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(Opening Session)
Special Lecture

STATEMENT BY THE DIRECTOR GENERAL

NUCLEAR POWER: AN EVOLVING SCENARIO

Aomori, Japan
Japan Atomic Industrial Forum
25 April 2001

Mohamed ElBaradei
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{450)
()

INTERNATIONAL ATOMIC ENERGY AGENCY



NUCLEAR POWER: AN EVOLVING SCENARIO

It is a pleasure for me to participate in this 34™ Annual Confetence of the Japan
Atomic Industrial Forum. In this opening session, I would like to discuss the evolving
global scenario for nuclear power — first reviewing the current picture, and then focusing
on a number of key challenges that, in my view, will greatly influence the degree to which

nuclear power remains a significant supplier of global energy needs.

THE CURRENT SCENARIO

The current state of nuclear power presents a very mixed pictute overall. Nuclear
power continues to provide about 16% of global electricity, with about 83% of nuclear
capacity concentrated in industrialized countries. In North America thete have been no
new orders for nuclear power plants in the past two decades, and the number of operating
reactors has declined slightly. In Western Europe, several countries are planning gradual
phase-outs of nuclear power, but overall capacity is likely to remain at or near existing
levels in the coming years. In Eastern Europe and the Newly Independent States, a few
partially built plants are likely to be completed, while aging units are being shut down. Only
in Hast and South Asia are there clear plans for expansion of nuclear power, particularly in
China, India, the Republic of Korea and here in Japan.

Projections for the future are also somewhat mixed and uncertain. Dramatic
increases in electricity demand are expected over the next few decades — with the growth
rate in developing countries expected to be three times faster than in industrialized
countries. The World Energy Council has concluded, in the context of this growth, that a
total reliance on fossil fuels and large hydroelectric facilities is not sustainable, and that an
expanded future role of nuclear power must be considered over the long term. On the
other hand, shorter term projections such as the International Energy Agency’s World
Energy Outlook 2000 — which reflect perceived ongoing concerns related to the safety
and economic competitiveness of nuclear power — have forecast that, by the year 2020,
based on “business as usual” scenarios, the share of nuclear power as a soutce of global
electricity supply will have decreased to a mere 9% — a figure consistent with our own

projections.
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NUCLEAR POWER: AN EVOLVING SCENARIO

The global effort to reduce greenhouse gas emissions has stimulated a renewed
consideration of nuclear power — and a number of leaders have begun to speak out in
favour of this alternative. The Secretary General of the OECD, Donald Johnston, said late
last year, “Having examined the best evidence available to me, I have concluded that, if we
are to hand to future generations a planet that will meet their needs as we have met ours, it
can only be done by incorporating the nuclear energy option.” In January, the Vice-
President of the European Commission, Ms. Loyala de Palacio, stated, “the nuclear option
should be examined in relation to its contribution to our prime concerns of security of
supply and reduction in CO; emisstons.” And just last month, US Vice President Dick
Cheney declared, “If you're really serious about greenhouse gases, one of the solutions to
that problem is to go back and ... take a look at nuclear power — [and] use that to

generate electricity without having any adverse consequences.”

To my mind, however, the future of nuclear power may depend upon success in

meeting four basic challenges:

o C(lear strategies and demonstrated solutions for the disposal of high level nuclear and

radioactive waste;
e Increased efforts to ensure the continuing safety of operations at nuclear facilities;

o OQutreach to civil society — engaging the public and decision makers in a fair evaluation
of the relative merits of the different energy options, including an objective
understanding of the advantages as well as possible risks associated with nuclear power;

and

o The development of innovative reactor and fuel cycle technologies — together with the

scientific and technical expertise to support their use.

I will discuss each of these challenges 1 turn.

CLEAR GLOBAL STRATEGIES FOR WASTE DISPOSAL

The first challenge will be to develop clear national and global strategies for the
disposal of spent fuel and high level radioactive waste. Final repositoties for low level waste
— from nuclear power plants, medical facilities, research laboratories and other
applications — have been licensed and are already operational in many countries. High

level waste, however, is more controversial. While experts believe geological disposal to be
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safe, technologically feasible and environmentally responsible, the public at large remains
sceptical, and the volume of high level waste continues to build. This dichotomy will only
be resolved if we can develop clear, demonstrable strategies for the siting, construction and

operation of geological repositories.

Some signs of progress are evident. A number of countries are engaged in deep
disposal studies, developing underground research facilities, ot publishing draft

Environmental Impact Assessments.

On the research front, new technologies are being developed to reduce actinide
generation and to explore waste partitioning and transmutation. Research is also ongoing
on the feasibility of retrieving wastes from geological repositories after emplacement — in
case, for example, a better solution is developed in the future, or concerns arise about the

safety of the repository.

The Agency’s role in this area includes facilitating international co-operation in
research and demonstration projects. Both Canada and Belgium have offered the use of
their underground research facilities for international co-operation and exchange of
experience related to geological disposal of radioactive waste. These offers will provide the
international community, through the Agency, with an opportunity to share knowledge,
conduct joint research and demonstration projects, and build international consensus on
key disposal issues. The Agency is also using a variety of conferences to maintain
international focus on the waste issue. The fundamental challenge remains, however, of

accelerating and sustaining progress towards demonstrated waste solutions.

THE INTERNATIONAL SAFETY REGIME

A second challenge is to remain vigilant in ensuring the continued safety of
operations at nuclear facilities. While safety is primarily a national responsibility,

international co-operation on safety related matters is indispensable.

The international safety regime consists of three major components: international
conventions, a body of detailed safety standards, and mechanisms for applying these
standards. Conventions in the safety area aim to prescribe basic safety norms that cover
activities across the entire fuel cycle. To date, the Agency has developed conventions that
cover the safety of power reactors, radioactive waste and spent fuel management, early

notification, assistance and physical security. The Agency continues to identify areas in
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which binding norms are needed, such as in the safety of research reactors and of fuel cycle

facilities.

The Agency has made significant progtess in the past several years on updating its
overall body of safety standards. To be effective, these standards must be comprehensive,

internationally agreed upon and subject to regular peer review.

The Agency’s safety review services have been extremely useful in recommending
and corroborating safety improvements and in validating all aspects of safety performance.
Drawing on this experience, the Secretariat has identified key attributes of operational
safety at nuclear power plants and established measurable indicators in each area. The
feasibility of an international system of safety performance indicators will be discussed in
September, during the Agency’s International Conference on Topical Issues in Nuclear

Safety.

Safety co-operation on a regional level 1s an important part of the mternational
safety regime, particularly where the similarity of experience or common interests allow the
leveraging of resources through regional networking. As a case in point, Japan provides
financial and technical support, through IAEA extrabudgetary programmes focused on
South East Asia, Pacific and Far East countries, to enhance the safety of nuclear power
plants and research reactors and to strengthen regulatory bodies. Japan has also stated
recently that it intends to offer expertise and financial support to other Asian countries to
help them properly manage radioactive material. These investments in safety can also
bolster public confidence by demonstrating that the risks mvolved are being addressed

sensibly and collaboratively.

OUTREACH TO CIVIL SOCIETY

The third challenge involves public understanding and confidence in nuclear
power, and our success in engaging civil society in an objective evaluation of the relative
merits of available energy options. Improving public understanding of radicactivity and
nuclear Issues is essential — creating a more mature awareness of the comparative risks and
benefits of different energy sources, the nature and effects of radiation, and the

considerable range of societal benefits provided through nuclear applications.

One of the current public concerns is that of ensuring the sustainable development

of our planet. The central tenet of sustainable development is to maintain or increase the
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overall assets available to future generations while minimizing the consumption of finite
resources and not exceeding the carrying capacities of ecosystems. With continuing
population and economic growth, and the resultant substantially greater energy demand, a
greater premium is placed on the particular advantages of nuclear power — its very low air
pollution and greenhouse gas emissions, its low volumes of well confined waste, and its
productive use of uranium that preserves fossil fuels for essential uses. But to raise the
public awareness of these advantages — and to ensure that nuclear power is given a full
and fair hearing in the debate on sustainable development — will require increased effort

and new approaches to public outreach.

Both of the earlier challenges I outlined also have a direct impact on the public
view of nuclear issues. Progress towards demonstrating viable solutions to geological
disposal of high level waste would remove a significant stumbling block in public
acceptance of nuclear power. And continuing to invest in nuclear safety improvements
should be considered a direct mnvestment in the future of nuclear power — because, as
experience has proven, a single nuclear accident at a single location can shake public
confidence around the world — not only in nuclear power as a current technology but as a

future contributor to global energy generation.

In the same context, we must continue to provide the public with credible
assurances that nuclear technology and materials will be used exclusively for peaceful
purposes. This means taking concrete steps towards achieving universal adherence to the
non-proliferation regime, with a credible nternational verification system that 1s adequately
financed by -the international community and unequivocally supported by the United
Nations Security Council. In this regard, Japan last year became one of the first States with
substantial nuclear fuel cycle activities to become party to the Additional Protocol to
safeguards agreements that was developed after the Agency experience in Iraq, to ensure
that the Agency has the necessary tools, in terms of mformation and access rights, to
provide comprehensive and credible assurances about the peaceful uses of nuclear energy.
With the new Protocol, the IAEA will be able to provide credible assurance not only about
the non-divetsion of declared nuclear material but also about the absence of wndeclared
nuclear material and activities. I welcome this action by Japan, not only because it sets an
example but also because it sends a strong public message regarding Japan’s commitment

to ensuring the peaceful use of nuclear technology and materials.

DEVELOPMENT OF INNOVATIVE REACTOR AND FUEL CYCLE TECHNOLOGIES
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The fourth challenge related to the future of nuclear power — the need for
technical innovation — will also have an impact on public acceptance and credibility. Any
industry that does not continually develop its technology, actively incorporating new
discoveries and new techniques, will inevitably come to be viewed as stagnant and
outdated. Current efforts for innovative reactor and fuel cycle technologies — with
associated improvements in safety, proliferation resistance and economic feasibility — are

an opportunity to recapture the interest of the public and gain its confidence.

To be successful, these new technologies should incorporate inherent safety
features, proliferation resistant characteristics and reduced generation of waste. They must
also be capable of generating electricity at competitive prices while still satisfying both
regulators and investors. On the technical side, this implies a greater reliance on passive
safety features, passive control of nuclear materials through new fuel configurations, and
design features that will allow reduced construction times and lower operating costs. And
the innovation must be more than purely technical; it must be complemented by new
approaches to technology policy issues. For example, a high level of confidence must be
achieved in the reliability of construction schedules, licensing review procedures, liability
issues, and other factors that affect the cost of design, construction, startup, operation and

maintenance.

Advanced designs for full size reactors — over 700 megawatts — have been
ongoing for some time, such as the joint French/German designed European Pressurized
Water Reactor or General Electric’s Advanced Boiling Water Reactor, with a focus on
reduced cost, increased use of passive systems, and intensified precautions against severe

accidents.

Small and medium sized reactors, ranging from 40 to 700 megawatts, are also
receiving increased consideration in the effort to meet changing market requirements.
Smaller plants allow a more incremental investment, which can be used to hedge against
demand uncertainty. They provide a better match to grid capacity in developing countries.
And they are more easily adapted to a broad range of industrial settings and applications

such as district heating, seawater desalination, or the manufacture of chemical fuels.

In addition to advanced designs, a number of countries — including Japan —
currently have projects focused on the development of innovative reactor and fuel cycle
concepts. All of the principal reactor concepts — water, liquid metal, or gas cooled — are

being addressed in one or more of these projects. The IAEA role in the development of
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these innovative designs is to facilitate information exchange, co-ordinate joint technology
development, and assist in establishing international norms and safety standards. Given the
expanding energy needs of developing countries, the Agency focuses in particular on ways
to strengthen the institutional and technological infrastructures in these countries, to ensure

that where nuclear power is chosen as a source of energy, it can be used safely and credibly.

As you also may be aware, two major international initiatives currently exist as
umbrella projects for the review and discussion of these innovative concepts — the
Generation IV International Forum, mitiated by the United States, and the International
Project on Innovative Nuclear Reactors and Fuel Cycle Concepts (INPRO), under the
auspices of the IAEA, which 1s open to participation by all IAEA Member States. The key
to success for these efforts is co-operation and collaboration — promoting technical
information exchange, shating safety and non-proliferation insights, leveraging research
dollars, and — perhaps most important — enhancing our understanding of user needs and
requirements, as an aid both to serving our constituents and to matching the technology to

current and future markets.

A critical issue that is intimately related to all the above challenges is our ability to
maintain and develop nuclear expertise. Qualified, highly trained personnel are essential not
only to develop new technologies, but equally to operate the existing nuclear plants, and to
deal with waste management, power plant life extension and decommissioning. For safety
reasons alone — regardless of long term strategies for electricity generation — a sizeable
pool of qualified nuclear scientists, engineers and technicians must be maintained in the

foreseeable future.

In recent years, it has become increasingly obvious that a substantial portion of the
knowledge base in the nuclear industry will soon be lost. On the suppiy side, most
countries with advanced nuclear programmes report a decrease in the number of new
graduates in nuclear related fields. Some societal misperceptions and the relative lack of
industry growth make 1t difficult to motivate young people to enter the nuclear industry.

This succession scenario is a crucial issue that merits particular consideration.

The Agency will continue to focus Member State attention on this issue, and we atre
considering ways in which we can assist in addressing this problem. We intend to promote
co-operative strategles that link relevant organizations — nuclear facilities, university
programmes, nuclear professional training centres and prospective donor organizations, to

develop concrete methods for attracting young people to nuclear careers.

AOMORI, 26 APRIL 2001 8



NUCLEAR POWER: AN EVOLVING SCENARIO

CONCLUSION

We live in an era of change — a time in which the global community faces many
difficult social and economic issues. Agamst this backdrop, the scenario for nuclear power
is also evolving — in terms of both its current status and its future potential. It is essential
that we understand and meet the challenges that lie before us, to ensure that the benefits of

nuclear technology continue to be available to future generations.
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(Opening Session)

Address by Anne Lauvergeon - JAIF (25/04/01)

Good morning. It is a pleasure and an honor for me to participate in the

34" Annual Conference of the Japan Atomic Industrial Forum.

I'm delighted to spend some time in this beautiful city of Aomori, where
the Prefecture is advancing resolutely into the 21% century, thanks to
large industrial projects, and particularly the Rokkashomura nuclear
facility. It is very important that we are here today to share our
experiences, ideas, and visions for earth, energy and environmental

conservation, for Asia and for the rest of the world.

| especially want to thank our distinguished hosts for their initiative in
organizing this forum, and to congratulate Japan for its outstanding

leadership in the field of nuclear energy and the environment.

I will be talking today about the environmental and energy challenges
facing the world; about my vision for the role of nuclear power, now and
in the future; about the importance of ongoing French/Japanese
collaboration, and about the establishment of a new industrial structure in
France, tentatively called "TOPCO".

I will start by saying a few words about The Prospects For Nuclear

Energy and the Greenhouse Effect.
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A rapid review of the energy situation reveals a number of

unchallengeable parameters:

m First, the colossal needs that will have to be satisfied. World energy
consumption is forecast to double by 2050, considering that two billion

individuals still lack electricity today.

m Second, the instability of fossil energy prices over the long term and
the uncertainty surrounding security of supply, which is contingent on
the geopolitical contexts of certain producing countries. Japan and
France, who are partly dependent on imported fossil resources, are

very sensitive to these factors.

B And finally, we know today that without goal-oriented measures
designed to eliminate global warming, temperatures will rise between
1.4 and 5.8°C by 2100.

In fact, just to stabilize the concentration of CO, at its present level,
emissions would have to be cut immediately by half. The longer we put
off action, the more drastic the measures will have to be, especially
considering that the temperature rose by only 0.5°C from 1890 to 1990.

Climate change is therefore the true challenge that we have to face

together today. This is why we need to put a to idle meanderings and

devise concrete measures.
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Nuclear power, one answer to combat the greenhouse effect

In point of fact, while every energy source has specific environmental
impacts, those that emit CO, have an undeniable impact on the whole
planet. On the other hand side, the impacts of hydropower, nuclear
and wind power are localized. Each energy source has its advantages

and its drawbacks, and it would be a mistake to ostracize any of them.
This being said, what is the particular value of nuclear energy ?

Per kWh produced, CO, emissions are ten time lower in France than in
Germany and thirteen times less than in Denmark, where environmental
conservation is a hallowed principle, but where nuclear energy is
nonexistent. Thus thanks to nuclear power, the people of France and

Japan have become the planet’s lowest CO2 emitters.

This is why we wonder if certain ecologists are not targeting the wrong
enemy by continuing their antinuclear struggle. We do not have to accept

anymore the interminable discussions in which they want to enmesh us.

It is our responsibility today as industrialists 1o take up this new
challenge and contribute to the debate in full transparency and
unflagging resolve. | suggest the creation of a world database that
highlights the advantages and drawbacks of each type of energy
according to the following criteria: resources, economic impact,
environmental impact and health impact. The terms of the debate would

thus be clearly enunciated.
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The future of nuclear power in the world energy mix

In Europe, for example, contradictions truly abound. But beyond slogans,

we are forced, from time to time, to revert to the quieter realities.

Today, 35% of the electricity of the Member States is produced with
nuclear energy, and in the European Union, eight countries out of fifteen

rely on it.

Thus Loyola de Palacio, vice-president of the Commission, pleading for
the EU’s fifteen nations to reduce their dependence on fossil energies,
which will soar to 70% in 2020, argues that « nuclear power is emerging
as an unavoidable energy source to guarantee the greater stability and

lower vulnerability of our economies ».

