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Program of the 35® JAIF Annual Conference

Main Theme: Nuclear Power in the Changing Socio-Political Environment
-- Challenges for the Future

April 22 (Monday)
Registration (8:45- ) at Omiya Sonic City - Sonic City Hall

Opening Session (9:30-11:00)

Chairperson: Tsutomu Kanai, Vice Chairman of JAIF and the Chairman of

Hitachi, Litd.

Remarks :
Jun-ichi Nishizawa, JAIF Chairman
Atsuko Tohyama, Minister of Education, Culture, Sports, Science and Technology
Akira Matsu, Parliamentary Secretary for Economy, Trade and Industry
Yoshihiko Tsuchiya, Governor, Saitama Prefecture
Katsuhiko Suetsugu, Chairman of the Preparatory Committee

Secretary General, Asia Pacific Energy Forum

0o o oo

Session 1: “Energy Policy of the 21%* Century and Nuclear Power"

morning session: 11:15 - 12: Lecture ion
Chairperson: Yosaku Fuji, President, Kansai Electric Power Co. Inc.

Speakers :
o "U.S. Energy Policy and the Nuclear Renaissance"
Joe F. Colvin, President and CEO, Nuclear Energy Institute, USA
o "Nuclear Energy and Sustainable Development"
Jacques Bouchard, Director, Nuclear Energy Direction, Atomic Energy

Commission (CEA) , France

<Folk Dance Performance: "Ayako-Mai" from Kashiwazaki City>(13:15 - 13:45)



Session 1: “Energy Policy of the 21% Century and Nuclear Power"
(afternoon session: 14:00 - 17:00)
Chairperson: Yumi Akimoto, Chairman, Mitsubishi Materials Corp.

Speakers:
o "How to Achieve New Nuclear Build in a De-Regulated Market"
Norman Askew, CEO, British Nuclear Fuels, UK.
o "Nuclear Power in Europe — Will Reality Overcome Ideology?"
Peter Haug, Secretary General, Forum Atomique Europeen (FORATOM)
o "Status and Perspectives of Nuclear Power in Russia”
Leonid Alexandrovich Bolshov, Director, Nuclear Safety Institute, Russian Academy of
Sciences
0 "Nuclear Power from the View Point of an Environmentalist"
Bruno Comby, President, Environmentalists for Nuclear Energy (EFN), France
o "Energy of the 21% Century and Nuclear Power" ‘
Nobuya Minami, President, Tokyo Electric Power Co.,

Reception (17:30-19:00) at "Rose Room", 4th Floor of Omiya Palace Hotel

April 23 (Tuesday)

ession 2: “Tasks for M litan Areas and Regions with Nuclear Facilities”
:00 - 12:00 Panel discussion
Chairperson: Akio Morishima, President, Institute for Global Environmental Strategies
Keynote Speech: Electric Power Source Siting from the Viewpoint of Local Promotion
--Enhancing the mutual understanding between power-consuming and power-
producing areas--
Isao Shimohirao, Professor, Faculty of Economics, Fukushima University

Panelists :

0o Masazumi Saikawa, Mayor of Kashiwazaki City

o Miyako Matsuda, Specialist on Living Environment

o Ryuichi Hamada, Senior Managing Director, Federation of Electric Power Companies

o Hiroshi Iwaki, Deputy Mayor, Saitama City



Luncheon (12:15-14:15) at "Rose Room", 4th Floor, Omiya Palace Hotel

Chair: Jun-ichi Nishizawa, JAIF Chairman
Remarks: Yukio Kurita, Governor, Fukui Prefecture
Speech: "Kabuki on the World Stage"

Toshio Kawatake, Chairman, Japan Theater Arts Association

Panelists :
o Yoji Uchiyama, Professor, Tsukuba University
o Toshiaki Enomoto, Managing Director, Tokyo Electric Power Co.,
o Tatsujiro Suzuki, Senior Research Scientist, Central Research Institute of Electric
Power Industry

Jun Tateno, Professor, Chuo University

o Hiroshi Noda, Director, FBR Cycle System Development Office, Japan Nuclear Cycle
Development Institute (JNC)

o Jacques Bouchard, Director, Nuclear Energy Direction, Atomic Energy Commission
(CEA), France '

April 24 (Wednesday)

ion 4: “Contribution of Nuclear Power under the Ne i0-FK.conomis
Environment” (9:00 - 11:45 Panel discussion
Chairperson: Masao Nakamura, Scientific Journalist
Keynote Speech: Jeffrey S. Merrifield, Commissioner, United States Nuclear Regulatory
Commission
Panelists :
o Yang-Uoo Choe, President, Korea Hydro & Nuclear Power Company
o Rod Krich, Vice President for Licensing Projects, Exelon Corporation, USA
o Steven G. P. Brosnan, Executive Director, Energy Sales and Trading, Magnox Electric
plc
o James A. Fici, Senior Vice President, Nuclear Plant Projects, Westinghouse Electric
Company, USA

o Tsutomu Toichi, Managing Director, Institute of Energy Economics, Japan
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Jeffrey S. Merrifield, Commissioner, USNRC

Public T 12:45-14:45) at Civic Hall, 4th floor of Main Bldg.

Facilitator: Yoshiko Tsuchiya, Freelance Announcer

Commentators:

O
0

Marino Osami, Director, Japan Consumers’ Association

Michio Suzuki, Managing Director, Nuclear Waste Management Organization of
Japan (NUMO) :

Hiroshi Noda, Director, FBR Cycle System Development Office, Japan Nuclear Cycle
Development Institute (JNC)

Gail H. Marcus, Principal Deputy Director, Office of Nuclear Energy Science and
Technology, Department of Energy, USA

Session 5: “To shape the future of nuclear power : Development of advanced and

innovative reactors” (15:00-17: ion

Chairperson: Hiromichi Yokoyama, Editorial Writer, the Mainichi Newspaper

Speakers :

0

"Strategy for the Deployment of Pebble Bed Modular Reactor - toward the African
Renaissance"

Dawvid Nicholls, CEO, Pebble Bed Modular Reactor Ltd., South Africa

"Development of Innovative Light Water Reactors in Japan"

Yoichi Aeba, Special Advisor, Mitsubishi Heavy Industries, Ltd.

"Development of Generation Four Reactors and the U.S. Strategy"

Gail H. Marcus, Principal Deputy Director, Office of Nuclear Energy Science and
Technology, Department of Energy, USA

"International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) "
Poong Eil Juhn, Director, Division of Nuclear Power, [AEA

"Prospects for Commercialization of Fast Breeder Reactors; from Strategic Study for
Commercialization of FBR Fuel Cycle System"

Kiyoto Aizawa, Executive Director, JNC

Ffkkkkhkhhhhkhkkhdkkhkdhkkhkhhkkkihkhkihkhikhkkkhkihibirhdhhdkidkhifhikhkiidhhhikihrd

Youth Forum: 12:30-14:00, Tuesday April 23 (at Civic Hall, 4th Floor of Main Bldg.)

organized by ACT for E?

_9_



OPENING SESSION

XS EAVAYIIPAY



B3 HEEFERRE FEEREREBERY
FaiE E—
R ZEL (&8P XHBFERE. B (£D) BREEXZRERFE.
TE (Db WERMAME, IHRORKEBEDOH 4, WHRITEA. #BIHN»5,
COREFERRZBIZIZMTEIVELLEHERIS, DASESHLBL LT
x£7,
EI3OEIFEFRRROBMBICHZODERL T, EFHEEERRNZLEL
T. —8. iEZBRSETHEEXT.

XT. 5. AEOETFHEEDES KL - 42BET. BATEOEMR
b BABET IR ERBRET 1 7 VBERBEBORAR S, 310
FHOMBEST, BENEDNTWEERER>THBD ET,

2 1ML OEERRZL, [(SA TR, TEHRBERE (I T) I,
BEL /70 /00— -MB THR CETIREEELNTS
0D ET,

NEPREZETWLS 2D, hEE, 220 AHOEFEZENIT S

CHRIAL, RESEXDELTEE L, IROE->THET &, B
DHTELWREIL, REQRRREZBTZDOD, TNELETHNANEDE
B O OWEEWREAEHATLE, MEORENEALL THZNITHE

WHATERNWRE, BOBEDSEI > THBDET., REEZETNSZ
BESRHELUT, 2 1H#HLEIE,. BEPMANELESOBRNAERICTDEET

B —1



X591, R ERTNE RS WEEZZTBDET,

ST 2 1B EDE 2R HEZBREITIOTLLD D, BTHLTA
MoEFEOENS BEIE, 7FUT 1 T A4 70mMEb)] 2HBEETS
DTHAIERBNVET, TOLEDITIE, RENESERR¥2E2REL. BE
REZENAEODBDELTHERIEETSLOCENZLARATNERD
FHh, TOR, BFHbERE, FARBEMELT, £RICEEFETETW
R TIEBREBRNTLEY, BEHICHL EWTELZ 2 1 O EE LR
OFIIZ, TIRFH] EVWIBEERFADTROEREADN, EFHOEAHT
TR F—0 TH] CHEROFARENIE., INsERERNOEBETH D,
FRICZNS EDOHEDRICLD, SHERLEFEOENIZHLESTHO
THOET,

FDRDITIE, FAEE., EFHOPDERMEEZ. EDO LD RKRICHFH
LTWiadhdaDEBh,. RFHCRRBEEZHRS EMRCEREL ¥
ICLEFEMD T, REBREHEZOEORBEY A ISR EITL > T,
— DAL AZZE X, BEEREZEROILDIABIEE, RLTRVED
I, LoD ETEBILARTNIERDER A, RIIZ oI, BT HER
EMERDEETZOMRECHEIIROMENS I L2, KO TEHFLE
T, COXIBEBENEVWEICOEZ>TEBLEWED., EFHOFRME

EBROAZITHELTHE25 LAV EEZET,

ITANF—IZDONTEZABREA/RITIR. 2 IHEEWSBESRHRL D

B —2



TRADVHENDHDET, TRIINFT—OREMGICER L, HERIRELA
AEHIBNEVIRHEZODERTAN, 2 1ELOIRILF—FHELT
FEL TN ZDIE, TOVAT7 25+ EETELAMEETTSHZ
EMAARTHODET, BT, HRIZBWTIE., ETHOALELRIRILF
—FTHh>dI Lz, @%LT%bx@i ZED 2T RbRTNIERS BN
EZBEAFET, N -H - BREDENS, TRNF—RXDODNTORTTZR
HBLTEEIIRDRBRABTEITRN, TOHTORFHOMEBE DT, %EZ,
ENRAIVEBLTOEEIIENEETHDET, IHIT. TOKRYS
TR, EFWNRRERTFIFRERELREICED. EFHOd DM N 25 =
HEET, RFACHELEEDEZSOEEZRA OB ITHLERHDET, D
F0., BERCEK, EThZT2IEE, 2> bh0—J)LTES, EFTHRE
BoborHEMEZHBEREEL TWSEERHLZ2DITTT,
ZOEDRFEFHORAAMBITE, FEEICEM TEERI O M50
THDET, 20D, BHEHMHERICL> T, BENICERICH
A, EEPBREZRLZLTHWEZE, GTEOERICEL TIX, REBEKRE
DEHSOEEZHAEICLT, BEOBEDRKREPHEOS &IT, HEL TW
ETENERNET,

FAREOHREMTHZ ZOEERIT, EHMBEO—ALLTEZDERZE
FALTBDETH, RERFHEZEILAEK >THBDERRTA, TXIF—
KDOWTIL, HEMTHZ &I, BEMTHEHLINEENET, HIL,

TNZTNOMBIIEDEMNNTZRRICK > T, ODPEEFOHEZSEL

B —3



TEREDOTYRN, S, RETEEHMBEOHEE ORI 2 IRBENEL
TETHBDET, EODTETHFREELMME E OMITEHR O TREENIETH
INTHBVET.,. ZOXDAGMEIIDEXRLTH, FRITHEL-T, ZTD
LORBEHI-HEHZELELTEDZON, ENHEMDOLBEEHRTE
LR EEZDBENDDETHON, BEWZELE> T, KD RWE

MAEZEOHRT I ENRYTRERANNEEZATED T,

%%KﬁDiLtﬁ\%@@Ekk%@@%%é%t@\797-X$
BEIANF—T4—TLDORREE(TADS DO I) REBFEICBHE
WWZLELE, RATARIE. TE2AFIOLIDET, B EX
WEE, REOBBIIHZVRARIHEEZEEELRZ, E<@#ELHBEL L
WET., £ BEZEDOH 4, BN, B ORERE, REICER#HOEZ
FLIEWEBRLET., £72. BEITOVWELEEZLZERICIT. BEER
BCERICBMEIN, KEE2ED ETTWEREEETISBBEVWEL EWT
£,

THIE, BUEES T WE L,

BA—4



(Opening Session)

Address to the 35" JAIF Annual Conference
by
Jun-ichi Nishizawa
Chairman, Japan Atomic Industrial Forum
April 22, 2002

Let me first express my gratitude to Dr. Kanai, Session
Chairman, Minister Toyama of Education, Culture, Sports,
Science and Technology, Parliamentary Secretary Matsu of
Economy, Trade and Industry, Governor Tsuchiya of Saitama
Prefecture, our guests, and all of you who have come both
from within Japan and abroad to participate in this year's
JATIF Annual Conference.

On behalf of the organizer of the conference, please

allow me to make a few remarks.

The current political and social environment for nuclear
energy 1in Japan - including liberalization of the
electricity market and the planned integration of the Japan
Atomic Energy Research Institute and the Japan Nuclear
Cycle Development Institute - requires a redefining of

nuclear energy and its role.

Meanwhile, subjects such as 1life science, information
technology (IT), environment, nano-technology and materials,
and disaster prevention have become important scientific

pursuits in the 21°° century.

In order for humanity to continue to prosper, and to
make our individual lives more meaningful, we, those of us
here, have been endeavoring to develop and make use of the
full potential of science. Looking back, remarkable

results have been achieved. But not all have brought
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happiness to the people. We carry a negative legacy, too:
We have not properly coped with the worsening environment,
for example, and we must be aware of this. Sustainable

development must be part of the scientific goal hereafter.

What kind of society, then, shall we aim for in the 21°°
century? For me, the answer is in the expression, "richness
of life”, namely,"quality of life.” We must work to make
individual 1lives richer in meaningful ways. Advanced
science gives us the tools to do this. To succeed, however,
an appreciation of advanced science must also take root in
society - an appreciation among people; acceptance of it as
routine - including, of course, appreciation of nuclear

science as a useful technology.

Actually, when I named topics a moment ago seen as
important for the 21°° century, "nuclear energy” was not
among them. But the "quality” of energy generated by
nuclear power and the technology to positively utilize
radiation are the foundations of those other advanced
sciences. At the same time, there are - or can be -
synergistic effects between those areas of exploration and
nuclear technology that can help advance the level of
gscience itself, and yield the "richness” of life we all

seek.

Yet nuclear energy will not be able to play its role
unless we remain constantly aware of its risk. Specialists
and others who deal with nuclear power and radiation must
remain £irm and wvigilant, 1in order that one careless
mistake, an accident or mishandling, not again cause the
people to lose confidence in nuclear technology. Taking
this opportunity, I urge each of vyou in the nuclear
community to re-dedicate vyourself to this principle.

Without such a commitment among wus, proven without
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exception over the long term, it will be difficult for the
general public to understand and accept the usefulness what

we do - the usefulness of nuclear energy.

Energy security, global warming and human-resource
development are issues of the very long term - issues for
the entire century we have only just begun. On each there
must be action now, even as, on each, we continue to think
far ahead. The long-term advantages of nuclear generation
- supply stability, no greenhouse gases - are clear. For
it to take root as an energy source, the long-term
development of human resources necessary to successfully

manage risk must be undertaken with the same perspective.

Here in Japan, I think we are required first to create a
social environment where the necessity of nuclear energy is
understood. And that must start with people in their
formative vears. Education in primary, Jjunior-high and

high schools should include energy issues and the role of

nuclear energy. Students with interest and aptitude must
be encouraged. We must, £for example, continue the
development of innovative reactors - exciting, new
technology, not ‘“yesterday's technology”™ - in part to

inspire young people into nuclear-related careers. For our
work to continue, for our accomplishments to mean something,
for our hopes to be fulfilled, we must make certain that
capable, ethical engineers, technicians and managers follow

after us. That, too, is our responsibility.

All of this requires both a long and a broad vision. 5o
it is essential that the government also play an active
role, taking the initiative, for example, in speaking to
the people of the nation. The private sector is, of course,
committed to¢ making its own responsibilities clear, to

sharing roles properly with +the government, and to
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developing and implementing the best possible programs.

We meet today in Saitama, part of the Tokyo metropolitan
area. Saitama Prefecture consumes a large amount of
electricity and has very few power generation facilities.
It is an electricity transferring area, with its own share
of responsibilities, but also a typical "power consuming”
area.

Lately, in their perspectives on energy, we have seen
various differences emerge between major cities and other
places - especially differences 1in awareness Dbetween
nuclear siting areas and the rest. In this kind of
situation, I think it 4is important to create a better
system through discussions. Perhaps the existing role
sharing is appropriate for the future as well; or perhaps
it will be necessary for electricity consuming areas to

have some degree of self-supply.

Lastly, Mr. Katsuhiko Suetsugu, who 1is the Secretary
General of the Asia Pacific Energy Forum, served willingly
also, despite his terribly busy schedule, as Chairman of
the Preparatory Committee for this vear's conference. We
are grateful for his leadership. I would 1like to also
express my appreciation to all the members of the
Preparatory Committee, to the speakers from Japan and
abroad, and to all Session Chairmen. I ask you in the
audience to participate in the coming discussions and help

make the conference a success.

Thank you very much for your attention.
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35" JAIF: Nuclear Power in the Changing Socio-Political Environment

Session 1:
Energy Policy of the 21 Century and Nuclear Power

Nuclear Energy and Sustainable Development
Jacques BOUCHARD, Director of Nuclear Energy Division, CEA
22 April 2002

Sustainable Development

Globalization and sustainable development are among the topics of the current
societal debate. This is the perspective in which | would like to discuss nuclear
energy.

Sustainable development is defined as a development form which meets the needs
of the present-day generation without jeopardizing the chances for future generations
to meet their own. This concept relies on three major conditions, namely economic
growth, environmental conservation and social well-being. Far from being just a fad
or a new business communication device, sustainable development seems to be
reshaping behavioural patterns.

It is essential for energy debates to take place in this context, first because energy is
central to the world potential for development, and second because the choices
being made today are commitments for the future.

Thei ! f oil and
A prominent French oil executive recently wrote that he regards oil and gas as
energy sources with a future, and potential coniributors to sustainable development,
provided that two conditions, both realistic, are met. The first would be an expansion
of known reserves, which seems likely in view of stepped-up prospection and more
efficient operating techniques, leading to new discoveries and improved production.
The second is CO, sequestering through chemical or biochemical processes or by
injection into ground formations or deep water, which should be feasible at a
reasonable cost by 2015.

While oil and gas are covering the greater part of our energy needs, | regard it as
detrimental to burn such non-renewable energy sources which could be saved for
worthier applications.

When it comes to meeting the world's growing energy needs, we are confronted with
a challenge: 1o explain convincingly that nuclear energy offers major advantages
which definitely contribute to sustainable development.
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The sound economics of nuclear energy

The first advantage of nuclear energy is cost effectiveness. | need not elaborate
further on this point. As demonstrated by studies and confirmed by experience,
nuclear electricity generation is cost effective in France, in the U.S., in Japan and
in other countries, on deregulated markets open to competition. Profits are likely to
reach huge proportions when plant life is extended beyond full depreciation. Thanks
to nuclear power, France has one of the cheapest elecirical kWh in Europe and
French consumers' electricity bills remained unaffected by the latest surge in oil
prices. Such price stability, resulting from uranium market stability and the low
incidence of fuel cost on reactor operation, is crucial to a sustainable policy. The
geographical distribution of uranium resources is also conducive to the security of
supplies, also essential to a long-term policy. On this particular point, it should be
noted that the European Commission's Green Book on European energy supply
security predicts that Europe's dependency is due to rise from 50% to 70% by 2020.
In France and in the U.S., recent studies have shown nuclear power to remain
competitive, even as compared to gas, its sole competitor under favourable base
material cost conditions.

Environmental conservation is the second prerequisite 1o sustainable development.
Already well-known, the city of Kyoto has now become famous in France. The
debate on renewable energies and the greenhouse effect has led French media to
give the issue extensive coverage. Gradually, the press has been finding it
impossible to avoid mentioning nuclear energy as a non-emitter of CO,. Political
leaders realize that reducing CO, emissions would be difficult, even impossible,
without recourse to nuclear energy. In her very clear statements on this point, Ms.
Loyola de Palacio, the European Commission Vice-President, has regularly
confirmed that position. In France, besides the 15% share of hydro-power, it soon
became apparent that 94 MW of installed wind power could never grow to replace
the 63 000 MW from nuclear plants, whatever the effort and price incentives. The
same orders of magnitude are observed at global level, where, besides hydro-power,
the 24 500 MW of installed wind power is to be compared with 357 000 MW from
nuclear plants. It is thus clear that nuclear energy is the only form of base energy
- other than hydro-power — which produces no greenhouse gases.

In the medium term, the emission permits likely to be instituted will enhance nuclear
power's advantages, even while nuclear technologies have been excluded, so far,
from the "clean" development schemes in the Kyoto protocol.

Any discussion of sustainable development must raise the issue of long-term
resources. Here also, we all know the advantages of nuclear energy. Uranium
resources are widely distributed all over the world, which guarantees geopolitical
stability, thereby supporting sustainable development. To secure resources in the
very long term, fuel reprocessing, with plutonium recycling and the commissioning of
fast reactors will be two key approaches, on which | will elaborate later.

The nuclear industry is frequently cited as exemplary for its systematic, thorough
approach of safety issues and environmental impact. | would like to mention
COGEMA's MELOX plant, commissioned in 1995, which reached its rated production
capacity in 1997. Since then, the plant has been granted 1SO 9002 certification in
1997, 1SO 14001 in 1999 and the French Quality Award in 2001! Such achievements

conf_irm the excellent performance of nuclear facilities in the areas of
environment, safety and quality.
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Energy is an essentlal dnver of societal progress, as evidenced by the huge
consumption disparity between the richer and poorer countries. While OCDE
countries should strive to cut down on consumption, the fact is that it will rise sharply
in developing countries. If nuclear energy, cheap as it is and well-suited to large
cities, can fill their needs, it will contribute significantly io social equity and
development.

Beyond this aspect, the nuclear industry's social performance is worthy of
consideration. In France, as everywhere else in the world, nuclear energy relies on
high-level technologies. This provides enterprises with a permanent incentive io
train their personnel. For decades, safety has been given top priority, not just at
facility operation level, but in all everyday moves in the workplace. Because we
became aware, at an early stage, of the essential nature of human factors, the entire
nuclear industry is attentive to the well-being of its employees, and shows high
regards for their statutory rights. Salary policies are consistent with the
employees' high qualification levels. This is proof that, in this respect also, the
nuclear industry is a leader in social equity.

What are the solutlons lmprovements and responses needed tofurther promote the
role of nuclear energy in sustainable development?

First, the waste issue remains outstanding and should not be brushed aside.
Plutonium being recycled and burned in reactors, solutions must be found for the
treatment of minor actinides. The CEA is addressing the issue, some of the work
being carried out in Japan through a cooperative effort with JAERI. In 2001, we
obtained promising results in the areas of minor actinide high-yield separation and
transmutation.

