity is competitive and supplies
electric.ity to low prices and no carbon dioxid emissions. However our
estimates tell us that introducing new nuclear capacity as an element in
climate policy program is not rational even from an economic point of
view. In the Swedish electricity market new nuclear is simply too
expensive to be cost-effective and competitive. And this will be the case
also if heavy carbon-dioxid taxes are imposed on fossil fuelled electricity

generation.

I will finish with this remark and underline my theme for this intervention.
The task for modern society to combat climate change is probably the
greatest challenge ever in energy and environmental policy. In Sweden we
have founded our policy on two pillars namely

- ‘support to technology development in co-operation with industry

- and reliance on competitive and well-functioning markets.

We believe that those to pillars are the most important also in an

international perspective.

Ladies and gentlemen, thank you for your attention
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Prospects for Nuclear Power in the US in the New Millennium

G.H.Marcus
American Nuclear Society, USA

Abstract

This paper will focus on the changing prospects for nuclear power in the United States.
Current energy resources in the United States are ample, and for this and other reasons, there
has been a stagnation of nuclear power in recent years. Nevertheless, nuclear power
presently plays a substantial role in U.S. electricity supply, with 105 nuclear power plants
supplying over 20% of the total electricity produced in the United

States. With the statutarily mandated 40-year maximum license period, most current U.S.
nuclear power plant licenses will expire between the years 2010 and 2025. However, the
renewal of operating licenses can defer these shutdowns. The first applications for license

renewal are presently under review by the U.S. Nuclear Regulatory Commission, and more
applications are expected.

Several current and emerging trends are likely to make the prospects of license renewal more
attractive in the near future, The first of these is the outcome of the Kyotd conference, with
its goal of a 6% reduction in carbon dioxide emissions from the 1990 levels. This goal is
leading to growing recognition of the potential contribution nuclear power can make to
meeting carbon dioxide reduction goals. Another emerging trend is electric power
detegulation. Deregulation will no doubt lead to the shutdown of uneconomic power plants,
including uneconomic nuclear power plants, but will favor the continued operation of efficient,
economic power plants, some of which will also be nuclear power plants. In that sense,
electric power deregulation appears to be favoring license renewal. Recent performance
statistics for U.S. nuclear power plants are also encouraging, as they show improvements in
both safety and economic metrics. Within Congress and the U.S. Government agencies,
there appears to be growing support for nuclear power, as attested to by recent statements

from various government officials and by recent Congressional actions and funding in support
of nuclear research and development activities.

Thus, it appears that the prospects for nuclear power may improve during the first years of the
new miilennium. Of course, certain conditions, such as continued safe operation of nuclear
power plants worldwide and progress toward resolution of the waste disposal issue, are
necessary to realize this prediction, but at present, there is strong and growing recognition

among decision-makers of the need for nuclear power to help contribute to resolving global
environmental problems.
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PROSPECTS FOR NUCLEAR POWER
HE UNTTED STATES
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Visiting Professor
Tokyo Institute of Technology
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“Leaders in the development, dissemination and application of
nuclear science and technology to benefit humanity.”
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CURRENT STATUS OF ENERGY SUPPLY
IN THE UNITED STATES (GENERAL)

AMPLE RESOURCES FOR THE NEAR TERM
DIVERSE REGIONAL SITUATION
- Penetration Of Nuclear Power

- Nuclear Acceptance
- Alternative Resource Availability & Economlcs

CURRENT STATUS OF NUCLEAR POWER
IN THE UNITED STATES

105 COMMERCIAL NUCLEAR POWER PLANTS
OVER 100,000 MEGAWATTS OF CAPACITY
'63_0 BILLION KWH (1997)

ABOUT 20% OF TOTAL ELECTRICITY PRODUCED
IS FROM NUCLEAR POWER

SECOND ONLY TO COAL AS BASELOAD
ELECTRICITY SOURCE

32 STATES WITH NUCLEAR POWER PLANTS

(5% to 76.7T% of electricity in the state)
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LICENSING SITUATION AND FUTURE OF
NUCLEAR POWER

NO PLANTS UNDER CONSTRUCTION OR
PLANNED

40 YEAR LICENSE PERIOD

MOST CURRENT LICENSES EXPIRE BETWEEN
2010 AND 2025

20 YEAR LICENSE RENEWALS DEFER
SHUTDOWNS

First License Renewal Applications In Pipeline

- Many Plants Could Have Licenses Renewed
(Estimates Vary)

CURRENT TRENDS AND FORCES
IN US ENERGY SUPPLY

KYOTO CONFERENCE
DEREGULATION

IMPROVING PLANT PERFORMANCE
UTILITY LONG-TERM PLANNING
RECENT GOVERNMENT ACTIONS

- Congressional Support & Funding
- Other Governiment Support
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KYOTO CONFERENCE

GOAL: 6% REDUCTION IN CARBON DIOXIDE
FROM 1990 LEVELS

RESULT: GROWING RECOGNITION OF
POTENTIAL CONTRIBUTION OF NUCLEAR

- From 1973-1994, nuclear power provided 89.2 % of
carbon emission reductions, equivalent to 1.7
billion metric tons avoided—DOE

ELECTRIC POWER DEREGULATION

EXPENSIVE POWER WILL DIE

Some Of This Will Be Nuclear
Sales Of Nuclear Units May Improve Economics

EFFICIENT UNITS WILL THRIV]E
FAVORS LICENSE RENEWAL

Anticipated Economic Operation
Support of Kyoto Goals

- “If 75% of US nuclear plants renew their
license, an additional 2.8 billion metric tons of

carbon emissions will be aveided by 2035.”—
EIA =
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RECENT PERFORMANCE OF
US NUCLEAR POWER PLANTS