In France, it is certainly thanks to the French decision to expand nuclear
power generation that the tripling of the price of crude oil in 2000 had
little effect on the kWh price.

In Germany, while the coalition in power has pledged the definitive
abandonment of nuclear energy after 2020, it has surprisingly not yet

proposed any alternative, apart from a return to lignite.

Sweden has also tried to do without this energy, and finally, after twenty
years, it only shut down a single nuclear reactor, and imports electricity

generated by coal-fired plants.

And yet there are new signs.

DRIAP « Discours JATF — 25 avril 2001 » 4/13



We find a revival of interest in nuclear power in the Finland, where for
reasons of economics, environmental conservation and security of

supply, plans are afoot to build new reactors.

Beyond Europe’s borders, | wanted to salute the growth of the nuclear
programs of certain developing countries, often overlooked, and the
resumption of the Russian program. Without dwelling on the situation in
Japan and Far East Asia, which continue to aim at an ambitious policy,
that | sincerely hope will succeed, | want to return to the trend apparently

emerging in the United States.

In the US, nuclear power is back on the agenda. California today - and
maybe New York tomorrow - is faced with and extreme volatility of prices
for energy materials, power blackouts, and even power company
bankruptcies. Thus the American authorities are thinking about
developing a fourth generation of nuclear power plants. Some electrical
utilities are poised to file for license applications. And US Senator
Murkowsky has drafted a bill calling in particular for R & D on all the
nuclear waste and spent fuel management technologies, including

reprocessing and recycling.

But the future of nuclear power is also contingent on the ability of the
players of this industry to meet three major'challenges: waste disposal,
the demand for transparency they regularly face, and its industrial

organization.
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Waste management is a source of deep controversy today. Whether the
wastes are disposed of « as such » or reprocessed, no solution has any
credit with our adversaries. This creates a dilemma, because quite

obviously, something has to be done.

As for myself, | am convinced of the environmental virtues of
reprocessing, which helps to adopt today’s most advanced technological
alternatives. It leaves to future generations an optimized management of
ultimate materials, of which the volume is thereby reduced to one-fifth
and toxicity to a tenth. It also helps to recycle valuable energy materials,

accounting for 96% of the spent fuel.

And yet, we are very often reproached for this reprocessing-recycling
process by the same people who encourage the other industries to resort
to it

We therefore need to mount a huge pedagogical effort covering the
whole of the fuel cycle. Pedagogical does not mean a teacher-pupil
relationship. People need to be listen to. In a world without any dearth of
troubling issues, nuclear power cannot be a taboo subject, and only total
transparency will help to answer the questions raised by the citizens and

to gain their confidence.
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The COGEMA group has decided that we have nothing to hide. Without
having quelled the controversies, it is clear today that our way of doing
things matches the expectations of the population. Thanks to the internet
system, the public can get the information it wants about our operations.
Web cameras enable to see live what happens in La Hague; the content
of the pools, by country and type of fuel, is also available to all as well as

the in and out expected planning.

And Greenpeace attacks will change nothing: those who would like to

discourage us will only reinforce our will and our availability.

To further enhance this transparency, we have also decided to make new

structural choices for the French nuclear industry.

(cf. slides on the TOPCO organizational chart)

Our industrial structure was carefully constructed layer by layer through
the years in a landscape marked by the relative stability of relations

between all the players concerned.

But in the areas of energy and electricity, a new international panorama
has progressively taken shape: the energy markets are increasingly
marked by deregulation and international competition. This evolution has
prompted changes in the strategy of the players : mergers, acquisitions,
and rationalization of industrial facilities, have become imperative to

meet the challenges.
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Several major operations have taken place in recent years. | naturally
allude to the acquisition of ABB and Westinghouse by BNFL, the
collaboration of GE with Hitachi and Toshiba, and obviously the merger

of the nuclear operations of Framatome and Siemens.

In France, existing structures were no longer adapted to the functioning
of the leading companies in their fields, which need to consolidate their
positions. Their capitalistic relations also complicate any development

initiative or reliance on financial markets.

This is why we have opted for a simplified, transparent and more efficient
industrial reorganization. The shareholders of COGEMA, CEA-Industrie
and Framatome will join together in an industrial holding company
tentatively called TOPCO. The CEA will remain as the main shareholder
and | am glad that Pascal COLOMBANI, who will be designated as our

non-executive Chairman, is also attending our meeting.

The operations of this company are organized in two hubs, nuclear

energy and new technologies.

For nuclear operations, this coincides with the pooling of the skills of
Framatome with those of Germany’s Siemens. The grouping of three of
the major players on today's nuclear markets will permit the
establishment of a sales potential more closely tailored to current trends.
The pooling of industrial facilities will also offer greater flexibility and
more efficient management of production and costs. The real integration
of the activities on all market sectors associated with nuclear fuel will
provide flexibility in terms of products and services, from adaptation to

the specific needs of certain clients to comprehensive projects.
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In the services sector, the range proposed will automatically be
broadened, and will exploit the synergies already identified that have
culminated in joint bids. The pooling of technologies and research
facilities which were already recognized internationally, and which have
proved their worth since the outset of the European nuclear programs,

will generate an even richer technological portfolio.

The group will have a solid international foundation, with numerous

branches and facilities.

The development of the new entity will be guaranteed not only by all the
points | have mentioned, but also by the simultaneous growth of the new
technologies segment within the group. This branch will include FCI, N 2
of the connectors worldwide market, as well as the group’s stake in ST-
Microelectonics. It will rely particularly on financial markets to underpin
an expansion that is already more than promising in this cutting-edge

sector.

TOPCO, with its workforce of 41 000 persons, will mean 10 billion Euros

in income, with 65% in the nuclear area.
The group will accordingly rank among the world’s foremost entities in

these two fields of activity, better geared to respond to the evolving

needs of its customers worldwide.
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This change in our industrial structures is deliberately open to the world,
and we would be happy to welcome partners from every corner,
particularly Japan, with whom we already have a decades long record of
major cooperative projects. In the world of today, and especially in the
nuclear field, the development of joint ventures and partnerships is
crucial. And from this standpoint, the relations between Japan and

France are exemplary.

It must be acknowledged that our two countries demonstrate a

particularly close convergence of views on energy issues. Aware of the
vulnerability attendant on outside dependence due to the lack of
domestic resources, they have settled on nuclear energy for the long

term.

Today, COGEMA has the honor of being one of the foremost French
exporters to Japan. This position carries obligations, because we must
deserve the satisfaction of our clients. We can be proud together of the
solidity and continuity of the relations that have enabled us, in twenty
years, to build this foundation of confidence and trust, of which few

industrial partners can boast.

Bilateral scientific, technical and human cooperation was a reality very
early, enabling us to be stronger together. More than a commercial
relationship, which covered all the markets of nuclear fuel, it is a
partnership that developed between the nuclear industries of our two

countries.
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And in these conflictual times, it is important to underscore our mutual
commitment to the recycling of nuclear fuels and the responsible
management of radioactive waste. From the signature of the very first
contracts in the 1970’s, to the technical cooperation on the Tokai-Mura
reprocessing plant, we have together demonstrated that it is the human
exchanges, the sharing of experience, and technical emulation, that will

make a permanent and effective industry from this technological choice.

For the future, COGEMA and even more TOPCO, will always be ready to
pursue this path of greater and mutually profitable cooperation,
particularly in the sensitive areas of safety and public acceptance. In this
view, the success of the Rokkasho-Mura plant is common challenge, and
will be a concrete demonstration of the mutual benefits of shared

experience.

In this way, the confident relations have gradually grown to the scale of a

genuine global partnership between our two countries.

On illustration of this partnership is the responsibility that our company
has assumed, by wishing to go beyond the industrial and commercial
aspect of its exchanges, and contribute to enhancing the awareness of

Japanese economic and cultural achievements in France.
Our Group recently became a patron of the museum of Asiatic arts in

Paris, the Musée Guimet, one way to intensify and prolong the links

joining our two countries.

DRIAP « Discours JAIF - 25 avril 2001 » 11/13



The same applies in the field of sports. Last autumn, | was particularly
happy to personally welcome a delegation of young judokas from this
very city, Aomori, who came to meet their young counterparts in
Cherbourg. The same French team had visited Japan in the previous
year for a friendly encounter, in the presence of the governor, Mr.
KIMURA, whom | wish to thanks today. COGEMA is currently examining,
with the French Judo Federation, possible extensions of this sports

exchange sparked by local initiative.

In this dynamic, | shall be particularly vigilant as to the role that TOPCO
will play.

Mr. Président,

Ladies and Gentlemen,

Beyond the symbols that remain important in my view, as guarantees of a
modern and responsible company, | am convinced that the privileged
links that we have forged and consolidated through the years will enable
us to continue to meet the challenges that face the future of nuclear

energy.

It seems to me today that our industry, synonymous with technology,
progress and respect for future generations, is ready to face the

challenge.

The discussions of climate change, the instability of fossil energy prices,
the repercussions of market deregulation, again highlight the advantages
of nuclear energy. The revival of interest in nuclear power in the United

States is an extremely encouraging sign in this respect.
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We must together set the example and give this energy the place it
deserves in a rational energy mix, combined with fossil and viable
renewable energies and including all potential energy conservation
measures.

Nuclear power is not the only answer, but without it, there is no answer.

| thank you for your kind attention.
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Special Lecture
Civilization and the Significance of Nuclear Development

Richard Rhodes

A Puritzer Prize Winner

Summary

Civilization depends on energy, and there is a direct relationship
between development and improved mortality. Nuclear energy contributes
to that improvement while producing significantly less pollution than

fossil fuels or dispersed renewables.

Nuclear power today meets the electrical energy needs of more than
one-sixth of the population of the world and is entering a new cycle of
growth. Environmentally safe, practical and affordable, it could

reverse global warming.
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Richard Rhodeg

609 Summer Hill Rogq
Madison CT 06443 USy
(203) 421-588y

(203) 421-5469 Fay
rhodesr@pantheon.yale.edué

Civilization and the Significance of Nuclear Development

(Prepared for delivery at the Opening Session of the 34th Japan Atomic Industrial Forum Annua]
Conference, Aomori City, Japan, 25 April 2001)

Governor Kimura, Professor Nishizawa, honored speakers and guests:

Conferences such as this are appropriate occasions to remind ourselves of the
deep connections between energy and the progress of civilization. The word
“progress” has come under suspicion in the past half-century. First the rapid
increase in world population that followed from improvements in nutrition and
public health generated Malthusian fears. Then the expanding development of
technology crossed a threshold and began producing global effects. Both
improvements in mortality and developing technology added measurable years
and quality to collective human existence, but like all human projects they
produced unwanted side effects and unintended consequences.

A logical response — the majority response worldwide — has been to work
to improve the systems and technologies, to make them more efficient and less

polluting. Another response — in my opinion an unfortunate and even a
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misguided response — has been to condemn industrial technology itself. Such
condemnation has been most acute among the young in developed countries
where lifespan nearly doubled in the twentieth century and material prosperity
soared — that is, among those who most benefitted from the very technology they
condemn. An American demographer, for example, estimated in 1996 that
twentieth century improvements in mortality had doubled the United States’s
population; without such improvements a quarter of the population would have
died before reproducing, and another quarter would thus never have been born.
Those 139 million people in the United States alone represent more lives saved
than all the lives lost throughout the world in all the twentieth century’s terrible
wars.

There is a direct relationship between per-capita GNP and life expectancy:
as per-capita GNP increases, the expected length of life increases, up to a
threshold at about 70 years, when the relationship levels off. That correlation is
well known. Less well known is the equally direct relationship between human
development and electricity usage, a relationship that puts into perspective just
how challenging the next decades of international energy supply development are
going to be.

Dr. Alan Pasternak of the Lawrence Livermore Laboratory recently
compared the United Nations’s Human Development Index to annual per-capita
electricity consumption for 60 countries comprising 90 percent of the world’s
population. He found that the Human Development Index reached a maximum

value when electricity consumption rose to about 4,000 kilowatt-hours per
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person. That’s well below consumption levels for most developed countries. J apan
uses 8,000 kilowatt-hours per capita, the US 13,000, Canada nearly 16,000. Byt
4,000 kilowatt-hours is well above the level for most developing countries. The
4,000 kilowatt-hour threshold quantifies the bottom line for efficiency and
conservation in the developed countries. It also quantifies a much greater
potential need for electricity in the developing world than most current
estimates. For example, it represents one hundred percent more potential world
electricity demand than U.S. Department of Energy projections for 2020 given
low economic growth, and fifty percent more than DOE projections given high
economic growth. Discrepancies in human development from nation to nation are
measures of structural violence, which is ultimately the cause of social and
military conflict within and between nation-states. It is difficult to see how the
world can move toward material and economic equity — toward significantly
reducing structural violence — while at the same time even controlling, much
less reducing, air pollution and greenhouse gases — without developing every
available low-polluting energy resource at hand.

And nuclear energy certainly is a low-polluting energy resource. Its only
greenhouse gas production comes in uranium processing, at levels lower than the
levels necessary to produce materials for comparably-scaled photovoltaic and
wind systems. Those renewable energy systems collect diffuse energy, however,
and compromise a much larger area of land. Nor are such renewable systems

suitable for baseload generation, because the energy they collect — sunlight and
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wind — is available only intermittently. Nuclear power is ideal for baseload
generation, which means it should properly be compared to the oil, natural gas
and coal systems that presently supply most baseload electricity throughout the
world. Compared to such fossil fuels, it has many advantages.

Coal is the worst offender environmentally. Recent studies at the Harvard
School of Public Health indicate that particulates from coal burning are
responsible for about 15,000 premature deaths anﬁually in the United States
alone. To generate about a quarter of world primary energy, coal burning
liberates a burden of toxic wastes too immense to bury in secure repositories.
Such waste is either dispersed directly into the air or solidified and dumped or
even mixed into construction materials. Besides noxious particulates, sulfur and
nitrogen oxides (which are components of acid rain and smog), arsenic, mercury,
cadmium, selenium, lead, boron, chromium, copper, fluorine, molybdenum,
nickel, vanadium, zinc, carbon monoxide and dioxide and other greenhouse gases,
coal-fired power plants are also the major world source of radioactive releases to
the environment. Uranium and thorium are both released when coal is burned,
and radon when coal is mined. A thousand-megawatt-electric coal-fired power
plant releases into the environment about one hundred times as much
radioactivity as a comparable nuclear plant. The U.S. Atomic Energy
Commission actually investigated using coal as a source of uranium for nuclear
weapons in the early 1950s when richer ores were believed to be in short supply;

burning the coal, the AEC concluded, would concentrate the mineral, which could
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then be extracted from the resulting coal ash. Worldwide releases of uranium ang
thorium from coal burning total about 37,000 tonnes annually. More radioactive
heavy metal is released into the environment every two years by coal burning
than the total spent fuel waiting to be buried from all U.S. nuclear power
production and most U.S. nuclear weapons production. Since uranium and
thorium are potent nuclear fuels, burning coal also wastes more potential energy
than it produces.

Natural gas has many virtues as a fuel compared to coal or oil, and its
increasing share of world primary energy across the first half of the twenty-first
century is assured. But its supply is limited and unevenly distributed; it is
expensive as a power source compared to coal or uranium; it has higher value as
a feedstock for materials and as a substitute for petroleum in transportation,
particularly for fuel cells; and it pollutes the air. Natural gas fires and explosions
are significant risks and an uncounted externality. A single mile of gas pipeline
three feet in diameter at one thousand pounds per square inch pressure contains
the equivalent of two-thirds of a kiloton of explosive energy; a million miles of
such large pipelines lace the earth. A thousand-megawatt natural gas power
plant also releases about 29 tonnes of sulfur oxides, nitrogen oxides, carbon
monoxide and particulates into the environment every day — about 5.5 billion
tonnes of waste in the United States alone in one recent year.

The great advantage of nuclear power is its ability to wrest enormous
energy from a small volume of fuel. Nuclear fission, transforming matter directly

into energy, is several million times as energetic as chemical burning, which
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merely breaks chemical bonds. One tonne of nuclear fuel produces energy
equivalent to two to three million tonnes of fossil fuel. This spectacular difference
in volume largely determines the differing environmental impacts of nuclear
versus fossil fuels. Generating a thousand megawatts of electricity for a year
requires two thousand train cars of coal or ten supertankers of oil, but only one
ten-cubic-meter fuel assembly of uranium. Out the other end of such fossil fuel
plants even with abatement systems operating come hundreds of thousands of
tonnes of noxious gases, particulates and heavy-metal-bearing (and radioactive)
ash plus solid hazardous waste. In contrast, a thousand-megawatt nuclear plant
releases annually no noxious gases or other pollutants and trace radioactivity
many times less per person than airline travel, a home smoke detector or a
television set. It produces about thirty tonnes of spent fuel and eight hundred
tonnes of low- and intermediate-level waste — when compacted, about twenty
cubic meters in all: roughly the volume of two passenger cars. All the operating
nuclear plants in the world produce some 3,000 cubic meters of waste annually.
By comparison, all U.S. industrial operations generate annually about fifty
million cubic meters of solid toxic waste.