Following transmutation, it will be necessary, sooner or later, to place uliimate waste,
mainly fission products, in interim storage facilities or in repositories. Finland,
Sweden, Germany, Belgium, the U.S. and Japan are already proposing solutions
which are, naturally, specific to each country. It is essential that these solutions be
understood by civil society, and that proof be given that the best possible efforis were
made to manage the waste in the best possible way, to minimize the long-term
residual risk, and to keep waste in containment for the required period of time. It
should also be stated that the cost of plant dismantling and radwaste management
has been included in the power generating cost, and only accounts for a few percent
of that cost.

Second, we must also work at further improving the competitiveness of existing
plants and future power generation facilities. This is an essential poini. Some
progress remains to be made in this area. R & D work on fuel and high burn-ups,
plant life extension, not yet effective in France: these are ways to improve cost
effectiveness. And, as we live in a world where short-term profitability is particularly
attractive, the initial investment cost must be reduced so as to encourage the
building of new reactors. In this respect, the modular, simpler 4™ generation reactors
should permit significant progress.

Third, to ensure that resources remain available in the very long term, we must
turn to two key approaches, namely reprocessing with plutonium recycling, and the
commissioning of fast reactors.
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Let us first consider the reprocessing-recycling policy. In the case of industrial
and domestic waste, this is the policy advocated by the political class as a whole, in
the interest of the environment. When applied to the nuclear industry, the closed
cycle approach — implemented in France and in Japan — permits conserving uranium
resources while making use of plutonium's energy content. Further, keeping
plutonium within the cycle prevents the building up of inventories. The French
experience of using plutonium in the form of MOX fuel for PWRs has demonstrated
the feasibility of recycling from both the safety and economic standpoints. | sincerely
hope that Japan will very soon be in a position to implement its policy for the use of
MOX fuel in reactors. This is the approach the U.S. has chosen for the recycling of
weapons-grade plutonium, instead of treating it as waste, which would pose storage
problems.

Beyond recycling, the burning of plutonium in fast reactors is the right approach
to very long term sustainable development. It is my opinion that this option will
stand out very clearly in conclusion of the work undertaken as part of the
GENERATION [V International Forum to evaluate the concepts proposed for the
future. The R & D work conducted in France supports this view. We have gained
exiensive experience with sodium-cooled fast reactors. We are continuing work
in this area within an international context, in a cooperative effort with Japan
concerning the JOYO and MONJU reactors.

We have also found it essential, in view of advances made in such fields as gas
turbines, to go ahead with research on complementary approaches, among which
gas-cooled reactor systems. While allowing the use of fast spectra, this approach
completes the range of available options, by taking advantage of coolant gas
properties to operate at high temperatures, leading to improved efficiency and new
applications. Sooner or later, fast reactors will be the key to the sustainable
development of nuclear energy. When that time comes, having worked out a number
of solutions and being in a position to propose them will be a distinct advantage.

Where do we go from here ?

First of all, and | hope | have left no doubt on this point, it is our role to speak out
loudly and clearly in support of the major assets of nuclear energy as a
sustainable development agent.

We should also think about the improvements which would help nuclear energy
respond even better {0 society's expectations. As discussed in the GENERATION IV
International Forum, we will have to propose new power generation systems with
constantly improved cost effectiveness and safety, a prime design consideration
being environmental protection through resource conservation and a reduction in
ultimate waste output. Another task will be, as is currently the case in many
countries, to come up with radwaste management solutions and propose them to
political leaders so that decisions can — at long last — be made.

To quote Antoine de Saint Exupéry, the French aviator and writer, "We do no inherit
the Earth from our parents; we only borrow it from our children." By taking nuclear
energy through a continuing process of improvement, economic optimization, natural

resources conservation and environmental protection, we will work at its sustainable
development.
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Nuclear Power in Europe:
Will Reality Overcome Ideology?

Dr. Peter Haug, Secretary General,
European Atomic Forum (FORATOM)
European Nuclear Society (ENS)

35" JAIF Annual Conference,
Saitama City, Japan

Monday 22 April 2002
Session 1: “Energy Policy of the 21 Century and Nuclear Power”

Good afternoon, ladies and gentlemen.

It is both a privilege and a pleasure to be able to speak to you today, and | welcome this

opportunity to give you a European perspective on the future of nuclear energy.

My role as Secretary General of FORATOM, the Brussels-based trade association for
Europe’s nuclear industry, and of ENS, the learned society, is normally that of ‘nuclear
ambassador’, but on this occasion | also have the task of ‘European envoy’ to perform.
The messages | bring with me concern a topic of great importance for our region of the

world — the prospects for a nuclear power revival in Europe.
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In this presentation, | would like to give an overview of where nuclear stands at present
and what the future might hold. This will be approached from different directions —
political, commercial, economic and environmental. Key national and EU-wide
developments will be covered. A summary will be given of the pressures and conditions
that could lead to a renaissance. On the negative side, | will speak about the main
obstacle standing in the way of this — that is, the public perception of the waste issue.

However, there are also some definite reasons for optimism, which | will conclude on.

The use of nuclear power is a political issue and will remain so for a long time to come.
Because of this, the rules of the free market economy cannot be applied in their purest
form. A power company’s plans to build a new reactor unit will undoubtedly come up
against loud and persistent opposition from those activist groups that are traditionally
opposed to nuclear. These groups will, as ever, work closely alongside their allies in
certain political parties. In contrast, the public at large might not take such a negative
line and might in fact adopt a more pragmatic approach. But when the crunch comes,
and politicians are faced with having to take definite decisions, they may well take the
easy option and decide that no action is the best course of action, in the interests of

political expediency.

As for the business context, the outlook is rather clearer — at least on paper. Under
certain conditions, nuclear remains a highly attractive proposition for a power company
seeking to provide baseload electricity on a long-term basis at predictable cost. As well
as enhancing energy independence, nuclear represents a ‘politically correct’ option,

thanks to its ‘clean air’ credentials.
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And what of the economic case for nuclear? That too has been underlined by various

factors:

o the Californian power crisis,

o the resulting new direction in US energy policy, and

e ongoing plans to build a new reactor in Finland, the country’s fifth.

On the political front, we see several instances that highlight the environmental and

economic case for nuclear.

At last year's COP 6 climate change conference in Bonn, nuclear was discriminated
against due to ideological pressures. But that does not alter the fact that the use of
nuclear is already providing major benefits in terms of reduced greenhouse gas
emissions. It is already helping certain countries to meet their CO, reduction targets and
will continue to do so for at least the next two-to-three decades and probably beyond. At
a later stage, parties to the agreement might be forced to revise their positions on the

issue of nuclear’s role in the Kyoto Protocol’s flexible mechanisms.

The Bonn conference may have discriminated against nuclear, but the event itself gave
the nuclear industry another excellent opportunity to highlight nuclear’s present and
future role in meeting our future electricity needs while reducing greenhouse gas
emissions. To that extent, the effort made by the industry during two years of hard
campaigning was a worthwhile exercise. For the future, the environmental arguments

for nuclear remain strong.

S1-7



In addition, the energy review in the UK has revived the nuclear debate there. The two
main nuclear companies, BNFL and British Energy, have both called for a resumption of
nuclear new-build, partly because the UK’s dependency on imported gas is predicted to
rise substantially and partly because of the retirement of existing reactors. Under the
circumstances, British Energy’s call to “replace nuclear with nuclear” makes perfect

sense.

In Spain too, the power sector trade association, UNESA, now says the time is right to
reopen discussion of the nuclear energy option. This is a position that the EU Energy
Commissioner, Loyola de Palacio, would clearly support. In her speeches, she has
repeatedly drawn attention to the environmental and economic advantages of nuclear

energy.

All these developments have been positive for nuclear. At least now nuclear is being
talked about in a more open and dispassionate way. Whether the media coverage is
biased or balanced, the debate in itself still raises the public’s awareness of the issues
involved. For the nuclear industry, that cannot be a bad thing. The big danger for the
industry is that nuclear will start to fade from public view and from the public

consciousness.

In the European media, the word ‘phase-out’ is often associated with nuclear power. But
the fact of the matter is that no European country, currently using nuclear, is in any
great rush to stop doing so. That even includes those countries with governments that

want to bring the use of nuclear to an end.
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The Green Party in Germany, when it became the junior partner in the country’s
coalition government, sought a quick exit from the use of nuclear. But it was quickly
realised that such a move was simply not possible for legal, environmenial and
economic reasons. So, a longer-term process was demanded by the government and

agreed upon with the major power companies, after a year of detailed negotiations.

The planned withdrawal from nuclear in Germany is not the overnight affair that Green
Party leaders had hoped for. More importantly, it will be a gradual process that might be
halted at any time by a new government. Even if there is no change in the present
agreement between the government and the major power companies, Germany’s

nuclear plants will be in business for at least another two decades.

Meanwhile, the Swedish government, having closed one reactor, is having great
difficulties meeting the conditions, set by parliament, for the closure of a second. For the
second closure to take place, electricity consumption will have to be reduced and
alternative, non-polluting generating capacity will have to be put in place. So far, none of
that has happened. Meanwhile, the loss of one reactor has been compensated for by
importing electricity from Denmark that has been produced to a large extent by burning
coal. In my view, this underlines the way in which hypocrisy has, to a large extent,

entered the field of energy policy.

In Sweden, government policy now seems to be switching towards a gradual and slow
withdrawal from nuclear, involving an agreement with utilities similar to the one in
Germany. Meanwhile, the plan to close the second reactor is expected to be reviewed

next year.
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Plans for a phase-out in Sweden are nothing new. Originally, the target was to end the
use of nuclear by the year 2010, but that deadline has since been overtaken by more
recent political decisions and has now been abandoned. Opinion polls in Sweden
consistently show that only about 20% of the population favour a phase-out of nuclear.
The vast majority of Swedes believe that nuclear should continue to be used so long as

the plants are safe and economically viable.

This Swedish situation highlights the benefits that nuclear offers — greater security of
energy supply, less dependence on energy imports and less air pollution. It should also
serve as a warning sign to other governments that may be contemplating a reduction in

the contribution made by nuclear to the national energy mix.

Belgium, which relies on nuclear for nearly 60% of its electricity, is the latest European
country to try to enforce a phase-out of nuclear power — by limiting to 40 years the
lifetime of the existing seven reactor units. But even so, a draft law on this will contain
an escape clause, which will enable the government to lift the time restriction if it

becomes clear that there is no alternative to keeping the nuclear plants running.

The phase-out policy of the curreht Belgian government dates back to 1998, when a
‘rainbow’ coalition made up of parties of various political ‘colours’ came to power. A
phase-out of nuclear within about 25 years was then the stated long-term objective. But
now, due to pressure from Belgian Green parties, there is a determined attempt to
convert that policy into a legal requirement. The energy minister, who is pushing for this
new legislation, is a member of the Green movement and a former director of
Greenpeace. As well as being anti-nuclear, he personally favours increased use of gas-

fired power plants and more wind turbines.
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There is a common thread running through these phase-out moves. In each case, the
principal coalition parties have had to secure the support of Green party leaders in order
to build and maintain an operational government machine. This support has been won
by allowing the Greens to pursue their anti-nuclear agenda by incorporating it into
government policy, even though the Greens may have only limited support among the

majority of voters.

So much for the role of nuclear at the national level, but what of the pan-European

dimension?

By looking at developments in Germany, Sweden énd Belgium, we already see in
Europe that extreme ideological positions do not fit in with the practicalities of electricity
production and of energy policy in general. If Europe is to meet its future electricity
needs in a manner that is economically and environmentally acceptable, it cannot afford

to exclude certain options, like nuclear, on purely ideological grounds.

The European Union is facing the threat of growing dependence on external sources for
its energy supply. There is a need to strengthen energy independence and to rely to a
greater extent on energy sources that offer reliable supplies at prices that are both

reasonable and stable. Nuclear satisfies these demands.

The EU is currently importing 50% of its energy from outside the Community, and this
level of dependency is expected to rise to 70% in the next 20-30 years. The Community
should be seeking to strengthen energy independence in the member states, and
increased use of nuclear is one way tc achieve this objective. This would mean
increasing the nuclear share in total EU electricity production above its present level of

35%.
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Meanwhile, the EU has given a firm commitment to meet its obligations under the Kyoto
Protocol. But it is generally accepted that it cannot do so without the nuclear component

in the Community’s energy mix.

At the EU level, the most important focus of political debate has been the European
Commission’s Green Paper on the security of energy supply in Europe. As with the
COP climate change process, this policy discussion document has been another
important opportunity for the nuclear industry to present the case for nuclear and to
argue that nuclear should play a significant role in a balanced and sustainable energy
mix.

A public consultation process on the Green Paper ended in mid-February, and the
follow-up is expected to involve policy statements and directives from the Commission
on overall EU energy policy. In response to the Green Paper, FORATOM has been
vigorous in spelling out the importance of nuclear in terms of security of energy supply
and CO, avoidance. The Green Paper recognises that these factors cannot be ignored
in the nuclear debate, but the discussion document — in part — conveys the impression
that nuclear is disliked and unwanted, and that moves by certain governments towards

phasing out nuclear are part of a general trend.

Regarding fuel supply, we accept that most of the uranium used in European reactor
fuel is imported, but we have also stressed, in our response to the Green Paper, that
supplies are abundant and from politically stable parts of the world, such as Australia
and Canada. In addition, spent fuel reprocessing turns an imported raw material into a

domestic energy resource.

What we are hoping for, as a result of the Green Paper, is:
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o a realistic appraisal by the Commission of the future role of nuclear,

o official acceptance that nuclear does have an important role to play in Europe’s

energy future, and

o recognition that Europe could derive even greater benefits from giving nuclear an

increased role in the future.

However, we do not argue that nuclear is the only rational option to be pursued. What
we do maintain is that Europe’s energy situation is so weak and precarious that no
single option should be ruled out, especially if certain choices are excluded on purely
ideological grounds. In that sense, Europe as a whole is quite similar to France and
Japan and other individual nations that are not well endowed with plentiful domestic

energy resources.

As | mentioned earlier, it might be possible for politicians to ‘buy peace’ on the political
front by dodging the issue until after the next election. But such an approach will do
nothing to maintain the fairly comfortable living standards that most people in Western

Europe enjoy today.

In 30 years, due the retirement of existing nuclear plants, nuclear’s contribution will be a
small fraction of what it is now, if no new nuclear power plants are built. So, we need to
ask what the alternatives will be. By then, in 2030, we may still have to wait another 20
years for fusion to become a reality. Gas might become quite a scarce and expensive
commodity at that stage. Renewables might help to fill part of the gap. But the massive
deployment of wind farms might turn areas of natural beauty into industrialised eyesores,

destroying tourism in many European coastal areas.
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Policy-makers at national and European Community level have the power at their
disposal to make sure that an energy nightimare does not become a reality. In the long-
term, we will have to reduce our consumption of fossil fuels in any event. Tighter
supplies of gas and higher gas prices, for instance, will start pushing up electricity prices

and will start fo have a negative impact on our economies.

Nuclear, meanwhile, represents a solution that we have here and now. It is something
that is ready and waiting for further deployment, without having to gamble on measures
to achieve energy saving and on energy sources that depend on the strength of the

wind and the sun.

What we may see in Europe over the next 20 years is limited new-build in specific

countries or regions where there is a clear need for new baseload capacity.

| believe that we are currently experiencing the emergence of a growing sense of
realism, a feeling that we have to get back to basics and think about how we can best
meet our future electricity needs. National or regional government control over electricity
production could not be sustained forever, but it did deliver stability and predictability.
These are two things that may be lacking in the future, and nuclear power could be part

of the solution.

To see a current attempt to bring about a return to stability and predictability, we need to
look at what is happening in Finland. In November 2000, the Finnish power company
TVO applied for a government decision in favour of constructing another nuclear unit, as
an add-on to one of the country’s two existing nuclear stations. Since then, the Finnish
government has given its backing to the scheme, and the plan wiII‘ be the subject of a

vote in parliament in May.
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TVO has spelled out the logic behind its choice of nuclear, and the reasons given point
to a typical scenario that could be replicated in other parts of Europe in the years ahead.

It is in just such a scenario that nuclear becomes an obvious choice for new investment.
The conditions facing TVO are as follows:

e increasing demand

o aneed for new baseload capacity

o environmental requirements

the risk of even greater dependency on imported gas and electricity.

These are typical factors pointing to nuclear as a new investment choice. In addition,
independent researchers in Finland found that a new nuclear unit would be the least-

cost option available.

But what are the conditions necessary to make construction of new nuclear plant a real

possibility?

A change to longer-term thinking would be one of them. This relates to the desire for

stability that companies and governments may have to develop in the future.

Being unable or unwilling to import electricity is another condition that would
support investment in new nuclear capacity. Imports and exports are an essential part of
any free market, but a certain level of self-sufficiency is also needed at both company
and national level. It is worth remembering that energy independence is the central

theme in the Commission’s Green Paper.
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Political commitment is yet another prerequisite for new nuclear power plants to be

built. This involves having a government committed to:
% energy independence,

# a versatile energy mix, and

* |lower greenhouse gas emissions.

Allied to this political commitment, must be willingness on the part of certain
governments in the EU to create a commercial environment conducive to new
investment in nuclear power. The private sector is willing to invest in major projects;
there is clear evidence of this. But the private sector also needs an assurance that a
long-term invesiment will be matched by long-term government support. Government-
designed mechanisms that have already been put in place to encourage investment in
renewables can also do the same for nuclear. A sound case can be made for this
government support. Nuclear would be helping governments to meet their Kyoto
commitments, and would be making an additional contribution to national economic and

environmental well-being.

Streamlined planning and plant licensing procedures will also have to be in place
for power companies to start taking the road towards new nuclear investment.
Companies will need to be sure of a final political decision within a reasonable

fimeframe.
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Public support for a new reactor unit may not be a major problem if existing nuclear
plant sites are used and are simply extended. In other areas, public acceptance would
need to be fostered by effective public communication programmes conducted by

companies and governments alike. Local communities would need to be made fully

aware of:

e the economic and social benefits that would flow from the new investment,
 the true environmental impact of the new reactor unit, and

» existing and planned radioactive waste management systems.

As far as public acceptance is concerned, opinion polls in recent years have
consistently shown that members of the public generally adopt a common sense
approach to the use of nuclear power. The survey results do not show any evidence of
massive popular opposition to nuclear, despite what the anti-nuclear groups may say.
Even in countries like Sweden and Germany, the polls clearly indicate that people see

no real reason to phase out nuclear.

However, the radioactive waste issue is something that must be clarified in the minds of
the general public. If this is not done, peoplé will start believing the classic argument of

the anti-nuclear groups — that ‘no-one knows what to do with the waste’.

The fact — as you all know - is that the nuclear industry does know how to manage its
nuclear waste in a safe manner. The safe management of all forms of radioactive waste

is a reality and has been for a long time.
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The only part of the picture that is still missing involves the realisation of final storage
facilities for spent nuclear fuel and for the small amount of high-level waste that remains
after spent fuel reprocessing. This material is safely stored on an interim basis, but at

some stage, it will have to be isolated from the biosphere permanently.

We already have the engineering techniques and the financial mechanisms to build the
necessary underground repositories. But these projects must have political and public
backing in order to materialise. The political process has advanced very well in Finland
were national and local authorities have already agreed to accept a selected site for a
final repository for spent nuclear fuel. This has given the go-ahead for site-specific
research work. In Sweden, the political development of the waste issue is also well

advanced and major political decisions are expected soon.

The European Commission can play an important role on this issue — in highlighting the
need for national governments to press ahead with research into repository projects and

public consultation procedures.

The Commission’s own research shows that most EU citizens believe this is an issue
that should be resolved now, and that it should not be left for future generations to deal
with. We have all benefited in one way or another from nuclear technology. Therefore,
we are all responsible for the waste produced, and this responsibility must be translated

into policy decisions and concrete actions.
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It may appear that the pathway towards nuclear new-build may be difficult and complex.
But basically, if the economic need becomes strong enough, the next two decades may
well see the construction of new nuclear plants in certain parts of Europe. This is
assuming, of course, that nuclear is not outlawed by individual governments for purely

political and ideological reasons.

This brings me to the question posed in the title of my presentation: Will reality
overcome ideology? There is a persuasive argument that nuclear new-build will occur
for one simple reason — economic necessity. This provides a strong basis for
maintaining the nuclear energy option and the related technological know-how and
infrastructure. However, because of the volatility of the political scene, nothing can be
guaranteed. One can only hope that, in the long-term, a truly rational approach to
energy issues will receive the appropriate public support, with voters and policy-makers

acting on the basis of facts, rather than fear.

In conclusion, | am in the fortunate position of being able to end on an optimistic note.

There are three main reasons for this.

Firstly, a vote last November in the European Parliament on a parliamentary report
responding to the Commission’s Green Paper. A paragraph in the resolution called on
all EU institutions to promote a shift towards zero-carbon emission fuels for power,
notably electricity generation from nuclear energy. It was recommended that this should

be done by removing legislative and fiscal obstacles.
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Secondly, the EU’s Energy Commissioner, Loyola de Palacio, clearly appreciates the
need to maintain nuclear in Europe’s energy mix. She rejects aécusations that she is
trying to promote nuclear, arguing that its use is an issue that must be discussed in a
calm and rational manner. Her position on nuclear was brought into sharp focus in a
recent interview she gave to a major national French newspaper. Pointing to the
positive aspects of nuclear in terms of greenhouse gas avoidance and security of supply,
she said: “What alternative can you give me to nuclear. There isn't one.” She went on to

say quite plainly: “We cannot give it up.”

The third cause for optimism is contained in the conclusions from a conference on
energy and transport, held in Barcelona by the Commission’s Directorate-General for
Energy and Transport. One of the Commission’s top officials described nuclear as
‘unavoidable” in the short and medium term for security of supply and climate change

reasons. “Nuclear energy is coming out of its bunker.”

| would agree with him entirely on this point. Nuclear is being brought out of its bunker
because climate change concerns and worries about security of supply are forcing
policy-makers to take the nuclear energy option much more seriously. ‘Coming out of
the bunker’ will mean new challenges as well as new opportunities for the nuclear

industry, but they are challenges that the industry will be only too delighted to take on.

Thank you very much for your attention.
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european atomic forum

Nuclear Power in Europe:
Will Reality Overcome Ideology?

Dr. Peter Haug, Secretary General,
European Atomic Forum (FORATOM)
European Nuclear Society (ENS)

351 JAIF Annual Conference
Saitama City, Japan
Monday 22 April 2002
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Overview - Political

Nuclear remains a political issue
Not a purely commercial matter

Still bound to provoke opposition, but
Not necessarily from general public

Political inertia: an inherent risk
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european atomic forum

Overview - Business
Nuclear a highly attractive proposition:

— reliable source of baseload power
— predictable costs
— enhances energy independence

— politically correct, thanks to
nuclear’s ‘clean air’ credentials
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european atomic forum
Climate change issue

Rejection at COP 6 in Bonn, but nuclear
—already helps reduce GHG emissions

—already helps nations to meet their
Kyoto targets, and

—~will continue to do so

Nuclear's role could be reassessed at a
later stage
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Economic aspects
The case for nuclear underlined by:

— Californian power crisis
— revision of US energy policy
— plans for Finland’s 5th reactor unit

— revived nuclear debate in the UK
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european a&omic forum

Green Paper on energy security

— Another opportunity to present the
case for nuclear

— document recognises nuclear’s
advantages, but also

— paints a gloomy picture of nuclear’s
future prospects

However, no countries are rushing
towards a nuclear phase-out
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Swedish phase-out
Highlights benefits of nuclear:

— greater security of energy supply
~ less dependence on energy imports
— less air pollution

A warning signal to other countries
considering a reduced role for nuclear

EORATON
european atomic forum

Green Paper: What next?