IMPROVEMENTS IN MOST PERFORMANCE
INDICATORS (SAFETY AND ECONOMIC)

- Scrams

- Occupational Exposures

- Refueling Outage Times

AVERAGE CAPACITY FACTOR (1997)

- All plants: 70.3%
- All operating plants: 77.6%

35 PLANTS HAD LOAD FACTORS > 90%

UTILITY LONG-RANGE PLANNING

LICENSE RENEWAL

- Several Utilities Have Submitted Applications
- Others Are Assessing Options

SALES, MERGERS AND ACQUISITIONS
NEW CAPACITY |

- Combined Cycle Gas Turbine
- Nuaclear
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CONGRESSIONAL ACTIONS

NUCLEAR ENERGY RESEARCH INITIATIVE (NERI)

GROWING FUNDING SUPPORT FOR UNIVERSITY
NUCLEAR ENERGY RESEARCH

NUCLEAR ENERGY RESEARCH ADVISORY
COMMITTEE (NERAC)

NUCLEAR ENERGY PLANT OPTIMIZATION
PROGRAM (NEPO)—Proposed

NUCLEAR ENERGY RESEARCH INITIATIVE

(NERI)
FUNDING: 1999 2000
19M $24M

MAJOR FEATURES

Investigator Initiated R&D Proposals
National Labs, Universities, and Induastry
Competitive, Peer-Reviewed Selections
Collaborative Partnerships—US, International
Over 300 Proposals Received

AREAS OF EMPHASIS

Advanced Reactor Designs and Applications
Advanced Nuclear Fuel

Proliferation Resistant Designs (Reactors & Fuel)
Nuclear Waste Management Techniques
Fundamental Research, including Radiation Effects
on Reactor Materials
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GROWING FUNDING SUPPORT FOR

UNIVERSITY NUCLEAR ENERGY RESEARCH

° FUNDING: 1999 2000
$11IM $11.3M
° MAJOR FEATURES

SUPPORT OF UNIVERSITY NUCLEAR R&D
CAPABILITIES

Supplying Fresh Fuel as Needed
Funding Reactor Upgrades & Improvements

- Partnering with Industry for Matching Grants
Increasing Funding for Reactor Sharing

ATTRACT OUTSTANDING STUDENTS

- Increase Number of Fellowships
- Increase Number of Research Grants
- Provide Summer On-the-Job Training

NUCLEAR ENERGY RESEARCH ADVISORY

COMMITTEE (NERAC)

PROVIDES EXPERT INDEPENDENT ADVICE TO
DOE OFFICE OF NUCLEAR ENERGY

CHARTERED OCTOBER 1998

AREAS OF EMPHASIS

Strategic Plan for Nuclear Energy Research
Isotope Research and Production Plan
Nuclear Science & Technology Infrastructure
Roadmap

Operating Nuclear Power Plant Research
Coordination & Planning
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NUCLEAR ENERGY PLANT OPTIMIZATION
PROGRAM (NEPO)
(Proposed)

FUNDING: 1999 2000
— $5M

FOCUSED ON AGING AND OPTIMIZATION OF
GENERATION CAPACITY

MAJOR FEATURES

7 Year Program

Up To Almost $60 M In Peak Years
Joint DOE/EPRI

Cost Shared With Industry

AREAS OF EMPHASIS

- PLANT AGING

Steam Generators

Key Reactor Components
Piping, Pumps and Valves
Cables

. OPTIMIZE GENERATION CAPACITY

- Digital and I&C Replacements

- Advanced Sensor Technologies

- Advanced Meonitoring, Diagnostics, Control
Systems

52



OTHER GOVERNMENT ACTIONS

STATEMENTS OF SUPPORT BY KEY OFFICIALS
AND GROUPS

- “The government is expecting a lot from the energy
sector in reducing carbon dioxide emissions, and
nuclear power plants are going to be an important
part of that.”—Bill Magwoed, DOE

- “To write off fission now as some have suggested, ...
would be imprudent in energy terms and would risk
losing much U.S. influence over the safety and
proliferation resistance of energy activities in other

countries.”—PCAST
- “Fission belongs in the R&D portfolio.”—PCAST

[PCAST = President’s Committee of Advisors on
Science and Technology]

CHANGES IN NRC

- More Use Of Risk Assessment
- Changes To Inspection And Enforcement Activities

WHAT IS NEEDED

CONTINUED SAFE OPERATION (WORILDWIDE)
RESOLUTION OF WASTE DISPOSAL PROBLEM
BALANCED “STRANDED ASSETS” REGULATIONS
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TSURUGA INTEFINATIONAL ENERGY FORUM, TSURUGA, JAPAN, MAY 12-15, 1999

THE ROLE OF NUCLEAR POWER AND RELATED R&D IN KOREA
BEICBITSEFHO®KE L € OMERSRE
Chang Sun KANG, Seoul National University
VONENLKE Fy2A2 Ar '

ABSTRACT
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TSURJGA INTERNATICNAL BNERGY FORUM, TSURUGA, JAPAN, MAY 12-15, 1999

THE ROLE OF NUCLEAR POWER AND RELATED R&D IN KO%A :
Chang Sun KANG, Seoul Nationa! University

ABSTRACT

In Korea, there are 4 major roles of nuclear power identified: 1) nuclear has
assured the stable supply of energy; 2) nuclear has reducéd national trade
deficit; 3) nuclear has lowered electricity bill; and 4) nuclear has mitigated the
global warming problem. Based on the four roles, the missions of nuclear energy
are drawn: 1) maintain nuclear as the major source of domestic electricity
production and seek for stable supply of energy; and 2} achieve the self-reliance
of nuclear reactor and fuel cycle technologies.