Spent fuel is intensely radioactive, of course, but its small volume and the
significant fact that it has not been released into the environment allow its
meticulous sequestration behind multiple barriers. Toxic wastes from coal,
dispersed across the landscape in coal smoke or buried near the surface, retain

their toxicity forever. Radioactive nuclear waste decays steadily, losing 99
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percent of its toxicity after six hundred years, leaving material with no more
radiotoxicity than a high-grade uranium ore deposit. Nuclear waste disposal is 5
political problem because of widespread nuclear fear disproportionate to the
reality of relative risk, but it is not an engineering problem. Waste disposal
experts from twenty countries agreed collectively back in 1985 that disposal of
nuclear waste could be done safely using available technology. The World Health
Organization has estimated that indoor and outdoor air pollution from fossil fue]
burning causes some three million deaths per year worldwide. Substituting
small, sequestered volumes of nuclear waste for vast, dispersed volumes of toxic
wastes from fossil fuels would be an improvement in public health so obvious
that it is astonishing that physicians throughout the world have not demanded
such a conversion.

No technological system is immune from accident. Recent dam failures in
Italy and India each resulted in several thousand fatalities. Coal mine accidents,
oil- and gas-plant fires and pipeline explosions typically kill hundreds of people
per incident. The 1984 chemical plant disaster in Bhopal, India, caused some
three thousand prompt deaths and severely damaged the health of several
hundred thousand people. By comparison, nuclear accidents have been few and
minimal. Even Chernobyl, the worst possible nuclear accident, took remarkably
few lives compared to the annual toll for coal-burning alone. The worst result of
Chernobyl was thyroid cancer in about a thousand children. Thyroid cancer is
treatablé, but several children have died. I learned recently from the former head

of state of Belarus, the nuclear physicist Dr. Stanislav Shushkevich, that every
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fallout shelter in the former Soviet Union is stocked with iodine tablets to

prevent thyroid uptake of radioactive iodine. The children of Belarus and

Ukraine would have been protected, Dr. Shushkevich told me bitterly, if the
Soviet government had not denied that there was risk. Which means that most of
the human damage from Chernobyl is attributable to bad government, not to
nuclear power.

The other charge against nuclear power is its potential for proliferation of
nuclear weapons materials. Of course nuclear materials need to be policed,
controlled and accounted. But with that stipulation, proliferation is a political
problem, not a technological problem. Although U.S. nuclear weapons experts
confirm that power reactor plutonium can be used to make nuclear weapons, no
nation has done so, nor is it clear why one would Want. to. Alternative means to
proliferation are better, faster, surer, cheaper and secret. No nation that has
ratified the Non-Proliferation Treaty as a non-weapon state has then proceeded
to become a weapon state. Eliminating all the nuclear power operations in the
world would not prevent proliferation. Doing so might even encourage it by
increasing structural violence.

One of the great success stories of the post-Cold War years has been the
dilution of former Soviet Union weapons-grade uranium to reactor fuel by the
United States Enrichment Corporation. One hundred thirteen metric tons,
enough to make about five thousand nuclear weapons, have been diluted so far,
with about four hundred tons left to process. As reduction in nuclear arsenals

Proceed, weapons plutonium will also need to be converted to civilian use. If
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necessary, such conversion should be subsidized as a part of national defense; iy

hard to imagine a better investment of defense money.

An international system to recycle and manage such fuel would prevent
covert proliferation. Such a system might combine internationally monitored
retrievable storage, processing of all separated plutonium into MOX fuel for
power reactors and, in the longer term, advanced integrated materials-processing
reactors under international control that would receive, protect and fission all
fuel discharged from power reactors throughout the world, generating electricity
and reducing spent fuel to short-lived nuclear waste ready for permanent geologic
storage.

Working to develop an international spent-fuel recycling system could
create the trust and transparency necessary to solve the deep, difficult problem of
nuclear disarmament. Japan, with its unique neutrality and its increasing
experience with reprocessing, could lead the way. Knowledge of how to build
nuclear weapons will always be with us unless civilization itself collapses.
Abolition of nuclear weapons, which sounds so unlikely and utopian, therefore
means simply that delivery time from base to target would be extended from its
present thirty minutes to something like three months — the time required to
manufacture such weapons if one or more nations went rogue. International
spent-fuel recycling centers located in several different countries would replace

nuclear weapons as deterrents.
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David Lilienthal, the first chairman of the U.S. Atomic Energy Commission,
wrote that "Energy is part of a historic process, a substitute for the labor of
human beings. As human aspirations develop, so does the demand for and use of
energy grow and develop.”

Satisfying human aspirations is what our species invents technology to do.
Some people, secure in comfortable affluence, may dream of a simpler and
smaller world. However noble such a dream appears to be, its hidden agenda is
elitist, selfish and implicitly violent. Millions of children die every year in the |
world for lack of adequate resources — clean water, food, medical care — and the
development of those resources is directly dependent on energy supplies. The real
world of real human beings needs more energy, not less.

The share of final energy supplied by electricity is growing rapidly in most
countries and worldwide. This development parallels the historic decarbonization
of dominant fuels from coal (dominant from 1880 to 1950, with one hydrogen
atom per carbon atom) to oil (dominant from 1950 to today, with two hydrogen
atoms per carbon atom). Natural gas (four hydrogen to one carbon) is rapidly
increasing its market share, but nuclear fission produces no carbon at all..

It is these facts of physical reality and common sense that ought to support
decisions vital to the future of the human world. Because diversity and
redundancy are important for safety and security, renewable energy sources

ought to retain a place in the energy economy of the century to come. But nuclear
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power should be central. It is environmentally safe, practical and affordable. It ls

not the problem — it is one of the best solutions.
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The Role of Nuclear Energy in

China's Energy Development and
Environmental Protection

By Li Donghui
Vice Chairman, China Atomic Energy Authority
Aprl 25,2001



Increasing deterioration of environment has become a
major factor impeding the sustainable economic and social
development in the world, and the role of nuclear energy in
energy development and environment is catching world-
wide attention. The Chinese government attaches great
importance to harmonized development of population,
resources and environment, and places the strategy of
sustainable development in a more prominent position.



% _China's nuclear energy development and its

- relevant policies

e In Dec. 1991, the 300 MW PWR of Qinshan NPP was
connected to power grid.

o In 1994, the two 900 MW units of Daya Bay NPP went into
commercial operation.

o Between 2003 and 2005, 4 nuclear power projects with 8 units
and a total installed capacity of 6600 MW initiated in the
Ninth Five-Year Plan period will be completed and put into
operation successively.



China's nuclear energy development and its
relevant.policies

Our Experience

> China has already achieved self-reliance in construction of 300 MW PWR
NPP and development of 600 MW PWR.

> China is able to construct 1000 MW PWR through international
cooperation with China playing the major role.

Cont. 1



The analysis on advantages and disadvantages of introduction or
self-construction of nuclear power, and its future development

in China

> Projects under construction is based on introduction with multi reactor types.

Negative results:
o delays of the localization of NPP with large capacity,

o high unit cost and
+ low competitiveness against thermal power.

> Promoting localization of nuclear power will accumulate experience and capability,
and greatly improve technology and management.

> China's energy structure dominated by coal shall be readjusted to achieve
sustainable development.

> Promoting more economic competitiveness, more safety and meeting user’s

requirements of nuclear power will be the orientation of the efforts to achieve

harmonized development in the future.
4
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@y China's nuclear energy development and its

. relevam: policies

Guidelines of nuclear power development in China

Cont. 3

Quality and safety come first.

Cooperating with foreign countries with China playing the major role,
introducing technology and promoting localization.

Gradually realize self-design, self-manufacture, self-construction and self-
operation.



_China's nuclear energy development and its
- relevant policies

4
5

]

Technological guidelines of nuclear power development

in China

Cont. 4

1000 MW PWR units with 300MW as standard loop will be China's main
target.

China's new generation reactor type will give consideration to improved
safety and economical factor.



JStudy on environmental pollution caused by
coal and nuclear energy

» Environmental pollution has become a critical issue hindering
the sustainable development of the world and the pollutant
brought about by energy is a major source.

» China relied mainly on traditional fossil fuels in which coal
accounted for about 70%, resulted 1n severe environmental
problem. The Chinese government gives great importance to
environmental protection and has formulated a series of
relavent policies and measures. Like western countries, China
also experienced development and environmental control.



_,Study on environmental pollution caused by

s coal and nuclear energy

2551

» A comparison study made by Chinese experts on the effect of
coal and nuclear fuel chains on environment, health and
climate change shows that the coal fuel chain i1s much higher

than nuclear fuel chain even in terms of radioactive effect.

o The radiation exposure of coal fuel chain to the public is 420Sv.person
(GWea)!,
o that of nuclear 8.39Sv.person (GWea) !, only one fiftieth of coal.

o The greenhouse gas emitted from coal fuel chain is 1300 g CO2
equivalent (KWeh)!,

o that of nuclear 14g CO2 equivalent (KWeh)! | about 100 times lower
than coal

o« that of hydro 108 CO2 equivalent (KWeh)!.

> Conclusion: China needs to gradually change its energy
structure and properly develop nuclear energy to reduce

environmental pollution and achieve sustainable development.

8

Cont.



~China supports bringing nuclear power into

 CDM

The Chinese government advocates harmonious development of
energy utilization and environmental control and restraint on
the emission of CO, by developing nuclear energy properly.

> Reasons and consequences of climate change
Excessive utilization of primary energy and sharp increase of
greenhouse gases resulted in "greenhouse effects" and global
warming.

» Global warming will lead to the sea level rise and change of
climate mode and will severely imperil the subsistence and
development of human society.

Chinese experts estimate that global warming will cause huge
loss to China's coastal area and will quicken the drying-up of
rivers and desertification in North China.

9



~China supports bringing nuclear

’CDM

> United Nations Frame Convention on Climate Change and Kyoto Protocol
= UNFCCC and Kyoto Protocol are of vital importance to slow down climate
change.

= UNFCCC identifies that developed and developing countries have "common but
differentiated responsibilities" and the developed countries bear more duties for
they are more responsible to climate change.

> Fundamental ways to settle the issue of climate change

The fundamental way is to reduce emission of greenhouse gases and the major
means is to cut down consumption of primary energy.

Optimized energy policy:
= promoting the utilization efficiency and technology

= increase the proportion of clean energy.

10
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Cont. 2

£ ’hina supports bringing nuclear power into

.‘:‘ﬂ i

China holds that nuclear power is a clean energy and urges that the
international community give objective, impartial and scientific
consideration to its role in reducing environmental pollution, and promote
its development. China stipulates in its Tenth Five-Year Plan to "properly
develop nuclear power". China has embarked on the road of optimizing
energy structure and reducing emission of greenhouse gases.

China is willing to follow the principles of "common but differentiated
responsibilities" and equality under the framework of UNFCCC and Kyoto
Protocol. China wishes the CSD 9 meeting and follow-up meetings will give
objective, impartial and scientific consideration to nuclear power and bring
it into CDM. And we wish the Kyoto Protocol would enter into effect as
soon as possible.

11



NUCLEAR ENERGY FOR SUSTAINABLE DEVELOPMENT

Luis Echavarri,
Director General, OECD Nuclear Energy Agency

Abstract: The presentation reviews the characteristics of nuclear energy from a global
perspective encompassing the economic, social and environmental dimensions of
sustainable development. It includes a brief summary of the present status and current
srends in nuclear power programmes, with emphasis on the role of nuclear energy in
alleviating local atmospheric pollution and the risk of global climate change. The analysis
covers the role of nuclear energy, in the medium and long term, for supporting social and
economic development while protecting the environment. The presentation concludes by
some findings and recommendations on the need to adopt an integrated approach to
policy making in the energy field and to make relevant trade-offs reflecting national
context and priorities, such as security of supply and preservation of natural resources.
The role of governments and the importance of dialogue with society at large are stressed,
as means to implement the best options for humans and their environment.

INTRODUCTION

At the start of the millennium, we are experiencing a significant evolution of the
policy making landscape, characterised by a growing awareness of environmental
and social issues as well as an increasing reliance on market mechanisms for
ensuring economic efficiency. The potential role of nuclear energy in future
supply mixes needs to be analysed in the light of this evolution, taking into
account the progressive recognition by decision makers of the importance of
sustainable development goals.

In this context, I would like to focus my remarks on key issues relevant for
assessing if, why and how nuclear energy may contribute to improve our global
environment in a broad sense, i.e., to help in achieving the overall objectives of
sustainable development. As a preamble to this long-term vision, 1 will briefly
outline the present contribution of nuclear power to energy supply and current
trends in the development of nuclear energy programmes, and review nuclear
energy characteristics from a sustainable development perspective. In my
concluding remarks, I will stress the role of governments in implementing
sustainable development policies and the importance of interactions with civil
society in order to implement those policies in the nuclear energy field.

NUCLEAR ENERGY STATUS AND TRENDS

Nuclear energy is a mature technology that contributes significantly to energy
supply in OECD countries and worldwide, providing some 6% of world energy
supply and 16% of electricity. There are some 435 nuclear reactors in operation in
the world, representing an installed capacity of nearly 350 GWe, that have
accumulated more than 10 000 reactor-years of commercial operation experience.
Some 80% of the total nuclear capacity is operated in OECD countries, where the
contribution of nuclear energy is higher than worldwide, corresponding to around
24% of total electricity generation. Here in Japan, more than 50 reactors are
connected to the grid and supply nearly 40% of the electricity consumed.

The economic performance of existing nuclear units has proven to be more than
satisfactory in deregulated electricity markets.

S'1-1



Nuclear power plants are capital intensive but their fuel, operation apg
maintenance costs are low, allowing them to compete successfully with most
alternatives on the basis of marginal cost. In deregulated markets, operatoyg
aiming at enhanced competitiveness are looking for opportunities to improve the
technical performance of their power plants and nuclear units have beey
amenable to significant progress in this regard. For example, a trend ¢,
increasing availability factors, up to 90% and beyond, has been experienced iy
most OECD countries.

The changes in ownership of nuclear power plants and the increase of the selling
prices of those plants show that the nuclear energy sector remains healthy in the
context of market deregulation and privatisation. Most nuclear power plants in
operation are expected to continue functioning to the end of their design life, oy
even beyond through lifetime extension. Investments for lifetime extension are
generally cost effective for nuclear power plants. Refurbishment improveg
performance, helps to meet increasingly stringent safety standards and offers
opportunities for capacity upgrade, as well as extending the operating lifetime.

The recent developments in OECD countries show the interest of nuclear power
plant operators in lifetime extension. In the United States, several nuclear units
have been authorised by the Nuclear Regulatory Commission to continue
operating up to a 60 year lifetime. In the United Kingdom, lifetime extension
beyond the original 40-year operating life have been granted and this trend is
expected to be followed in other OECD countries.

Generation cost stability and increased independence from imported fossil fuels
are important aspects of the present contribution of nuclear power to secure
energy supply and sustainable development. In countries such as France and
Japan, with limited domestic fossil fuel resources, the development of nuclear
power has reduced significantly energy imports, and thereby trade deficits, while
enhancing security of supply. Also, it provided opportunities for domestic
industrial development in a highly technical field offering high qualification jobs.

Nuclear energy is an important component of environmentally benign energy
systems. Land and water requirements are smaller for nuclear energy facilities
than for most other energy systems. Nuclear power plants and fuel cycle facilities
do not release particulate matters or gases, such as sulphur and nitrogen oxides,
responsible for acid rains, urban smog and depletion of the ozone layer. Carbon
dioxide and other greenhouse gas emissions from the full nuclear energy chain,
including emissions arising from construction of buildings and transport of fuel,
are negligible. Therefore, the nuclear power plants in operation worldwide are
saving each year some 8% of the total greenhouse gas emissions from the energy
sector.

However, some aspects of nuclear energy raise environmental and social issues.
Low probability high consequence accidents remain a major concern for the
public in spite of the excellent safety records of nuclear power plants and fuel
cycle facilities in OECD countries. In this connection, it is essential to pursue
efforts aiming at maintaining high level of safety, in particular by placing
enhanced emphasis on safety culture in all nuclear facilities.
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The disposal of long-lived radioactive waste is also a key issue, although from a
technical viewpoint solutions exist. In 1999, the opening in the United States of a
deep geological repository for high-level radioactive waste from military uses
(WIPP, in New Mexico) was an important step forward, demonstrating the
feasibility of implementing a disposal facility for long-lived radioactive waste.
Progress is being made in several OECD countries. In Finland, for example, a
project for a repository is in the process of final approval by the Parliament.

Current trends in the field of nuclear energy are characterised by a very modest
growth, in spite of the excellent performance of existing nuclear power plants and
fuel cycle facilities. Only a few new nuclear power plants are under construction
or being planned in OECD countries. Most of these projects are in the OECD
Pacific region, while in Europe and North America the plans are at best to
continue operating existing plants, and in some countries such as Germany and
Sweden to accelerate the closing down of those plants.

The outcome of this slow pace of nuclear power development will be a decline in
its contribution to global energy supply, as the output of nuclear power plants
will remain roughly stable while demand and total generation of electricity are
increasing. Nevertheless, nuclear energy will continue to play a significant role in
the coming decades since it will still provide 19% of the OECD electricity supply
in 2020. Also, a number of factors, such as plant lifetime extension, development
of advanced reactors and policy measures to reduce greenhouse gas emissions,
could modify current trends.

NUCLEAR ENERGY AND THE GLOBAL ENVIRONMENT

Considering the global environment in a broad sense, the potential role of nuclear
energy can be assessed through analysing its economic, social and environmental
aspects. This assessment has to recognise up-front that adequate energy supply
is a prerequisite for human welfare. In this context, the main challenge is to
provide energy services to present and future generations without undermining
the essential life support systems or the carrying capacity of the environment.