Commission should:

~ assess nuclear’s role realistically

— recognise nuclear’s important benefits
— avoid energy ‘discrimination’

Europe cannot afford to play political
games with its energy policy
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european atomic forum
Nuclear’s present status
° 35% of the EU electricity mix
 a solution we have here and now
 ready and waiting for further

deployment

Future growth possible - where there is a
clear need for new baseload capacity
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european atomic forum

Reasons for a nuclear renaissance

— Growing realism about how we
should meet future energy needs

— Desire to ‘get back to basics’

— Need for greater stability and
predictability
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european atomic forum

A nuclear new-build scenario

— Predicted increases in demand

— Need to replace ageing capacity

— Pressure to meet environmental targets
— High gas prices

— Need to lower import dependency
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european atomic forum

Creating the right conditions
Longer-term thinking
Resistance to import dependency

Political commitment to:
— greater energy independence
— versatile energy mix
~ lower GHG emissions

Streamlined planning & licensing procedures
Public awareness, acceptance and support
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european atomic forum

Main obstacle: Radwaste issue
— Greater public awareness is essential

— Safe management of all forms of
radwaste is a reality

— Solutions are already in place or awaiting
implementation

— Political and public support for
repositories can be won through
consultation and consensus
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european atomic forum
The way ahead...
— May be difficult and complex

— Nuclear new-build will happen
— if the economic need is great enough

— if nuclear is not rejected for purely
ideological reasons
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european atomic forum

Reasons for optimism

— European Parliament resolution
underlining the important role of nuclear
‘shift towards zero-carbon emission fuels for
power, notably electricity generation from
nuclear energy’

— Realistic stance taken by EU Energy
Commissioner

— New perception that nuclear ‘is coming
out of the bunker’
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Profi. Leonid Bolshoy, Dirsctor, IBRAZE RAS
Dirscitor, VNIINY -

Dr. Alescandr Vertulin,

» Severe accidents analysis (MELCOR)

o Safety assessments (ISAs of Kola,
Novovoronezh, Kursk NPPs;
PSA methodology; regulatory requirements
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«Nuclear Power Development Strategy in Russia

in the first half of XXI century»
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2011~2020 ~ Replacements
and new designs - 28 GWe:

6 GWe ~ Replacement
of the 1st generation units;
22 GWe ~ New designs

Modemization and life extension
of the {1st generation units (6 GWe)
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NPP share
in the European part
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energy in the long term ina sustamable ecnnomlc f
{competitive), safe, ecologically clean and
proliferation resistant way.

Two stages of nuclear power development:

° Stage 1 (on-going) — evolution improvements on
the basis of proven nuclear reactor and fucl cyclc

[

Reduction of nuclear electricity costs
Plant life extension

Operational safety upgrades

Spent fuel and radwaste management
Non-proliferation. -

]
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Nuclear Power from the View Point of an Environmentalist
by Bruno Comby, President of EFN

"I personally believe that mankind needs nuclear
energy. It must be developed, but with absolute
guarantees of safety.”

ANDRET SAKHAROV®

Today, many environmental organizations oppose nuclear energy. They propose many reasons to
explain why, according to them, nuclear energy would be dangerously unsafe, unclean, anti-
democratic, and should be considered as an energy with no future.

However, as an environmentalist dedicated since 20 years to promoting a better life-style and
protection of the environment, and with some knowledge in the field of energy, I propose a new
view point, based on solid scientific and environmental facts, rather than on irrational dogmas or
political agendas, which shows that, for environmental reasons, well built and well-operated
nuclear energy is in fact very ecological and can be considered as a central pillar for the
satisfaction in a clean manner of the planet's energy needs, that is for creating or maintaining
peace and an acceptable life-style for all inhabitants of the planet Earth, and especially to face the
thirst for energy of industrial modern countries while saving as much as possible theuse of fossile
energies for other uses than just burning it and for the development of the poorer countries in
Asia, South and Central America, and Africa, until they, themselves will access a level of
industrial and financial wealth sufficient to access the use of clean nuclear energy.

While many environmental groups continue to criticize nuclear energy, and sometimes influence
the political decisions of some countries, this new environmental view point leads to the
conclusion that nuclear contrary is in fact the safest and cleanest energy available, and will be
absolutely necessary to satisfy the planet's energy needs in the 21* century.

The world's population is growing and the planet's energy needs are too

Today 25% of the world's population in the richest countries, consumes 75% of the energy. We
can only hope that the on-going development of developing countries will continue. The world
population is increasing constantly and can be expected to perhaps double by 2050. These two
effects (development of developing countries, and increase in world population) are going to
dramatically increase the global consumption of energy, the use of fossile fuels, and the
production of carbon dioxyde rejected in the atmosphere. The world is thirsty for more energy
and this is inevitable, even if developed countries were capable of reducing their energy
consumption significantly.

The different types of energy available

Fossile energies (oil, ags, and coal) are the most consumed energy today. However they
massively contribute to the greenhouse effect, especially coal, the only one of the three which has
Ieserves extending out to face our needs throughout the coming century. Because they are
mssively polluting the atmosphere, and/or will become scarce in a few decades, fossile energies
will not, alone, be capable of facing the growing needs of humanity. The top priority should be to
reduce our dependance on these energies.
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Hydro-electricity is a renewable energy, but there are only a limited number of sites, the potential
is therefore very limited in the future (the most interesting sites are already equipped in most
countries). Hydro-electricity can help, and should be encouraged, to produce a certain amount
(unfortunately limited) of energy in the future, but will not solve the problem alone. Due to the
increase in global consumption, and even if we take in account the development of all new
possible sites, the share of hydraulic energy is expected to decrease in the 21* century. Hydraulic
dams also have a strong impact on the environment (flooding entire valleys) and are not without
risks of major accidents. Although nuclear energy and hydraulic dams have produced similar
amounts of electricity in the 20" century, dam bursts in the past have killed much more than
nuclear energy. For example a single dam burst in Malpasset, France (December 2™, 1959),
created a giant 40 meter high wave that killed 429 persons in a few minutes (10 times more than
the Tchernobyl accident did in 16 years) entirely destroying the village of Malpasset, and
flooding the city of Frejus 30 km downstream.

Other renewable energies (solar, wind, etc.) can contribute to some (rather small) extent, and
they should be encouraged, but they are too "soft" and "diluted" and "not constant" over time, to
contribute significantly. They produce watts or kilowatts, while the population is consuming
gigawatts or Terawatts. When a global life cycle analysis of different types of energy production
systems is made, solar and wind are largely disqualified due to the amount of energy and
construction materials that would be needed to develop large surfaces of such installations (not to
speak of the effect on the landscape). For domestic water heating, however, sun heaters by direct
circulation of water in pipes exposed to the sun are quite OK. For tropical and some of the
poorest countries such as Madagascar, some simple solar heaters could also help to slow down
deforestation and the burning of wood just for cooking. Renewable energies can be well adapted
for low temperature thermic energy needs (typically cooking or domestic hot water), but they are
not very interesting (and would not be ecological) for the fabrication of electricity to be
distributed on the grid.
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Renewable energies other than hydraulic produce only small amounts of non-constant energy.
The only alternative to produce significant amounts of clean energy is nuclear energy.

Radicactivity in nature

Radioactivity exists everywhere in nature. We are exposed to intense and continuous natural
radiation coming from the sun, cosmic radiation (from stars other than the sun), telluric radiation
(from the ground), and even to the internal radiation of our own body (about 10 000 Becquerels
for an average individual). The amount of natural radioactivity can vary very much from one
region to another. The average background radiation on Earth is by the order of 0.2 microSv/h, or
about 2 mSv/year. But in some areas such as Guarapari in Brazil, the radiation can be locally as
high as 40 microSv/h (400 times more than the average background radiation). In Ramsar,
Northern Iran, some people are exposed to natural radioactivity at the level of 260 mSv/year
(compared to an average background radiation of 2 mSv elsewhere). No adverse effect
whatsoever of such high natural background level of radioactivity has ever been demonstrated (if
not some positive effects). Even plutonium exists in nature, where it appears by the effect of
cosmic radiation on the U 238 contained in the Earth's crust. If the natural levels of radiation
(even the highest ones) do not seem harmful in any way, however, we must be careful to protect
the population and nuclear workers from the risk of exposure to very high levels of radioactivity.

The high density of nuclear power

One gram of uranium or plutonium or thorium yields as much energy as one ton of oil. Nuclear
energy is therefore much more concentrated and powerful, by a factor of one million, than
chemical energy. This is often seen as a danger, but this "factor one million" also implies
considerable ecological benefits : to produce the same amount of energy, one million times less
raw material (fuel) is required, and the volume of the waste produced is by order of one million
times smaller, therefore much easier to handle, reprocess and deal with.

Nuclear waste

Nuclear waste is produced in very small amounts (compared to fossile energies), and they are, by
definition, self-degradable over time, which is not the case of toxic stable chemical substances.
Because of the small volumes of these wastes, they can be easily confined and stored, rather than
being rejected into the biosphere or oceans. These waste can and should be reprocessed, and the
ultimate waste (only about 3% of the used fuel for PWR's) can than be safely stored underground
in a well chosen safe place. The natural reactors at OKLO (Gabon) which have been functioning
two billion years ago, show us that, even when the waste is not confined, the heavy metals and
waste elements of the nuclear reaction hardly migrate at all in the soil, even when no special
protection or confinement system has been installed. Ethically, we must dispose these small
volumes of initially highly radioactive waste in a safe way, and morally it is our duty that this be
done by the same generation who built and operated the NPP's and benefited from it's electricity.
For ecological reasons, used nuclear fuel should not be considered as waste, and should be
reprocessed, as is the case in France, Great Britain, Russia, and Japan.
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This cylinder represents the volume of high-level vitrified long-lived radioactive waste resulting
from the nuclear fuel that would produce enough electricity to meet the needs of a typical family
in all-electric housing with modern conveniences (heating, cooking and other household
appliances) for about 30 years. These wastes are not discharged into the environment, but are
carefully confined. They are harmless to man and to the environment if they are buried deep
under-ground. Nuclear waste represent only a very small volume and their radioactivity decreases
very rapidly in the first years.

The example of France

I am very proud as an environmnentalist to be a citizen of the country with the highest share of
nuclear electricity (80% of the French electricty production is nuclear), because, in great part
thanks to our NPP's, we are one of the cleanest of all developed countries. A French citizen
rejects into the atmosphere about half the amount of carbon dioxyde as a German or Danish
citizen (their windmills don't produce enough energy to significantly reduce their emissions), and
three times less as American citizens. Every year, France's 58 nuclear reactors avoid rejecting
more than 200 million tons of CO2 into the planet's atmosphere. France shows to the world to
what great extent developing nuclear energy can contribute to protecting the environment.

Informing the public

There are still many myths about nuclear energy. It is essential for the future, and for a cleaner
planet, to better inform the public, and much remains to be done in this area. Environmental
organizations can and should play a major role in this regard, because they are the most
appropriate organizations when it comes to speaking about the environment. However this
information should be done in a complete and honest manner, not by manipulating the public
opinion with scary highly unrealistic scenarios as some anti-nuclear organizations often do. Now
the time has come, and it is a vital issue for humankind, to, as Prof Akimoto nicely writes " dispel
the many myths surrounding atomic energy that have been created by international intrigue and
power struggles, individual ambition and sensationalism, and release ... (citizens) ... from the
misunderstandings and confusion created by scientists and statesmen with narrow views."

Conclusion

Well built and well-operated nuclear reactors are a very safe and very clean source of energy for
the future. We absolutely need to be very cautious about building safe nuclear reactors, and
avoiding exposure to very high radioactivity or to prevent any military use of nuclear energy, but,
this being said and done, we need not be afraid of relatively small (that is comparable to natural
quantities) of radioactivity which have always been bathing the whole of the universe since it
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exists. As explains James Lovelock, author of the Gaia Theory, one of the main founders of
environmentalism " Life began nearly four billion years ago under conditions of radioactivity far
more intense than those that trouble the minds of certain present-day environmentalists.
Moreover, there was neither oxygen nor ozone in the air so that the fierce unfiltered ultra-violet
radiation of the sun irradiated the surface of the Earth. We need to keep in mind the thought that
these fierce energies flooded the very womb of life. I hope that it is not too late for the world to
emulate France and make nuclear power our principal source of energy. There is at present no
other safe, practical and economic substitute for the dangerous practice of burning carbon fuels."

)

The Civaux nuclear power plant in France.

NOTES :

(1) EFN : Association of Environmentalists For Nuclear Energy - www.ecolo.org - EFN is a non-
governmental, non-political international organization gathering more than 5000 members and
supporters in more than 40 countries.

(2) Andrei Sakharov, in his foreword to “The Truth about Chernobyl,” by Grigori Medvedev,
translated from the Russian by Evelyn Rossiter, I. B. Tauris & Co Ltd, London - New York (May
1989).

(3) Pr. Yumi Akimoto, in his introduction to the Japanese edition of the book "Environmentalists
For Nuclear Energy", by Bruno Comby, recently published in Japan by ERC SHUPPAN
Publishing Co., April 2002.

(4) Pr. James Lovelock, in the book "Environmentalists For Nuclear Energy", TNR Editions,
Paris, 2001 (recently published in Japan by ERC SHUPPAN Publishing Co., April 2002).
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PRESENTATION OF
JOE F. COLVIN
PRESIDENT AND CHIEF EXECUTIVE OFFICER
NUCLEAR ENERGY INSTITUTE
TO THE
JAPAN ATOMIC INDUSTRIAL FORUM ANNUAL CONFERENCE
SAITAMA CITY, JAPAN
APRIL 22, 2002
“U.S. Energy Policy and the Nuclear Renaissance”

Good morning ladies and gentlemen. Iam delighted to be back in your beautiful country.
We have just completed our annual Cherry Blossom Festival in Washington, D.C.,
commemorating the generous gift of the Japanese government that has so beautified our Nation’s
Capitol. Iam pleased to see that it is an equally lovely season of the year here.

Two years ago, I was honored to be able to address my Japanese nuclear industry
colleagues at your annual conference. Many of you may have been in attendance. 1 told that
audience that the U.S. nuclear industry had achieved unprecedented levels of safety, reliability
and operating efficiency during the 1990s. I offered some statistics to support my statements,
and I predicted even brighter days ahead.

I am pleased to say that the U.S. nuclear industry has more than justified my optimism.
Every performance and safety category I cited two years ago is even more improved...the
support for nuclear power in U.S. energy policy is even stronger...and the issues that our critics
would like to use to limit the role of nuclear power in America’s energy: future — such as the
Yucca Mountain used fuel repository -- are closer to resolution.

We are in every sense experiencing a nuclear renaissance in the United States. Nuclear

energy is continuing to prove its tremendous value both to our environment and to our economy.

Support for nuclear energy among U.S. government officials and the general public remains high,
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despite the security concerns raised after the September 11 attacks. We have been very
successful in our efforts to assure the public that our nuclear facilities are safe, robust and well
protected. I will discuss security further in a few minutes.

The U.S. nuclear industry’s outstanding record of safety, reliability and production has
created this nuclear renaissance we are now experiencing. In fact, it is the unparalleled
performance of the industry in these fundamental areas over the last decade that forms the basis
for the future of the U.S. industry.

[OUTPUT SLIDE]

When I was here two years ago, I said that nuclear output was up about 8 percent in 1999,
to a record total of 728 billioh kilowatt-hours. Production rose further in 2000, and we just got
the results of the U.S. industry for 2001, and found that production had risen still further, to yet
another record — 767 billion kilowatt-hours. We like to say that nuclear productivity has risen 33
percent since 1990 — and added the equivalent energy to the grid of 24 new nuclear plants.
(CAPACITY FACTOR SLIDE)

Two years ago, I also told you that the average capacity factor of all U.S. reactors
reached a record level of nearly 87 percent in 1999. Final numbers for last year show an average
of about 91 percent — another new record. The last decade has seen significant achievements in
performance that have given our industry considerable reason for pride.

(COMPARATIVE SAFETY SLIDE)

This outstanding performance is largely a result of the industry’s focus on safety at all of
our facilities. Time and time again we have seen that the safest plants are the most efficient.
Safety is ingrained in the behavior of every employee at every nuclear facility in the country.

This slide shows comparative data for industrial safety, and you can see that it is safer to

work in a nuclear plant than in an office. Not because a nuclear plant is inherently safer than an
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office. It isn’t. But because of the attitudes and continued focus on safety of the people who
work at nuclear plants.
(PRODUCTION COST SLIDE)

Increased productivity and a focus on safety have dramatically lowered nuclear
production costs in the U.S. In 1999—the latest year for which we have complete comparative
data—nuclear energy’s production costs were 1.83 cents per kilowatt-hour, well below the costs
of competing fuels. Production costs include operations, maintenance and fuel.v In 2000, we
continued to lower the bar, at 1.74 cents per kilowatt-hour, and we expect to beat that again when
the latest complete year’s data come in.

I might add that these are industry averages, and our top quartile plants are much lower,
averaging production costs of about one-cent per kilowatt-hour.

There is an obvious question, with average capability factor so high, and costs dropping
so low — is this level of performance sustainable? The answer to that question, also, is yes! Not
only is the level of performance sustainable, but there’s a realistic prospect for further
improvement.

(SHIELD SLIDE)

Another obvious questions presents itself in the wake of the tragic events of September
11. Despite the excellent performance, and the economic and environmental advantages, is
nuclear energy in the U.S. in danger of being curtailed or shut down as a perceived target of
terrorism?

No, we are not. Since that date, NEI has coordinated industry efforts to enhance security

and safety, to allay public fears and to prevent ill-considered actions by our government.
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U.S. nuclear plants have been at the highest level of alert since September 11. As you
know, our plants are robust physically and are well protected by highly trained and well-armed
security forces of over 5,000 officers.

We have been working closely with government at all levels -- including the new Office
of Homeland Security — to coordinate the development of a seamless responsibility for security
among local and state law enforcement, the private sector, and the military, if necessary.
Resolution of the security issue has taken a lot of time, and there remains work to be done, but
our latest surveys show continued strong support for nuclear energy among the American people,
and their confidence that U.S. nuclear facilities are both safe and secure.

[PAUSE]

It is extremely helpful in a time of uncertainty to have such a supportive Administration
in Washington. The Bush Administration announced its national energy policy last year, and
envisions an expanded role for nuclear energy in the future U.S. energy mix. After decades of
either being ignored or mentioned negatively in U.S. government policy statements, it was
gratifying to hear President Bush declare that nuclear energy must be a major part of our national
energy policy and that we need to build more safe nuclear power plants.

(YUCCA MOUNTAIN SLIDE)

It is satisfying to hear that there is a role for nuclear energy in the national energy policy.
But in the past, energy policy in Washington has sometimes not gotten past the talking stage.
The Bush Administration, however, is vigorously turning its policies into action.

Perhaps the most positive action is the decision by President Bush that the Yucca
Mountain site in Nevada is well suited to be the national repository for used nuclear fuel. The

state of Nevada opposes the choice of Yucca Mountain, despite the 20 years and $7 billion that
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has been spent establishing a firm base of scientific support for its suitability. N evada has
disapproved of the selection, as is its right under the law, but we are confident that the U.S.
Congress will override Nevada’s action by voting in favor of the Yucca Mountain repository.
The Department of Energy will then be able to proceed with licensing and, eventually,
construction.

That will resolve the main obstacle to widespread deployment of new nuclear facilities in
the United States.

The Administration also has begun implementation of the Nuclear Power 2010 Initiative,
which it calls “a roadmap” for the deployment of new nuclear plants in the U.S. by 2010.

“Under this new initiative,” said Secretary of Energy Spencer Abraham in making the
announcement, “the government and the private sector will work together to explore sites that
could host new nuclear plants...to demonstrate the efficiency and timeliness of key Nuclear
Regulatory Commission processes designed to make licensing of new plants more efficient,
effective and predictable...and to conduct research needed to make the safest and most advanced
nuclear plant technologies available in the United States.”

The first of these steps is already under way. Two U.S. nuclear operators, Dominion
Resources and Entergy Corporation, have revealed that they have begun studying existing sites at
the North Anna station and the Grand Gulf station, respectively. Another major nuclear plant
operator, Exelon, is expected to make its plans public shortly.

They will test the new Nuclear Regulatory Commission early site permitting processes,
which make it possible for a company to set aside, or “bank” sites in advance of making a

decision to build a new plant. The early site permitting process is only one example of
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regulatory improvement by the NRC, which is aiding the industry in both its current operations
and future planning.
(NRC REACTOR OVERSIGHT SLIDE)

Another example is the NRC’s revised reactor oversight process, which is more objective,
focused on safety and transparent to the public than the old process. The new process tracks 18
safety-related performance indicators, and the level of oversight is directly related to a plant’s
performance. Performance is color-coded into four bands — green, white, yellow and red. Green
indicates a high level of safety, white slightly lower, yellow acceptable, and red indicates a
problem. This chart sufnmarizes recent safety performance, and you can see that the industry is
doing very well.

(LICENSE EXTENSION SLIDE)

The NRC and the industry have improved the process for renewing the operating licenses
of existing nuclear plants. The new process has reduced both the time and expense of license
reneWal. But the really significant factor in the decision to renew a plant’s license is the value of
the nuclear asset.

When I‘was here two years ago, I was proud of the fact that the first two 20-year license
extensions had been approved, and that 30 percent of the U.S. nuclear fleet were expected to
seek extensions. Since then, six more license extensions have been approved, and 40 more
plants have either applied or announced their intentions to apply. We now expect virtually all
U.S. nuclear plants to seek license extension.

(LIFE CYCLE SLIDE)

I am sure that some of you recognize this slide, which shows the life cycle CO2

generation from various fuels. It originated with your Central Research Institute of Electric
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power Industry. I enjoy sharing this information with American audiences, because it illustrates
quite well one of the most important reasons for the renaissance of nuclear energy in the U.S. --
its environmental superiority.

The U.S. government declined to sign the Kyoto Accords, as you know, but the Bush
Administration is committed to finding its own way to attain rigorous environmental goals. In
outlining his goals for clean air and greenhouse gas reduction earlier this year, the President
acknowledged the role nuclear energy muét play.

Environmental considerations also played a role in the renewed interest in nuclear energy
by the government of Great Britain. And here in Japan, the government has said it will rely on
nuclear energy in achieving the goals of the Kyoto Accords.

(CARBON REDUCTION SLIDE)

I do not believe that any meaningful environmental goals for the future can be achieved
anywhere in the world without reliance on nuclear energy. In the U.S., for instance, nuclear
energy now accounts for 43 percent of the total in the current Voluntary Carbon Reduction
program, far more than any other source. That alone would make a clear case for retaining the
existing nuclear fleet, even if demand for electricity in the United States remained unchanged.
But electricity demand will not stay unchanged.

(DEMAND GROWTH SLIDE)

The U.S. Energy Information Agency projects that the United States will need an
additional 393,000 megawatts of electricity to meet a modest growth rate in electricity demand
of 1.8 percent annually over the next 20 years. That would add 50 percent to our national grid.

And that level of increase assumes a growth rate that is actually slower than the 2.2 percent
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growth in electricity demand that the U.S. has experienced over the past decade. If the growth
rate is 2.5 percent, we will need to increase our grid by over 70 percent.