Hence, it is natural to reach the vision towards the 21% century by developing
nuclear technology as a profitable export product in due course of performing the
missions. Even though there exists a large surplus of electricity supply in Europe
as well as in North America at present, in 10 years, the revival of nuclear market
will happen. Until then, the survival is the key issue for nuclear vendors. As of
1998, Korea has 11 PWRs and 3 PHWRs in operation, which generated 41.7% of
total electric power. And according to the 4'" Long Term Bectricity Supply Plan,
Korea will have 28 units of nuclear power plants in operation by the year of 2014,
which will be 34.2% of total installed capacity of electricity generation. The 4"
Supply Flan has actually assured the use of nuclear as the major source of
electricity supply. Korea shall accomplish the self-reliance of reactor and fuel
cycle technology through comprehensive and systematic R&D programs. There
are two main nuclear BR&D programs in progress: Medium & Long Term Nuclear
R&D Program towards the 21 Century (1997-2006); and Betterment Program
- of Nuclear Power Technology (1999-2006). The total investments of these
programs will be 2,386 billion wons (1.989 billion US dollars), and 498.7 billion
wons (416 millicn US doflars), respectively. For large-scale electricity generation,
1,300 MWe-size KNGR will be developed for timely introduction in 2010.
According to the R&D Programs, the basic designs of 330 Mwt-size SMART for
multi-use purpose and 330 MWe-size KALIMER for liquid metat reactor
demonstration purpose will be completed by 2001 and 20.06, respectively. In due
course, Korea will achieve economic competitiveness in the world-wide market,
and develop the nuclear power technology as a profitable export product on time.
Korea has to get ready for world market in 10 years. In recent, Korean nuclear

power industries are going through a big reform to strengthen their economic
competitiveness.
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Bertrand BARRE, CEA France
vice-president, European Nuclear Society
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April 27th 1999

Bertrand BARRE, CEA France
vice-president, European Nuclear Society

Abstract

Within the European Union, Nuclear Power generates 35% of the total electricity, a figure which
happens to be very close to Japan’s. The bulk of this power is provided by LWRs, which are reliable,
sturdy, and saf as well as reasonably cost competitive. On the other hand, most nuclear programs are
_ at a standstill and there is presently no unit under construction. However, GEG reduction commitments
taken by European countries in Kyoto will call foran increased reliance on carbon-freeenergy sources.

The situation varies widely forn country to country, both in terms of use and in terms of acceptance.
Close to Ukmine, Europe was shocked by the Chernobyl accident, much more so than Asia or North
America. Nevertheless, recent events in Germany, Sweden and Switzerland indicate that public
acceptanceis actually higher than most politicians believe it is.

Reprocessing and MOX recycle have been in efiect fr a long period of time in several European
countries, championed by two European companies, COGEMA and BNFL, both of which are very
active in Japan.

For nuclear power to be « sustginable, three issues must be resolved : Safety, Resources and Wastes.

As for Safty, France and Germany are developing together the EPR, European Pressurised Water
Reactor with advanced fatures for severe accident prevention and mitigation and ambitious goals in
terms of economic competitiveness,

Long term R&D is also carried out in the field of FBRs, in strong co-operation with Japan, in order
both to make a better use of uranium resources and to minimise long-lives wastes production.

As elsewhere in the WOrld, HLW disposal remains the. nuclear Achilles’ heel, and significant R&D is
devoted to solving this issue in a publicly accepted way.
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Opinions about Nuclear Plants in France

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

140 -

120

100 -
80 -
60

40

20 -

BVA poll - ~1050 p. over 18

__ Uidon'tknow
__ ESTOP

B Statu Quo
B MORE

3 T il T T

dec92 dec93 dec94 dec95 dec96 dec97 dec98

BB - Tsuruga Forum - 5/99

Earth Energy Resources

Thousands of quads

B Speculative
B Additional
B Proven

Source :
US NAS

3 T T |

Coal Ol Gas Uran y(rBR)Shale Tar Unc G

BB - Tsuruga Forum - 5/99 DRI
59



Projected Nuclear Capacity for OECD
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Very personal lessons learned from pr

. Industrlal size techmcaﬂy achzevable
 Industrial size economically premamré

» Safety not at issue

ISIR (to be improved) key to LM technology

» Worth looking at other coolants (just in case)

 Fast neutrons essential in the long run, but
Breeding ratio not crucial as long as > 1.0

Breeder = Symbol = Target...
@J BB - Tsuruga Forum - 5/99 |

60




Conclusion

I* Energy Security

BB - Tsuruga Forum - 5/99
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First Experience on Russian Military Origin
Plutonium Conversion

into Nuclear Fuel
A.F.Grachev

State Scientific Centre of Russian Federation
«Research Institute of Atomic Reactors»

Dimitrovgrad

1999
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Tl

Russian Activity on excess of Military Pu disposition

50 tonne of excess military plutonium

Some key points of the MinAtom Concept:
1) Construction of the storage for fissile materials in Ural
2) Pu utilization only in power nuclear reactors

3) 3 stages for military Pu utilization:
- small-scale - today fast reactors - BOR-60, BN-600 o
- medium-scale - today reactors (BN-600 and VVER-1000) after modernization

- large-scale - future reactors.

4) Activity on international collaboration
(USA, France, Germany, Canada and Japan)

Byl

RIAR Activity on Nuclear Fue!l Production from

Military Origin Plutonium

1) AIDA-MOX | Program (France - Russia) (from 1993):
- conversion of Pu-alloy to PuO2
2) ROSENERGOATOM program on MOX-fuel production from military Pu (from 1997):
- production of MOX fuel for the BN-600 reactors vibropac FAs
3) U.S. - Russian Program on military Pu disposition (from 1997):
- Pu conversion by pyroelectrochemical process to PuQ2
- Pu disposition as MOX-fuel in fast and thermal reactors
4) RIAR production program - MOX-fuel for the BOR-60 fast reactor (from 1998)
5) Japan (JNC) - Russian (RIAR, Belayarskay NPP et al.) program on production
and irradiation of 3 FAs with Military Pu in the BN-600 (from 1999).