Regarding economics, nuclear energy is capital intensive and, with present fossil
fuel prices, new nuclear power plants seldom compete favourably with combined
cycle gas-fired units. A high capital cost, exceeding 2 billion US$ for a
state-of-the-art 1 GWe unit, combined with financial risks resulting from a
construction time of 5 years or more and uncertainties on the licensing process
and regulatory framework, reduces the chances for orders of new nuclear power
plants in many OECD countries. Nevertheless, the volatility of fossil fuel prices
on international markets, demonstrated again recently, supports diversification
of energy sources and continued interest in the nuclear option.

Ongoing R&D efforts on new evolutionary and innovative reactor designs aim at
enhanced technical and safety performance, but place emphasis on capital cost
reduction in order to ensure competitiveness on commercial markets. Significant
enhancements are required to reach this ambitious objective but recent
international initiatives, such as the Generation IV International Forum, a joint
effort of the United States and several OECD countries, including Japan, and
some non OECD countries, are likely to contribute to more focused and effective
programmes.
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Furthermore, a number of other aspects that may mitigate the economj,
handicaps of nuclear energy should not be overlooked when assessing options fo,
energy supply in a sustainable development perspective. Keeping the nucles,
option open contributes to increasing diversity of supply and replacing
fossil-fuelled power plants by nuclear units reduces atmospheric pollution
Recognising, evaluating and internalising the external costs for all energy
sources may change their relative competitiveness.

The social dimension of development is recognised today as a key component of
the global environment. It encompasses adequate management of humap
resources including human capital in the form of education, knowledge and
employment opportunities, health and welfare, equity and participation, socig]
cohesion and institutions. Nuclear energy is an advanced technology that
contributes positively to the human and social capital on many aspects but alsg
raises social issues in terms of risk perception and acceptance similarly to other
innovative technologies, e.g., biotechnology.

Nuclear science and technology emerged from discoveries in the 20" century;
they add to the intellectual capital to be passed to future generations and to the
level of qualification of manpower required in the energy sector. Nuclear R&D,
industry and regulatory activities create high-tech jobs that require and produce
enhanced scientific knowledge and technological know-how. Furthermore, the
spin-offs of nuclear research to other sectors including medicine, pollution control
and information technology broaden its contribution to increasing human capital.

The institutional frameworks that create the conditions of social participation are
essential from a sustainable development perspective. The institutions developed
in parallel with the implementation of nuclear power programmes represent a
valuable addition to the structures that support industrial, economic and social
development. The nuclear institutions include national laws and regulatory
bodies, and international conventions, agreements and organisations that
facilitate co-operation across borders and consistency in regulatory approaches.
In most countries with nuclear energy activities, the comprehensive legislation in
force extends explicitly to the goals of sustainable development. Issues addressed
by nuclear laws and regulations include responsibilities for future financial
liabilities, non-proliferation of nuclear weapons, safety, human health protection
and long-lived radioactive waste disposal.

Nuclear risk perception and acceptance have an influence on nuclear safety
norms, standards and regulations. Recognising that risk prevention has a cost,
this is a key issue for the implementation of sustainable development policies,
since risk aversion may prevent allocation of monetary resources in a way which
maximises environmental and social benefits. A comprehensive and consistent
approach to risk assessment and management at the decision-making level,
supported by continuing progress in scientific evaluation of the risks, should help
to move towards a better perception of risks by the public. Governmental policies
compatible with sustainable development objectives should be based upon
comparative assessment of risks and benefits of alternative options. In this
context, the risks of nuclear accidents should be put into perspective with the
risks arising from other energy sources.
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Environmental aspects related to energy include natural resource management,
Jand and water use, atmospheric emissions and solid waste arising. Availability
of natural resources is not an issue for nuclear energy. Land and water
requirements for nuclear energy facilities are modest per unit of energy produced.
Atmospheric emissions from nuclear facilities are very low and the volumes of
radioactive waste are small.

Nuclear fission extracts energy from minerals, uranium today and thorium
perhaps tomorrow, that have no other significant use. Therefore, it enhances the
overall efficiency of natural resource management. Nuclear power plants of the
present generation operated once-through extract more than 10 000 times more
energy per unit of mass of fuel than alternative technologies based upon fossil
fuels or biomass. This very high energy density of the uranium fuel cycle reduces
not only the mining requirements but also the quantities of materials to be
transported and stored and the volumes of waste per unit of electricity generated.
Furthermore, replacing hydrocarbons by nuclear energy for electricity generation
facilitates a more globally efficient use of those irreplaceable natural resources as
transportation fuels or input to petrochemical industries.

Known uranium resources, nearly 4 million tonnes, represent around 70 years of
present annual consumption. Similar to other minerals, the currently known
uranium resources reflect only what has been found as a result of exploration and
mining development undertaken with fairly short-term economic return
objectives. Indirect evidence and geological modelling suggest that, if needed to
satisfy demand, another 10 million tonnes or more of conventional resources
could be exploited with current techniques at economical costs. Retrieving
unconventional resources contained in phosphates and sea water would extend
further, up to some 4 billion tonnes, the amount of natural uranium available for
producing energy, although at significantly higher production costs.

Besides newly mined natural uranium, there are various other sources of nuclear
fuel. Contrary to fossil fuels, nuclear fuel is not burned and the residues arising
from its use are not dispersed in the atmosphere. The spent fuel downloaded from
a nuclear power plant still contains fissile materials that may be recycled to
produce additional energy. The extraction and recycling of plutonium in mixed
oxide fuel for light water reactors is used or under consideration in several
countries, including Japan. It increases by some 30% the amount of energy
extracted from uranium ore. Other reactor types, such as the fast neutron
breeders, could extend even further the overall efficiency of nuclear energy in
terms of natural resource utilisation. Finally, the reactor and fuel cycle
technologies for using thorium have been technically demonstrated and thorium,
which is estimated to be more abundant than uranium, could become a source of
nuclear fuel in the long term.

Regarding atmospheric pollution, carbon dioxide emissions deserve specific
attention in the light of the long term and global nature of their impacts. The risk
of global climate change resulting from greenhouse gas emissions raises ethical
issues since it is a threat for the entire planet and a legacy to future generations.
A single large nuclear power plant of 1 GWe capacity offsets the emission of
about 1.75 million tonnes of carbon each year if it displaces coal, about
1.2 million tonnes if it displaces oil, and 0.7 million tonnes if it displaces natural
gas.
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In other words, if the existing nuclear units were to be replaced by a mix of state.
of-the-art fossil-fuelled power plants, the greenhouse gas emissions of the energy
sector would be 8% higher. These figures illustrate the importance of nucleg,
energy in future policies aiming at alleviating the risk of global climate change,

Regulatory standards and radiation protection measures impose limits ¢,
radioactive emissions from nuclear energy facilities that ensure, under the mogt
conservative assumptions, that exposure of workers and the public remain beloy
levels that would be harmful for man or his environment. At present, the dose
commitment from the entire nuclear power industry is around 0.4% of the tota]
exposure to radiation, mainly due to natural background, and there is a trend of
decreasing radioactive emissions per kWh of nuclear electricity generated.

Nuclear safety and radioactive waste disposal issues are linked to the
environmental and social dimensions of sustainable development. Technical
measures are essential in this regard but the human and social aspects are
equally important. The risk of accident in nuclear energy facilities is very low
with current reactor designs and will be lowered for new designs. Moreover, the
containment and accident management and mitigation measures protect the
public from these accidents.

Beyond technology, nuclear safety relies on the implementation of a safety
culture that builds upon extending the sense of responsibility to each individual
having the potential to affect safety. Regulatory frameworks and safety
authorities in place in OECD countries are comprehensive in objectives and scope,
independent and powerful. Maintaining the independence of safety authorities
will be especially important in a deregulated market environment and economic
globalisation calls for enhanced emphasis on international conventions and
agreements.

Sustainable waste management practices and policies should aim at minimising
the health and environmental impacts of waste arising from industrial or other
activities. Nuclear has some favourable characteristics in terms of waste volumes
and technological development in the field of waste treatment conditioning and
storage that should be reflected in the policy trade-offs leading to energy choices.
A 1 GWe nuclear power plant produces about 30 tonnes of high-level waste and
800 tonnes of low and intermediate-level waste per year while a coal-fired power
plant of the same capacity produces some 280 000 tonnes of solid waste
containing around 400 tonnes of toxic heavy metals. While the small volumes of
radioactive waste allow their isolation from the biosphere at reasonable costs,
currently supported by the nuclear electricity consumers, solid wastes from
coal-fuelled power plants are stored on surface.

However, the implementation of a socially acceptable solution for the disposal of
long-lived radioactive waste remains a challenge. Radioactive waste management
issues, therefore, relate more to the social dimension of sustainable development
than to its environmental or economic aspects. In order to progress towards
sustainable development in the field of solid waste management and disposal,
two main routes should be followed simultaneously. The first one is to adopt a
harmonised approach when assessing the potential impacts of solid wastes from
different energy options and other industrial activities.
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The second involves continued research in the field of nuclear waste management,
including, for example, partitioning and transmutation of actinides contained in
spent fuel, and innovative reactors and fuel cycles aiming at minimising the
volume and toxicity of radioactive waste.

CONCLUDING REMARKS

Against the backdrop of the evolving policy-making landscape, the future role of
nuclear energy will depend on its performance in terms of environmental and
social indicators of sustainable development as well as on its economic
competitiveness. National policy decisions in the field of energy will result from
trade-offs within each dimension of sustainable development and between those
dimensions. The overall energy context, environmental sensitivity, historical and
cultural evolution, and political approaches differ from country to country and
will be driving factors in choices and decisions on future energy systems.

Analytical studies carried out by intergovernmental organisations, such as the
OECD, aim at providing the elements for comparative assessment of alternatives
on a level playing field based upon comprehensive and robust information on all
options considered. They can assist Member countries by providing authoritative
and documented data that may support national assessments and policy making.
The studies carried out by the NEA on nuclear energy characteristics,
infrastructure and performance show that the nuclear option is compatible with
sustainable development objectives and highlights opportunities and challenges
facing governments and industries to meet social, environmental and economic
goals.

In the context of market deregulation and economic globalisation, governments
have a key role to play for ensuring that all options compatible with sustainable
development remain open. With regard to nuclear energy, the role of
governments will be especially important for maintaining the infrastructure,
including R&D, education, legal and regulatory regimes, getting the prices right
through elimination of subsidies and internalisation of external costs, and
facilitating the involvement of stakeholders in the process of decision making.

Recognising the importance of public concerns about nuclear energy, it is
essential to promote dialogue with civil society and enhanced participation of all
stakeholders in decision making processes leading to the construction and
operation of nuclear power plants and fuel cycle facilities, including radioactive
waste repositories. The role of intergovernmental organisations such as the NEA
1s important in this regard. The Agency offers a forum for exchange of
information and open discussions between interested and affected parties that
can facilitate consensus building and enhance public understanding of nuclear
projects.
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“Nuclear Energy, the Environment
and the Path Toward Global Sustainability”

Angelina S. Howard
Executive Vice President
Nuclear Energy Institute
Washington, D.C. ~
The world is growing beyond its potential capacity to absorb the rapid growth
it is experiencing. The overriding message of the United Nations’ 1992
Declaration on Environment and Development was that—as a world—we
must achieve a secure and sustainable balance between our future economic,
environmental and social needs. In the United States, nuclear energy is

demonstrating every day that it can make a considerable contribution to the

U.N. goals of sustainability.

Nuclear technologies satisfy essential sustainable development needs: disease
prevention and cure, food availability and protection, fresh water supply and
electricity production. Foremost among these vital technologies is the use of
reactors to produce electricity. Nuclear energy generates 17 percent of the
world’s electricity supply, and with future fuel supplies assured, it is poised to
expand this contribution to sustainable development for both developed and

developing countries.

Nuclear energy is the only expandable large-scale source of electricity that

produces no greenhouse gas emission or other air pollutants.
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The U.S. Energy Department’s Energy Information Administration made

direct connection between increased generation from nuclear plants and the:;z
relatively small total increase in greenhouse gases in the United States ip

1999.

Without nuclear energy, the United States could not meet air quality
standards established by the Clean Air Act, the federal legislation that sets
concentration limits for various air pollutants. Any state that is not in
compliance with the law will be seriously constrained in building new
conventional power plants as well as other industrial and manufacturing
facilities that emit air pollutants. This, in turn, constrains economic

development.

Yet, the global question remains: How will we meet mankind’s growing
energy needs without compromising the ability of future generations to meet
their own needs? Experience tells us that market incentives, not directives,
are the way to achieve meaningful and lasting change. As such, incentives
rely upon the more organic and more realistic market mechanisms that have

shaped much of the developed world.
Clean Development Mechanism (CDM) projects, for instance, are about

incentives, but they are also about options. One goal of the CDM program is

to encourage greater use of environmentally beneficial technologies.
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gustainable growth cannot occur without the availability of large-scale,
paseload electricity generation for the world's growing urban populations.
There’s no question that the cleanest choice for this kind of baseload
generation is nuclear energy. For the CDM to effectively encourage and
support clean and sustainable development—mnuclear energy must be
included along with non- or low-carbon emitting technologies, such as

renewables, hydroelectric and clean coal.

Nuclear energy is a source of electricity that is already meeting the needs of
large urban areas across the globe, and it 1s doing so in a way that does not
contribute to the production of greenhouse gaseé or air pollutants. Further,
nuclear plants—certainly in the United States—internalize such abatement
costs. It makes exponential use of minimal fuel inputs that have no other
beneficial uses and manages its used fuel in ways that are safe and

environmentally sound.

Nuclear energy is making an increasing contribution to the global energy
portfolio in ways that meet our energy and economic goals as well as
objectives of the Rio principles. Nuclear energy clearly should be part of any
plan for achieving sustainable development and preserving our planet for

future generations.
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“Nuclear Energy, the Environment
and the Path Toward Global Sustainability”

Angelina S. Howard
Executive Vice President
Nuclear Energy Institute’

The United States has an efficient, affordable and reliable electricity system. Ag
the new digital economy converges with traditional economic infrastructure
needs, electricity will continue to be the driver of the U.S. economic engine,
whether to power the Internet or the nation’s assembly lines.

As demand for electricity grows in the U.S. there is a “renaissance” of nuclear
energy occurring. From economic deregulation to a new approach to regulatory
oversight, today’s nuclear energy companies have risen to the challenges of a
new era. Competition and industry restructuring are creating stronger
companies that are creating, in turn, a successful and vibrant nuclear industry,

This paper will examine the important role nuclear energy plays in the United
States today, the relationship between nuclear energy and the environment, and
the potential that nuclear energy offers to achieve the goals of global
sustainability.

The U.S. is currently undergoing a widespread restructuring and deregulation of
the electric power industry. There is a heightened awareness of energy issues on
the part of policymakers and the public. As a result, a greater examination is
taking place in this country of all sources of electricity in a more comprehensive
way than ever before.

Today, 103 nuclear units supply 20 percent of electricity in the United States.
On average, these energy plants are 18 years old and will generate electricity in
this country for many decades to come.

The focus of the industry has always been, and will always be, safety. This
safety record has enabled us to make impressive performance improvements.
Despite the fact that no new plants have been built in the U.S., improvements
made in plant capacity over the last decade have been equivalent of bringing 23
virtual new plants on-line.

! The Nuclear Energy Institute (NEI) is the Washington-based policy organization
representing the nuclear energy and technologies industry. Our mission is to foster the
beneficial uses of nuclear technologies.
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Last year, the first nuclear plant license renewals were approved in the U.S. by
the Nuclear Regulatory Commission (NRC). Five plants have received renewals,
fiye more have formally filed, 33 have stated their intentions to file in the next
five years, and the rest will certainly follow. In fact, today it only takes two

vears to relicense a 600- to 1,000-MW nuclear plant while it can take seven years
to relicense a 35-MW hydroelectric plant.

Nuclear energy is thriving in the United States for a number of important
;:easons. First, nuclear energy is an important component of the U.S. energy mix,
offering a large source of baseload electricity for large urban and growing
suburban populations. Second, because nuclear energy emits no greenhouse
gases or air pollutants, it fosters economic development without jeopardizing air
quality standards.

Protecting the Environment for Future Generations

Nuclear energy is the largest source of emission-free electricity in the United
States—providing more than 69 percent. Hydroelectric power is second, with 29
percent. Together, wind power, photovoltaics and geothermal account for less
than two percent of our nation’s emission-free electricity.

U.S. policymakers, the media and the American public have renewed interest in
nuclear power because the country’s energy needs are increasing rapidly. With a
20 percent share of U.S. electricity generation, nuclear energy is one of the main
engines that powers the country’s economy. Recent estimates suggest that close
to 400,000 kilowatts of new capacity will be needed by 2020 to meet growing
demand, which is expected to increase by more than 40 percent in the same
period?.

But, nuclear also is getting more attention today because of its unique clean air
benefits. As U.S. Vice President Cheney recently remarked, “If you want to do
something about carbon dioxide emissions, then you ought to build nuclear
power plants because they don’t emit any carbon dioxide, and they don’t emit
greenhouse gases.”

Although we are hearing more about it in recent years because of heightened
global awareness of environmental efforts, the environmental benefits of nuclear
power have always been there. In fact, in Shippingport, Pennsylvania—almost
50 years ago—it was nuclear power’s environmental benefits that tipped the
scales in favor of construction of the first demonstration nuclear power plant.

Beginning in the 1940s, Pittsburgh began instituting strict smoke control
programs as part of urban redevelopment plans—well ahead of the rest of the
nation. At the time, Duquesne Light Company was petitioning to build a coal-
fired plant on the Allegheny River. They were encountering a great deal of

*EIA, Annual Energy Outlook 2001
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resistance from the area’s citizens who were fearful of air pollution from the
plant. The main reason that Duquesne chose to bid on the nuclear project wag
because it offered power without pollution.