Where will this electricity come from? Certainly, some future demand will be met by
renewable sources, such as solar and wind, and probably distributed generation. But the logistics
of these still-fledgling industries tells us that massive deployment will not be possible. Some
will of necessity be generated using natural gas and coal — particularly clean coal technologies.
(MAINTAINING AMERICA’S CLEAN AIR SLIDE)

But a certain amount of it must come from nuclear energy. About 60,000 megawatts of
new nuclear capacity and, supplemented by an increase in electricity from renewables, will be
needed just to maintain the current level of 30 percent of U.S. power from emission-free sources.
The need for that large a contribution from nuclear energy helped us to shape our vision for the
nuclear future in the U.S.

(VISION 2020 CAPACITY SLIDE)

Last year, we unveiled Vision 2020, a plan to provide America with the needed 50,000
megawatts of new nuclear capacity, (VISION 2020 EXPANSION SLIDE) and another10,000
megawatts of expansion of existing capacity. An additional 60,000 megawatts of capacity might
seem like an ambitious goal -- the equivalent of three new 1,000-megawatt plants per year
between now and 2020 -- but it is in reality not excessive, when we consider America’s energy
needs.

In the year since we announced Vision 2020, we have begun laying the groundwork to
make it a reality. The early site permitting initiative I mentioned earlier is part of a system of

new legislative and regulatory processes for building and licensing new nuclear plants that
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includes the Department of Energy’s plans. The NRC also has pre-certified three advanced plant
designs, and more such approvals are expected.

In addition, NEI is coordinating an industry-wide program to attract the capable young
people we will need to run the nuclear plants of the future, and we are working with industry to
make sure that the necessary infrastructure — the materials, equipment and construction
capabilities -- are in place when needed.

This is truly an exciting time for the U.S. nuclear industry. Nuclear energy has compiled
a record of safety and performance that has proven its value to the U.S. economy, and to
environmental quality. Nuclear energy is no longer a choice for the future, it is an imperative.
No other fuel for electricity generation available in the United States can match nuclear energy’s
combination of low production costs, forward price stability, environmental and energy security
advantages.

Let me acknowledge that the U.S. is not alone in experiencing a nuclear renaissance. We
are heartened by the positive developments in Japan, the United Kingdom, Finland and
elsewhere in the world. Our industry is truly poised for a new era worldwide.

(WORLDWIDE RENAISSANCE SLIDE)

I spoke recently to the World Association of Nuclear Opera'tors biennial meeting, and
brought them the same optimistic message. In my final words to them, however, I added a
caution. I will leave you with the same message.

“Without our collective, underlying commitment to safety,” I said, “the promise of
nuclear energy for future generations around the world will evaporate before our eyes.” That is

something none of us in the nuclear industry must ever forget.
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I thank the members of JAIF for your contributions to the world’s nuclear industry, and
look forward sharing with you the challenges, and the successes, of the future.

Thank you.
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Capacity Factor
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Electricity Production Costs
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Yucca Mountain:
Critical Decisions in 2002

° President recommended Yucca
Mountain site based on rigorous
scientific assessment

° Nevada Objection

— Next Steps:
v" Simple majority vote in House and Senate
overrules Nevada objection
# v DOE License Application to Nuclear Regulatory
Commission

U.S. Nuclear Plant Performance:
Sustained High Levels of Safety

Source: U.S. Nuclear Regulatory Commission

Reactor Oversight Process: Key Results
1st Quarter 2nd Quarter 31 Quarter
2001 2001 2001
92 units 93 units 95 units
all “green” all “green” all “green”

9 units with 10 units 8 units
one “white” one “white” one “white”
1 unit with

two “whites”
1 unit with

three “whites”
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License Renewal:
Unlocking Additional Value

Approved © Already flied Announced 2002 2003
Calvert Cliffs 1,2 N“'me‘z\ of '“1 ,‘;“ Robinson 2 Dresden 2,3
QOconee 1,2,3 58 1 nna 1, Point Beach 1,2 Quad Citles 1,2
Arkansas Nuclear my éz Ginna Farley 1,2
One Unit1 Peach Bottom 2,3 V.C. Summer Arkansas Nuclear
Hatch 1,2 Catawba 1,2 One Unit2
McGuire 1,2

HNine Mile Polnt 1,2
% Cook1,2
So iy Browns Ferry 2,3

St. Lucle 1,2
Fort Calhoun

2004

Brunswick 1,2
Beaver Valley 1,2
Davis-Besse
Pligrim

Milistone 2,3

2005
Coaper
Susquehanna 1,2

2007
Sequoyah 1,2

Life Cycle CO, Emissions
from Sources of Electricity
Generation

B Equipment/Operation

g C0,/ kWh

Source: CRIEPI/Japan &
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Carbon Reductions: Nuclear Power
Dominates U.S. Voluntary Program

Industry 5.2%
Other Sectors

5%

Agriculture & Forestry
1%

Alternative
Energy 22.2%

v Carbon emissions avoided
by nuclear plants as a result
of improved performance:

Largest single component
of Carbon reductions

achieved by the U.S. Electric Power Electric Power
voluntary program (Non-nuclear) (Nuclear)
28.6%
Source: Prepared by NEI with EIA Voluntary Reporting of Greenhouse Gases 2000 data. 4‘33%

Significant Increase in
Electricity Demand

564,000

600,000 —
500,000
393,000
400,000

300,000 _

Megawatts

200,000 _

100,000

0

1.8% 2.5%

Annual Growth
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Vision 2020

In 2020...

Another 10,000 megawatts of capacity have
been added through increased performance
and efficiency at 103 nuclear power plants.

10,000 megawatts from
increased efficiency

Worldwide Renaissance
of Nuclear Energy

Maintain an absolute commitment
to safety throughout the nuclear
industry and we can secure the
promise of nuclear energy for
future generations worldwide.
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Energy and Nuclear Power
in 215 Century

April 22, 2002

Nobuya MINAMI

:é: CO, Emissions and Concentration
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*: Data from Antarctic ice cores  Source: Environmental White Paper (Japanese Government, 1997)
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Energy Consumption per Capita

Population (millions)
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World Energy Consumption and CO, Emissions
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CO; Emissions from Fossil Fuel

TEPED

Others
21.0%

US.A.
24.9%

7 CO, Emissions
in 1999
6100 Million tons
(Carbon Equivalent)/
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Latin America<_ 13.9%

3.9%
Former USS

10.2% Middle East
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Source: CO, Emissions from Fuel Combustion (IEA)

Japan
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Life Cycle CO, Emissions by Type of Power Generation

[J Generation B Construction & Others—

800 71

519

200

11

Coal 0il ING ING Nuclear Hydro  Photo-  Wind
(CO) voltaic

Source: Central Research Institute of Electric Power Industry 6
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.é‘ Projected Electricity Supply in Japan
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Source: Abstract of Electricity Supply Plan (Japanese Government, 2002) 7

Opinion Poll on Nuclear Power

TERPCO

Do you know “Nuclear power
plants produce NO CO,
emission in operation” ?

Do you think “Nuclear
power plants are safe” ?

!D Yes B No O Othersi ]D Yes B8 No I Cannot decide and Others :

| I L

Total 37%

Total 46%

Men 67% ' 6% Men

Women 26% 14% Women

Figures include “somewhat” yes/no
Source: Japan Productivity Center for Socio-Economic Development 2001 ¢
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35th JAIF Annual Conference
Nuclear Power in the Changing Socio-Political Environment

Session 1:
Energy Policy of the 21th Century and Nuclear Power April 22, 2002

Nuclear Energy and Sustainable Development
Jacques Bouchard,

Director of Nuclear Energy Division, CEA
jacques.bouchard@cea.fr

1 C@oau.o.o;;g,-

Nuclear Energy Division

The sustainable development :
economic, social & environmental performances

Environment Eneray efficiency,
Preservation of the resources,

Emissions, effluents & waste, ...

oci .

S cl al Economic performance
equity

Quality of management, Profits, Investments,

Training/Education, Health & safety, labor productivity, ...

freedom of association, Human Rights, ...

In the USA, 1$ out of 9 is invested in sustainable development

) 16

Nuclear Energy Division
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Is current energy consumption sustainable ?

MTOE

16000

World production of primary energy

14000

12000

] Renewables
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(SOURCE : AIE, World energy Outlook 2000 )
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Nuclear Energy Division

The nuclear electricity is competitive

Production costs in the US
(cents £Wh)

1998 1999
NUCLEAR 2.13 1.83
COAL 2.07 2.07
ol 3.24 3.18
GAS 3.30 3.52

Source : Utility Data Institute 2001

4 1€

Nuclear Energy Division
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European CO, emissions by type of energy
(source : UE)
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Nuclear Energy Division

Nuclear industry : A Total Quality Approach

Nuclear Energy Division
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Energy is a factor of

development
(An afghan uses 300 times less
energy than an US citizen)

20 % of the population
consume some
60% of the energy

2 billion people still have
no electricity

Energy : a factor of social development

Pourcentage
des meénages ne
disposant pas
de l'électicité

O e s e o a e o o on

Nuclear Energy Division

Nuclear Industry :

a permanent concern for the personnel

@ « - L4 L L e -] N L

Nuclear Energy Division
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'

Long term durability of vitrified waste

Alteration by water

100 %
10 000 years 1 million 10 millions
years years

After 10 000 years
the radiotoxicity of vitrified HLLLW
have drastically decreased

°

Nuclear Energy Division

A challenge : how to reduce the construction

cost of nuclear power plants

Invesiment costs for electrical Power Planis

Dismantiing
0%
INTERESTS 19,6% —

132%
CONSTRUCTION

cosTs ——>
9,4%

NUCLEAR COAL GAS
[kWe

( SOURCE : DIGEC 1997

)

CEO v i ¢ o a v o

Nuclear Energy Division
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Reprocessing & Recycling,
a cornerstone for future energy needs

» Extract the maximum energy from the fuel > Drastically minimize

radiotoxicity of the waste

Plutonium

Valuable materials (96%)  |Wastes (4%)

Uranium Plutonium FissionProducts
(94 10 96 %) (1%) '5‘:;. to SA%t)I |
nor Actinides , -
(0,1 %) Minor actinides

v B Fission products
|__ Reprocessing & Recycing Radiotoxicity after 1 000 years

> Pu stockpile stabilisation : the Pu produced could be
consumed in LWR

11 D . i s s 0 s s s

Nuclear Energy Division

The Gas Cooled Reactors, a new option for
the future energy systems

* A coolant suitable for different neutronic spectra
v Waste minimisation
v Optimised resource utilisation

¢ A coolant compatible with high temperatures
v Direct cycle, high energy output
v Direct use of heat (H, production, ...)

* A coolant which allows easy inspections and handling

o Crucial developments since the 70-80’s
v Turbine with a direct cycle
v" Materials compatible with high temperatures

12 Cl e v v oo oo o

Nuclear Energy Division
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Nuclear Energy & Sustainable Development

Nuclear Energy has major avantages as regard Sustainable Development

We must neverseless still improve it :
v Future energy systems '
v Waste management

R
SN

« We are not inheriting earth from our parents, R
we are just borrowing it from our children »

Antoine de SAINT- EXUPERY

13 16 S

Nuclear Energy Division
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MOX Program: Its Needs and Issues
MOXT BT T LDLEELIERE

The 35% JAIF Annual Meeting
FI[EFEERBERRE
April 23, 2002, Saitama, Japan
Tatsujiro Suzuki, #1 R:Z & BR

Central Research Institute of Electric Power
Industry (CRIEPI), Japan

(B BN RIAKH

Need for MOX Program(1)
MOX 7055 LD EM

e Safer Plutonium Management
(TR LEEEBOES )
— Civilian Pu stockpile is still growing
- REAPVEEEFHFRETEXR
— Japan has committed to “no plutonium surplus”
policy
o BARETREIPERGVIBEEER
— MOX program is essential to implement its policy

goal
o« MOXT O S LOMBHERNTAIR
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Civil Plutonium Inventory 1999
RERPUEEE(1999)

Oivil Unirradiated Plutonium 1999
(tons, reported to IAEA, December 2000)
Britain ~ France  Belgum Germany Japan  Switz.  Russie  US. China
At reprocessing plants 69 55 0 na. 05 na 308 na.

At MOX plants 22 82 14 548 12 06 02 na.
elsewhere 08 18 25 1N 35 na 09 na.
Total 5 82 9 18 52 06 3 0
foreign ownership 118 317 na. na. 0 <005 na. na.
in other countries 09 <005 09 na. 245 na. na.

source: Institute for Science and International Security, 2001

na
na
na.

na
na

Civil MOX Programs
RERAMOXTOS L

Civil MOX Progam

MOX Plant (ton/v) Licensed Reactors
Now  Planned Now Planned
Belgium 35 75 2 2
France 155 250 20 28
Germany _— 11 11
Japan (16) 100 3 16-18
Britain 128 128 -- --
Total 348 553 36 57~59
(Pu tons) (~20)  (~30) (~10) (~18)
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Need for MOX Program (2)
MOXT RS LDLEX

° Better Spent Fuel Management
ERFAHRHNEERDEEZEN"
— Lack of spent fuel storage capacity is a source
of concern
s FREARHOITBRBETEN BT DM
— MOX program is an important option for better

SF management (as a part of nuclear fuel cycle)

s MOXTOYSAIFEREFAFRHETEMNELLTE
BEGEREO—D (BEYI19L0D—I1B

MOX Program and Spent Fuel Management
MOXT RIS LEERFH I EE

™ Once Through —l

2

~ Spent Fuel »— Interim Storage Final Disposal

v £

Reprocessing/Recycle

N

MOX Program
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Major Issues(1)
T ERE
° Lack of incentives to use MOX fuel

MOXFRD AU T4THD
— Soft uranium market (for a forseeable future)

© VIR MEBIA ST HC
— Liberalization of electricity market

- ENEHBIETIRMIVES

— Expensive reprocessing program
« BETOSSLDORNMNE

Major Issues(2)
TERE
 Unclear division of responsibility between the
government and private industry
KFER) ERMEREE) OB ETHME

— MOX program considered as “National
Project”
o MOXT O Z L (PARH A U JLFESL) (L EI R
— But its implementation is private industry’s
responsibility
 LOLER REFFEBERSEIIHD
— Unclear who is finally responsible for (its risk)
o YRDEREMITENEIDOM?
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Major Issues(3)
TERE
° Lack of mutual trust with local community

HhTEDERE R 4N
— Local referendum caused by lack of trust
(rather than anti-MOX, anti-nuclear)
« FRREFRMOX, RIEFETIXEL, EFEO N
— Public trust is eroding for the government (and
public projects) as a whole
* RFADHELT | B AHBEADTEEK

Future Options (1)
SEOEDT

e Share responsibility by the Government for
security reasons

ZeREL, BFOEEZLHEL
— Ownership can be transferred (partially)
- FIEE—HBAABE. B2 HIREHZED
— Financial assistance, giving contracts to private

utility are among the options
» REIAMOXZEER., FEIMBENGEDNE
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Future Options (2)
SEDEDT

e Creating programs to restore public trust
EBEETOTSLDEE

— Need for sincere dialogue for confidence
building

« WITTERR, EXEER. BB OERTEE
— Possible appointment of the third party as a
reliable “mediator”

* B, RMDIHEELENPIMEE=E (I
1) DERE

Future Options (3)
SEDEDH

> Promotion of interim storage of spent fuel
BERFAHE O R EETRREE
— Secure storage capacity of spent fuel
o PR AEDEERNRKDRE
— Reduce unnecessary commitment to
reprocessing (better Pu supply/demand
management)

s THELTBLBEORIONEIEEEEREDE

S3—10




Future Options (4)
SEDEDT

° Increasing options for Pu management and disposition
PuEEEEE B OEIRKREX
— Sooner, less transportation, fewer sites are three key principles
(for better physical protection)
o BH EkiEd ., Rt HRAEE
— Domestic Pu stockpile should be reduced first
* ERPuEEEHIREESL (LALODER?)
— Possible int’l program for Pu in Europe (int’l custody?)
o BUHOPUZOWTIE, BURRIR AT 0I5 L% (EREE?)
— Limited number of sites is better
o B NTIIELL RNMNBEOY A TREE
— Immobilization can be also considered: 777 A E LB ES
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Generation I

- Early prototype/ Generation I
demo reactors T 553
- Shippingport - LWR-PWR, BWR

- Dresdan, Fermi

- CANDU
- HTGR/AGR
- VVER/RBMK

-~ First demo of nuclear
power on commercial

Office of Nuclear Energy, Science and Technology ﬁ

Generation 11

- ABWR, System 80+,

APB0Q, EPR Generation IV

~ Highly economical
- Proliferation resistant

scale ~1; - Enhanced safety
~ Close relationship with 5~ - Minimize waste
DOD .
- LWR dominates : g:::gﬁ ;ZZ?(:: - Passive safety features
B 9 . - Standardized designs
- Size, costs, licensing . N
Atoms for times driven up - Combined ficense
Peace TMI-2 Chernobyl
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Toward the establishment of
Plutonium Use

Hiroshi NODA

FBR Cycle System Development Office
Japan Nuclear Cycle Development Institute

Contents

© 21% century society and primary energy resources

¢ Prevention of global warming and nuclear power generation
€ State of Pu utilization and fuel cycle development

% Outline of feasibility study of FBR commercialization strategy
¢ Fuel cycle in the Generation IV reactor project

€ Conclusions
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20" Century “Consumption Society”

“Society”
© Development of industry
€ Enjoyment of material abundance

“Nation”
€ Seagirt country
€ Dependence on imported resource

“Human beings”
© Aging society in advanced countries
© Population growth in developing country

o

Actualization of issues relating to energy and the environment

Primary energy resources demanded by recycling society

Society of 21t century

®Resource recycling [j “Recycling society”
©Reduction of waste discharge

Demand for primary energy resources

»Economic competitiveness
» Stable supply

> Availability of recyclable resources

»Dealing with environmental issues, etc
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° @
The amount of CO, discharge through life cycle
. T I I ]
Wind Note: Calculation of CO, discharge includes all energy
consumed in mining, construction,
Solar transportation, refining, operation ) actual
power generation), maintenance, etc. (For
Geothermal nuclear power, figures include reprocessing,
Hydroelectric waste disposal and decommissioning of reactor)
Nuclear
LNG, combined
LNG thermal
power
O'“-fired
thermal power
C%al-ﬁr(id
thermal power
0 200 400 600 800 1000 1200
(g-C02/kifn)

Source: Central Research Institute of Electric Power Industry Report etc.

__( Plutonium utilization is the ultimate prospect for nuclear power }

Uranium resources are limited
Uranium is an ultra-long-term resource
in combination with plutonium
“Uranium sufficient for several thousand years exists on Earth”

Utilization of non-
fissionable U-238

through conversion
to Pu

'ASeveral thousand years jf

%;3]/ u’tilization rate of natural uranium}

o (around 607 years f} reactor uti |rlaZtae’£l0n
-7 U238 1T LiR
; My (once through) 0. 5%
L¥R
(Pu-thermal) 0. 75%
FR around 6 0 %

Refarence from “Plutonlus™ sdited by Atsuyuki Suzuki

f U:1235

0.7%
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Technical development of fuel cycle

e Making best use of plutonium as semi-domestic energy

° Contribution to recycling society

MOX Fuel

Fratre,

FBR “Monju”

s

Spent Fuel : ; Tokai Works Pu Fuel Center
o : « Fabrication”
B I][I *“-’wfl‘gﬁ g i MO.X Fuel Fabrication
e Plutonium

\\\\\\ A} Fi - )
Tokai Works “Reprocessing” Fuel cycle of FBR, ATR

Record of MOX Fuel used in “Fugen”

Globally leading record : 726 MOX Fuel Assemblies loaded

lexibie characteristic to use MOX Fuel : 34% - 72% loading ratio experienced

France Germany
165; e

E

Sweden

4 §\§i’(iériqnj i
Be =] 168

8 = Fugen
country BIR )
France e |1, 032 24%

Germany 178 | #26
Switzerland — itk §
Belgium J— 792
India [ ppa—
Ttaly 7 g
Netherlands 12l —
Sweden 3| -
USA 73 24
Japan 2 4
ATR Fugen Rl As of May, 2000

Referrence from Nuclear Yeurbook by JAIF
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Development of the FR Cycle System

> Evaluation of
Various Options

* Screening of -
\ promising candidates 1

Design Studies { Phase 1
* Introduction of In-
Engineering
Scale Tests

Technological
Options

> novative technologies
= Conceptual Design &
Fundamental tests
of key technologies

* Preparation of

Example
Fast Reactor

| 2000| 2005| 2010| 2015
Innovative
Phase 1

- Coolant R&D plans

- Fuel * Selection of several

- Plant Size promising candidates -1)
Reprocessing \ /.

- Advanced Aqueous o s

- Non-aqueous
Fuel Fabrication -
- Simplified Pelletizing

. Vibration Packed | checks & reviews.
k - Casting J pa—a—— pons

Carried forward R&Ds under

rolling plan around every 5 years

ﬁptimization of Boundary Conditions Considering the Features of FR Cycle

Automatic Control
Remote Manufacturing

<Development Targets> Fuel Fabrication

@Ensuring Safety

©Economic Competitiveness

©Efficient Utilization of Resources

©Reduction in Environmental
Burden

®Enhancement of Nuclear
Non-Proliferation

<Viewpoint of Syst
€ Transport
©Exposure

Contained
LLFP, UTR

Decreasing Radioactive Waste
Reduction of Hazard by P&T
Difficult to Make Weapon

No Purification

*Breeding
*Burning of Low DF Fuel
*TRU Burning

*High Burn-up SF

*TRU Reeycle

& Non-proliferation

Low Decomaminati(g

em>

Reprocessing

PE&T : Partitioning & Transmutation /

Assessment Philosophy
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Future prospects for Monju and FBR

W

L Toward commercialization }

- Operation of Monju
-
5 E Verification of reliability as
E ._‘% power generation plant
> P Establishment of sodium
= .
3 _:;::0 handling technology
L2l
= =
—
w
S 1 ore
= Feasibility Study
o . xe
B = on Commercialized
~wd
£ FR Cycle Systems
=9
QS) g € Clarification of
e 9 commercialization prospects
a2 € Establishment of essential
é g technologies for
g commercialization of FR
9
>

» Verification of
improvement of economic
competitiveness

» Making best use of high-
energy neutron field

Establishment of
technical systems for
commercialization
of FR

around 2015

Oflice of Nuclear Energy, Science and Technology

Generation 1

~ Early prototype/
demo reactors

- Shippingport . !'_
- Dresden, FermiI - !&V/‘\JED%WR BWR
- Magnox - HTGRIAGR

- VWER/RBMK

Generation il

- ABWR, Systam 80+,
APB00, EPR

Generation IV

power on commercial
scale

- Close relationship with
DobP

- LWR dominates

~ Multipls vendors
- Custom designs
- Size, costs, licensing

- Highly economical

-~ Proliferation resistant
- Enhanced safety

- Minimize waste

- Passive safety features
- Standardized designs
- Combined license

! >

Atoms for times driven up
Peace TMI-2  Chesmobyl
! A ) A A
I [ i i
1950 1960 1970 1880 1980

2000

20ssfngaivarstuoTI1_B0 )




Fuel Cycle CrossCut Group st

GENERATION 1V

Generation IV Goal

FOUf‘ Fuel Cycles Fuel Utilization

Waste and
028 DG 2001128
Non-proliferat]
Resource Base Vasts Arislngs P aton

{Thorlum and Uranium) Excelignco In Safety and Rellabitity

Etimination of the Nesd for Otfsite

» AVery Low Likellhood and Dagreo of
{ g Satsty and 4 g o sctor Cors Damage
Al Actinide Recycly Emergency Response

~

ALite-Cycie Cost Advantage over Other
Energy Sources

1
prev HignLowt
Maria War Wibous
bemer

Actnigas Seme

A Levai of Flnanclal Risk Comparable to
Fivtion Procusts

Other Energy Projocts

Full {Pu, U) Rikycte
l Py B l

Partial Rocycls

— .