(RIAR received about 50 kg of Pu alloy from storage)
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Crushing

NaCl - 2CsCl
650°C

Chlorination
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VIBROPACKED MOX FUEL PIN PRODUCTION

The BOR-60 fuel pins with MOX fuel are fabricated by vibropacking in accord with the standard
procedure that used in RIAR for more 15 years.

Advantages of the vibropacking technology and fuel pins:

a The simplicity and reliability of production due to a smaller amount of technological and control
operations

m Possibility of manufacturing fuel core with easily varied pérameters and on the basis of multi-
component compositions;

e Possibility of using any granulated form as homogeneous composition and mechanical mixture;

= Smaller thermo-mechanical effect of vibropac fuel on cladding in comparison with the pellet
core;

e The weak requests to an internal diameter of fuel pin claddings.

a The correction of oxygen factor and removal of impurity influences are provided by a getter in
the form of uranium metal particles.

MOX-fuel produced by pyroelectrochemical process was used for production of 16 FAs by
vibropacking method.

Now 12 FAs are tested in the BOR-60 reactor.
New 20 FAs are under production.
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RIAR Activity on Nuclear Fuel Production from Military Origin Plutonium
Demonstration and production programs for Pu disposition in fast reactor:

Technologies:
A. pyroelectrochemical conversion of Pu-alloy to MOX-fuel B. vibropacking of MOX-fuel

Tasks of today steps
e production of fuel for the BOR-60 reactor,
e improvement of Pu-Ga dissolution in the amount of some kilograms;
o definition and optimization of gallium decontamination;

« specification of process and necessary duration of operations for the following facility
modernization and fuel production for the BN-600 reactor.

Production Plan (for period 1998-20061):
o up to 40 FAs/year for the BOR-60 reactor (25-35 kg of Pu)

* 4-10 FAlyear for the BN-600 reactor (25-60 kg of Pu)
Task:

o to obtain the statistic data sufficient for its conversion to a hybrid core with vibropac
MOX-fuel

FUTURE STEP;
e modernization of the glove box facilities
» BN-600 hybrid core - up to 50 FAs/year (300 kg Pu/year)
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RIAR Activity on Nuclear Fuel Production from Military Origin Plutonium

Demonstration program for Pu disposition in thermal reactors:

RIAR as site for tests and licensing of the MOX-VVER fuel
(pellet technology):

- glove-boxes line for small-scale production of MOX-pellet,
- MIR test reactor for irradiation
- hot laboratory complex for PIE

RIAR as manufacturer of vibropacked MOX-fuel for thermal reactors
- R&D Program supported by ROSENERGOATOM
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Significance of FBR Development

RF AL

Nuclear power

(1. THRLX—GEEMAL. EEREORES. BESREENTS,

contributes to energy production, and mitigates the exhaustion and rise in prices of fossil fuel
\_ resources. p

(2. HMBEEEAAOREFSHL. TALE— MR- LI MRBEENEERT 5,

does not contribute to the emission of greenhouse gases, and reduces the burden of energy
L consumption on the global environment. )

TN

¥IZ, FBRIZ
In particular, the FBR

(3. FIATEAMAUI LY —ERENICEASE 2,

makes a great stride to increase the available fission energy. )

\.
(4. BAREGITHESIIAF—-FOF/ A FORERERO L. TRB/RSED, )
reduces the production of minor actinides together with fission, and also causes them to
be burned-up. )

OHP-3

BRIKKE & B R E IR O

Comparison between LWR and FBR

LWR FBR
BOBRGERILTWSHEF BT (~0. 10eV) |[HEPHETF (~200keV)
Fission inducing neutron Thermal neutron Fast neutron
HEFORINEY DEEH 1 ~2.0(235) ~2. 5(23%Py)
Neutrons produced per absorption
Brifitt, HEIELE 0.5~0.6 1.0~1.2
Conversion ratio, breeding ratio :
FHEHRGEEOHRE MWd/Y ~55, 000 ~150, 000
Goal for average burnup of discharged fuel (% 1{/\{ Cw : 80,000
onju
A (W/ce) ~100 ~300
Power density (% ﬁ’olrﬁ J’,b . 275)
R (%) ~35 40~45
Heat efficiency
R4 AR (%) 0.5~1.0 60~70
Fuel atilization factor
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T4 A L] ARERDES

Significance of Monju Development

1. ERF MEE] <. REFOBEME

Follow-up to the experimental reactor "Joyo", a self-developed prototype reactor

@ St /BHEBR S EEORBRON S

Acquiring experiences on design / manufacturing / construction / operation

@ HEBEIS5 U hELTOMMOMKE. Rett, EEME. EREORR

Confirmation of expected performance, safety, reliability, and operational avaﬂablhty

as an electricity generation plant
® ROFBREAZ~DEROH#E (BERETTEHEN

Passing on results for the next generation FBR developments
(not only in Japan but also around the world)

2. ERIE~OHRREFEDNEE L TODEHA

Utilization of Monju as an R&D facility aimed at commercialization of FBR
D #HBFERELEBTOMEEE Demonstration of technologies for improvement of economics
® FBRER{EHE T DHEEE Demonstration of technologies for commercialization of FBR

OHP-5

L. Lf A0 BRD - NETCORE

Present Results of Monju Development

Rttt 714 MW

Thermal power outpu
TR 280 fMWe]

Electric power ouiput

AR REFE TRALCH]

Prototype reactor "Monju"

KERIF 5

Experimental reactor "Joyo"