This is a message that is being rediscovered today and which promises to be of
prime importance in the future. Energy and the environment are being linkeq
both locally and globally. In a March NEI public opinion tracking survey, 66
percent of the U.S. public said it supports building new plants. Thisis a
pronounced increase — up 24 percent since October 1999.

Each year in the United States, nuclear energy avoids the emission of 168
million metric tons of carbon. In 1993, the electricity industry joined a
program—in partnership with the U.S. Department of Energy—to voluntarily
reduce carbon emissions. Nuclear energy has dominated this program. The
increased capacity and efficiency of U.S. nuclear plants now represents almost
half of the carbon eliminated under this important program. Clearly, a ton of
carbon avoided is as valuable as a ton of carbon reduced.

Consider these statistics on carbon emissions: Operating a 1,000-megawatt
electric generating plant for one hour produces 1 million kilowatt-hours of
electricity. It also produces differing levels of emissions based on the fuel source
of the power plant:

° 265 metric tons of carbon if the plant is coal-fired
° 220 metric tons of carbon if it is oil-fired

° 150 metric tons of carbon if it is gas-fired

° NO carbon emissions if it is nuclear or hydro.

The local implications of these avoided emissions are very clear. The Clean Air
Act sets concentration limits for various pollutants allowable in the air.
Individual states then take appropriate actions to limit overall emission levels to
comply. The emission caps and permit restrictions represent a finite level of
pollution allowed for a range of industrial activities in a defined area, including
emissions caused by electricity generation. The major pollutants addressed by
the law are sulfur dioxide (SO,) and nitrogen dioxide (NOy).

In the state of Pennsylvania, for instance, nuclear power avoided the emission of
285,000 short tons of nitrogen dioxide in 1997. We know that if that power had -
been generated by the burning of fossil fuel—by natural gas plants for instance—
that Pennsylvania would have exceeded its cap under the Clean Air Act by 41
percent. Clearly, adding nuclear energy helps states’ compliance with the Clean
Air Act.

Without nuclear energy, there would be some hard choices on the horizon as
society tries to balance economic development, electricity needs and
environmental goals. New power plants will not come on line in the future
without serious consideration of their environmental impact. We just need to
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Jook at some of the permitting issues that have contributed to California’s recent
electricity shortages to see that energy and the environment are closely linked.

As electricity markets deregulate and state regulation no longer provides a
Zguaranteed rate-of-return for power plant investment, the industry must look to
existing and future pollution control markets and incentives to obtain a fair rate-
of-return for preventing or avoiding pollution. Such market activities can

include:

° Earning and trading pollution credits where increased electricity
generation from a nuclear plant displaces operation of an emitting
power source

° Investment tax credits for uprates and new construction

e Access to public funding, such as a public benefit fund, or localized

pollution control bond funding

Currently, nuclear plants do not play on an even regulatory field with the
competition. We are required to internalize far more costs for pollution
prevention and mitigation than other electric power sources, which are permitted
large volumes of uncontrolled or undercontrolled emissions into the air, land and

water.

The true value of a nuclear plant can only be seen when the total cost of

operation for its competitors is properly accounted for. Recent events in
California provide an illustrative example of how technologies that have intrinsic,
capitalized pollution control avoidance technologies are more economic.

AES, a major California electricity supplier, was poised to shut down three

power plants in southern California because they were emitting nitrogen oxide in
excess of the permitted amount for the plants. In order to maintain an adequate
electricity supply, these plants needed to continue operation. So to maintain
operation, AES had to spend about $130 million, comprised of a $17 million fine,
capital costs of additional pollution control equipment, and emission credit
purchases to cover amounts exceeding the permit levels.

In the Los Angeles region where these plants are located, the cost of nitrogen
oxide credits earlier this year rose from $6 per pound to $45 per pound. The total
cost of $130 million to AES can be looked at in two different ways. It represents
an additional operating cost of $65,000 per megawatt, or one could argue that it
demonstrates the value of avoided nitrogen oxide emissions at $240,000 per ton.
Either way, it represents a significant cost that must be included when deciding
which fuel sources are economic and cost effective for electricity production.

Unfortunately for the nearby San Onofre nuclear power plant, the pollution
credit systems do not recognize or include emission-free generation. If they did,
1t might be possible for San Onofre to earn credits for every pound of nitrogen
oxide it didn’t emit when it increases output and displaces the need for an
emitting source to produce power.
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The fact that nuclear plants already internalize the costs of preventing advelSe
impacts to the environment must be accurately reflected in the marketplace, -
Highlighting this critical emission compliance role can also leverage political
support for legislation and regulatory efforts on all nuclear issues, as well ag
increase favorable public opinion about nuclear energy.

It’s no coincidence then, when you look at a map of the United States, that
nuclear power plants are concentrated around those areas that have heavy
industrial emissions producers and in many cases, are the economic strongholds
of the northeastern and midwestern United States.

That’s the local perspective, but there’s also a global perspective that must be
considered. The Clean Air Act does not include restrictions on carbon emissiong;
but growing concerns about global climate change have led countries to join the
United Nations Framework Convention on Climate Change and its proposed
revision, the Kyoto Protocol.

Last year, 82 percent of U.S. greenhouse gas emissions consisted of carbon
dioxide released through the combustion of energy fuels like coal, petroleum and
natural gas.

Recently, at the Conference of the Parties summit in The Hague, U.S.
negotiators pointed out the important role that nuclear energy already plays in
improving the world’s air quality. Even though the U.S. economy grew by 8
percent over the last two years, U.S. greenhouse gas emissions increased by only
1 percent. That’s due in part to nuclear energy production increasing by 100
billion kilowatt-hours, or 16 percent. Similarly, the Nuclear Energy Agency of
the Organisation for Economic Co-operation and Development found nuclear
energy “consistent with the objectives of sustainable development.”

Sustainable development also means taking into account the polluting effects of -
transportation. In 1999, the use of nuclear power to generate electricity in the
United States avoided the emission of as much carbon dioxide as was released
from approximately one-half of all U.S. passenger cars and light trucks. If
nuclear energy were not used to generate electricity, and fossil fuels made up the
difference, approximately 135 million passenger cars, or 79 million light trucks,
would have to be taken off the roads to prevent U.S. carbon dioxide emissions
from increasing.

Nuclear power plants also are efficient in their use of land. Alternate forms of
emission-free generation, such as renewables, require large amounts of land.
For instance, using wind farms to generate all the electricity that nuclear energy
now generates in the United States would require the use of 22,734 square miles
(about 14.5 million acres). This simply is not a tenable solution for
geographically small—or even medium—sized nations.
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gimilarly, for photovoltaics to generate the same amount of electricity that
puclear power now generates, it would require the use of 5,305 square miles
(about 1.4 million acres).

U.S. Nuclear Plant Performance Improvements Enhance Sustainability

In addition to helping to protect the environment for future generations, nuclear
energy is safe, efficient and cost-effective. The U.S. industry has worked
collaboratively for more than a decade to achieve and maintain this high level of
performance. Plant operators share best practices with each other, both within
the United States and with nuclear plant operators abroad. NEI has coordinated
15 major benchmarking projects, for example, to identify and share best

practices. And the Institute co-sponsors the annual Top Industry Practice

awards to recognize those who innovate effective practices that have broad

application.

The result of all this work is that the nuclear energy industry is thriving in the
United States. Nuclear energy is an essential component of national energy
policy, as the following facts suggest:

+ The leading producer of emission-free electricity—two-thirds of all emission
free power in the U.S.—nuclear energy 69 percent, hydro 29 percent,
geothermal 1.3 percent, solar 1 percent, wind 0.34 percent

o World-class in terms of safety by any measure, whether by the Nuclear
Regulatory Commission or the World Association of Nuclear Operators
performance indicators

° First in efficiency—nuclear plants operate 24 hours a day, 7 days a week at
90 percent efficiency—compared to efficiency rates of 69 percent for coal, 40
percent hydro and 39 percent natural gas

* TPirst in production costs—nuclear produces electricity at 1.83 cents per
kilowatt-hour, coal at 2.07 cents, natural gas 3.52 cents (1999)

* Second in total electricity generation to coal. 103 nuclear energy plants
generate 20 percent of U.S. electricity, coal 51 percent, natural gas 15 percent,
hydro 8 percent, oil 3 percent, total renewables 2.3 percent

And, support for nuclear energy is building in the U.S. Congress. As we have
seen from the public outcry over the power shortages and rolling blackouts in
California—there is a sharper focus on all sources of electricity. In fact, already
this year, there have been major bills introduced in the U.S. Congress that
support nuclear energy and its role in comprehensive national energy legislation.

There have been three bills introduced in the U.S. Senate in the last few months
alone. The first is a sweeping energy security bill that has positive implications
for nuclear energy. The second has landmark provisions for increasing capacity,
encouraging new plant construction and increased R&D to ensure the nation’s
position as a nuclear technology leader. And, the third is a bill aimed at
reversing the decline in America’s supply of nuclear scientists and engineers.
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The U.S. House of Representatives will introduce its energy legislation this

spring, and NEI will testify in the next few weeks on nuclear energy’s role iy
maintaining U.S. energy security. Most importantly perhaps, these are billg ¢ .
have bipartisan support—the key to congressional success in Washington theg
days.

Also, a healthy consolidation is taking place within the industry. In 2000,
purchases were completed for two reactors and seven more purchases are
pending. The news media also have reported the “bidding war” over a New
England nuclear power plant, as prospective buyers competed to add the react
to their generating portfolios. There was also the formation of a new operatin
company, the creation of an operating alliance, and the completion of two maj
mergers.

License renewal too is a remarkable success story. Five reactors have receive
renewals, five more are under review and license renewal applications for 33
more reactors will be submitted in the next five years. It is expected that nearly
all U.S. nuclear reactors will apply for license renewal. As the NRC and elect
companies gain experience with the process, the time it takes to prepare and
review an application is declining. It now takes only two years to re-license a
reactor—that schedule could decline by another six months or so with more
experience.

After a decade of steady improvement, U.S. nuclear plants achieved record safety
and reliability levels in 2000. The industry last year set another production
record—with 754 billion kilowatt-hours in 2000. The average capacity factor for
reactors nationwide last year was nearly 90 percent.

Although it has been a number of years since new nuclear plants were built, the
increased output from nuclear power plants during the 1990s was equivalent to
adding 23 new 1,000-megawatt plants to our nation’s electricity transmission
system. This electricity production satisfied almost 30 percent of the increase in
electricity demand in the United States over the past decade. Excess electricity
capacity and improved efficiency are two of the reasons our nation has not
needed to build new nuclear plants in recent years.

Nuclear power plants’ increased production and high reliability translate into
lower costs. Production costs of nuclear power declined to 1.83 cents per
kilowatt-hour in 1999. It was the first year since 1987 that average nuclear
production costs dropped below coal-fired production costs at $2.07 cents and
natural gas at $3.52 cents. Generating electricity reliably and cost-effectively, i
a manner that does not create greenhouse gas emissions, further enhances
nuclear energy’s contribution to the goals of global sustainability.

Nuclear energy promises to play a significant role to meet future demand for
electricity. With population growth and economic expansion expected to increasé
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U.S. electricity demand by over 40 percent by the year 2020, there are no signs of
jemand slowing down.

The Department of Energy’s latest forecast shows a need for 393,000 megawatts
of new capacity in the next twenty years. This is assuming a 1.8 percent growth
l.ate,which is actually lower than the 2.2 percent growth rate experienced
petween 1990 and 1999. If that figure is pushed up to what may be a more
realistic growth rate of 2.5 percent, the megawatts required goes up markedly to

564,000 megawatts.

NEI believes that new nuclear plants will represent a substantial portion of the
new capacity built between now and 2020. It is also believed that these new
plants can be competitive at $1,000 per kilowatt and have this set as the target.

NEI is currently working with the NRC on the licensing process for new nuclear
plants to ensure that all design, safety and site-related issues are resolved before
capital is invested. This new approach allows the NRC to evaluate and pre-
approve a prospective site for a new nuclear plant . . . allowing a company to
“bank” sites in advance — even without placing a plant order. The new process
would allow the NRC to issue a single license to construct and operate a new
nuclear plant if a company uses a certified design and a pre-approved site.

Three advanced, light water reactor designs have been certified by the NRC and
theoretically could be built in the U.S. today. An international consortium is
looking at a smaller, gas-cooled design, the Pebble Bed Modular Reactor, for
construction in the U.S. In fact Exelon has launched an aggressive program to
commercialize a version of this modular reactor and is developing a strategy that
will likely lead to the first U.S. order, license application and construction.

The Path Toward Global Sustainability

As we know, the world is growing beyond its potential capacity to absorb such
growth. The overriding message of the United Nations’ 1992 Declaration on
Environment and Development was that—as a world—we must achieve a secure
and sustainable balance between our future economic, environmental and social
needs. In the U.S., nuclear energy is demonstrating every day that it can make a
considerable contribution to the UN goals of sustainability.

The UN declaration also set out the responsibilities of developed nations like the
United States. As a result of past and present pressures on the environment—
and by virtue of the technologies and financial resources we command—we have
a responsibility to foster global sustainable development.

The topic before this panel is perhaps the most important global issue of this

century—and that is: How will we meet mankind’s growing energy needs
without compromising the ability of future generations to meet their own needs?
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The benefits that nuclear energy and technologies offer the world are many,
Applied nuclear technologies meet essential sustainable development needg sud
as: disease prevention and cure, food availability and protection, fresh watey
supply and electrical energy.

These basic needs are met globally because of the successful development, ygg
and transfer of nuclear technologies such as: safely operated research and poy,
reactors, medical equipment, measuring devices and the safeguarded use of
reactors to produce nuclear energy. Nuclear already produces 17 percent of t},
world’s electricity and is uniquely positioned to advance global sustainable
development.

The United Nations’ summit in Rio in 1992 defined the eradication of poverty
an “indispensable requirement” for sustainable development. Combating pove
and improving standards of living depends on the reliable and affordable
delivery of energy. Schools, factories, public transport, sewage treatment, wat
supply assurance, medical treatment and food preservation, to name a few, all
require electricity.

Nuclear energy clearly meets both the economic and environmental protection
goals that are at the core of the Rio Principles in a number of ways. First,
nuclear energy can meet the needs of the world’s growing urban areas without
combusting carbon-based fuels and thereby avoids those emissions. Second, t
costs of avoiding these emissions—costs such as fuel, decommissioning, waste
disposal and lifecycle cleanup—are internalized in the price paid by the 3
consumer—as called for in the Rio Principles. Third, global nuclear fuel supplie
are assured and the handling of used fuel is an example of how environmental
protection can be integrated into the development process. And finally, these
benefits flow from a technology that is competitive in deregulated markets.

The inclusion of nuclear energy in the global energy portfolio must also be place
in a larger context. Developed nations have a moral obligation to use those v
resources that their technological expertise allows and to support the transfer of
such abilities to the developing world. This means using nuclear energy and
technologies in the developed world so as to leave other finite natural resources
for those who will require them. Fossil fuels—for instance—have other
beneficial uses, such as chemical feed stocks, heating and transportation—
whereas uranium does not. And there is the potential to recycle or expand
existing nuclear fuel stocks, or use other nuclear fuels, such as thorium.

The development process must consider the timetables of each nation. We
cannot make demands on developing nations that were not made on us as we
developed. Therefore, we must transfer technologies to enhance the global
development process, but we must also ensure that no nation is left without the
means to develop at their own pace.

Sustainability can only be achieved if developing nations have access to the full
range of development options. For development choices to be realistic, they musigg
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consider all possible paths to progress. Economic development and policy options
must be carefully considered so that scarce resources are allocated effectively
and officiently. Clearly, decision-making in the developed world proceeds this
way, and it has greatly enhanced our ability to make progress in many areas.

gustainability does not allow developed nations to dictate a limited set of options
io the developing world. The principle of sovereignty is an integral part of the
Agenda 21 list of principles developed at Rio in 1992. If we look to the past, we
will see that trespassing on sovereignty is neither logical nor productive when it
comes to development.

Finally, how can we ethically suggest that an energy source that has fostered
and will continue to foster our development—especially in large urban areas—
should not be available to other nations for their benefit? The answer is, “we

cannot.”

We know through the Rio Summit and through discussions like this one today,
that we are on the right road to a framework for sustainability.

The Clean Development Mechanism (CDM), for example, is an important step
toward constructing a system of global incentives that enhance sustainability.
By making emission-avoiding technologies more attractive, the CDM is a crucial
component of this process. Experience tells us that market incentives, not
directives, are the way to achieve meaningful change. And, as such, incentives
rely upon the more organic and more realistic market mechanisms that have
thus far shaped much of the developed world.

CDM projects are about incentives, but they are also about options. One of the
goals of the CDM 1is to encourage greater use of environmentally beneficial
technologies than they would be if they were evaluated strictly on a cost basis.
Along those lines, the CDM embeds an environmental element within all such
projects and assigns a tangible value to the global good of reduced emissions. In
business terms, the CDM alters a project’s return on investment and creates a
positive externality in the process.

For the CDM to be truly effective, it must include all clean energy options—
especially those energy sources that can meet the needs of large urban areas.
Sustainable growth cannot occur without the availability of large-scale, baseload
electricity generation for the world’s growing populations. There’s no question
that the cleanest choice for this kind of baseload generation is nuclear energy.
For the CDM to effectively encourage and support clean and sustainable
development, nuclear energy must be included along with non- or low-carbon
emitting technologies, such as renewables, hydroelectric and clean coal.