1) S
% %&f@ K1)
4

Onee Thiough

Zpan Wussaar fust

[S RV Ry

Conclusions

¢ 215 century: Recycling society

- Sustainability of economic activities: securing a stable supply of resources
and environmental protection

¢ Establishment of Pu utilization
and development of full-scale utilization

- Introduction of Pu-thermal LWR based on long-term technical results
- Progress to FBR cycle suitable for effective utilization of U resources and
reduction of radioactive waste and toxicity

¢ Primary energy resources of 21 century
- Establishment of LWR/FBR symbiotic energy park

¢ New development activities: targeting commercialization in 2030

- Japan: feasibility study of FBR commercialization strategy
- International cooperation: Generation 1V, INPRO
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35" JAIF: Nuclear Power in the Changing Socio-Political Environment

Session 3:
Why Plutonium recycling ?

Strategy and Perspective on Plutonium Utilisation, including the concepts of
Advanced MOX fuel and future Nuclear Energy Systems

Jacques BOUCHARD, Director of Nuclear Energy Division, CEA
23 April 2002

Mr. Chairman, Ladies and Gentlemen:

From the beginning, reprocessing of spent fuels, followed by recycling of valuable
materials, uranium and plutonium, is intended to increase the use of natural
resources. It is part of a scheme which includes breeders in order to extract most of
the energy contained in natural uranium. That remains a clear objective for the future.
With existing light water reactors, we burn only 1% of the natural uranium and we let
aside 99%, either in provisional storages or in waste disposal. If we don’t improve the
situation, with increasing energy needs, we shall exhaust in a few decades the
uranium resources which can be recovered at a reasonably low price.

Thus, reprocessing is a cornerstone for satisfying future energy needs.

It means, nuclear spent fuel is not a waste, as it still contains a huge amount of
energy valuable products. But, the way we treat it at the output of the reactor is also
of major importance for the waste management policy. With present technologies,
the fuel unloaded from reactors still contains 95% of uranium and 1% of plutonium. It
contains also 4% of actual wastes, fission products and minor actinides.

Plutonium is not only a highly energetic element but also the main contributor to the
long-life radio toxicity of spent fuel. If you reprocess the spent fuel and recycle the
plutonium, you can decrease the radio toxicity of waste.

While recycling, you can stabilize the plutonium stockpile. If we don’t recycle, either
we accumulate spent fuels, with a continuously growing content of plutonium, or we
keep more and more plutonium on shelves. Buried spent fuels would constitute
forever a mine of plutonium; plutonium on shelves should be in the shorter term a risk
of proliferation or accident.

The first recycling enables us to reduce, by approximately 20%, the quantity of

plutonium produced each year, and constitutes a first step towards plutonium
inventory stabilisation.
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As you know, it is what we are doing presently in France, on a large scale. More than
fifteen thousands tons of fuel were reprocessed in the La Hague plant during the last
fifteen years. Once extracted from spent fuels, the plutonium is sent to the MELOX
fabrication plant which, at the present time, produces a little more than one hundred
tons of MOX fuels per year. It is an important point in our policy, the plutonium
extracted from spent fuels should be re-used as soon as possible in MOX fuels.

Then, the MOX subassemblies are loaded in reactors. Since 1987, more than
eighteen hundred MOX fuel assemblies have been loaded into 20 French (over 58),
2 Belgium and 3 German reactors. Except the necessary hold-up for recycle
management, the goal is clearly not to have any plutonium on shelves.

But, mono-recycling will not be sufficient if we need to stabilise or to decrease the
global amount of plutonium. We should consider the possibility of reprocessing MOX
spent fuels and multi-recycling the plutonium.

We are now working, at CEA, on new generations of MOX S/A, so called CORAIL or
APA subassemblies, which could be used for multi recycling allowing to strictly
stabilize the plutonium inventory or even to reduce it. These developments will make
easier the multi recycling of plutonium in LWRs.

The new CORAIL assemblies, derived from current plutonium fuel technologies, with
islands of standard UO2 rods surrounded by MOX rods. With this design, the
recycling of plutonium will be made in a more homogeneous way, allowing the
possibility to burn plutonium with rather poor isotopic distribution. The CORAIL S/A
could be, after design studies and qualification in reactor, rather quickly industrialised
and initially implemented in the existing reactors during the next decade.

A second solution requiring further research and development into the fuel could
conceivably be implemented after 2020. It consists in Advanced Plutonium
Assemblies, called APA, an heterogeneous bundle including UO2 rods and annular
rods made of plutonium oxide within an inert matrix. In addition to controlling the
plutonium inventory, it would lead to reduce its overall quantity in the fuel cycle and,
potentially, allow us to limit the inventory of the minor actinide.

If LWRs were to be the end of the nuclear story, we should consider the possibility of
burning all the plutonium in these reactors or in specific burners, which could be
conventional fast reactors or accelerator driven sysiems. But, we are convinced that
the growing of energy needs and the limited amount of other energy resources will
more probably lead to an increased use of nuclear energy.

To ensure sustainability, future systems will have to produce a minimum amount of
waste, use fuel energy most efficiently and be as proliferation-resistant as feasible.

Fast neutron reactors will be unavoidably part of the future nuclear energy systems,
integrating into their design the objective of transmutation and the minimising of
wastes. They will enable a considerably better use of the natural fuel, and give
humankind a sustainable energy source for several thousand years.

Therefore, sooner or later, fast reactors will be the right tool for using plutonium. They
are fit to accept any isotopic composition and they are also suitable for burning minor
actinides.
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So, why not to wait and keep all the plutonium resources generated in LWRs for
future use in fast reactors? It could be the wise policy if one is quite clear about the
schedule for fast reactor implementation. But even in countries which are quite
positive regarding the future of fast reactors, it remains a large uncertainty on the
right time for their implementation, not speaking of doubts about the best choices for
their technological development. :

The most optimistic people in France speak of 2040 for starting the implementation of
fast reactors. May be they are wrong and it will be a little bit sooner... or later... Even
if they are right, at this time we shall have accumulated in France near 600 tons of
plutonium if we don't recycle it in LWRs and near 500 tons if we make only a first
recycling.

Keeping in mind that we shall need approximately 10 tons of plutonium per GWe to
launch a fast reactor fleet, one can see that the reasonable reserve for this objective
would be somewhere between 200 and 400 tons. If we keep more plutonium we shall
have to find a way of burning it later.

There are other reasons to avoid to keep the plutonium in spent fuels, assuming it
will be used later in fast reactors:

- It will require these fuels to be stored in safe conditions with a complete
guarantee of retrieving them after several decades for reprocessing; from
this point of view, a first recycle is already beneficial as it allows a reduction
by a factor six to seven of the volume of spent fuels to be stored.

- The radioactive decay of plutonium 241 will lead to both a loss of valuable
resource and a quite strong increase of the quantity of minor actinides in
the wastes.

- If the implementation of fast reactors needs to be done in a short range of
time, it will be necessary to buili and operate a very large capacity of
reprocessing plants to recover the plutonium.

A mature technology, industrially speaking, even if the experience is considerably
more limited than for light water reactors, is that of the sodium cooled fast neutron
reactors. Unfortunately, the early shutdown of Super Phenix put at least for some
times an end to the development of this technology in Europe.

The PHENIX reactor, is currently the subject of inspection, renovation and
maintenance operations, in order to be back on power end of this year, pending upon
an agreement of the Safety Authority. Then, its operation for six irradiation cycles, will
be focused on experimental studies, fuels in particular, contributing io the
technological demonstration of transmutation with fast neutron reactors. Its end of life
is now programmed for 2007.

The intrinsic advantages of fast neutron reactors remain their capability to make use
of most of the potential energy from the uranium and to produce less long-life
radwaste for a given amount of energy produced. These atiractive features are still a
major incentive to the designers to investigate other coolants than sodium,
particularly gas. The CEA is conducting research in this option, in the frame of a
larger program for the development of gas cooled reactors.
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Whatever the technology selected for fast reactors, sodium cooled, gas cooled or any
other solution, the availability of an important reserve of plutonium for starting these
reactors will allow us to design them with a low conversion ratio, near one, thus
avoiding or limiting to a strict minimum the necessity of breeding zone. It will enhance
the security of the concept, in particular for proliferation resistance and simplify the
requirements for the related fuel cycle.

in conclusion, the legitimacy of using nuclear power as part of sustainable
development in order to meet future energy needs, rests on our ability fo
demonstrate that we are capable of safely managing nuclear materials and especially
spent fuel and waste.

Multiple recycling of plutonium allows us to diminish by several units the long-term
radiotoxicity of long-lived elements; savings could even be greater, by several
magnitudes, if we include the additional recycling of minor actinide series.

The reprocessing of spent fuels and their potential developments form the keystone
of a strategy that has set iis sights, at the very least, on achieving a control over the
plutonium inventory in the fuel cycle, motivated by the drive to provide our
environment with the maximum possible protection and to save on our use of energy
materials. Even now, we can foresee solutions involving the recycling of plutonium in
water reactors other than Mox, alongside a modest financial impact. By using these
solutions, we could gradually increase the amount of plutonium burned until we
stabilise its inventory at the end of a twenty to thirty year period.

This strategy will also allow us to be ready for starting a large use of fast reactors as
soon as needed.

Thank you for your attention.
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Nuclear Power in the Changing Socio-Political Environment

Session 3 :
Why Plutonium Recycling ?
April 23, 2002

Strategy and Perspective on Plutonium Utilisation,
including the concepts of Advanced MOX fuel and future Nuclear
Energy Systems

Jacques Bouchard,

Director of Nuclear Energy Division, CEA
jacques.bouchard@cea.fr
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Why Plutonium recycling ?
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Why Plutonium recycling ?

Efficient use of natural resources

> Extract the maximum energy from the fuel
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Why Plutonium Recycling ?

|
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Why Plutonium recycling ?

Stabilisation of Pu stockpiles

Plutonium management in PWR (400 TWh/year)

700
*OBEN CYCLE
6001
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500
2. PU MULTIRECYCLING IN PWR
e 400 : CORAIL S/A
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| APA S/A
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Nuclear Energy Division

Short term : Pu recycling in LWR

A today’s reality in France

Nuclear Energy Division
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Medium term : Pu multirecycling in LWR

CONTEXT

> Major role of LWR in the 21st century

> A transition step awaiting future nuclear energy systems

OBJECTIVES

v Design New S/A with high Pu burning capabilities

v'Confirm thier ability for multirecycling in LWR cores

v Evaluate their potential for waste minimisation

CORAIL Assembly
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© MOX rods (with depleted U)
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O Guide tubes
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Nuclear Energy Division

New subassemblies for Pu recycling in LWR

- 160 UOX rods surrounded by 84 MOX rods
> Heterogeneous S/A, homogeneous core
* Standard rods and standard S/A

Main R&D Steps (2001-2015) :
v Feasibility studies (2001-2008)

v’ Qualification (2004-2010)
 Fabrication of demonstration S/A
» [rradiation
= Qualification of calculation tools
* First Post Irradiation Examinations

v Industrial Perspectives (2010-2015)
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Nuclear Energy Divisio"
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New subassemblies for Pu recycling in LWR

APA (Advanced Pu Assembl
Advantages ( u Assembly)

v High Pu consumption, high Burn up
v Flexibility towards Pu isotopy

v Small fabrication capacities

v High impact on Pu inventory
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Large R&D needed (2001-2025) :
v Preliminary studies (2001-2003)
v Development of the fuel (2003-2010)
v" Qualification (2004-2017)
vIndustrialization (2020-2025) C
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Fast reactors for long term Pu recycling

Metal cooled fast reactors

Nuclear Energy Division
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Liquid metal fast reactors

Advantages :
v A mature technology for sodium
v An efficient use of the energetic potential of the fuel
v A cooling enabling a good output

French R&D in this field :

v Keep an expertise on
liquid metals coolanis

v Share experience
feed-back on PHENIX,
MONJU, BN60O reactors

11; Ce:]avaooa;oa
|

Nuclear Energy Division
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Japan Atomic Industrial Forum Saitama, Japan

Liberalization of the UK Electricity
Market: Current Status and Future Plans

Steve Brosnan
Executive Director
Energy Sales and Trading

Magnox Electric plc
A BNFL Group Company

Magnox Electric plc

UK Magnox Stations (operational)

Calder Hall Total ~ 2700 MW
Market share ~5%

Magnox Electric plc
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The Electricity Market in
England and Wales until 1989

*1 National Company (CEGB)
— Generation

— Transmission (above 132kV)

12 Regional Companies
— Distribution (below 132kV) iz

— Supply (sales 1o customers)

Magnox Electric plc

The Electricity Market in England and
Wales after Privatisation (1990)

* Generation

— 1 Nuclear company

— 2 Non-nuclear
companies

° Transmission —
— 1 Transmission company All eéept
nuclear
» Distribution/Supply \ ﬁi’?ﬁrfi‘fg
_ 12 Regional companies '  (Privatised)

Magnox Electric plc
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The England and Wales Electricity
Market in 2002

*One Transmission company
* Distribution separated from Supply

*Many new market entrants including
US and European companies

*More vertical integration between |
Generation and Supply Gl %

* Every customer can choose their
Supply company

*Gas-fired power stations now
account for 40% of market (from
zero in 1990)

Magnox Electric plc

Before Privatisation

—Physical Flow =

Transmission\ yw (Distribution )

Regional
Companies
" ‘Cost plus’
tariff ‘Cost plus’
Supplier tarifl
££ ££
&Money Flow

Magnox Electric plc
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The Electricity Pool (1990-2001)

Physical Flow =

Transmission pyw  Distribution

. =

Pool Supplier

£L

€Money Flow

Magnox Electric plc

Trading Through The Pool

Generaiors i ) -

offer day Suppliers Single price
takeon | for all

ahead, He d

generate the day

on the day

Every
half-hour

(Prices known 16:00
on day ahead)

Magnox Electric plc
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What was wrong with the Pool?

» Prices were too high
* Lack of competition in generation

dﬁ » Abuse of market power by major
Department ofTrade_and Industry generators
* Price setting was complex and not
transparent
* Lack of liquidity in forward contract
markets

* Did not encourage demand-side
participation

* Favoured gas and nuclear plant at
expense of flexible coal plant

» Pool organisation was inflexible

Magnox Electric plc

The New Electricity Trading Arrangements
or “NETA” (from 27 March 2001)

Physical Fiow =

Transmission  pw Distribution

Balancing Supplier

"| Mechanism

£e
€Money Flow

Magnox Electric plc
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The Balancing Mechanism

» Generators make offers/bids
{o increase or decrease
generation

eDemand can make
bids/offers to increase or
decrease demand

* System operator chooses
bids/offers appropriately

*The chosen bids/offers set
the cash-out prices for those

‘out-of-balance’

Magnox Electric plc

The New Electricity Trading

Arrangements
2 24 3% Real
years hours hours Time
|

l
|
|
7 | Balancing
|
I
I

Mechanism Settlement
Prices For each
known half-hour

f afterwards
Time >

Magnox Electric pic
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Settlement — with two Imbalance Prices

» Company total generation or demand
should match contract position

* |f we generate less than our contract
volume, we pay a high price (“System
Buy Price”)

* |If we generate more than our contract
volume, we receive a low (or even
negative) price (“System Sell Price”)

= Commercial incentive for contracts to maitch
generation (in every half hour period)

Magnox Electric plc

Magnox Electric under...

the Pool ... ... and NETA

* We offered zero prices » We forecast output as well as

* We were despaiched to we can
our declared availability > We sell contracts to maich

* We were paid Pool our forecast
Purchase Price for > We run our plant to our own
whatever we generated plan.

* We bought and sold » We buy or sell contracts to
financial instruments to match any changes in output
stabilise the price we as closely as possible
received.

=No commercial incentive = Commercial incentive to be
fo be predictable predictable and to trade well

Magnox Electric plc
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Prices in March 2002 - £/MWh

System Sell Price System Buy Price
°Average £11 °Average £23
*Minimum - £15 °Peak £380

Power Exchange Price
> Average £14
« Peak £34
° Minimum £8

Forward Prices
Baseload 2002/03 £ 15.40

Magnox Electric plc

Recent Developments

* Government report issued on long-term policy
¢ Price controls for domestic customers removed

* New subsidy for renewable power stations
— (target 10% by 2010 - up from 3% today)

° Stations taken out of service because of low prices
* Innogy/PowerGen both taken over

* NETA balancing mechanism to be reduced to 1
hour duration

Magnox Electric plc
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Future Issues
* Conflicting Government Priorities?

|

Environment (higher prices or pollution taxes?)

|

Social issues (low prices for domestic customers)

[

Industry competitiveness (low prices)

l

Competitive energy markets (less regulation)

— Security of Supply (more regulation, planning)
* Dominance of gas

* European-wide competition

Magnox Electric plc
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Japan Atomic Industrial Forum

Saitama, Japan

Will Nuclear Energy be the Answer in
the New Century?

James A. Fici
Senior Vice President
Nuclear Plant Projects

Westinghouse Electric Company
A BNFL Group Company

JAIENPP

An Economic Model of the World in 2042
The 100th Anniversary of Nuclear Fission
» World population will have reached nine billion

e Assume an acceptable standard of living to be half that

now enjoyed in the US, or $15,750 GDP per capita in
constant dollars

- Assume that conservation and energy efficiency will

cut worldwide electricity use per unit of economic
output in half to 0.2 kWh

 This is more than double current world electricity
production of 12.5 trillion kWh

JAIENPP 2
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Nuclear Energy Benefits Address Energy
Security, Economics and the Environment

- Safe, reliable and cost competitive electricity
generation to achieve diversity and security of energy
supplies

* Predictable and stable fuel costs that provide
protection against natural gas price volatility

* Clean eleciricity generation that avoids emissions of
$0,, NO, and CO,

JAIEHER.3

Production Costs* Approaching 1 ¢/kWh
Drive US Nuclear Plant Competitiveness

4.0

Market
Clearing

3.0 Price

3.5

2.5

2.0

13 e/kWh:
+GEA
1.5 + Cap
<oP

1.0 -

3-¥Yr Avg Total Production Costs (¢/kWh)

0.5

0.0
1985 1990 1995 2000 2005

UDI Data; Westinghouse Analysis Year *O&M, Fuel
JAIENDP 4
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US Nuclear Fuel Cycle Costs Are Very Low
and Have Long-Term Predictability

3-Yr Avg Fuel Costs (¢/kWh)

1.5
2000%

1.0

0.5

0.0 t 1 ; }

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Year
UDI Data; NE! Analysis
JAIENPPS

Increasing Generation, Decreasing Costs
Create Value for US Nuclear Plant Owners

487 18,7 Base © Base |

Nuglear Average s
@Top10Cost&CF 972 128 505 . 510
@Topi0Cost&CF+20y 180 128 209 21
@Topi0Cost&CF+20y+106% Cap 1279 126 98 99
2 L1840 S S

UDI Data; Westinghouse Analysls
* Improving average plant cost and performance to those of the indusiry
Top 10 will create 50 billion dollars in value over the current life of

those planis
 Extending plant life by 20 years adds another 20 billion dollars in value

 Each 5% increase in plant capacity adds 10 billion doltars in value
* Overall $820 of economic value potential for each kWe of capacity , .=

TIOBA
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Nuclear Power Plants Avoid Emissions of
Air Pollutants and Greenhouse Gases

« Each year, US nuclear generation

avoids 30
— 5.5 million MT of SO,
~ 2.6 million MT of NO, 25
—~ 800 million MT of CO, =
= 20

6

» “Environmental service” by
nuclear plants currently
unvalued

Emisslons (10
-
ul

~ presumed a “free good”
-~ implicit subsidy to fossil plants

» Each year, avoided emissions 5
reduce compliance obligation
and costs to fossil plants by 0
at least 12 billion dollars

2000 US Eleciricity Emissions

B Emissions Avoided by Nuclear
Generation

D Emissions Produced from Fossil
Fuel-Fired Generation

2100

$02 NOx co2

Source: Energy Resources Internatlonal

JAIENPD,Z

US Nuclear Energy Institute (NEI)
Vision 2020 - 50 New Nuclear Plants

5000+
4500 -
4000 -
3500 -
30004

2500
2000

billion kilowatt-hours

1500 -
1000 -
500

31%
non-
emitiing

30%
non-
emitting

New Nuclear Capabillty
Enhanced Nuclear Capablliity
Existing Nuclear Capability
% Hydro & Renewables

Oll, Gas & Coal

2000

2020
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The Competitive Cost Challenge for New
Nuclear Capacity in the US

Levelized Generating Cost ($/MWh)

50 Gas Price Range
$3 to $4 per MMBTU
BT e $3.6/MMBTU
30 - ¢ T
20 +
10
0
Combined Cycle Nuclear @ Nuclear @
$1,000/kWe $1,200/kWe
O Capital D 0aM Fuel Gas Price Range |

Benefits of New Nuclear Power Plants

» New advanced LWRs with passive safety systems and
modular construction (e.g., AP1000) can meet capital
cost target

» AP1000 will have forward production costs (O&M, fuel)
of ~0.9 ¢/kWh...
more competitive than
today’s reactors

JAENPELO
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Benefits of New Nuclear Power Plants

- Emission credits, properly monetized, would not only
make nuclear energy far more competitive, but would

encourage deployment of new nuclear plants...further
reducing emissions

> New nuclear energy plants
preserve the environment
and enable economic growth
at the same time

JAENPELY,

Westinghouse Is Ready for the Future with
a Wide Range of Nuclear Plant Designs
Today Later 1t

£

Near-Term

Sysfém 80 & System 80+
Designs in Korea

BNFL and
Westinghouse
Supporting
Development
of the PBMR
and IRIS
Conceptual
Designs

MHI/W APWRs for Japan

JAENPP 12

S'4—16




Will Nuclear Energy be the Answer
in the New Century?

* Nuclear energy is an essential part of the energy mix
for the new century

* New technology, new laws and new leadership ensure
a pivotal role in improving the quality of life around the
globe with safe, clean,
reliable and affordable
electricity

» Nuclear energy is part of the
answer to sustainable
growth for everyone on the
planet
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Regulating Nuclear Safety in
Today's Socio-Economic Environment

Jeffrey S. Merrifield

Commissioner, United States Nuclear Regulatory Commission

Introduction

Good morning. Thank you very much for the opportunity to be the keynote
speaker for this session, which will focus on the contribution of nuclear
power in today's socioeconomic environment. Today in the United States,
the major factors shaping the socioeconomic environment for nuclear power
are a progressively deregulated domestic energy market, President Bush's
national energy plan, and Congressional legislation aimed at improving the
regulatory environment for nuclear power.

Let me start by saying that the U.S. nuclear industry appears well poised to
adapt to this changing environment and, as a result, the outlook for nuclear
power 1s the brightest it has been in several decades. By almost any safety,
reliability, or economic performance indicator, the 103 operating nuclear
power plants in the U.S. are operating better today than ever before. Our
licensees have developed sound maintenance and corrective action programs,
improved operator training and performance, made significant process
improvements, shortened refueling outages, and as a result, significantly
increased both safety and generation of power in the nuclear fleet. This
improved performance has not only resulted in an increase of generation
from the existing fleet equivalent to placing 23 new 1000 megawatt power
plants on line, but it has also set the stage for nuclear power to be a
significant factor in our nation's ongoing energy debate.