BHF 100 [(MWY = 3O REOERREEL
Thermal power output Bl .. g High-burn up of fuel
M EE|O ANMEEORREL
-'H-‘E g% High operating temperature of coolant
I S0 mEHAT—SOR®
ARG - REEROMBR — © Accumulation of data of fuel materials
Improvement of reactor core and O HEEIEOBRIL
fuel technology Automatmg the fuel manufacturmg process
) 2 ) DORTETIVIC
heat transfer technology ?l'— :‘% Full mock-up test of sodlum components
S H N ORISR £ § o mEMEN_tORREEXL
Development of structural materialg (S REERET)
p 1 kigh
R LR DI st e e <
Acquisition of sodium handling {High temperature structural design)
experience O HAFKEFORRE
» 45 7o Development and demonstration of steam generator
FLDOREEWER P &
Research into reactor core safety

mv | BhE

Safety [Fgeisel

O I L-KRIEDHZ

Research into sodinm-water reaction

O XEFLOREEHR

Research into large reactor core safety

-3
[ ]
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FBR REFHLA LY

Prototype FBR Monju

MOX 85
FRUSLS
3IL—T8
BEH A 280[MWe]

Pu(2-UQO2 - Fueled
Sodium - Cooled
3 Loop - Type
Output 280[MWe]

OHP-7
£ xE L. =
MREEBROERB L TR
Results and future plan of start-up tests
[ERE% (1983) -‘F—ﬁ'i 6 $ (1984 SERE 7 % (1995) / =
1012214 10[12[2[4]6[8[10[12[2 / EEREF (Re-start)
g O FFFt A R
E‘?"F IEH j] Reactor power fﬁ?ﬁgﬁ
Reactor power 50 % | T
prx- K av A 0 % i l A
Electric output | e ; N -
TERER | | | | | RABEER  ERED
_ Start—up tcsts =t — unction tests ; -
FE1 | ‘ <
R | wnBEe Fb | .| 7
Main schedule RBNERIED #‘ﬁm - g e | B % ‘
misgs | compipis | & Erw  MEXS
I I — Improvement __ Fuel reload
fe 3 JH AULVERL
Ed'ﬁ B !ﬂn%%ﬁ% Imhal generator Soc{l?nﬁﬁ acc:d%t
Main item | L ! synf romzafmn r
FHEIE PR - EERBAOELHEIR
Milestone Future plan to re-start
+ BB , . HFN60410R + T RUTLRALE §I$CDT_&50) TR LIEENONG
Start of construction October, 1985 Application for safety licensing aimed at plant improvement
+ PRI SRR . EHES5E£10R + TSURETE
Start of fuel loading October,1993 Plant 1mprovement work
= 3 D ERE6FE 48 5 &
* I*rqjil%iilsz.riitlilg%ity i:pfﬁ' 5.1%594 A 58 * ﬁﬁlﬁﬁg nsive function tests
D ERE73F 8/ 29
¥ %El@?ﬁ:mﬁfﬁl) i:ug%st 2%1991-‘? B ¥ E}ﬁr%z%d
SyI]C rontzanon C + ﬁﬁﬁﬁﬁ
" E i T ¢ ST, 88 Swrt-op tess
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R (ER6E4858) F B (ERTESA298)

Initial criticality (April 5, 1994) Initial generator synchronization
12 T T T T T T T T 1 (August 29, 1995)

1.0

WETRE (1.71)

08 -
204 o : .
E —e— CLM-1|| §
7 | —EB—CLM2| . R
802 | ——srm-1| :
—&—SRM-2|] | .
oo bl i

80 90 100 110 120 130 140 150 160 170 180
PEi kB Number of fuel assemblies

18 165 15 B #R

Reciprocal count rate curve

(#1251 E  All absorber rods withdrawn)

QHP-9

FRUDLRANWSHDOHE

Summary of the sodium l_eak accident

HR 3 3E
HX

L
kU LRAVVER
Site of the spdium leak

2 REFAAL T

¢ i { ondary mam circulation pump
. FRTERR
e ./ ~ Evaporator
)~ el P b
N - Super heater
I ' =
] SESROIRER o
Ccnd:uo%#ﬁh?ﬂokﬁg: lemperature sensoer F_‘*\r .
gg PN ,'
Dela%s of the ' ' o )
Do 405 S RERAREGE(C)
1947 BUBE, kugagnE, oo the piping room(C) of SHTS
19:48 -J- L 'J wgﬂzu&mufm. - )
datector sounded. ~ i
MI_TECDQEEEE. e EL 4
ntoke a1 lesk site wos conft .

20:00 ll\ﬁ&ﬂzhtﬂﬁb. ﬂ#ﬁmﬂf'ﬁbﬂtﬁe
udged 23 small-seale leakag
sh m-down begen,

20:50 éﬂlﬁﬁ!&ﬂ)ﬁtﬁﬁﬁ (2 LAED

New sounctings of fire alerm xmamd rapnﬂy
An increass i white fume w

21:20 BFPFR R 7&?&
Reactor was marhua'ly tripped.
22:55 c»—mmﬁm F L-oA24ERRts,
odium drain from the piping of loop C began.

2313 ﬁ ARt PTRAERNEREL.
Ventilator iz the 5G room stopped automatically.

illﬁE'Iﬁ!Zﬁ 9EI
December 9
60:15 +I~'J’bh¥£é‘m“)%?u B
Sodium drain finished. Condition after sodmm leak
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THALD) BEHALELD

Lessons Learned from Monju Sodium Leak Accident

- BiTE IR A IRERG I
Technically related items Prevention of flow-induced vibration
BAWFRUDLICKAHBEDOEER

Corrosion of steel liner by leaked sodivm

BET a7, RERIEES

Operation manual, Quality assurance

fERERE. FRAR F

Crisis management, Dissemination and
disclosure of information, etc.

i

IS R OEE -
EEFICETSEER
Items related to plant management
& administration, etc.