Nuclear energy already meets the needs of large urban areas across the globe,

and it is doing so in a way that does not contribute to the production of
greenhouse gases or air pollutants. It makes exponential use of minimal fuel
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inputs that have no other beneficial uses and manages its used fuel in wayg th&%
are safe and environmentally sound. =

Nuclear energy is making an increasing contribution to the global energy
portfolio in ways that meet the goals and objectives of the Rio principles, ang
clearly should be part of any plan for achieving sustainable development ang
preserving our planet for future generations.
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Global Warming Problem and The Need for Nuclear Power Generatjq,

Hajime Miyamoto
Vice President, Kansai Electric Power Co., Inc.

* An answer to the global warming problem means solving a triple-E trilemy,

the "Economy", "Energy" and "Environment".

* However, with the world's population rapidly growing especially in developi
nations, CO, emissions will rise greatly in the future.

* In the Kyoto Protocol, each country set a reduction target on greenhouse gag
emissions. Japan must reduce its GHG emissions by 6% below 1990 levels in
commitment period 2008 to 2012.

The policy scenario for achieving this target takes as a premise the promotio
of energy conservation, new energy resources and nuclear power. It requires
3 times the new energy resources used today and two oil shocks worth of

energy-savings which would come from strengthening the Energy Conservati
Law. ;
But, this will be very hard to secure because the government estimate 3.7% by
sink and 1.8% by Kyoto Mechanisms -- the rules for which are not concrete yet

* As the basic direction for achieving the reduction target, Japan's Cabinet
decided the "Basic Policy on Measures to Cope with Global Warming" in April
1999. By this, it will be necessary to promote energy conservation, new energy
resources and nuclear power, and to review lifestyles. And yet, we should take
cognizance of the year 2010 as a milepost on the road to solving global warmin
problem.

Additionally, investment through economic development is needed in order to

devise countermeasures for global warming.

* At present, the Advisory Committee for Resources and Energy is discussing W
to deal with the new long-term energy outlook, but looking at the progress in
global warming action and the economic situation, any further reduction in C

emission would be difficult.

CO2 Reduction Effect of Nuclear Power Generation
» Looking at CO,emissions from electric utilities and the results of CO, reducti
efforts, nuclear power generation made the biggest reduction in 1999 at
approximately 230 million t-CO,, which is equivalent to about 20% of Japan's

CO, emission (1.23 billion t-CO, in 1997). Also, according to an international
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survey on CO, emissions by electric utilities, Japan was lower than most major
industrialized countries with levels second to France, which uses a high
percentage of nuclear power generation, and Canada, which relies heavily on

hydroelectric power generation.

. According to the comparison of CO, emissions intensity by power source in
Japan, nuclear power have the upper hand in CO2 emissions assessed by LCA

method.

promoting Nuclear Power Generation based on the Public Consensus and Ensuring
Safety
. Public consensus founded in the premise of ensuring safety is absolutely

indispensable to promoting nuclear power generation, but currently there isn't
enough support. The “Basic Policy” state, with approval of the Central
Environment Council, that "as a premise to ensuring safety, nuclear power
generation must be promoted with getting public understandings through
discussions." Moreover, it is stated in the “Long-term Program for Research,
Development and Utilization of Nuclear Energy” that “measures to help the
general public gain a better understanding of nuclear power include providing
information, promoting various forms of dialogue with the peopvle.”

* To promote nuclear power generation on the premise of ensuring safety, it is
necessary to construct new plants, operate at rated heat output, maintain and
improve load factor through the long-term cycle operation. It is also necessary
to carefully operate and maintain old plants, utilize plutonium in line with
the values of recycling-based society, promote nuclear fuel cycling through

reprocessing and take backend measures.

* To gain public consensus, it is necessary to promote continuous and sincere
dialog on the grassroots level.
For example, round table meetings should be held for parties to talk to one
another in terms that the people can understand. It is also important to have
the electricity supply area (people living near to power plants) talk with the

consumption area (consumers) on sharing burdens and benefits.
* Furthermore, to promote the development and use of nuclear power,

international
cooperation is needed amongst concerned parties.
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Summary of Presentation

Li Donghui
Vice Chairman, National Atomic Energy Authority, China

As mankind steps into the 21th century, pollution prevention, environment
protection and promotion of sustainable development of human society has
pecome one of today’s concerns of the international community.

Energy-caused pollution is one of the major contributions to the environmental
pollution, and especially accounts for the main reason for the air pollution and
greenhouse effect. While nuclear energy, as a feasible and clean energy source,
plays an important role in preventing environmental pollution and promoting
economic growth. Based on the practical economic conditions and the energy
mix in China, together with the status quo of China’s nuclear industry, this
article sets forth China’s policies and principles for nuclear energy development,
and stands held and efforts made by the Chinese government to promote the
peaceful uses of nuclear energy and concerned intenational cooperations, to
prevent nuclear proliferarion, and to fully fulfil the obligations provided in the

NPT, etc.

S'1-29



1002 144y LZ-$T 61D 1owmoy
ww&w&w\.ﬁ@@ NQEQEd\ n_:«x\. &NWM

Aouady ASiouyg JesponN OH0
BIQUAL) JOIOAII(]

[ddVAVHOH H S|

INHINdO THAHA ATIVNIV.LS1S
10d ADYANH VA TONN




HALLOHdSddd INAINdO THAHA
HTGVNIVLSOS V NI ADIYANH dVHTONN

ADIHNA
AVHTONN NI SANAJEL INHIA(1DO =

AVAOL ADYANH dVATONN

AdVINIALLS

S'1-32



UO11BIdO [RIDISUILIOD JO SIBIA J030BAI )O(‘]
AITO1109]2 [8101 JO % T
uonerddo ur sy OS§

S9LIUNOd (IDHO U]

uonerodo [erdIouIod Jo sIeak J0108aI 000°0] =

AJTOLI)OR]S [€101 JO % 9]
uorjerado ur syun ccp

S'1-33



HLSVM
THAHT-HDIH d0d LA "TVSOdSIAd "TVNId ON

dvOoTdsvd SV SOO0dDVINVAAV
HT1dVITdd AdHA ST LI

SLAMNAVIN ALV INDHIAA
NI HAILLLAdINOD HdV SINVId DNILLSIXH

| SHIIILNNOO
dOdO NI HddVS d4 OL NdAOdd SVH

ADOTONHOHL HINLVIN V

(1) Aepo] AS1ouF Jea[onyN

S'1-34



2<
LA
1z
e,

AVAOL SNOISSTANA ‘0D dTIOM HO
%8 SHAVS INHNNOYIANT AO NOILLDHLOYd =

HI4INNOD
dOHO NI IV IIVAY SHOAdNOSHA
ANV ADOTONHOHL A 1dd1S 4O ALIMAODHS =

ALI'IEVLS LSOO/HOINOSHY
TVNOILLIAAV ‘NOILVOIHdISHHAId =

-‘OL SHLONIIEINOD

(11D Aepo], ASIoUH Jea[onN

S'1-36



SAdVHA 09 OLl dN
JAANALXH 494 OL dd1dV.LS HAVH SHONHOI']

%06 ONIHOVOUdddV SYOLOVA ALIDVIVD

dIHSTANMO
4O SHONVHO HDNOdHL HNOD SVH

SIAEVIN 4LV INOa9ad
NI ALITIEVLS 40 d01DVd V NAdd SVH

'SAVAA INADHYA
NI NOLLNTOAT TVOINONODH AAILLISOd AdHA

SOLOUNOD) (OHO Ul
AZI9Ug Jeo[onN Ul SPUSI], UL

S'1-36



0002 "VHI/ADHO "000Z YOOINO ASIBUT PlICAL 180IN0G

so|gqoMBURY JBYID [ OIPAH

(_CO_UDZ

SPO 'O |POD

0c0c OLlOC 000¢ 0661 0861 L Z61

000 S
000 Ol
l
000 SL =
=0
000 02

000 ¢¢

000 0O€

0T0T-1L61 ‘uonerdusn) AJDLIDS[ PIIOAN k \

S'1-37



s

sa|qoMmauUdy 21O

IDDONN] | | SPD
SYAOLS Ol10c

00¢
000 |
- 005 1
Q00 ¢
00§ ¢
- Q00 €
QOS €
- 000 ¥
- C0S v

000 &

UML

sdomng QOFQ Ul voneruan ALY

38

.
<

S'1-



"000C VAI/ADEO ‘000Z yoopnQ {8421z PO 9IN0S

se|qomausy 1Y CIPAH [ 1Pe|onN [] SO B |!O

0c0¢ 010c¢ 000¢ 0661 0861

IS

%ﬁﬁ%ﬁ?ﬁv@ﬂuéﬁﬁcﬁg \ﬁy,wuumhwuwﬂwﬁmﬂ EJLIDUIY/ JIION] a dmo

S1-39



oraers

010¢ 000c¢ 0661

WAe3!

00c
0]0)%
009
008
000 1
00<¢ |
ooV |1
009 |
008 1

000 ¢

YML

SIIEJ (IDF( ‘UONBIUIDY AIIDLIIII

S'1-40



CADYANH ATdVNIVLSS V

[VATONN SI

S'1-41



TVINAANNOHUIANH =

TVOIINONODH B

TVIOOS B

SNOISNHNIA HdJH.L 4O NOILVIDHLNI

S'1-42



JINNOD

NAIINGIN dDFO TTV NI SNOISNTONOD
dNVS dHL OL avd1 LON

AVIN'. AANIVINOOD NOILVINYOdANI HHI =

SHIALNNOD
JHIINHIN dOHO "TVAAIAIANI 40
SHIOI'IOd HHIL "dOdNfHdd LON SHd0d =

LOdIOdd
dodO HHL OL NOILLNAIdINOD VHN

HALLOHAdS ddd
INHNdOTAAHA HTIVNIV.LSS
V NI ADIANH AVHTOIN

S'1-43



A LVADHLNI

AQVATTV ¥ SLSOO TVNIHLXH =
TVILNHASSH
SI TVAOWHY vV SHIAISdNS =

Al NOILLVIHNHD
HAISNHINI TVLIdVO NOILLLAdINOD =

NOISNANWIA DINONODH

S'1—44



2<
LegLid
<
9,

NOILLVdIDILLIVd
OI'TdNd HLIM ADI'TOd
LINHIHHOO V 404 AN

SHAIDHY
"TVNOILLVNYUH.LNI
ANV TVNOILVN

AAOMHNV EAH
AdOLVINDHY

ANAQOIEDAOVE "TVINLVN
HLIM NOSITdVJdINOD

SHSN dHHLO ON

SNOISSIINA ‘0D ON

NOISNHNIA "TVILNAANOJIIANA

LINHWHDVNVIA
HLSVM HALLOVOIAVd

ALTHEVIT ALIVd AAIHL

ALHAVS

NOILLOH.LOdd
TVOIDOT0IAdVY

LINHINHDVNVIA
SHOENOSHY "TVANLVN

HONVHO HLVIAT'IO

S'1-45



LOLIBUY

g Xauuy (0 159y

BISSNY auted 0030 YHON 0030 adoing 4530

{l000104 CICAY JO T Xouuy)
SHOUUCUOOS UOIISURL PUR [BLIISHPUI 88 Ul SUOISSIWS (10
asit saseb asnoyusousn

0001

000¢

000€

000%

0004

0009

0004

0008

‘OO 10N

S'1-46




2
I
L2z
e,

NOILLVdIDILLIVd
OI'TdNd HLIM ADI'TOd
) LNHIHHOD V 404 44N

SHNIOTY
TVNOILVNIALNI
ANV TYNOLLVN

AJOMHNVEA
AdOLVINDAd

ANNOIDAODVE "TVANLVN
HLIM NOSTIVJdINOD

SHSN YHHLO ON

SNOISSINA “0D ON

NOISNHIAIA "TV.INHANOYIANA

\%

INHWNHDVNVIA
HLSVM dAILOVOIAVY

ALTHEVIT ALIVd AAIHL

ALHAVS

NOILLOd1LOd¥dd
TVOIDOT0IAVY

INHINHDVNVIA
SHOYNOSHY "TVANLVN

HONVHO HLVIAT IO

'1-47



NIV

.

o
NOILV¥HdO
~00 "TVOINHOE.L
ANV SINHNHIIDV

ddSSHdddAyv
Hd OL HAVH
SNAEHONOD OI'Td1d

HNIDHA
"TVNOILLVNIALNI

SAVM
ANVIAN NI dN0OINN

AAMOINVIN
ddIEAIIvNO HOIH

N

N7

NOILVdHdO
-0 "TVNOILLVNYIH.LNI

SLOAASV "TVOILLI'TOd
ANV NOILLVdIDILAVd
OI'Tdd

o NOLLVIHATTIOdd"-NON

N

N4

AJOMHNV A
"TVNOILLNLLLSNI

TVLIdVD NVIANIH

S'1-48



(VIRONMENT




Al NOILLVHANHD
-SHIDO TONHOH.L MAN DNIJH.LSOA

IHDId SHOIdd DNILLILHD =
ATLAIDOS OL JASTd DONITIOHLNOD =

SNOLLIANOO
TJOMHNVEA HHL DNIF(ISNH =

SADYNOS ADJYANA LNAIAIAIA
NAIMIALD SHA0-dAViL ANV VISdLI¥D

0URISISSY (IDHO IO SBaIy
SLNANNIHAOD 40 109

S'1-50



NI AL

DNIIVIN-NOISIOHAd

JOS 40 NOILVd

-

DILIVd =

#xO JHEINAIN dOHO-NON
HLIM NOILLVIHdO-0D "TVOINHOHL =

*ANIDHd NOLLVIHAT' IO dd

"NON HH.L DNINIVINIVIA =

SHILI'TIOVA 4O DONINOISSININODHA =

THAJT-HOIH 4O "TVSOdSId "TVNIA =

HILSVM

OURISISSY (DHO JO Sealy

S'1-51



SESSION 2



{5;*8510“ 2)

pEECH BY DR J CUNNINGHAM AT JAIF CONFERENCE:
JOMORI 26 APRIL 2001

is an honour and privilege to be invited to address the 34th JAIF Annual Conference. |

m delighted to be with you all in Aomori today.

uring thirty one years | have been a member of the House of Commons representing
e constituency of Copeland in West Cumbria, in the north west of England. Copeland,
nthe Irish Sea coast, is bordered to the south and east by the mountains and valleys

the Lake District National Park. It is a remote, beautiful area which | invite you all to

For the last thirty years the Copeland economy has been dominated by the growth,
_research and development, reprocessing and production of nuclear fuels at the
Sellafield site of BNFL. Copeland, like the rest of Britain, is moving forward with the

development of tourism, service industries and the new economy.

The core of Copeland’s growing prosperity however is the nuclear industry which

directly sustains almost 16,000 jobs in West Cumbria and indirectly supports many

more in the wider community. This represents 60% of all employment in Copeland and
20% of employment in neighbouring Allerdale. These inputs into the local economy are
worth £200 million annually. In addition BNFL spends more than £100 million on

purchasing goods and services throughout Cumbria.

BNFL are world leaders in their field, working at the leading edge of science, technology,
eéngineering and skills development. In their demand for the highest standards, BNFL
drives up the quality and performance of their supply chain partners thus enhancing the

Wider economic performance of Cumbria.



yhroughom these decades of nuclear industry development, BNFL, we in West Cumbria
and Britain as a whole have enjoyed many wide ranging, mutually beneficial business,
§g|itical and community relationships with colleagues and partners here in Japan. | can
ll you, speaking for the communities of Copeland, we wish these links to continue to

| oW and prosper for our future mutual benefit.

We believe that by working together as business and community partners we can
enhance public knowledge, understanding and acceptance of the need for nuclear
power and nuclear recycling, not just for the present but for our long term economic,

social and environmental well being.

But nuclear industry growth must be based on better Informed, more open, candid
debate about all the issues Involved. Too often, unnecessary secrecy, failure to disclose
information promptly and comprehensively has damaged the industry and public

confidence in it.

The way forward must be based not just on improved technology, safety and economic
performance, but on much better management of all aspects of the industry and in
particular the conduct of a genuine public dialogue about the challenges we all face.

From my early days as a scientist in the University of Durham, through three decades of
national political and intergovernmental discussions in Europe, North America and here
in Japan, | have always been and remain deeply committed to the view that the world as
awhole will need a significant contribution from nuclear power If we are to meet our
energy needs. Conventional fossil fuels, renewable sources and improved energy
efficiency will not cope with the population growth, the need to eradicate poverty, iliness
and under-development, let alone the new challenges of global warming and climate
thange so graphically set out at the historic conference in Kyoto in 1997.

As the international community struggles to come to grips with solutions, there is a

growing realisation that nuclear. power can play a significant role in mitigating



gimate change. While the UK continues in its determination to make progress on its
COmmitment to reduce greenhouse gas emissions by 20% compared to 1990 figures,
ihere is little doubt that the challenge continues to grow. Long-term solutions, and the
political courage to embrace them, are needed if we are to deliver. We will certainly
not meet our commitment without a significant contribution from nuclear power.

The United States’ Department of Energy ‘Outlook’ projects a growing contribution from
nuclear power in the developing world in the next two decades. | know that here in the

highly developed economy in Japan the view has long been held that nuclear power is

an essential part of future energy policy. | applaud that commitment. It is an example

for others to emulate.

Perhaps the biggest single challenge facing the nuclear industry worldwide today is not
technical, environmental or economic, but political. | refer to the essential need to win

public acceptance for all the industry’s activities.