You will hear from several distinguished industry representatives today.
My perspective, of course, will differ from theirs because I am a regulator,
not an industry official. My perspective is also different from other
government agencies that promote domestic energy policies. In the United
States, the Nuclear Regulatory Commission (NRC), of which I am a member,
was created as an independent agency to regulate the use of nuclear power.
The mission of our agency is to ensure that nuclear materials are used in a

manner that protects public health and safety. Nevertheless, because the
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regulation of nuclear power significantly influences the environment within
which the industry must operate, the NRC's activities have a demonstrable
effect on the competitiveness of the nuclear power industry.

One conclusion that I believe will be shared by all speakers today is that safe
operation is a cornerstone to maintaining the economic value of nuclear
power facilities. To believe that safety and economic value are mutually
exclusive goals simply ignores the realities that history has unmistakably,
and sometimes painfully, taught this industry. Poor safety performance
ultimately manifests itself in poor plant reliability and poor economic
performance, factors that will undoubtably produce severe economic

consequences in a competitive energy marketplace.

Restructuring of the Energy Market

The nuclear power industry in the U.S. is competing in a progressively
changing domestic energy market that is being restructured or deregulated
to become more competitive. To understand the U.S. energy market, one
has to appreciate that although the federal government establishes national
energy policies, each individual state retains control over electricity service
within its borders. Because of this, and because demand, generating
capacity, and transmission systems differ from state to state, there is a wide
disparity of electricity rates across the U.S. For example, in 1998, when
restructuring was in its early stages, consumers in New York paid more than
two and one-half times the rates that consumers in Kentucky paid for their
electricity. Thus, as one would expect, the restructuring movement within
the U.S. varies from state to state.

The U.S. Department of Energy (DOE) reports that as of March 2002,
twenty-four states have either enacted enabling legislation or issued
regulatory orders to implement retail access. Although half the states have
some form of a restructuring plan, not all of these states have implemented
these plans. Seventeen states have active programs, 7 states have delayed,
to some extent, implementation of any program, and California has
suspended its plan.

California experienced significant problems with its restructuring program.
Electricity prices more than tripled when retail competition was introduced
1n 1998 and there have been repeated supply problems. As you are probably

aware, in 2001, power shortages were so severe that utilities were forced to
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impose rolling blackouts to ensure the integrity of the grid. The major
California utilities, Pacific Gas and Electric and Southern California Edison,
were driven to dire financial straits. Some observers have concluded that
California's difficulties resulted from its unique restructuring plan and the
significant deficit in generating capacity within its borders. The experience
in California has caused many states to reconsider their restructuring
positions, and in some states restructuring efforts have completely stopped.

As a nuclear regulator, we have had to monitor each state's restructuring
efforts to anticipate the effects that they may have on nuclear plant
operations. Deregulation has sparked numerous nuclear industry
initiatives that have required regulatory oversight including corporate
mergers and acquisitions requiring license transfers, requests for new and
increasing power uprates, and the need for the NRC to ensure that licensing
is carried out in an effective and efficient manner. More predictable
regulation and the positive economics for nuclear power have, in turn,
sparked license renewal applications. I will now discuss each of these areas

in more detail.

License Transfers

The economic realities of the deregulated electric industry are leading to
mergers and acquisitions of nuclear assets. The most notable merger was
between Unicom Corporation and PECO Energy Company to form Exelon,
which now has the largest nuclear fleet in the U.S : it owns 10 nuclear
stations with a total of 17 reactors. Similarly, deregulation has led
electricity companies to sell generating capacity. Since 1998, dozens of
nuclear power plants have been acquired or are in the process of being sold.
These assets are being acquired by industry leaders like Dominion, which
now owns 6 operating reactors, and Entergy, which now has 9 units.
Deregulation has also led nuclear licensees to restructure existing companies.
For example, the Nuclear Management Company now operates, but does not
own, 8 operating units. Another trend has been toward cooperative
arrangements between licensees, like the arrangement between the 11 units
included within the STARS utility group.

For the NRC, these mergers, acquisitions, and restructuring efforts have led
to significant regulatory challenges. License transfers have been required
to effectuate the changes in ownership. The NRC reviews license transfers
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to ensure that the proposed new licensee is financially and technically
qualified to own or operate the nuclear facilities. Between January 2000
and March 2002 we completed the review of 41 transfer applications. More
than half of those transfers, 23, took place in the Year 2000. Since that time,
the number of transfer applications has been steadily declining.

Transfers involving complex corporate structures, with new holding
companies and multiple subsidiaries, combined with the larger overall size of
the nuclear power companies have presented novel and distinct issues for
the NRC to consider. The NRC recognized that the state of the industry
would require an efficient and timely review of license transfer applications
and an effective public participation and communications process. In
response, we dedicated new staff resources to transfers and developed a new
streamlined adjudicatory process, to review these applications. These
efforts have been effective at reviewing transfers in a timely and efficient
manner.

The larger companies created by industry consolidation have the advantage
of pooling management expertise and financial assets to achieve higher
performance for plants that were not operating at those levels previously.
However, a challenge facing these larger companies is the need to ensure
that their resources are not too thinly spread. Larger companies face
unique challenges to ensure that every plant that they own is adequately
managed and financed to ensure safe operation. Also, larger companies
must ensure that they do not become insular. I have previously cautioned
the industry to continue to recognize the value of looking outside their
organizations for solutions, and sharing information outside of their

organizations for their own good and the common good of the industry.

Power Uprates

Another initiative that is taking on rapidly growing relevance in the
industry's efforts to enhance the economic value of its plants is power
uprates. Power uprate applications are continuing to require increased
Agency resources. Power uprates are frequently the industry's least costly
means by which to increase generation. To date, the NRC has completed
reviews of 74 power uprate applications, resulting in a combined increase of
over 3470 megawatts electric (Mwe) in the power levels at the affected plants.
In 2001 alone, the NRC reviewed 22 power uprate applications.
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The increase in the number of uprate applications is creating a significant
challenge for the Agency, and this challenge is now being compounded by
requests for uprates that are several orders of magnitude greater than
requests in past years. Previous power uprates were typically on the order
of 2-7 percent. More recently, however, some licensees are capitalizing on a
General Electric Topical Report and have submitted applications for
Extended Power Uprates of 15 to 20 percent, which usually involve
significant modifications to plant equipment. Some industry analysts are
predicting that licensees will pursue power uprates totaling 8,000 to 12,000
megawatts electric in the coming years.

To ensure the uprate applications are reviewed in a timely manner that is
fully protective of public health and safety, the NRC has continued to
improve its process for reviewing applications. Most recently, the staff has
made process enhancements to address the criticism that its efforts
associated with small uprates, such as those related to improved feedwater
flow measurement techniques, were too intensive for the small risk
associated with these uprates. The staff has also recently completed its
reviews of Extended Power Uprate applications for Duane Arnold, Quad
Cities, and Dresden nuclear power facilities. The staff has also just
approved the largest uprate, for 20%, for the Clinton nuclear power plant.
These represented the largest power uprates to date and were completed

within one year of the submissions of the applications.

Reactor Oversight Process

While industry initiatives such as power uprates have enhanced the
industry's ability to compete, few would argue that predictable, transparent
and risk-informed regulation is equally important to the nuclear industry
remaining competitive. The NRC developed the Reactor Oversight Process
(ROP) to achieve these regulatory goals. The ROP is also an essential tool
for the NRC to remain confident that, in this competitive environment,
nuclear plants continue to maintain adequate safety and to communicate
that message to our stakeholders. The ROP evaluates plant performance by
analyzing information from NRC inspection findings and a set of
performance indicators reported by the licensees. Both the inspection
findings and the performance indicators are given a color designation based
on their safety significance. The goal is to utilize the indicators as a means
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of anticipating declining trends in safety performance and to provide a clear
and understandable tool that the public can use to judge plant safety.

The ROP was developed after receiving significant input from the industry
and the public.

We and our stakeholders view the ROP as a significant improvement over
our former regulatory methods. However, we have received criticism that
our assessments may be taking too long and that the system is still not as
consistent across our Regional offices as it should be. We are continuing to
examine the process and are working with our stakeholders to gain insights
into this program. Although the Commission has many substantial
challenges facing it in other program areas, I believe it would be absolutely
irresponsible to become so distracted that we lose the potential opportunity
to make further safety enhancements to this important program.

License Renewals

One of the most significant developments following deregulation efforts and
the NRC's efforts to become a more risk informed and transparent regulator
was the desire of many licensees to seek license extensions, or renewals. In
the U.S., reactors are typically licensed for 40 years of operation, but
licensees may seek renewal to extend that period for an additional 20 years
of operation. The desire of industry to seek license renewals is a clear
indication that the economic value of nuclear plants has increased. The
NRC received its first two license renewal applications in 1998.  Since then,
we have received 8 more applications and we are expecting 16 more by April
2005. In March 2000, we approved our first license extension application,
and have now approved 3 others, for a total of 8 units. Given this level of
activity, renewal applications represent a significant ongoing challenge for
our agency.

Our success in effectively managing this program is, in part, the result of our
expectation that our licensees develop sound programs for managing plant
aging and submitting renewal applications of high quality. Owur focus is to
ensure that safety is never compromised in order to enhance a plant's
economic value. We have an obligation to review licence renewal
applications; we do not have an obligation to approve them.

Having said that, I believe we also have an obligation to ensure that our

review process is conducted in as efficient and timely manner as possible.
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We must continue to dedicate the time and resources necessary to keep this
important program on track and to apply lessons learned from the initial
applications to make further process improvements.

New Plant Licensing

Not only has the energy market progressed toward deregulation, but the
political climate for nuclear power has also changed significantly in the last
two years. Of particular significance is President Bush's decision to include
nuclear power in the nation's energy policy for the future. Similarly,
Congress has introduced several energy bills that include broad-based
legislation aimed at increasing the competitiveness of nuclear power and the
prospects for new nuclear generation. In February 2001, the DOE unveiled
the Nuclear Power 2010 initiative, which is aimed at building new nuclear
power plants in the U.S. before the end of the decade. This program
partners DOE with the private sector to explore potential sites for a new
reactor, identify key NRC licensing issues, and conduct research into nuclear
technologies.

Industry 1s responding to this political climate change. As many of you may
know, a U.S. publication, Nucleonics Week, reported a few weeks ago that
Dominion Energy became the first U.S. company to announce a potential site
for a future new power reactor, saying that its plans are to submit an Early
Site Permit for its North Anna station in the state of Virginia by September
2003. Exelon Generation and Entergy have also said that they plan to seek
Early Site Permits by June 2003 but have not announced the sites they may
choose.

We at the NRC are keeping a close eye on these developments. It will be up
to the industry to decide whether to seek a new plant license. Our task will
be to ensure that we are prepared to review the safety issues raised by new

plant licensing requests.

The challenge of new plant licensing is daunting. It has been many years
since the NRC has licensed a new plant. Although we have made
significant strides in the past year to prepare for a new plant application, we
may not be fully prepared. In the future we will have a tremendous need
for scientific, technical, legal, and public-policy expertise. We have a highly
qualified and dedicated staff, but in the near future, we are facing a wave of
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retirements of our most seasoned and qualified personnel. This will occur
at a time when fewer students are entering the nuclear field to fill this void.
Our communication efforts will have to support a public that is unfamiliar
with the details of a new age of nuclear power plant design and construction.
In the midst of any new licensing request, we will continue to be responsible
for the safety of the present fleet of nuclear plants and materials licensees
and the regulatory demands that they will place on the Agency, including the
possible review of a license application for a high-level waste repository.

To respond to these concerns, we are in the process of reviewing our
regulations to ensure that they are appropriate for new plant licensing. We
are reviewing our technical expertise to understand our shortfalls and know
where to direct our recruitment efforts. We have asked Congress for
legislation that will make employment with our Agency a more attractive
option, and I, and some of the other Commissioners, have visited
Universities to encourage students to pursue studies in the nuclear field.
There is no doubt that a new application would have a profound impact on
our Agency, and any failure to be fully prepared would have immeasurable

consequences.

Conclusion

In conclusion, it is clear to me that we are at the beginning of yet another
chapter in the history of nuclear power. While it is unclear whether this
will result in a renaissance or merely the continuance of the status quo, both
the NRC and the industry need to ensure that safety of the existing fleet of
nuclear units remains our principal focus. Thank you very much for this
opportunity.
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Session 4 : Rod M. Krich

Which Way Forward

° US Energy Plan - 1200 new power plants over
next 20 years

e US installed capacity remained steady at ~ 700
gigawatts - now showing some increase

* Forecast - 50% increase in US demand over next
20 years

Which Way Forward

° Demand will start to be met by natural gas or
clean coal

° Increased use of natural gas will impact supply -
higher cost per kw-hr

 QOther fuel sources for new plants are needed to
add to mix - including renewals
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Which Way Forward

Efficiency improvements, increased capacity, and power uprates
being made to nuclear plants - increased generation without
environment impacts

Exelon Nuclear is achieving the following increased generation
— Power uprates: 439 MW achieved
385 MW in 2004
— Efficiency improvements: 99 MW achieved
65-85 MW in 2004
— Increased capacity: 4.5 million MW-hrs in 2002 (est.)
2.1 million MW-hrs in 2004

More generation will be needed to meet demand 3

One Way to Get There

Nuclear is one of the generation choices - no
greenhouse gases

Economics favor modular concept

Pebble Bed Modular Reactor (PBMR) - inherently
safe design reduces need for redundant backup
safety systems resulting in lower construction and

operating costs
- ~ 120MW/module
- ~ $1200/KW .

5’428




One Way to Get There

 PBMR advantages

Large safety envelope

— Combines Combined Cycle-Gas Turbine plant staffing and
nuclear fuel economies

Short time to construct

Reasonable incremental capital investment over short time

|
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Prospects and Competitiveness
of the Korean Nuclear Industry

Prepared for the 35th JAIF Ar{m;tﬁu—'ﬂ conference
RN

I

APRIL 24, zoéz N

!IH]H

CHOE, Yang-Uoo

President & CEO
Korea Hydro & Nuclear Power Company

Current Status in the Korean Nm’iqu‘ Industijy

1l

1 | H
] ll 1"“’1"‘
Installed Capacity o ‘1 |

oil
486

| i !

Coal
15,531 MW

LNG
3,?%‘1{65"“7 12,868 MW

« Total installed Capacity : 50,858MW (as of the end of 2001)
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Current Status in the Korean Nuclear In‘dlltstry
] ¥ '
(I TR I

‘! ll li H H IH
Electricity Production . |

Oil
Nuclear
28,130 GWh 112,133 GWh

i I !

Coal

Hydro LNG
110,331 GWh 4’150 GWh 30,452 MW

o Total Electricity Production : 285,196GWh (in 2001)

Current Status in the Korean Nuclear Power Business
N e

H H I ”l I "f i

° The operational p@rf@rmance has shown

remarkable improvement so far.

° Achievements in 2001
— Capacity factor : 93.2%

— Unplanned outage : 0.5 occurrences pe
I reactor
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Future Nuclear Power Dewelopment

I (. IH
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° Continued safe operation of eX1stmg plants

and continued construction for new nuclear
power plants

|

—In anticipation of increased environmental
regulations and energy supply uncertainty

 Continuous upgrade of KSNP design and

deployment of APR1400 to enhance safety
and economic efficiency

5

Long-term Power Developmen ﬁlanl
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NPPs under Construction : 4 U"WS; (4 000 MW)

I
Iltuifl H

Plant Reactor | capacity |  project - NSSS Plant | Commercial

Type (MW) | Management | Sypplier AE | Operation

#5 | PWR | 1,000 | KHNP | DoOSANWH | KOPEC | Apr.2002 |

Yonggwang ,
#6 | PWR | 1,000 | KHNP |DOOSANWH | KOPEC | Dec. 2002 |

#5 | PWR | 1,000 | KHNP |DOOSANWH | KOPEC | Jun. 2004

#6 | PWR | 1,000 | KHNP |DOOSANWH | KOPEC | jun. 2005 |

NPPs in Planning : 8 Units (9,6QQ g

Il
N u

["W Hi lfl lli

° To complete 4 KSNP* units & 4 AE’RMOG units by 2015

KSNP* : Improved KSNP

Reactor | Capacity | Commercial

Plant Type (MW) Operation Remarks

#1 PWR 1,000 Sep. 2008 KSNP*

Shin-Kori #2 PWR 1,000 Sep. 2009 KSNP*
#3 PWR 1,400 Sep. 2010 APR1400
#4 PWR 1,400 Sep. 2011 APR1400

Shin- #1 PWR 1,000 Sep. 2009 KSNP+
Wolsong #2 PWR 1,000 Sep. 2010 KSNP+
New N# PWR 1,400 Jun. 2013 APR1400
_Proj PWR Jun. 2014 APR1400




APRI1400 Project

ol
i U
I !l}f‘ N

Pl [‘ f“’ .

° APR1400 Project to develop a 1,400MW

evolutionary PWR enhanced in terms of
safety and economics since 1992

° Based on self-reliant technology from
previous nuclear construction projects and

feedback from current operating experiences
° The first KNGR unit launched by 2010

Vg

APRI400 Project
| il

| | | ! | or
|

(I s

o Adoption of a fully digitalizéd man-ma hire
interface (MMI) system(fig. 1)

e Incorporation of direct vessel injection and

an in-containment refueling water storage

tank(fig. 2)

Ensure a high level of safety

— Using safety engineering principles(fig. 3,4)
Enhance economic competitiveness

— Using a high power level and improved construc
tion methods

C

4]

]
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Competitiveness of lelear Pawer

I zl | H

H 11|

e Continued development of nuclear power ne
eds enhanced competitiveness through assur
ance of nuclear safety and economic efficie

ncy.

11

Competitiveness of Nuclear P(m‘fer .
I H I H T

Nl w” i [

° The recent remarkable 1mpfoVemen‘t in plan
t performance is making nuclear power mor
e and more competitive,

— proving that economic competitiveness
and safe operation are fully compatible.

e Nuclear units have to compete with a broad
range of alternatives, on the basis of full gen
eration COSts.

12
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Generating Costs AR
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Competitiveness of Nuclear Fower
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o Life extension of nuclear power plams is a crit
ical issue worldwide with respect to economic

viability.

* The immense capital costs of nuclear power cr
eate financial risks, especially in deregulated
markets.

o Nuclear power is far inferior to the bituminous
coal-fired in terms of construction costs.

14
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Trend of Construction Costs | ',
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Conclusion

il
H 1| :l H H H
T I v
Concerted efforts to secure nucléar competitivenéss

through the continued improvement of nuclear
safety and economic viability

! I |

Changes in today's management environment offer
new challenges and opportunities to the nuclear
power industry

Our competitiveness to open the way for nuclear

power to play a critical role as a sustainable energy
source in the future.

17
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ARRI1400 Projec
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<Fig. 1> APR1400 Control Room
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<Fig. 2> 4-Train Direct Vessel Injection'
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ARRI400 Project | o |
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<Fig. 3> In Vessel Retention Concept  <Fig, 4> Cavity Flooding System
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Pebble Bed Modular Reactor

DR Nicholls
CEO PBMR (Pty) Ltd

Eskom/IDC/BNFL/Exelon Project

April 2002

Utility Selection Criteria

» Competitive Economics (with CCGT)
 Distributed Generation  (independent of fuel source)

e Short Lead Times and Small Unit Size
(reduce risk of capacity mismatch)

e Load Following (increased commercial pressure)

* Reduced Environmental Impact
(atmospheric emissions)

April 2002
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World Electricity Prices
World Electricity Prices
1 January 2000
14.00 -+
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% 1000 H i
:: 600 - ﬁ ] ) ) {Bindustrial
= o [ ] -
S
2.00 1
000 :z.lc‘ g 'E‘z‘—-a‘v"‘ D:@'-ﬁ ‘e ‘>.ﬂ‘ﬂ‘~clia‘<vmr[l
AR LRI RS EEREEE RN REETRERRAS
8 3 5 g3
April 2002 Industrial rates based on 2.5MW @ 40% load factor
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f % 1 R
Current Nuclear Option
° PWR/BWR unit size large 600 MW+
o Construction schedules long 48 months+
° Unit cost high $1500/kWe+
e Siting Restrictions ~16 km EPZ
4
April 2002




Current Reality

Long Term Central Planning

is being replaced in most countries by
Short Term Market Forces

Size and timeframes acceptable in the
past are no longer viable.

April 2002

Project Targets

April 2002
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The Real Targets

$1000/kWe installed
24 months construction

400m EPZ

April 2002

The Real Targets

$1000/kWe installed
Economics
24 months construction

400m EPZ

April 2002
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The Real Targets =~ "

$1000/kWe installed
Economics
24 months construction

Commercial Risk
400m EPZ

April 2002

The Real Targets S

$1000/kWe installed
Economics
24 months construction
Commercial Risk
400m EPZ
Safety/Acceptance o

April 2002
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Design Philosophy

11

« =
Key Strategies
o Standardisation
o Small Size
° Simple Systems
e Internationalise

S5—6
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P 8 M R
Key Strategy - Standardisation
° Design
— Minimise Engineering Cost
— Minimise Support Efforts
— Speed Construction
e Licensing
— Internationally Agreed Norms
o Utility Support
— Maximise vendor support
— Minimse utility specific support
— Industry Common Spares Holding by Vendor

April 2002

13

< L >

5] M R

Key Strategy — Small Size

@

Shorten Construction Period

o

Minimise Engineering Effort

(]

Minimise Market Disruption

(]

Achieve Repetition on 3-4 months

[

Mazximise Learning Curve

L]

Achieve Inherent Safety

14
April 2002




M

Key Strategy — Simple Systemrs

e Minimise Engineering Effort
° Minimise Operations & Maintenance

° Achieve Inherent Safety
— No Early Moving Components Required

15
April 2002

Technical Design

16
April 2002
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Plant Fundamentals

High Temperature Helium Cooled Reactor

Coated Particle Fuel

Spherical Fuel Elements (as per German reactors)
Direct Cycle Gas Turbine (multi-shaft)

No “safety systems”

— fuel integrity maintained under most severe
possible accident (full control rod removal from
100% power followed by pipe rupture and loss of

all cooling).

17

April 2002
P % Pl R
Plant Target Specification

° Max. sent out power 110-150 MW

> Continuous stable power range 0-100%

> Ramp rate (0-100%) 10%/min

* Load Rejection w/o trip 100%

* Base Construction Cost $1000/kWe

 Construction Schedule 24 months

* General Overhauls 30 days per 6 years

° O&M and Fuel costs $4-5/MWh

° Emergency Planning Zone <400meters

° Plant Operating Life Time 40 years

18
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Isometric View on the
Controlled zone and spent
Suel tanks

April 2U02

S5—10




5-Pack Option ~

Isometric View on the
Controlled zone and spent
Sfuel + Helium tanks
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5-Pack Option <A

Level -9.250
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Nuclear Safety
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Accident Categories

* Reactivity Excursions (Chernobyl)

— Negative temperature feedback

o External Events (Aircraft Crash etc.)

— Building Design

e Core Melt (“China Syndrome”, TMI)

April 2002

— Low Power Level
— Large Reactor Surface Area
— Temperature Resistant Fuel

M

29

April 2002

Key Safety Issues

The safety of the reactor is not dependant
on the presence of the coolant (cooling or
criticality).