—— e R N G AN R

O THALwDREEBEICHIT F-StEETE

Improvements to enhance Monju safety

O THALp DB REICRIT-HHE]

Efforts to gain the understanding and cooperation of
local residents living near Monju

QHP-11

- REEFH/REHD

Finished or ongoing

_>
C D . 5#0FE

E‘E (The present time) Future plan

L FRYDARAVHESORROKE
»  Improvement of countermeasures against sodium leakage '
NEEES 55 WETE )
>\ Safety licensing exarmination Improvement work J

pewgenz) ( EERH
[ Function Testsj_ﬂlaﬁﬁtg?r:tti-onj
) L
E

Future Outlook of Monju (Short-Term Prospccts)

I 0t ST
Compreheuswc

safety review

K i Euhamgmentof dissmination and disclosure of mformanon Y.

E
EEL BRI - RE

Work schedule for restart of Monju operation OHP-12
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LALWDORE (£02 : FRAMTEEF)

Future Outlook of Monju (Medium-and Long-term Prospects)

2005, 2015, 2025%
| |
0 p—p BOM] Phase2 | EOH
Tl - SN Phase 3
w&nl ' Phase 1 i %’%ﬂ‘tﬁmwm = Demonstration of
. i Demonstration of FBRERE | technologies f
- — = | gies for
Role of Monju RETS e L TOEERT i technologies for I DFEEE commercialization
4 Demonstration of technologies as § improvement of of FBR
an electricity generation plant ! economics

A gk T S

FLALDI) e | BT EERFED  \ERERF\BERAY R
I 32 ||| examination Present core Advanced core SEEEF D Irradiation
Bl || ARLIE (#A4EE Burn-up Technolog}f reactor
| | Improvement (#2EE Burn-up: > 80.000 i demonstration
Progress of | work 55.000—80.000 = 80,000 MwdA] ) core for
Monju core  § |tEREARR 5 ’ N (3A 8w o s, 74 F= RigE \ commercializaion
) | Startup test, etc. MWdrt] ) AL AL) (FEBE B L AL
CHP-13
F1H - HETS U & LTOBEMERE (~2010FEZFET)
Phase 1 : Demonstration of technologies as an electricity generation plant (Up to~2010)

(1) FDOEHE
- AR OB ERGEE

Core performance

Fuel burnup attained

- ﬁyﬁﬁﬁg Breeding performance
- PURI DB Flexibility of Pu usage
- BEITER R Stable operation and control

- f= 5 on il s
(2) #38 - SAXATLOMERE  Component & system performance
- F R LREE. RS RES
- PRE R R
() BL£[|EDOIEHE Safety system performance
- I REREBTOKRKEZWEHIY  Effectiveness of steam generator water leakage detection system
- IR H ORHYE
- BRAEIRIC & SRR EN

Long life control rods

Sodium equipments, Steam generator

Fuel handling system

Effectiveness of failed fuel detection system

Decay heat removal capacity by natural convection

74 OHP-14



({ A Lw) EIEIEREDRESS

Verification of breeding performance in Monju

(1) tERESERERICE D PR (MERPOOH, ERERE

Preliminary evaluation from the start-up tests
(the beginning of cycle in the initial core, at the rated power)

B = FEM. Breeding ratio

(2) PIET—4% - BRET—RIE-5 (Rl (938
Evaluation based on the PIE data & the reprocessing data of discharged fuel
(in some future) '

OHP-15

[ LM - EFER ERIFORE (~20204EE%ET) ]

Phase 2 : Demonstration of technologies for improvements of economics (Up to~2020)

(1) B8 - DATFLODERIE Simplification of components & systems

- BRFIFEEE. AR Reactor structure, Cooling system
- REEIRFR Fuel handling system
(2) R L Improvement of performance
RHOBERREL High average burnup of discharged fuel
Bz U4 7 IIWBEOERE | Long operating fuel cycle

3) RENELIATLDEFEA Installation of passive safety system

RFRELLF Reactor shutdown system
AR ER Decay heat removal system

QHP-16
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[%m . FBREFR{LEHT ORI (~20254F%T) j
(Up to~2025)

Phase 3 : Demonstration of technologies for commercialization of FBR

(1) RAFRRAEHORIT Demonstration of technologies for a
commercial reactor
s SRRRB OB ERLAIL Partial loading of new type fuel subassemblies
- RIS hi- BRATLAL Simplified components & systems
(THALY) THEIETRELO) (Verifiable items in Monju)
2 STESSEDEE _ Suggestions of new concepts
- SRATLOERIE Simplified systems '
- PRI R BB RO Core with small burnup reactivity

- Z2H0mE.L Improved safety

OHP-17

LAl ZFENLTCFBROEALEZEELET

We would like to make the most use of Monju
with the aim of commercialization of FBR.

FUReh THAL®] [CLET.

Our aim is to make MO!I_]U the safest of reactor plants.
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Improvements to enhance MONJU Safety
- FhYUTLARAVERMERICOVWT -

Countermeasures Program Against Sodium Leakage Incidents

ARER. R
YOSHIO KANI, KAZUMOTO iTO

HRREN 4 7 VRERBE., BEEH, mEHMEEL A U e BRAT

Monju Construction Office, Japan Nuclear Cycle Development Institute
I-banchi, 2-chome, Shiraki, Tsuruga-shi, Fukui-ken, Japan, 919-1279

A LORBEFITIX. 2T M) T ARRZVWERDE, 20RKEZEH, 5] &HK

EREBERETERL, FROOBESYEIZC 2RTMITARIZVAD
WEICETARESFEIRILTETI L, FORFERICOETLCHE, B
FOLAL o RERRARF -2 RVBEFHILEEFTREEDAL T M) VAR Z
W —F VTN FIZTERNLPE, UEHSOR LIRS T L,

FOHRLF EREUBHRORML. FAMEZRHD L & D12 RTFRERE

HURFORBEEDTECD T LA 40 F P 7 AR OWHRRREI I
D2NTh, 77V POBREEOH LEDBRR P LA LRBUABFEFRFEE AL
ORERERIZE o THM LETERICSE R I L LE LA

1.