Earlier | spoke of the long standing successful relationship between Japan and the UK
at government level, between British Nuclear Fuels and its many business partners In

Japan.

I know that what happened in 1999 at BNFL’s MOX Demonstration facility at Sellafield
put considerable strain on those relationships. It harmed public, political and business
confidence here in Japan, in Europe and in the UK too. | personally regret the harm

done and deplore the circumstances that lead to it.

We in the UK insisted on the most rigorous inquiries by the UK independent regulator,
the Nuclear Installations Inspector (NII). Those inquiries lead to comprehensive, wide
ranging recommendations for management changes which are now in place at
Sellafield. A new BNFL Board is now appointed. The introduction of new management,
Safety and working practices continues apace. Just last month the NIl confirmed that it
Is encouraged by the commitment displayed by BNFL in achieving the new targets .



personally, | have witnessed significant improvements under the new leadership of
chairman Hugh Collum and CEO Norman Askew and | am confident that the
momentum they have created to make these changes will be sustained.

atthe request of the Sellafield workers, a new broadly-based community campaign
group Was established. | was asked to become Chairman. lts aims and objectives were
10 see that all recommendations for change were accepted and fully implemented by
BNFL management, and to work to rebuild public confidence and trust in BNFL in West

cumbria, nationally and internationally.

prime Minister Blair has given his full support to ensure essential changes were
implemented. Our campaign met the Prime Minister and other Ministers last year to
press for their continued support for change and also to seek support for the future of
Sellafield. Tony Blair made clear his support for the ‘skills and dedication of the

workforce’ at Sellafield.

Having ensured that the company had strong, new leadership, he urged that they be
allowed to get on with the job of ensuring a successful future for BNFL. We have the
technical ability to safely reprocess and recycle mixed oxide fuel. MOX fuel can be a
huge source of energy for the future. We know it can be safely, efficiently used in
tommercial reactors, where operating experience is already extensive. The case for its
wider utilisation is growing as our understanding of energy and environmental essentials
develops. | am sure that Japan will continue to make progress towards the completion

of its own domestic nuclear fuel cycle.

Last month | again led a delegation of the Sellafield campaign to the Prime Minister in
10 Downing Street, to request that the government announce the final consultation
Process for the Sellafield MOX plant. We stressed the importance of the economic and
environmental arguments for MOX fuel and the Sellafield MOX plant to the government,
and most importantly the need for a positive decision on SMP. Nine days later the final
“Onsultation period was announced. It is the support of the community for Sellafield,



evidenced by this campaign that has been a very strong factor in achieving these very

considerable Successes.

The fact that our representations to the government were organized and led by the local
community, not BNFL, was and remains a decisive factor in the success of the
campaign. Fundamentally, this illustrates the value of a knowledgeable, informed
supportive community to any nuclear company. It reflects, too, the positive role which a
supportive local community can play in support of a major local company, and the
penefits which can accrue to both sides from dialogue and open discussion.

In March too, | together with the Sellafield campaign group, spent two hours in

discussion with the Nuclear Installations Inspector. He expressed himself satisfied with
the very significant progress being made by BNFL following his reports and
recommendations. The effective, continuing management personnel and policy changes

at Sellafield should ensure no repetition of past failures.

This is why events such as this, the 34th JAIF Annual Conference are so important.
Here nuclear companies and representatives of nuclear communities have the
opportunity to compare and contrast areas of best practice, share problems and
solutions and build relationships. Our communities and our companies have much in

common and much to learn from each other.

Information and communication technologies have advanced to the stage that, whether
l'am in my office in Copeland, at Westminster or at home, | can receive the Japan

Times, or the Daily Yomiuri through my computer. Through the Internet | can see what

s happening to the nuclear industry in Germany, America, Japan or elsewhere in the
world. More often than not, the similarities are striking. Truly, we are in this together.
Our problems are your problems and your problems are ours. Increasingly solutions can

be found through partnership working - we can only solve them together.



in the 21st century, | believe that a nuclear power renaissance is a very real possibility -

put it will not happen automatically. There is much work to be done.

The industry must convince policy makers and the public of its benefits before any
renaissance can occur. This may take some time and the process should be measured,

open and consistent.

| am grateful to have been given the opportunity to address the JAIF Annual Conference.
This is a hugely important, challenging event. It is with great commitment that as a
Member of Parliament | have been able to support Sellafield and my constituency. ltis
with great satisfaction that | am able to report to you the extensive progress being made
at Sellafield and within BNFL and it is with a great deal of optimism that | view the future
of the nuclear industry, in Britain and here in Japan. | therefore wish our Japanese

hosts well for the future and thank them for their great courtesy and hospitality.
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(Session 2

le intervention (10 min)
La Manche et ’énergie nucléaire

Monsieur le Président,
Messieurs les gouverneurs, P. GREGOIRE
Mesdames et Messieurs,

permettez-moi d’affirmer combien j°ai €1€ sensible 2 I'aimable invitation qui m’a été adressée
par le JAIF, et combien je suis honoré d'avoir 2 intervenir aujourd’hui devant vous dans ce
prestigicux colloque international sur un théme de haute importance pour nos deux pays, qui
ont lié entre eux un étroit partenariat de compétence et de confiance. J’apporte également aux
¢diles el aux habitants de la Préfecture ¢’Aomori le salut des élus et de la population du
Départemnent de la Manche, et je suis heureux de témoigner en leur nom de I’amitié qui nous
réunit malgé la distance.

Mon propos s’ordonnera simplement autour de deux thémes. En premier lien, le caractcre
essentiel du recours # l'énergic nucléaire pour la France. En deuxiéme lieu, les
caractéristiques ct les conséquences des implantations nucléaires dans la Manche dont je suis
e préfet, c’est-2-dire le représentant du gouvemnement.

1) La géographie n'a pas doté la France d'importantes ressources fossiles. Par rapport a
d'autres pays européens, il s'agit d'un handicap. Mais la France a fait des choix courageux et
dispose d'énergies propres et renouvelables, tels que le nucléaire, 1'¢lectricité hydraulique ou
¢olienne, en proportion légérement plus forte que la moyenne européenne.

Ce choix de I'ndépendance nous permet et nous permettra a nouveau dans le futur de rester 2
l'abri des aléas comme d'amortir les chocs. Il est un facteur positif pour la santé de I'économie
frangaise toute entiére.

Depuis 1997, le gouvernement a développé la politique énergétique de la France autour de
trois piliers, en totale harmonie avec les objectifs de I'Union Européenne.

Le premier pilier est la sécurité d'upprovisionnement. Les deux grandes crises du péirole, en
1973 et 1979, avaient mis en évidence la faiblesse de nos ressources. Pour v remédier, la
France a choisi, d'une part, d'investir dans la production d'électricité nucléaire, d'autre part, de
promouvoir l'utilisation rationnelle de 'énergic et les éncrgies renouvelables.

Le deuxiéme pilier est la compéririvité économique de la France. 1 s'agit d'abord de pallier la
volatilité des prix des énergies importées et de disposer d'une énergie la plus avantageuse
possible, Ceci vaut particuliérement pour 'dlectricité et le gaz qui font I'objet d'une ouverture
dla concurrence, apaisée, maitrisée, concertée.

Le wroisieme pilier est la prise en compte des conséquences sur l'environnement. Ce souci
constant concerne # la fois le niveau global, pour le changement climatique ou les pluics
acides, et ¢ niveau local, par exemplc pour les nuisances dues 4 Ja circulation des véhicules
dans les villes, Le programme nucléaire frangais a permis de baisser de 25 % en dix ans, sur
1979.1989, nos émissions de CO, dues 3 I'énergie.

Globalement, le programme électronucléaire frangais permet donc :



_ d’éviter un rejet annuel de CO, équivalent a trois fois les émissions de 1’enscmble du
src automobile frangais ;
P e porter 2 prés de 50 % notre taux d’indépendance €nergétique, contre 20,6 % en
974 ‘ : N
1 - d'exporter du courant électrique qui est devemu la quatriéme ressource d
pexportation ; ‘ ]

- de créer plus de 100 000 emplois nationaux directs pour un investissement de 455
pilliards de francs.

7) Dans la Manche maintenant, les implantations nucléaires sont les plus importantes de
France, et elles représentent depuis une vinglaine d’années ['élément déterminant de
pévolution industrielle départementale. Elle constituent pour le développement économique
un atout capital. Localisé au nord-ouest du département, le pdle nucléaire autour duquel s'est
greffé tout un tissu local d’entreprises sous-traitantes s’articule autour de trois structures :

- ["établissement de La Hague, spécialisé dans le retraitermnent, vaste de 270 hectares,
exploité par la Compagnie Générale des Matiéres Nucléaires (COGEMA);

- ]2 centrale nucléaire de Flamanville, mise en service en 1985 sur une superficie de
120 ha dont la moitié gagnée sur la mer ; elle comprend deux tranches de réacteurs 2 eau
pressurisée de 1 300 MW chacun ;

- Le centre de stockage de déchets radioactifs, créé en 1969 et géré par I’Agence
Nationale des Déchets Radioactifs (ANDRA) ; il contient environ 530 000 m* de déchets de
faible et moyenne activité.

Le choix du nord-ouest du département de la Manche comme site d’implantation de ces
installations a ¢té facilité par des critéres classiques :

- facilité du transport : les liaisons routigres, ferroviaires et nautiques permettent des
communications aisées entre les établissements et lewrs sources d'approvisionnement ;

- besoins en superficie : la faible densité du milieu rural permet de trouver les espaces
nécessaires 2 de vastes implantations ;

- disponibilité ¢t compétence de la main-d’cenvre : la proximit¢ de 'agglomération de
Cherbourg, port et chanticr naval d’environ 100 000 habitants, 2 permis de trouver un
personnel qualifi€, nécessaire aux travaux tant de chantier que d'exploitation ;

I xeste bien entendu  mentionner |'impact local de ces activités industrielles.

Cest d'abord un impact financier. L’usine de retraitement et la centrale électronucléaire,
tompte tenu de leur importance en surface occupée, en nombre de salariés et en chiffre
Caffaires, versent aux diverses collectivités locales sur le territojre desquelles ils sont
mplantés des monlants trés importants d’impdts de droit commun. Le versements de taxe
Professionnelle des usines de La Hague représente 63 % du montant total pergu par lc
département de 1a Manche au titre de toutes ses implantations économiques. Cette ressource
Permet aux eollectivités de réaliser des investissements a une hauteur qu’elles n’aurzient pu
dlteindre antrement :



3 proximité immédiate des deux installations, les commwunes rurales se sont
lrcg,-oupéﬂs afin de faire un usage concerté des retombées financicres. Ccllcs:ci .leur ont
ormis de réaliser un port de commerce et un port de plaisance, de nombreux équipements
rouristiques de grande qualité ainsi que des écoles et des installations sportives ;

- au niveau du département, principal bénéliciaire des retombées fiscales, ’accent a
sté mis sur les opérations de développement pour |’ensemble de son territoire : la construction
Jinfrastructures routiéres (avee 7 550 km de routes départementales, la Manche poss¢de le
plus long réseau routier de France), portuaires et touristiques ont été rendues possibles par
Pspport financier du nucléaire. ’

(’est ensuile un impact économigue et social : L’industrie nucléaire représente depuis vingt
ans 1’élément déterminant de I’évolution socio-industrielle de la Manche, dont la-typologie
maritime et rurale était plutét tournée vers la construction navale et vers 1’agro-alimentaire :

- la construction de la centrale entre 1978 et 1986, puis dc usine de retraitement de la
Haguc de 1982 3 1992 (P'un des trois plus grands chantiers du monde), ont fortemnent
influencé P"activité d’un grand nombre de secteurs économiques ; cel essor a notamment attiré
des activités d’études et de conseils, provoquant une explosion de I'ernplai dans le secteur des
services (+ 40 % en dix ans), et exergant un effet sur la taille des entreprises ;

- le travail dans les secteurs de pointe comune le nucléaire réclame du personnel aux
compétences particuliéres ; ainsi, le bassin d’emploi bénéficie d’une main d’ceuvre diplomée
proportionnellement plus nombreuse qu’au niveau régional, et il apparait comme celui ol le
revenu moyen est le plus €levé du département ;

- I'autrc phénoméne social remarquable du bassin d’cmploi est la jeunesse de sa
population ; alors quc Ia zone regroupe prés de 40 % des habitants de la Manche, il y nait prés
de la moirié des enfants ; I'important rajeunissement gu’a connu le bassin durant les années
19751990, & I'époque des grands chantiers, en est & Porigine,

C'est enfin un facteur de développement scientifique et technologique. Le besoin de
qualification exprimé par I’industrie nucléaire a facilité le développement de Penseignement
supérieur @ Cherbourg. En outre, la présence d*un complexe industriel aussi important que
celui de La Hague et des entreprises de sous traitance qui I’entourent a permis la création 2
Cherbourg d’un péle scientifique et technologique.

D’ores et déja, une plate-forme de formation a été constituée, dont la vocation est d’offrir
'apprentissage ou le perfectionnement 3 tous les métiers (conception, exploitation,
maintenance) qui s'exercent dans les milieux ultra-propres (agro-alimentaire, nucléaire,
pharmacie, chimie, micro-électronique...). Les démarches entreprises peuvent désormais
servir de socle pour structurer une véritable filiére de développement économique basée sur la
maifrise d'ambiance avec les objectifs suivants

- développer la recherche technologique en lien avec les entreprises ;

- favorser le développement de I’ imnovation et des transferts de technologie ;
=  permettre I"essaumage et la création d’entreprises ;

- favoriscr la coopération université-entreprises.

® K

Pour e département de la Manche qui a accepté d’accueillir sur son sol des installations
nucléajres exceptionmelles par leur vocation et leur dimension, les retombées en termes de



{esSOUICES) d’emploi, de diversification économique et de perspectives d’avenir sont
consigérables. Autre fait remarquable, ces activités de pointe cohabitent sans difficulté avec

cadre naturel et patrimonial parmi les plus riches et les plus attractifs de France, et font
ns doute de la presqu’ile du Cotentin 1’un des lieuX les plus originaux du monde par le soin
quia été mis A concilier les choses.

Qu'il me soit permis de dire en conclusion ici, au nord de cet archipel du Japon a ’hospitalité
5 parfoite, dans cette Préfecture d’Aomori ol s’érige en coopération enfre nos experts
ncléaires L'usine seour de Rokkasho, combien je trouve de caractéres communs & nos
paysages, et z{ussi 'd’ambitions compmines nos nations dans leurs efforts convergents pour
produirc une energie pacifique el utile, cn veillant sans faiblesse 2 la préservation de notre

pxsméte.



2¢ intervention (5 min)
Vision pour le futur

La collaboration globale

Depuis longtemps, le Japon et la France s’estiment et s'interrogent. Le Japon,
terre d’harmonie, de raffinement et dc beauté, ot la recherche esthétique, ou le
gotit de la pureté des formes et des matieres ont €té portés a la quintessence, ot
'invention azjoute mais ne détruit rien, le Japon a fasciné nos artistes, nos

peinires, nos architecte, nos écrivains.

Le Japon et la France ont en commun d’étre deux nations anciennes et de grande
culture, de forte histoire, ancrées dans leurs traditions, profondément attachées &
tont ce qui fonde leur identité, mais aussi ouveries aux idées neuves et
résolument toumées vers ['avenir. Deux nations confrontées 3 des défis
communs qu’elles doivent relever ensemble dans un monde a la fois de plus en

plus ouvert et de plus en plus complexe.

Pour cela, il faut nourrir notre dialogue, mieux nous connaitre pour mieux nous
comprendre ¢t mieux nous apprécier, jeter des ponts enire nos dcux peuples.
Aujourd’hui, les Frangais sc familiarisent de plus en plus avec Idme et la
civilisation japonaise qui remontent aux temps immémoriaux. Les traditions
millénaires qu’elle incarne, les rites qu’elle perpétue, sont I’un des visages de ce
Japon qui nous fascine aussi par sa modemité et son potentiel d’innovation
technologique. D’unc certaine maniére, la délicatesse du pinceau d'Hokusai se
Tetrouve de nos jours dans la finesse de la gravure des microprocesseurs, et la
sagesse de ’esprit guide toujours le travail de la main. Entre hicr, aujourd™hui et

demains passent des fils insécables.



[¢ poete et diplomate frangais Paul Claudel écrivait en 1926, alors qu’il était
;mbassadeur a Tokyo, - « LaFrance et le Japon, a chacun des bouts de 1’univers,
g paraissent également faits pour assurer un dle d’initiatenr et de guide. L'un
o Tautre, aujourd’hui, aprés de longue séparation disait-il, ont intérét a sc

regarder et 2 se comprendre ».

Cette compréhension, c’est vous M. le gouvemcur qui en avicz donné
I'impulsion lors de votre séjour en France en juillet 1997 ou M. Convert, un de
mes prédécesseurs, avait eu le plaisir de vous recevoir. Depuis, les échanges se
sont multipliés. Des groupes de citoyens ou de lycéens, des élus de la région
¢ Aomori, des fonctionnaires de la Préfecture visitent régulierement le site deLa
Hague. Des échanges se sont développés ces demiéres années, marquées par la

visite croisée de judokas, sport de maitrise et fiert€ issu du Japon.

Je comprends d’ailleurs que les judokas francais aient apprécié leur séjour en
1999 parmi vous tant la Préfecture d’Aomori dont ’harmonie entre le ciel, la
terre, 1’eau et les montagnes renvoie & un intimisme si proche de la nature et des
saisons. On pourmait croire que la natuire vy a déposé, dés les origines, les
ferments de la puissance et de la civilisation. Une sorte dc vision humaniste et
de beauté plastique que rappellent les chefs d’ceuvre d’un de vos cinéastes de

renommeée internationale, Kurosawa Akira.