In no accident scenario is the early insertion

of control rods required (early means in the
first few days).

There is no meaningful limit on transient
power levels — only long term power level.

30
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Loss of Coolant Event

265 MV/ PBMR Ref. Core: Temperature Distribution during a DLOFC
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International Option Comparisons
(Illustrative Estimations)

\;‘

Capital Fuel Operating  Construction
(3/kWe) $/MWh)  ($/MWh) Period
Coal $800-$1000 $12-%15 $4-$6 42 months
Gas $400-$650 $20-330 $2-33 18 months
Nuclear $1500-$2500 $3-%5 $5-510 54 months
(LWR)
Nuclear $1000-$1200 $4 $2-84 24 months
(PBMR)
41
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The future?
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Approvals Required

Shareholders
Cabinet
National Nuclear Regulator

Department of Environment & Tourism

(EIA)
National Electricity Regulator
Department of Minerals & Energy
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Development of Innovative Light Water Reactors
Yoichi Aeba

Company Advisor, Mitsubishi Heavy Industries, Ltd.

Nuclear generation, a key power source for Japan, now provides one-third of the
total national electricity. It was initially introduced to Japan which has few natural
energy resources, to provide a more stable energy supply for the future. Now it plays
as an important role in the energy “best mix” for Japan. Internationally, increasing
demand for electricity is inevitable, and the maximum use of nuclear energy — a product
of human discovery and wisdom — is essential in order to sustain the economic growth

and preserve the global environment.

(1) The necessity for nuclear power generation

+ Japan has few natural energy resources but consumes a large amount of energy.
* Energy demand is sure to increase, especially in the developing countries of Asia.
* The new environmental problem of global warming emerges from the overuse of

fossil energy.

|

We require means to ensure both energy security and global environmental

protection.

* Use of fossil fuels, such as coal and petroleum, will be limited when viewed in
terms of supply and demand, and environmental protection.
+ Wind power generation and solar batteries are not expected to play a major role.

|

* So nuclear energy is a powerful alternative to fossil energy.

5'56—33



We should tackle the following problem in developing nuclear energy.
+ Safety improvement and cost effectiveness of nuclear energy.
And we also have to provide
+ Answers to the question of whether nuclear power can solve environmental

problems and achieve energy security.

There has been growing need to achieve economic efficiency whilst maintaining
safety in nuclear generation. A government working group is currently studying a
variety of innovative reactor designs to meet diversified needs, including high levels of
safety and reliability, economic competitiveness to other power sources, energy security,

and reduction in the volume of radioactive waste.

Today, I am going to outline the purpose, value, and characteristics of innovative

light water reactors being developed by Mitsubishi, Toshiba and Hitachi.

Taking advantage of economies of scale, in order to compete with other power
sources, larger plants — higher capacities — have been developed 1in cooperation with
electric power companies. ABWR-II and APWR+ are 1,700-MW-class plants, which

reflect improvements on conventional LWR technology.

(2) Large capacity LWR
(2—1) APWR+
First, I am going to introduce APWR +.
A PWR + has been developed, as a key electric power source the late 2010’s ,
based on the APWR technology realized, by Mitsubishi and PWR utilities joint
development.
@ The purpose of APWR+ development and its value and characteristics
® Economic advantage competing with other power sources
Enlarged capacities : 1750Mwe

High availability : more than 95% (24 months cycle operation)
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Minimized development use based upon APWR technology
@ Safety improvement
Good use of passive safety systems and equipment and simplification
Good use of diverse safety equipment
Good use of seismic isolation system to the reactor building
Characteristics of APWR+ reactor
© Long size 14ft 1 7 X 1 7 fuel 257assemblies to enlarge capacity.
@ Simplified Lower Plenum to reduce the height of the reactor vessel
(Same size as 1500Mwe APWR Reactor Vessel)
® Changed location of ICIS from the bottom to the top.
® High performance control rod, condensed B4C+AIC Hybrid Rod, reduces

the number of rods to 856%~90%.

Characteristics of APWR+ Plant

©® Passive Safety Systems improves safety and simplifies the system and

component.

@ SG depressurization system eliminates High Head Injection system.

©® Diversified heat removal system for CV integrity and using in vessel retention
for CV integrity

© Enhanced seismic reliability by adopting seismic isolation system. This is also

effective measures to standardize Plant design.

(2—2) ABWR-1I

BWR utilities and Hitachi, Toshiba, GE joint development program has been

developing the next generation BWR,ABWR — II since 1991.

In order to reduce generation cost

@ Increased Electric Power, 1700Mwe, by increased core density.

® Higher availability, 96%, due to 18 months long cycle operation and 20days
short periodical inspection.

@ Reduced generation cost due to reduction of fuel cycle cost.(256%reduction of
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Generation cost)
© Reduced construction cost to due to reduction of the number of control rods

and control rod drive mechanisms. (20% cost reduction)

And in order to have flexibility in fuel cycle strategy, the following measures
are considered.
® High burn up Core
® Long operation cycle
® Use of MOX fuel
The characteristics of ABWR-II are Large K — Lattice core, Passive RHR system,
Large capacity SRV, etc.
A Large K —Lattice core using large fuel assembly increases the flexibility of fuel
and moderation design and make core design more flexible.
Utilization of wide cruciform control rod increase shutdown margin due to increase

of control rod worth.

ABWR- 1l adopts the passive residual heat removal system to satisfy international
standards of safety requirements against severe accidents.

Passive residual heat removal systems are provided to back up the active core cooling
system in case of ARCIC and RHR failure. These systems condense nuclear steam at
the heat exchanger and return the condensed water to the reactor to remove residual
heat.

Passive containment cooling systems condense the steam at the heat exchanger to
prevent pressure increase inside containment vessel in case of LOCA or severe accident,
and discharge it to suppression pool.

ABWR- I  enhances the protection system of the containment vessel over-
pressurization.

T explained APWR+ and ABWR II, which were two typical large scale PWR and BWR

Realizing the coexistence of cost-saving and high safety by enlarging capacity, using

simplified systems and components, and passive safety system components.
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(3) Innovative light water reactor

Medium- and small-scale reactors have also been developed. These will enable
investments in construction to meet new electricity demands in a more flexible manner.
Mitsubishi, Hitachi, Toshiba have been studying various type of innovative reactors to
meet the current and future requirements in cooperation with the research institutes,
universities sponsored by METI & MEXT.

I will present three types of those small and medium sized reactors here.

These are the innovative light water reactors which satisfy various requirements such
as improving safety and improving construction and operating cost and ensuring

future energy security, and so on.

Mitsubishi Hitachi Toshiba
Simplified LWR OIMR SSBWR LSBWR
Supercritical LWR SCPR @SCPR
Recycle LWR R—PWR @R—-BWR RBWR

O IMR is a small capacity reactor which achieves a comparable cost to a large scale
reactor by

simplification of the plant system and reduction of the number of components

@ S CP R(Super critical power reactor) is a reactor that reduces running cost by

improving thermal efficiency and also allows a simplified reactor internal

@ RBWR is a reduced moderation water BWR that uses a tight lattice fuel assembly

to maintain energy security and reduce radioactive waste.

(3 — 1) Integrated Modular Type Reactor (I MR)
I MR is a small, simplified light water reactor, constructed at reduced cost and in a
shorter construction period employing simplified systems and equipment, whilst at the

same time, enhanced safety.
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D The characteristics of IMR —Reactor —
IMR is a simplified compact reactor that has an output of 150Mwe~300Mwe, and
in order to improve thermal efficiency and reduce construction cost
@ Install SG and CRDM in reactor vessel
® Without pressurizer, main coolant pipe
® Adopts two phase natural circulation
® Raises core outlet temperature to 345C
IMR also improves the safety by taking the following measures.
® Excludes the core damage capability for LOCA, loss of flow, rod ejection
accident.

® Enables direct heat removal by SG in the accident conditions.

@ The characteristics of IMR —Plant—
I MR plant has the following characteristics to improve economies and safety.
® Simplified plant system
® Small compact containment vessel due to simplified NSSS without loop.
@ Standardization, modularization make construction period shorten
® Standalone residual heat removal system unnecessary for power, cooling water,
operational support from outside.
© Standalone residual heat removal system unnecessary for power, cooling water,

operational support from outside.

Another is the supercritical-water cooled power reactor. This 1s also a reactor
with reduced costs through simplified equipment, and with improved generation

efficiency.

(3—2) Supercritical-water cooled power reactor (SCPR)
SCPR was proposed by Tokyo University in 1990 and developed thereafter.
It has the following 4 characteristics compared with the conventional LWR.

(D Enlarged electrical output by improving the thermal efficiency.

S'5—38



@ Simplified Nuclear steam generation system and component

® Adopts mature technology

@ Core design flexibility
These lead to a remarkable improvement of economics.

The improvement of power generation output, that is, the improvement of thermal
efficiency is achieved by raising the temperature and pressure at the inlet of the
turbine.

This improves the conventional thermal efficiency from 35% to 40%~44%.

System simplification is achieved by the smaller volume per energy of supercritical
water compared with conventional BWR coolant condition and due to no
difference between steam and water.

This enables the capacity of the main turbine, heat exchanger, and a component
smaller than conventional LWR and eliminates the need of re-circulation system, water
separator, dryer and/or

steam generator. (show the Figl)

In addition, this enables RPV, CV, reactor building.

Turbine/Generator
Mature technology allows the possible use of the

Reactor
considerable success of LWR and supercritical fossil

boiler plant.

The flexibility of core design allows the possible
Fig. 1

design of the fast neutron reactor as well as the thermal Supercritical Power Reactor

reactor due to the heat transfer characteristics of
supercritical water.

This SCPR has been developed in another country. In Japan, this development
program has been push forward by the joint team, Toshiba, Hitachi, Tokyo University,
Kyushu University and Hokkaido University sponsored by IAE.

This development project is 5 year program, which thereafter continues with a

10-15years verification program including a demonstration plant.
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Fig 2 SCPR Development Program

SCPR is an innovative reactor concept. The development program has begun
ahead of other countries and now some countries initiating various studies.

SCPR meet the requirement of remarkable advantage of economics and has the
potentiality for the fast neutron reactor in view of higher thermal efficiency, simplified
system, the use of mature technology, flexible core design.

We would like to promote the SCPR development program in cooperation with other

countries as well as domestic organizations concerned.

Third is the reduced-moderation water reactor. This is a light water reactor, highly
promising to ensure energy security and reduced waste, which are the original

objectives of such development.

(3—3) Resource-Renewable BWR —RBWR—

LWR will play an important role in the future, and more effective use of uranium and
plutonium 1s expected.

RBWR is the reactor based upon conventional LWR technology, which reduces water
to fuel ratio and use hard spectrum neutron. That brings breeding ratio of 1.0 by use of
LWR and enable to supply the stable energy in the long-term range.

RPWR system architecture is basically same as conventional BWR and has a unique

core design and specification.
RBWR is expected to solve the following main issues of the fuel cycle.

® Saving uranium resources

@ Effective use of P u
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® Reduction of stock of spent fuel
@ Reduction of radioactive waste

Generally, it is necessary to reduce the number density ratio of water to fuel.

RBWR adopts a hexagonal tight lattice and high void fraction which reduce core flow
making the most of BWR characteristics and adopts a Y-shape control rod with follower.
These lead the breeding ratio of 1.0 to the LWR.

Fuel assembly is composed of a 10.1mm outer diameter fuel rod and a 1.3mm rod gap
in the tight hexagonal lattice.

Core is composed of 720 fuel assemblies and 223 control rods arranged among the fuel
assemblies.

Conventional LWRs would consume the amount of 1500t of natural uranium by the
year 2080. The utilization of conventional LWR and RBWR will allow natural uranium
supply to last until 2200. After that, a stable energy supply will be ensured with using
depleted uranium without natural uranium for a long time after.

In addition, RPWR is an advantageous reactor for nuclear transformation of minor-
actinides in the inside core and for reduction of long-life radioactive waste due to hard

neutron spectrum.

(4) Summary
These reactors are being developed jointly with national research institutes,
universities, plant makers and utilities.
In addition to these developments in innovative light water reactors that I have
introduced, high-temperature gas-cooled reactors and metal-cooled fast reactors are

also potential options for the future.

O Nuclear Energy is indispensable for global and sustainable economic growth

O Nuclear energy will play an increasingly important role in the stability of future

energy supply and for the protection of the global environment.

l
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O We are going to develop and maintain a strong technical base for nuclear energy
development in cooperation with government, research institutes, universities and
our utility companies.

l
OlIn my opinion, nuclear energy will permanently play an important role in

improving life for mankind and in issues of environmental protection.
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The 35th JAIF Annual Conference

INTERNATIONAL PROJECT ON INNOVATIVE NUCLEAR REACTORS AND
FUEL CYCLES (INPRO)

Poong Eil Juhn
Director

Division of Nuclear Power
International Atomic Energy Agency

SUMMARY

This paper presents the background, objective and status of the International Project on
Innovative Nuclear Reactors and Fuel Cycles (INPRO) of the International Atomic Energy
Agency (IAEA, the Agency). The General Conference of the Agency adopted resolution
[GC(44)/RES/21] in September 2000, which has invited “all interested Member States to
combine their efforts under the aegis of the Agency in considering the issues of the nuclear
fuel cycle, in particular by examining innovative and proliferation-resistant nuclear
technology” and has also invited Member States to consider to contribute to a task force ‘on
innovative nuclear reactors and fuel cycle [C(44)/RES/22]. In response to this invitation, the
IAEA has formulated the INPRO project. The Terms of Reference for INPRO were adopted
at the Preparatory Meeting in November 2000, in which more than 40 senior officials from 25
Member States and 4 international organizations were represented. The INPRO Steering
Committee, which is the decision and review body on the INPRO project, officially approved
the INPRO project at its 1st meeting in May 2001. The General Conference of the Agency in
September 2001 adopted another resolution for the Agency to do a role for development of
innovative nuclear technology [GC(45)/RES/12, Tab F], which has recognized the unique role
that the Agency can play in international collaboration in the nuclear field.

Additional cndorsement to support INPRO was made in a UN General Assembly



resolution in December 2001 [UN GA 2001, A/RES/56/94], that again recommended the
Agency to do "the unique role that the Agency can play in developing user requirements and
in addressing safeguards, safety and environmental questions for innovative reactors and their
fuel cyvcles” and that stressed "the need for international collaboration in the development of
innovative nuclear technology".

As of April, 13 Member States and the European Commission have become members
of INPRO. In total, 16 cost-free experts being nominated by these Member States and the
European Commission are working for INPRO project in the IAEA. Two INPRO Steering
Committee meetings were held in 2001 ( May and December) and another two meeting are
schduled in 2002 to review the progress of INPRO.

The objective of INPRO, which composes of two phases, is to support safe, economic
and proliferation resistant use of nuclear technology, in a sustainable manner, to meet the
global energy needs in the next 50 years and beyond. The current 1st phase of INPRO is
focussing selection of criteria and development of methodologies and guidelines for the
comparison of different concepts and approaches, taking into account the compilation and
review of such concepts and approaches, and determination of user requirements in the areas
of resources,demand and economics; safety; spent fuel and waste; non-proliferation; and
environment. Upon completion of the 1% phase of INPRO by the end of 2002, the result will
be reported to and discussed at the Agency’s “International Conference on Innovative
Technologies for Nuclear Reactors and Fuel Cycles” to be organized in 2003. Thereafter, the
2 phase of INPRO may be initiated to examine the feasibility of commencing an

international project on innovative technology development.
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1. Introduction

In the next 50 years, the world global energy demands will rise two times while the global
electricity demands will be tripled. Currently nuclear power supplies about 16 percent of the

world electricity demands.

The long-term outlook for nuclear energy should be considered in the broader perspective
of future energy needs and environmental impacts. In order for nuclear energy to play a
meaningful role in the global energy supply in the foreseeable future, innovative approaches
will be required to address concerns about economic competitiveness, safety, waste and

potential proliferation risks.

At the national level, work on evolutionary and innovative approaches to nuclear reactor
design and fuel cycle concepts is proceeding in several JAEA Member States. At the
international level, IEA, OECD/NEA and the IAFA are co-operating to review ongoing R&D
efforts on innovative reactor designs and to identify options for collaboration. The US
Department of Energy is promoting the Generation IV International Forum (GIF) initiative, in
which both the IAEA and OECD/NEA are participating as observers. The President of the
Russian Federation, at the Millennium Summit in 2000, called upon IAEA Member States to
join their efforts in creating an innovative nuclear power technology to further reduce nuclear

proliferation risks and resolve the problem of radioactive waste.

The General Conference of the IAEA adopted resolution in September 2000, which has
invited “all interested Member States to combine their efforts under the aegis of the Agency in
considering the issues of the nuclear fuel cycle, in particular by examining innovative and
proliferation-resistant nuclear technology” [GC(44)/RES/21] and invited Member States to
consider to contribute to a task force on innovative nuclear reactors and fuel cycles
[GC(44)/RES/22]. In response to this invitation, the IAEA initiated the “International Project

on Innovative Nuclear Reactors and Fuel Cycles”, INPRO.

At a meeting of senior officials from 25 Member States and 4 international organizations
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in November 2000, the objectives and conditions of this project were discussed and the Terms

of Reference for INPRO were adopted.

Additional endorsement to support INPRO was made in a UN General Assembly
resolution in December 2001 [UN GA 2001, A/RES/56/94], that again recommended the

Agency to do “the unique role that the Agency can play in developing user requirements and

in addressing safeguards, safety and environmental questions for innovative reactors and their

fuel cycles” and that stressed “the need for international collaboration in the development of

innovative nuclear technology”.

2. Objectives of INPRO

The objectives of INPRO, as defined in the Terms of Reference, are to:

-]

&

Help to ensure that nuclear energy is available to contribute in fulfilling, in a
sustainable manner, energy needs in the 21% century. Energy scenarios for the period
envisaged will be determined by an expected transformation of the energy sector in the
light of limited fossil fuel supplies and potential climate change; new applications such
as hydrogen as an energy carrier and seawater desalination for the production of

potable water will have to be considered.

Bring together all interested Member States, both technology holders and technology
users, to consider jointly the international and national actions required to achieve
desired innovations in nuclear reactors and fuel cycles that use sound and
economically competitive technology, and are based — to the extent possible — on
systems with inherent safety features and minimize the risk of proliferation and the
impact on the environment. The unique mandate of the IAEA in the area of safeguards
helps to ensure that the issue of non-proliferation will be considered at every stage of

INPRO.

To create a process that involves all relevant stakeholders that will have an impact on,
draw from, and complement both the activities of existing institutions and ongoing

initiatives at national and international levels.

3. Organizational Structure

According to the Terms of Reference of INPRO the framework for implementation of the



INPRO project consists of the Steering Committee (SC) and an International Co-ordinating
Group (ICG).

The SC is composed of INPRO members, who are senior officials from Member States
that participate through provision of extra-budgetary resources (fund or cost free experts) and
observers, who are representatives from interested Member States and international
organizations, to participate only in SC meetings. IAEA project management is also
represented. The SC meets as appropriate to provide overall guidance, advise on planning and
methods of work and review the results achieved. Two SC meetings were held in 2001 (May

and December) and the next one is scheduled on 29-31 May 2002.

An ICG is comprised with cost free experts from participating Member States. The
function of an ICG is to co-ordinate and implement the INPRO project on the basis of experts’

work in Member States;

Technical consultant meetings, in which experts from non-member INPRO countries are

often invited, are convened as appropriate to consider specific subjects and tasks.

The IAEA provides with project management, administrative and technical support.

4. INPRO membership

As of April 2002, the European Commission and the following 13 countries have become
members of INPRO: Argentina, Brazil, Canada, China, Germany, India, Republic of Korea,
Russian Federation, Spain, Switzerland, The Netherlands and Turkey. In total, 16 cost-free
experts being nominated by their respective governments and the European Commission are
working for INPRO project at the IAEA. These experts have broad expertise in the areas of
nuclear energy and fuel cycle technology, nuclear safety, economics and nuclear non-
proliferation, and form the ICG. Together with the IAEA Secretariat, the ICG has the principal

operational responsibility for the implementation of INPRO.

INPRO is implemented using mostly extra-budgetary resources offered by interested

Member States.

5, INPRO Phases

According to the Terms of Reference of INPRO, INPRO has timewise two phases (Phase I
and Phase II).
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Phase I of INPRO was initiated in May 2001. During Phase I, work is subdivided in two

sub phases:

Phase IA (in progress): Selection of criteria and development of methodologies and
guidelines for the comparison of different concepts and approaches, taking into account the
compilation and review of such concepts and approaches, and determination of user

requirements.

Phase IB (to be started after Phase IA is completed): Examination of innovative nuclear
energy technologies made available by Member States against criteria and requirements. This
examination will be co-ordinated by the Agency and performed with participation of Member

States based on the user requirements and methodologies established in Phase IA.
For the first phase (Phase I), the following task groups were established:
Resources, Demand and User requirements for Economics;
User requirements for the Environment, Fuel cycle and Waste;
User requirements for Safety;
User requirements for Non-proliferation;

User requirements for crosscutting issues and

Criteria and Methodology.

Upon successful completion of Phase I, the result will be informed to the IAEA sponsored
International Conference on Innovative Nuclear Technologies to be held in 2003. The
preparatory meeting for this International Conference on Innovative Nuclear Technologies is
scheduled on 27-28 May 2002. Taking into account advice from the SC, and with the approval
of participating Member States, Phase II of INPRO may be initiated, which will direct to:

e Examining in the context of available technologies the feasibility of commencing an

international project;

e Identifying technologies, which might be appropriate for implementation by Member

States in such an international project.
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6. Co-ordination with other Initiatives

INPRO seeks to interact with other national and international stakeholder and initiatives to
ensure effective co-ordination and co-operation in a complementary manner, e.g. with the
Generation IV International Forum (GIF). The result of the Three-Agency Study named
“Innovative Nuclear Reactor developments — Opportunities for International Co-operation”,
which has been jointly conducted by IEA, OECD/NEA and IAEA has been agreed to be
provided to INPRO as the joint input by all three participating Agencies. In GIF, the IAEA is
represented, as an observer, at the Policy and Experts Group, and IAEA experts participate in

the technical meetings of GIF.

7. Conclusions

Following an invitation expressed in two resolutions by the IAEA General Conference in

2000, INPRO was officially launched in May 2001.

At the General Conference in 2001, first progress was reported, and the General
Conference adopted a resolution on "Agency Activities in the Development of Innovative
Nuclear Technology", giving INPRO a broad basis of support. Additional endorsement came

in a UN General Assembly resolution in December 2001.

In it's current Phase IA, INPRO is focussing on the demand side for nuclear energy in the
2050 timeframe. To that end, INPRO is developing user requirements in various subject areas,

such as economics, environment, safety and non-proliferation.

INPRO is open to all interested JAEA Member States and international organizations; as
of April 2002, the European Commission and 13 JAEA Member States have become a
member of INPRO.
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JNC
The 35% JAIF Annual Conference

Prospective View from “Feasibility Study on
Commercialized FR Cycle Systems”

April 24, 2002
KIYOTO AIZAWA

Japan Nuclear Cycle Development Institute

Social Needs of the 215 Century JNC

Conversion from Consumption to Environmentdily Conscious Utilization

Environmental Enhancement of
Preservation Safety
e Global Environmental
Preservation (Reduction of
Efficient Utilization waste, CO, etc,)
of Resources ® g“S'al’f‘ab’l"y of Energy Diversification of
upplies
o Increase of Energy Demand Energy Sources
o Flexible Response to
Uncertainty and Change
Recyclable Energy-market
Energy Competitiveness

1L

A system enabling the long-time supply of energy without environmental disruption,
exhaustion of resources or increase of risk.