2.

BAL pRSERK

ZERARTIE, SEHOEFORERALEOARCERPOHLE o 12RKE
BRHENEZEIZL A LeDfE, ERFIEFSK. MEREEHSFICOVWTH
BREPERBL, R LIREITREEHIIOWTHEFE LML, BENST
ERrILY, el - BEROIVBomEErHAsZ LICEDH T LI,
BERTIE, LTOso0HB*FEELTHERELE L

OF PV T ABZVEESR PO E L EKR
@QbALwEBOEFILERHICEL I TOAR

QEEFREZOAR

O ERERE. THROKEO 5K

®OMERIELET - O SR

2RFMUDTLBAVICH T 2qEAE GIE-1)

2RFGHR 2 CEEEFERRIIBESINLZRENPLOF M) T LARBAVD
BELLBESIE.BAVWF ML LYy 7 ) — b EOEEEMEHFILET S
EWVIRT A FOWEREHEFL, T2 RZVF MY ALKGFORBIZLS
KEOER., BELZHILEL T, FHEIEE L -REr S BOREL ZHEANE
ZRIZSZVEIIETHIEFRGEETT, 20D, T NI TARBI VY
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Improvements to enhance MONJU Safety
Countermeasures Program Against Sodium Leakage Incidents

YOSHIO KANI, KAZUMOTO ITO
Monju Construction Office, Japan Nuclear Cycle Development Institute
1-banchi, 2-chome, Shiraki, Tsuruga-shi, Fukui-ken, Japan, 919-1279

ABSTRACT

Monju is Japan’s prototype fast breeder reactor : 280 MWe (714MWt), fueled
with mixed oxides of plutonium and uranium, cooled by liquid sodium. Construction was
started in 1985 and initial criticality was attained in April 1994

On 8th December 1995, sodium leakage from a secondary circuit occurred in a
piping room of the reactor auxiliary building, The secondary sodium leaked through a
temperature sensor, due to the breakaway of the tip of the thermocouple well tube
installed near the secondary circuit outlet of the intermediate heat exchanger (IHX).
The reactor remained cooled and thus, from the viewpoint of radiological hazards, the
safety of the reactor was secured. There was no release of radioactive material.

The design of the thermocouple well, which was subject to avoid the flow induced
‘vibration phenomenon, was reviewed and new designs were proposed.

To prevent a recurrence of the secondary sodium leakage incident, comprehensive
design review activities were performed for the purpose of checking the safety and
reliability of the plant. As a result, several aspects to be improved were identified and
improvements and countermeasures have been studied. The main improvements and
countermeasures are as follows:

- To enable the operators understand and react to incidents quickly, new sodium
leakage detectors (TV monitors, smoke sensors) and a new integrated sodium
leakage monitoring system will be installed.

- To reduce the amount of sodium leakage and consequence of sodium spill, the
drain system will be remodeled to shorten the drain time.

- To suppress a sodium fire in the secondary circuit, a nitrogen gas injection system
will be installed. '

- To limit the spread of aerosol, the secondary circuit area will be divided into
smaller zones.

These countermeasures will enhance the safety and reliability of the plant with
regard to sodium leakage incidents.
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83-7 Activities to enhance public acceptance by regional communities

Jiro. Kono, Director, Administration Division, Tsuruga Head Office, JNC

Summary

Activities such as open meetings and the Monju open house to enhance public
acceptance of Monju will be presented together with comments and opinion given to
PNC/ JNC from the regional people during the course of the activities.

Sodium leak had happened in December, 1996 from the secondary loop of Monju.
Due to confusion followed to the accident and cover up of the videotape of the leak, "the
accident" changed "the case." Credibility of PNC had lowered remarkably.

To improve the situation, activities were started to explain to the regional
communities what really happened at the time of the leak. Initially, the activities were
directed toward such people as opinion leaders and congressmen. Later, cause of the
accident was made clear and the comprehensive safety check of the plant was started,
therefore, the activities were redirected toward a larger number of the regional people.
The Monju Open House with a plan to invite 10,000 visitors was started. The open
meetings to present more details of the leak had been carried out together with mutual

exchange meetings between PNC personnel and regional people.
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The Future of Monju

Expectations of an Overseas Research Fellow

Peter HARRISON
JNC Research Fellow & AEA Representative

Fellowship Program

Specialty: Country:
| Fast Reactor Physics S Germany

In-Service Inspection e Great Britain
Steam Generator Leak Detection - USA
Fast Reactor Physics USA
Fluid Dynamics Great Britain
Under Sodium Ultrasonic Viewing Great Britain
Liquid Metals USA
Neural Network Computing Greece
High Temperature Materials USA
Thermohydraulics . - S Denmark

( plu;f fellbw& at Oarai and F ugen)
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Prototype Fast Reactor (PFR)

1983~88

Dounreay, Scotland. 1992~94
Superphénix Start-up Team 1988~90
Cadarache, France. :
Phénix 199092
Marcoule, France.
Monju 1994~
Tsuruga, Japan.
Fuel IHX
Internal
Pool Gridded Flow
Pu0O,/ UG, 6 Unit
Sodium External
Wire-wrap Flow
Pool Pu0,/ UO, 8 Unit
Sodium External
Pool Wire-wrap  Flow
Pu0O,/ UO, 6 Unit
Sodium External
Wire-wrap Flow
Pu0,/ UO, 3 Unit