Innovative technology efficiently realizing the saving of resources and environmental friendliness
-Innovative technology facilitating commercialization [-—1
i
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JNC

Needs and Technologies for Nuclear Cycle of tl;e 218t Century

Needs

Technologies

©Environmental Preservation
* Reduction of Wastes
* Reduction of Waste’s
Toxicity
©Efficient Utilization of

Resources
@ Recyclable Energy
©@Enhancement of Safety

©Diversification of Energy

Sources

© Energy-market Competitiveness
= Improvement in Economic
Competitiveness
- Enhancement of Nuclear

Non-proliferation

* Recovery, Volume Reduction, Partitioning and Transmutation of FP
* Reduction of Reprocessing Volume (High Burn-up, High Thermal Efficiency)
* Recovery and Burning of MA

* High Recovery Rate of TRU

* High Burn-up, High Thermal Efficiency
* Securing of Flexible Breeding Ratio Corresponding to Needs
* Enhancement of Passive Safety Features

* Multi-purpose Use (Production of H,, Utilization of Thermal Energy,

Distributed Power Sources, Desalinization of Sea Water)

* Rationalization, Simplification, High Efficiency of Systems
* Low-decontamination Recycle, High Burn-up, High Thermal Efficiency
* No Pure Plutoninm in any FR Cycle Process

= Conformity with the Non-proliferation System (Easy to Safeguard)

* Pu Utilization Corresponding to Demand (Minimization of Pu accumulation) H

1

JNC

Assessment Philosophy

o

<Development Targets>

©Ensuring Safety

@Economic Competitiveness

©Efficient Utilization of Resources

®Reduction in Envir tal
Burden

©Ephancement of Nuclear
Nen-Proliferation

Optimization of Boundary Conditions Considering the Features of FR Cycle

~

Fuel Fabrication

Automatic Control
Remote Manufacturing

<Viewpoint of System>
$Transport

n

g
reed)

)
urning of Low DF Fuel
*TRU Burning

P&T : Partitioning & Transmutation

€ Exposure
€ Non-proliferation

Decreasing Radioactive Waste
Reduction of Hazard by P&T
Difficult to Make Weapon

No Parification

Low Decontamination

Reprocessing

*TRU Recycle
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Organization for Carrying out the Feasibility
Study on Commercialized FR Cycle Systems

Organization for the Feasibility Study on
Commercialized FR Cycle Systems

’ JNC and the Electric Utilities

CRIEPL
(Cooperative Agreement)
*Research & Evaluation

of Metallic Fuel Recycle
Systens

International Cooperation

(Cooperative Agreement,
Solicitation of Idea)

D ic Private Compani
(Proposals from Plant
Manufacturers)

JAERI
(Cooperative Agreement)

University
{Solicitation of Idea)

JNC

Current International Cooperation

JNC

(UK)
© Vibro-compacted fuel and Cladding
o Reprocessing Technology, etc.

(Russia)

© Ph-cooled Reactors

© Vibro-compacted fuel

o Non-aqueous Reprocessing, etc,

(US4)
© Heavy-metal-cooled Reactors

(Kazakhstan)
Fuel Behavior for accident

(Switzerland)
Vibro-compacted fuel

\Y

(Germany)
© Pb-cooled Reactors
@ Gas-cooled Reactors

(France)

o Gas-cooled Reactors

o Reprocessing

@ Technologies for TRU recovering
and LLFP partitioning, etc.

e Development of Advanced Fuel, ete.

5687



Development of the FR Cycle System

JNC

Various Options

Technological
° Screening of

Options

promising candidates

Engineering
Scale Tests

Example
Fast Reactor

- Coolant

- Fuel

- Plant Size
Reprocessing

- Advanced Aqueous

- Non-aqueous
Fuel Fabrication

- Simplified Pelletizing

- Vibration Packed /

- Casting

N

Design Studies =2

¢ Introduction of In-

» Conceptual Design &
Fundamental tests
of key technologies
* Preparation of
R&D plans
* Selection of several
promising candidates

novative technologies|

| _ 2000] 2008| 2010| 2015
Innovative \
Technologies Pi'lase I

ttractive FR Cycle Syster

By satisfying development targets

Research and development will be
carried out under a rolling plan in
which checks and reviews will be
conducted approximately every 5

Q&rs.

Purposes of the Feasibility Study on Commercialized FR Cvcle Systems

JNC

Purpeses

© Introduction of innovative technologies
@ Conceptual Design and Fundamental tests of key technologies

@ Preparation of R&D plans

© Selection of several promising candidates

to social conditions

evaluations

FR cycle engineering scheme

Step-by-step check & review and flexible promotion of research corresponding

Selection of several promising candidates

Conceptual design, elemental technology development and quantitative

«Consistency with FR, fuel cycle and disposal of the radioactive waste

Detailed examination of established R&D plans (Road map) to realize
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JNC

Development Targets of the Commercialized FR Cycle Systems

Ensuring Safety
% Prevention of Reac’tor Core Damage
Economic Competitiveness
& Compefitive with Future LWRs and Other Electric Power Sources
© Cost which the world accepts ’
"Reduction in Environmental Burden

© TRUs Burning and LLFPs Tr{a{,nsx’r'iutation
< Reduction of Radioactive Waste

Efficient Utilization of Resources
© Burning and Breeding

Enhancement of Nuclear Non-Proliferation
€ No Pure Plutonium in-any FR Cycle Process

$ Enhanced Design for Non-proliferation of the Plant

Major Desien Targets of FR Cycle System ( 1/2)

FR System (Base/Pil)/wer) // Fuel Cycle SVSti}iﬁ/

/
y S / /
Electricity Generation: 4,0yen/k\¥fh/(Equivaleut to Reactor Fu$;/Cycle Cost //: Less than l.lyen/k\Vh /
Cost Construction Cost 0,20 Million yen/kWe) /’ / Equivalentto
/ / Vs 1/ 0.43 wittion yexkgHM
Operation Cycle : Mote than 13 months 4 / // 7 y
Availability Factor  : 200-days/y Ve /
Construction Period 7 As a goal, Large-scale : 42 months P y /
s / S/
© Medium-scale Modular Type : 36 mnnths// Constx{ction Period <60 months // //
y /' /'/ v ,/ 7
N . . // // 4 4 /"‘ 4
Breeding Ratju rAbove 1.2 y U, Pu Recovery Rate :More than 99% Ve
In the case of FP Transmutation : Above 1.0 Ve S e
v . y
S System Doubling Time : Less than 30 years <1:__> Partitioning FPs :1,Te,Cs, Sr, Mo, Pd_/ Vs
/ 7 5 /!
TRU Burning : Consideration of FR mult/i-fecycle and Radioa;tive Release Eﬁuivahnt or less'than Present LWR
Y o
’ long-term storage of LWR spent fuel /// /" Repr ing Facility Appli f
/ / /' / V4
FP Transmutation :1,Tc ya Safety Ve : Same as LWR Fuel S
/ / wage;s/calc Radioactive’Leakage in
Radioactive Release : Equivalent f)x' less than the}a/ cility Jess than 1 4 Iy Vi
Present LWR Application V4 Ve
Safety : Passiyé/Safety, Re-criticality free, // S
ng‘é damage frequency less than 10%/ry / / / )
/ ‘ / /
y ; / S/
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JNC
Major Design Targets of FR Cycle System (2/2)

FR System (Small-scale Reactor)

Use : Distributed power supply (Electric power cost 5.5 yen /kWh)
The usage which it made use of the characteristics of the small type
reactor except for electric power generation.

Fuel exchange interval : More than 10 years (High conversion ratio is used for lengthening
the core life.)

Construction Period : As a goal , within 20 months

TRU Burning : Low-decontamination TRU fuel can be loaded and Reduction of
environmental burden through the cycle is aimed.

Release of radieactivity : Equivalent or less than Present LWR application value.

Safety : Passive safety and safety character of small type reactor.

JNC
Evaluation of FR System Technology
( O: Screened technology to be studied )
s Liquid
Fuel Type Solid Fuel Fuel
Technology Pin Type Coated Particle U+ Pu
MOX Metal Nitride MOX Nitride
> Large-scale Type O (o] (@]
® | Medium-scale Modular Type (o] o] e}
- Large-scale Type (Pb) O (o] O
§ 3 Medium, Small-scale
B3 Modular Type [e) [e) o
(Pb, Pb-Bi)
CO, Gas- cooled,
Steam Turbine © © ©
g:;lige' He Gas-cooled, o o o
Steam Turbine
£ Tree He G led
E e Gas-cooled,
Gas Turbine o © © ©
Medium, Small-scale
Modular Type lo] lo] lo] (o)
(He)
Water (Heavy Water) cooled Type O
Liquid Fuel Type (@]
11
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R&D of FR Cycle System in Phase Il JNC

Small-scale Reactor (Sodium, Pb-Bi)
* Development of utilization schemes
and systems based on the
characteristics of a small-scale

Phase Il

Software

* Preliminary conceptual design
Hardware

* Fundamental tests of key technologies

Key points vary
among reactor types

reactor
Phase I Large / Medium-scale Reactor Phase 0
. 4 ~
Sodium-cooled Reactor * Clarification of conceptual design to enhance economic

competitiveness and overcome drawbacks of the sodium-ceoled reactor
+ Confirmation of feasibility of key technologies
(integration of facilities and new materials, etc.)

* Development targets are expected
to be obtained.

* Knowledge on technological \_ J
feasibility is sufficient. / \
» Innovative technology to realize (Gas-cooled Reactor

economic competitiveness is

« Adoption of innovative plant design (heat removal in the accident, etc.)
adopted.

« High-temperature resist cladding material
Heavy-metal-cooled reactor
* Adoption of innovative plant design (improvement of core

Other Types of Reactor
performance, etc.)

« The outline of the entire « Clarification of solutions to such issues as countermeasures for
system is clarified. material corrosion and enhancement of seismicity, etc. J
* Issues affecting fundamental K

feasibility of technologies are 4
dariﬁed:'f 8 Water-cooled Reactor J

Clarification of solutions to such issues as cooling of dense core and
\___CDA countermeasures, etc.

73

The Progress of Study on Sodium-cooled Reactor JNC

(Large-scale , Medium-scale modular type)

Major Study Items in 2001
Enhancement of the attractive merits of Sodium-cooled Reactor
«Confirmation of the feasibility of LLFP loaded core
*Study on long core cycle length. ( Medium-sized reactor)
Setandary B ] ( MOX fuel : 3 years, Metal fuel : 5 years)
: s < S~ “Upper Stractare + Adoption of straight tube type SG , BOP rationalization, etc.
(Medium-sized reactor)

1 '
!P:“:;:\g:?yu!‘::r:p Conquest of the drawback of Sedium-cooled Reactor

and X |

1

i

+Enhancement of Sodium-Water reaction countermeasure :

- Localization of propagation of water tube failures in SG.
Reattor Vessel +Enhancement of Sodium leak countermeasure :
- Double boundary structure for all sodium boundary with

inert gas circumstances

The example of the Sodium-cgoled Large-scale Loop-type Reactor

Key Issues for Future Development

+ Confirmation of feasibility of SASS (Self Actuated Shut Down i
L. . Devel t of three-dimensional seismic-isolation technology
System) by in-pile test <
vp - Data collection of strength of new material (12Cx Steel)

+ Confirmation of the natural circulation decay heat removal

performance . In-pll‘e transnent test of Metal Fuel (TFEAT: usa)
. IYe : . R - g g E
- Confirmation of Re-criticality Free core concept by in-pile Irradiation test of ODS Cladd'in Fuel pins
test (IGR: Kazakhstan ) (Joyo: Japan, BOR-60: Russia)

- Confirmation of feasibility of the Integration of components
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Evaluation Result of FR System Technology

A : Screened technology to be studied in the Phase I

B : Technology to be revaluated in the Phase I by reviewing results of other studies in Japan and
overseas

C : Scope of the study in the Phase I except Aand B

—: Out of scope in the Phase I

JNC

Evaluation of Evaluation of Fuel Type
Reactor System s
Reactor Type MOX Nitride Metal
Large-scale Tank Type B
Sodium Large-scale Loop Type A A B A
Medium-scale Modular Type A
H Large-scale C
eavy g B A A
Metal Medinm-scale Modular Type (Pb-Bi) A
CO, Gas-cooled (Pin Type Fuel) B
Gas He Gas-cooled (Pin Type Fuel) B B A C
He Gas-cooled (Coated Particle Fuel) A
BWR System A
Water PWR System A A - -
Supercritical Pressure A
Small#1 Sodium-cooled A B A A
scale «2 Heavy Metal-cooled A

*1 ) As for the Gas-cooled reactor of the Small-scale reactor, the evaluation result of the Large-scale reactor will be reflected.

#2 ) The evaluation of the fuel type Is 2 result as a dealing with the long-term operation.

Comparison of Approximate Construction Cost Estimation
among the Reactor Concepts Studied

JNC

1.50

Development Target Level L_‘

g
>
=3

0.50 7

ding 12404 L133[H Jo
nu() 1B (N{EA 2ABR[IY) 150D UCNINYSEO)

0.00

Large-geale Sodtam- Large-scake Large-scale Carbon Largs-cale Hellum Medium-renle Lead- Medium-scale Medlum-seale Sodlum-
coaled Loop-type Sodlum-cooked Dioxide Gas-cooled Gas-cookd Coated bismuth-cooled Sodfum-cooked Loop- cocled Pool-Type
Reactor Foal-type Resctor Reaster Particle-fuel Reactor Modular Reactor type Modular Modulay Resctor

{6 Reacter Module 3608

(Twin Plant:3069 {Twis Plant:3032 (Twin Plant:2740 {Twin Plant:2240 {8 Reactor Reactor

MWe) MWe) MWe) MWe) Module:3260 MWe} {6 Reactor Module Me)
306EMWe)

5]
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Scheme of FR System Development JNE

Selection of Primary and
Iernative Candidate

“Technology Level

Perspective
on
Feaslbility

(@ Sodium-cooted reactors N aformation feedback from

@ Secondary system _ Interantivaal Cooperation
ellminated reactors 2
@ Heavy meta-
cocled  reactors 3 J’g_g?{s{g;%
o8, (®b, Pb-BY) g
‘% (-6" @ Gas-cooled 4
oy, Cé reactors (CO,, He) "mﬁ_zms)
/80 Ooe ® Small-zcale T FY20
}?’)GO 40(’, reactors (Na, Pb-Bl) ﬂw@wlm
8"6 0'1 * 3 ® Water-cooled reactors 9
00/ @, (BWR, PWR, Supercritica F“{’;‘ggi 2005}
0, &, 1 ™
EY TS (@ Molten salt reactors Y
A (& o ﬂ‘(ﬁg.mm 001
4
<&
16
o .
The image of the new recycling technology JNC

The conversion of the idea from "Nuclear fuel materials are extracted.” to
"QObstructive substances are removed."

> . . - .
What is the material that it / e o What is a obstructive substance for the environment =
/ wants to use? L and the cycle?

Y
/o
/
/o
// / g , .
/ / / ] - - Unsuitable
/ . -
High-level Waste Fuel | i . '
J . .
/ FP, MA U, Pu Low-level | | Useful ‘ Other Treatment } Vitrification
/ - ) | Rad-Wastes Resources - g } | Reactor Core
/ / / N ’ - ’ g o

& Usual idea J /

/ . l
Ay el \\

Japan-original recycling concept
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Material Flow in “New Concept”

JNC

Actinides

Fast Reactor

or Tr

Natural " —
Uranium —
Fuel
Fabrication

Storage for Cooling

Repasitory for Stable
{or Low Level) Waste

No Actinides
Less Stable FP

2 Gz [ Eo)l-»

HLW Repository

18

R&D of Fuel Cycle System in Phase Il

JNC

Phasell

Reprocessing

* Preliminary conceptual design

* Small-scale Hot test of Aqueous Reprocessing
key technology

*» Fundamental tests of Auxiliary Alternative
Processing for Aqueous Reprocessing Method

* Quantitative evalnation of the feasibility of
two Non-aqueous Reprocessing Methods

Fuel fabrication

* High-performance MOX fuel

* Gathering of the knowledge necessary
for the selection of Advanced Fuel
Options

* Small-scale Pu tests of metal fuel

Phase I

Phase II

Reprocessing

Research of candidates
Conceptual facilities design,
Evaluation of economic
competitiveness

Screening of non-aqueous
reprocessing methods: 3 —2

N

/ Aqueous Reprocessing
“Establishment of Advanced Aqueous Methed by Crystallization technology,

Hot test of TRU recovery technology, ete.

- Confirmation of Auxiliary Alternative Processing technology by Hot test
(Supercritical fluid Direct Extraction Method / Amine Extraction Method / Ion

Exchange Method)

on-aqueous Reprocessin:
\ - Confirmation of technological feasibility by small-scale test such as Pu test

\

_

Fuel Fabrication

* Research of candidates

+ Conceptual facilitics design,
Evaluation of economic
competitiveness

¥

A’el!ctizin Method of Fuel Fabrication

«Confirmation of Simplified pelletizing technology d

t A
ev

-decontamination TRU fuel

ibration Compaction Method of Fuel Fabrication
* Development of Gelation, Rolling Granulation Method and Selection of Promising

Granule Production Method

« Small-scale system ftests using granule by gelation and RIAR method
Casting Method of Fuel Fabyication

\'Conﬁr‘maﬁon of Casting technology by small-scale test

t and pr jon of Low

P

%9
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The Progress of Study on Advanced Aqueous Method and JNC
Other Alternative / Supplementary Aqueous Technologies

Super critical Fluid

Extraction Method ,emszzvzzs
3

Dissolution/
Clarificatlon

Co-extractlon

\
Major Study Items in 2001
[Aqueous process ]

"""" *Development of crystallization process :
Small scale U, Pu test

*Development of TRU recovery process :

r

SETFICS+TRUEX cold tests

$ osttipplng | 1
: {U/PNp Recovery) «

[Supercritical fluid extraction process]

*Cold test with supereritical CO,, TBP and
imitated FPs

[Amine extraction process ]

* Experiments on migration of oxidizing agent
[Ton-exchange process]

L - Cold tests using adsorbent impregnated with CMPC)

[Advanced Aqueous Method]

+ Verification of Crystallization method

* Verification of Simplified extraction method

Key Issues for Future Development

[Other Alternative / Supplementary Technologies]
+U/Pu tests at CPF (Chemical Processing Facility)

+Selection of an alternative method

0]

The Progress of Study on Metal Electrorefining Method JNE

Mechanical Chepping

Distillation of Bond Na

Li Reduction

Oxidation

Electror

Noble Metal FPs
't—-—b

Major Study Items in 2001 \

*Electrowinning test with U and Pu (CRIEPI-ITU)

*High efficient recovery of HM into Cd cathode

High level waste

Solid Cathode
Processing

Conversion

Cd Cathode

* Setting up of glove boxes for Pu test Pu
Processing

(INC-CRIEPY)

* Pu tests, hot tests

« Salt waste treatment technique

Key Issues for Future Development

*Separation of salt and Cd
*Decladding technique
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The Progress of Study on Vibration Compaction Method

Product from Non-Agueous
Methed (Solid )

JNC

-

Product from Aqueous
Method (Solution)

}Granule Productim{

}Granule Pmclm:ﬁm:’l

Vibro Packing |

'Welding of End Caps|

Assembly of Bundles

New Fuel

Major Study Items in 2001

transportation

electrowon UO, granules

* Verificarion on column stability under

* Gelation tests for external gelation method
. *Granulation test for rolloing granulation method

* Vibro-packing tests with imitated granules or

Key Issues for Future Development

external gelation and rolling granulation methods

* Fabrication tests with Pu
*Irradiation test of MOX and Np-MOX fuel / PIE (HFR: PSI cooperation)

*Selection of the most appropriate particle fabrication method from internal gelation,

B

JNC
Evaluation Result of FR Fuel Cycle System Technology
A : Screened Technology to be Studied in the Phase Il
B : Technology to be Revaluated in the Phase [l by Reviewing Results of Other Studies in Japan
and Abroad Evaluation of FR Fuel Cycle System Technology
C : Scope of the Study in the Phase [ except A and B
—: Out of Scope in the Phase |
Fuel Type MOX Nitride Metal
Technology
Aqueouns Method A A e
Reprocessing|  Non. Oxide Electrowinning A C C
aqueous Metal Electrorefining A A A
Method . .
Fluoride Volatility Method B B B
Pelletizing Methed A A -
Gelation Method A A -
Fuel Vibration Oxide Electrowinning Compatible A C -
Fabrication |Compaction| Metal Electrorefining Compatible A A -
Fluoride Volatility Method B B _
Compatible
Casting - - A
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JNC
Estimated Fuel Cycle Cost (Reprocessing & Fuel Fabrication Cost)

(The continuous cost reduction is being enforced in Phase- I )
Fuel Type: MOX, Bura-up: 150GWd/t

2.0
Advanced
Aqueous
" 1.5
g
EN
g
g 430,000
= ¥/kgHM
2 10
& (Target) Non-aqueous
“ Advanced
2 Aqueous
Non-aqueous
0.5
0
200tHM/yPlant * 50tHM/yPlant *

# Anticipated values when development challenges will have been met in the future.

4]

Scheme of Fuel Cycle Development (Reprocessing) JNC

# Development Status s the
example of precess
development

Development
Status 2

A
Technical demanstration by
hot englneering scale fests
}

@Z&rnat

Hot Eng. Tests

Hot Lab Tests

Advanced Aqueous A
eprocessing
fon exchange
[Supcrcrilica! fluid extractio

Amine extraction
ration

International Coope
Aqueous ( Russis, USA, etal. 4

N 2015
Oxide-¢lectro ¥

Phas®
: ataly
Metal} ic-elcctrorc}h

Non-aqueous Fluoride Volatile
prase

iad 19992000

B3




JNC
Publication of the Results

Report of the Resulis
Atomic Energy Commission
International Conference  ICONE-9 (April, Nice in France )
SMIRT 16 (August, Washington D.C. in USA)
Global-2001 (September, Paris in France)
Nuclear Data International Conference (ND2001) (October, Tsukuba)
Actinides-2001 (November, Hayama)
Atomic Energy Society of JAPAN Journal No.9,10, 11
Fall Meeting 124
Annual Meeting : 30

Patents Application for Patents in 2000 : 5 applications
in2001: 5 applications
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JNC
Current Status and Future Development of FS

a8 Studies of the Plant Concepts and R&D Strategy Suitable for the Five Development Targets )
(Safety, Economic Competitiveness, Effective Utilization of Resources, Nuclear Non-proliferation)

Results of Studies :
Classification of promising candidate concepts for FR and Fuel cycle system_
Reactor for Base Load Power : Prospects for economic competitiveness
Small-scale Reactor : Characteristics of a small-scale reactor suitable for distributed power
and multi-purpose utilization
Fuel Cycle Process : Adequate Combination Schemes 4

Future Aims
© Development and Introduction of innovative technologies, intensive design efforts for candidate systems with
experimental activities on key technologies

©  An integrated system consistent with the FR system, Fuel cycle system and radioactive waste
management (treatment and disposition)

® Results:
a Clarification of FR cycle system technologies to ensure safety, economic competitiveness,
reduction in environmental burden and sustainable utilization of resources
u  Concretization of the most promising candidate concept that flexibly meets the needs of the future
society (distributed power, multipurpose utilization)
a  Presentation of effective R&D plans pa
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