Circuit

Coolant Configuration

Steam Generators

Sodium U-tube
3 Loops 3 Unit
per loop
Sodium Helical )
4 Loops 1 Unit
per loop
Sodium Unitary
3 Loops Multi-Unit
Sodium Helical 2 Unit
3 Loops per loop
Fuel Handling
Rotatable Plugs Storage Machine Removal
1
Inserted
Concentric Internal Vertical
2 Permanent ,
Eccentric External A-frame
1 Permanent
Eccentric External A-frame
1 Inserted
Concentric External Vertical
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Euro-Japan Context
, 1970 1980 1990 2000 2010 2020

Under Decommissioning

Decommissioning Planned

Closure in 2004

Monju

o Rl
1

Roles & Objectives

Demonstration of existing technologies
Developing innovative technologies

Feedback into the design of the commercial
demonstration reactor

Gaining experience in FBR operation
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_ Technical
Demonstration of Existing Technologies

 Increase in scale from Joyo to Monju

Joyo

MONJU

} = 1 : 1
6 200 400 600 809

& Electrical Output [ Thermal Output}

T QTR I e

Technical

Demonstration of Existing Technologies

» Increase in scale from Joyo to Monju
» Some technologies new to Japan (eg. steam generators)

SUPERHEATER
‘(\ Steam outlst water planum
Steam inlat nozzie ( ’ _Sream_outley oozzla,
_-'_-___-ﬂk ul

Steam inist waler planum

-

Ne. woter reaction products
pio@ae nozzle

MUpper cylindsr

gfaah(.'tirumt r tubo
J.smr__s.hei\-g
d
\‘\
T e 222 Sodiym outiet noxzle
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Technical

Demonstration of Existing Technologies

 Increase in scale from Joyo to Monju
o Some technologies new to Japan (eg. steam generators)
e Some need further demonstration (eg. fuel)

Innovation Technical

o Cost reduction:
— Alternative designs
— Simplified manufacture

— Increased durability

g
3
(_‘
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Feedback Technical

R&D program must be driven by requirements
of the next generation reactor

Organization of EFR Project

3
&
1)

Roles & Objectives

Demonstration of existing technologies

Developing innovative technologies

Feedback into the design of the commercial demonstration
reactor

Gaining experience in FBR operation

A center of international FBR cooperation
Setting standards in design & safety
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Focus for Cooperation International
on Fast Reactor Technology

o Participation in Euro-Japan FBR agreements

 Participation in international nuclear operational safety
organizations (WANO)

o Sponsoring overseas fellowships
» Construction of “International R&D Center”

International

PusBLiCc INFERMATIDN
(WORLD WIDE WEB) |

INTRANET

EXTRANET

‘5\ ; INTERNET

a7



Roles & Objectives

« Demonstration of existing technologies

s Developing innovative technologies

» Feedback into the design of the commercial demonstration
reactor

» Gaining experience in FBR operation

« A center of international FBR cooperation
» Setting standards in design & safety

o Providing training in FBR technology

¢ Promoting public acceptance of FBR
technology

Training Educational

 Priority to operator
training

» Additional role in
specialist fields

» Role may extend beyon&

lifetime of Monju plant® R
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Public Acceptance Educational

¢ Familiarization Public visits

to the Monju
& plant and leak
site.

e Understanding

New Monju
visitor center
now nearing
completion.

T
&
x
R
i
-

| Monju
website in
Japanese and
1 English.
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901

Economic Development and

Technology Transfer

at Los Alamos National Laboratory

Charryl L. Berger
Director

Civilian & Industrial Technology Programs



CIC-1/97-0193
DIRS7-544

Vital Statistics for FY98

Chem/Matls Sci & Eng

» 7050 total UC staff 17%
« 3186 technical staff

(1640 PhDs)
« 1597 technicians Ma‘ﬁ & Cg:lputer Scl

Physics, Eng Phys, Nuc. Eng
\ 31%

Technical
Staff

Life Sciences Members

+ Annual FY98 budget: $1337M 8%
-- 95% DOE Other
- 5% non-DOE 7%

» Replacement cost of buildings $4.1B Engizqrfzﬁng

« Total [and area: 43 square miles

« 1602 collaborators
» 363 postdocs
+ 1493 students

Los Alamos —
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Objectuves of the Technoiogy Commercialization Program

Stimulate new businesses based on
Laboratory technologies

Attract entrepreneurs

Create alternative job opportunities

Attract businesses and capital to the region

Entrepreneurial Training

2-3 workshops per year

Over 600 particupants

Themes

© Launching a technology-based
business

e

Financing high-technology ventures

)

Business plan basics

e Forming, financing, and growing higzh-
tech ventures
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MBA Affiliates Program

MBA students from leading university business
schools

175 technologies reviewed

Ten projects selected for business plan
development

Technology Development & Assistance

Small Business Initiative

$2 million/year; 45 projects funded

Regional Technology Maturation Pilot Program
$180 thousand; 10 firms assisted

Technology Assistance Program

$200 thousand; 40 progects compieted

$5 million in private sector investment
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Other Activities

Monthly Innovator’s Forum
Small Business Innovative Research Workshops

Network of seasoned high-technology executives

Venture capital networks

Accomplishments

10 new companies formed

50 companies or clients assisted

Entrepreneurial leave policy implemented

©
®
@ Regional awareness rating 75-90 %
@
@ Research Park launched
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Asia-Pacific Energy Forum (APEF)

No.2 Rokko Bldg. 9" Floor, 1-3-7 Shinkawa, Chuo-ku, Tokyo 104-0033 Japan
Phone: 81-3-5541-2055  Fax: 81-3-5541-5770  Email: suetsugu@ja2.so-net.ne.jp
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