C’est parce que nous comprenons et que nous frespectons ces valeurs
fondamentales, que slirs de nous-mémes, de nos cultures, de nos mcines, que
nous pouvons aller a la rencontre de ’antre, échanger le meilleur de nos
Connaissances et de nos volontés, et constmire ensemble "avenir. Fukuzawa
Yukichi énongait d’ailleurs ce précepte : « mirai ni mukete, ima o ikiru»

(vivons le présent en nous tournant vers 1'avenir)



justement, dans le monde contemporain, la production d’un¢ énergie propre et la
protection de la nature contre Peffet de serre constituent des ambitions a la

mesure de nos pays, a la fois anciennes civilisations et puissances

rechnologiques.

par ailleurs je voudrais souligner le grand mérite de ce congrés international du
JAIF qui est de rassembler ici ajourd’hui une communauté technologique unique
au monde, et de rapprocher les sensibilités de nos trois départements et de nos

trois pays autour de ces enjeux clefs du XXleme sicele
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operation experience of the COGEMA reprocessing business : a
high-specialised activity meeting success criteria of an ordinary
company

Philippe PRADEL
COGEMA — Reprocessing Business Unit
JAIF CONFERENCE 2001

companies are facing today the expectations of their shareholders, but also the concerns of
many stakeholders. To manage them successfully, they have to deal with a range of various
objectives:

e guaranteeing industrial and financial management results,

e ensuring the protection and the wellbeing of their employees,

o being environmental friendly.

As for many other industries -oil, or the chemical industry companies- the reprocessing
business self-imposes guiding principles. These guiding principles translate to continued
improvement and give full consideration to environment and nuclear safety, while allowing to
run efficiently and to look after COGEMA people.

Since the inception in 1966 of the La Hague reprocessing plant, the reprocessing activity of
the COGEMA Group can measure success in these fields. High-tech activity by nature, it
developed both technical know-how and capitalised on its experience in order to meet
successfully the objectives and criteria of an ordinary company.

1. Guaranteeing industrial and financial management resuits

Current feedback of the operational experience of COGEMA reprocessing plants reveals that
flexibility is of utmost importance for keeping guaranteeing industrial and financial
management results.

Flexibility starts with the operation itself of the reprocessing plants. The cumulative

experience of reprocessed used fuel at Marcoule and La Hague plants shows a combined

mastery of the industrial process, both in terms of :

* quantity of reprocessed heavy metal tons (as of end of 2000, more than 16,000 tons have
been reprocessed by the UP2-800 and UP-3 La Hague plants)

* types of reprocessed used fuels : COGEMA get experience of standard or high burn-up
fuels reprocessing and will soon gain experience with research reactor fuels.

The level of safety always accompanies this diversified experience. The plants operation
experience showed that the original engineering design (confining enclosure, thick walls,...)
and the organisational operation measures (such as procedures, training, monitoring and
control) proved safe every time.

Flexibility is a daily work and COGEMA is working today towards evolution of the
reprocessing capacity. During the ten last years, the reprocessing La Hague plant showed
an outstanding availability by running at full capacity (1,700 tons of annual production, in
respect of 850 annual tons for each plant). This allowed to obtain low running costs. But

Page 1 01/04/23



arket changes face with increasing competition ; in this framework, adapting to the needs
of the market place is key to success. Taking into account this new conditions and wilful to
rovide matching solutions to customers needs, work is, therefore, on-going in order to
develop polyvalence and flexibility of the UP2 —-800 and UP-3 plants.

answering the needs of the market led also the COGEMA Group to choose a new company
structure with Business Units. Each Business Unit is responsible of its strategy and results
(costs, turnover, net profit, ...). For the new Reprocessing Business Unit (RBU), it means an
improvement of internal processes, including business management. The organisation in
Business Unit is a management tool, which will help to achieve an effective and reasonable
costs control while keeping high-level safety and security standards as in the past. This is a
new challenge, which will require to give complete satisfaction to all the stakeholders
(customers, employees, providers, ...).

2. Ensuring the protection of employees

At La Hague reprocessing plant, there are around 3,000 COGEMA employees working full-
time. The rigorous monitoring of dosimetry revealed a constant decreasing exposure of
workers. In 2000, for operation and maintenance workers of UP 2-800 and UP-3 plants, it
was of 0.42 Sv/year against 7 Sv/year in 1976. This figure was obtained thanks to various
means, such as preventive maintenance instead curative maintenance, implementation of
remote operation, and radiation control optimisation.

3. Being environmental friendly

COGEMA continues to pay great attention to research and development of new techniques
and industrial processes aiming at optimising the reprocessing operations. The waste
management policy is, therefore, of utmost importance and will be improved through the
Universal Canister Strategy (UCS) for different types of waste. The UCS quick
implementation required the construction of a new facility, able to compact high activity
materials in discs shape. This pioneer workshop, called ACC (French acronym for “Hulls
Compaction Facility”) begins test operation in 2001 and will contribute to provide suitable
technical and economical answers to the waste management issue.

Still in the idea of a strong environmental commitment, the La Hague reprocessing plant has
developed and implemented an environment management system, in order to been certified
as conforming to standard ISO 14001. The process certification is currently on-going. The
ISO 14001 standard requires to develop and maintain a system that includes the key
components of establishing an environmental policy, determining environmental aspects and
impacts of the activities, planning environmental objectives and measurable targets, ... This
certification will be a useful tool for the RBU, helping it to improve continuously the mastery
of the impact on the environment of its activities.

Page 2 01/04/23
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criteria

_— m eeﬁ ﬂ g ﬁu@t

Success criteria of an ordinary company are now

multi-shaped
“Guaranteeing industrial and financial management
results
~ Ensuring the protection and the wellbeing of our
employees

~ Being environmental friendly

Since our beginning, we learned to grasp better these criteria.
Today, we can measure success in these fields thanks to technical know-how and
capitalised experience and we are still working for continuous improvement.

COGEMA
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Guaranteeing industrial and financial
management results
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exible operation of the reproc

QUANTITY Asof 1%t January 2001 : more than
16,000 tons of heavy metal
reprocessed by UP2 and UP3 plants

DIVERSITY
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Standard and high burn-up fuels
reprocessed

R esearch reactor fuels will be
reprocessed soon

Flexibility is a cornerstone for keeping guaranteeing industrial results
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sation for answering market evolutions

Improvement of industrial tools must be completed also by an adequate
organisation : we have set up a new structure in order to lever our
industrial maturity

» K ey objectives of this new organisation are :
~ afaster and better market response
-~ aglobal improvement of our competitiveness, reactivity and efficiency
~ an effective and reasonable cost controls
~ aresponsibility process based on unit

COGEMA
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Ensuring the protection of our
employees
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Being environmental friendly

Ty

&
k5

SR

COGEMA

o




3/04/0023/3 - 28

Bitumen

Grout concrete

Technological waste

3
Concrete
Hulls and end-fittings
Glass
2

4, Compacted hulls

/;J and end-fittings
and technological ,
waste

cpent fudt o i

mé /U DESIGN 1995 1996 - 2000 DIRECT DISPOSAL

(1980) FORECAST
Pu percent

in ultimate residues
{with respect to Pu initially
contained in spent fuel assembly)




3/03/0729/2b - 13

weoobBoOsO DD

Glass

canister

Hulls, end-fittings,
technological
waste canister

COGEMA




n cement

ing i
wasie

Grout

Compacted waste
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Hulls, end-pieces and technological waste in waste
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»An alternative conditioning to
grouting in cement waste

V olume reduction of waste for non-
surface storage

Standardisation of vitrified and
compacted waste canisters

COGEMA



May 1993

March 1995

Mid 1997 until end 1998

P Early 1999

Third quarter 2001

Start of the design studies
Beginning of the workshop construction

End of civil work and equipment
implementation

On-site test operations

ACC commissioning
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E nvironmental commitment: a continuous
optimisation process
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One target for one concept :
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rds an 1SO

14 001 certification

«

»

.

Success of our environmental commitment requires not only technical
developments, but also a dedicated and efficient E nvsmnmentai

Management System (EMS)

ISO 14 oo1 certification of La Hague is under way

COGEMA




Conclusion

Always aiming at a responsible management of spent fuel

Reprocess and recycling business : an effective services offer
~ Lessening volume of waste (/s)
D ecreasing radiotoxicity (/10)
- Recovering of 96% of spent fuel reusable materials

£ Environmental friendly policy

» Mastered process continuously improved

COGEMA
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BNFL'’s experience of reprocessing nuclear fuel

Dr Sue Ion
British Nuclear Fuels ple
JATIF Conference 2001

Introduction

Reprocessing is a mature technology, developed over half a century to a state of
high efficiency and reliability. It is a necessary precursor to recycling fissile and
fertile material which will be essential during this century to prolong the energy
availability derived from uranium resources and ensure global sustainable

development.

BNFL has gained extensive experience in the construction, commissioning and
operation of fuel reprocessing plants since the start of the nuclear industry. This
depth of experience is evident in the company’s ability to take Thorp, its latest
plant for reprocessing oxide fuel, from concept to operation. Much of the
underpinning technology associated with Thorp was taken from research and
laboratory scale through to pilot plant and eventual incorporation into the plant
itself. During the project the research, design, and indeed commissioning
specialists reviewed technical information and best practice world-wide on
aqueous reprocessing plants, nuclear technologies and commissioning practice.

The ability of the nuclear industry to construct and operate plants such as Thorp
(including all the supporting infra-structure), and to ensure that plant operation,
products and waste meet all regulatory requirements relating to safety and
environmental impact, is testimony to the resourcefulness of the industry as a
whole. There are few other industries that have to commit such significant
amounts of financial and technical resource to build plants that safely process
materials such as spent nuclear fuel. The facts that the plants are very difficult
to access once operational, utilise new technology and are often “one of a kind”
make this ability doubly creditworthy.

Indeed the experience world-wide in operating complex fuel cycle facilities has
demonstrated that management of irradiated fuel in terms of engineering and
economics under safe conditions and within regulatory limits does not present
any insurmountable challenges. Nevertheless there is room for improvement,
especially in reducing wastes and costs and BNFL like other organisations are
committed to realising these improvements.

This paper covers historical experience of BNFL that led to the development of
the Thorp concept and highlights experiences during construction, commissioning
and operation of such a plant. Current plant performance is discussed as well as

issues for future development.
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Dr Sue Ion
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Introduction

BNFL has gained extensive experience in the construction, commissioning 5
operation of fuel reprocessing plants since the start of the nuclear industry g
50 years ago. The technical knowledge associated with reprocessing plants h
been built on since the early days giving the company a substantial knowledgg
base in all aspects of spent fuel management. This depth of experience is evid
in the company’s ability to take Thorp, its latest plant for reprocessing oxide fye]
from concept to operation.

Thorp including the downstream waste plants cost over £2.8 billion pounds
involved many thousands of man years of work in total and an average of 14,000
jobs per year over the main construction period which lasted from the early
1980’s to the early 1990’s. At the time of its construction the complex nature of its
design required state-of-the-art information technology systems to help co-
ordinate all activities. Improvement of the plant and process is ongoing, and to
take advantage of rapid developments in some supporting technologies such as IT
control and instrumentation systems, there is a continual programme o
upgrading the plant systems to maintain efficient operation. Much of the
underpinning technology was taken from research and laboratory scale through
to pilot plant and eventual incorporation into the plant itself by BNFL. '

The Thorp plant design built on earlier oxide fuel reprocessing experience
extensive experience of reprocessing Magnox fuels as well as input from the
operators of Sellafield’s existing plants. During the project the research, design,
and indeed commissioning specialists reviewed technical information and bes
practice world-wide on aqueous reprocessing plants, nuclear technologies and
commissioning practice. Having the new plant and much of the developmen
team on the same site as the existing plants greatly assisted the incorporation 0
existing expertise into the design, proving trials, commissioning and eventua
operation.

The ability of the nuclear industry to construct and operate plants such as Th.OIP
(including all the supporting infra-structure), and to ensure that plant operation
products and waste meet all regulatory requirements relating to safety an
environmental impact, is testimony to the resourcefulness of the industry a8
whole. There are few other industries that have to commit such significan
amounts of financial and technical resource to build plants that safely proces
materials such as spent nuclear fuel. The facts that the plants are very dlfﬁCu
to access once operational, utilise new technology and are often “one of a kind”
make this ability doubly creditworthy.
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This paper covers historical experience of BNFL that led to the development of
{he Thorp concept and highlights experiences during construction, commissioning
and operation of such a plant. Current plant performance is discussed as well as
igsues for future development.

BNFL Historical Experience

Industrial scale reprocessing has been undertaken on the Sellafield site from
1952 to the present. The first reprocessing plant was built to reprocess fuel from
the Windscale pile reactors and later handled fuel from the early Magnox
reactors. The technology was based upon mechanical decladding, dissolution of
the fuel in nitric acid and separation of U and Pu by solvent extraction.
Mechanical decladding of Magnox fuel is possible since the soft outer alloy
coating can be stripped from the uranium metal bars.

At Sellafield, Butex solvent was used for the earliest separation process which
was performed in packed columns. This process had the advantage over early
American technology based on Hexone in that only nitric acid was needed to
extract uranium and plutonium into the solvent. Also the highly active raffinate
was salt-free so that the volume of highly active effluent could be reduced by
evaporation to a greater degree than was possible in the US process. In order to
minimise liquor pumping, the plant relied on gravity flow through the process
which required tall expensive buildings. This process operated from 1952 until
1964 with an overall availability of 95%, thoroughly vindicating the design and
operational concepts

The second Sellafield reprocessing plant commissioned in 1964 was built to
reprocess fuel from all the UK’s Magnox reactor stations. The technology was an
advance upon the first plant principally in terms of higher throughput, more
efficient extraction based on TBP and mixer-settler equipment. This plant is still
operational and has reprocessed in excess of 40,000 tonnes of fuel. During its
operational life, there have been a number of developments in particular
improvements in the treatment of wastes:

° The HA liquid waste is concentrated and evaporated before being
immobilised in boro-silicate glass using the vitrification process.
° Medium active liquid waste is evaporated and concentrated to enable

decay storage. Floc treatment and ultra-filtration is used to remove
actinides, Cs and Sr from the salt and other effluents streams.
° The Magnox cladding material and floc is encapsulated in cement.

The Sellafield site has had an excellent performance record processing uranium
metal fuel for nearly 50 years. Few problems have occurred which were not
anticipated as issues in the design concept. For instance corrosion caused a
dissolver to be taken out of service after 14 years operation of the second plant. A
duplicate dissolver was commissioned in a spare cell which had been
incorporated in the plant design for the purpose.
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A requirement to reprocess oxide fuel, both from domestic Advanced Gas.cq,
Reactors and from the light-water reactors favoured elsewhere, had becg
evident by the late 1960s. High power density fuel such as BWR, PWR ang 4
fuel employ uranium oxide fuel clad in stainless steel or zirconium alloy. The
decladding process used on the Magnox reprocessing plants was clea
unsuitable for oxide fuel. The cladding material cannot be easily strippeq
from the fuel because of its hardness, and the complex fuel structure. Part of
original Butex plant was therefore modified as a Head-end for oxide fuel wjg
systems installed to allow fuel shearing, dissolution and removal of the sheg
fuel cladding. This Head-end provided useful operational experience. A releage
activity attributed to reactions involving undissolved fission products, Byt
nitric acid and pyrophoric Zircaloy fines in this converted unit caused the plan
cease operation in 1973. By then issues such as the higher Pu and fission prog
content of oxide fuel compared to Magnox fuel meant that the modified plant w
not suitable for high throughput. It was clear that a new reprocessing plant w
required and the company pursued the plan to construct THORP rather thay
refurbish the existing constrained facility.

Design of THORP

Thorp was a major step in evolution from previous reprocessing plants, the oxid
fuel feed would present greater challenges than Magnox fuel and the design
targets were to achieve extremely high safety and environmental standard
compared with previous plants and international standards at that time. In orde
to do this, and still achieve an efficient design, new process technology, nove
equipment and computerised state of the art remote control systems would b
needed.

In general, the design of Thorp used the experience and knowledge gained from

operating the Magnox reprocessing plant with key improvements including:

° ability to handle high throughput of higher irradiation fuel, usin
automated computer control processes

° a salt-free flowsheet using uranium(IV) / hydrazine to ensure mor
effluents could be directed to HA evaporation

° replacement of mixer-settlers by pulsed columns in the highly-active an
plutonium-bearing sections, to avoid criticality problems and excessiv
radiolysis of the solvent;

° the use of a single line plant to reduce capital cost, based on confidenc
from earlier experience;

o treatment systems common with improved Magnox reprocessing to treat.
and, where appropriate, immobilise its liquid wastes and to reduce LLW.
volume by compaction

° all solid process wastes are encapsulated in cement

° much reduced operator dose, liquid and aerial discharges
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In order to understand how the journey to successful operation was made it is
;mportant to start at the development stage as this underpins successful

commissioning.

gelective work, involving computer modelling, conventional and fully radioactive
experiments, and full-scale engineering trials enabled major uncertainties to be
resolved progressively as the design and construction of the plant proceeded. The
people who planned and undertook this work were then transferred into the
commissioning teams who tested the equipment and brought the plant into

operation.

Unlike the previous plants at Sellafield, where process units tended to be
segregated in separate buildings with their own local service systems, Thorp was
designed as an integrated plant with all processes, and many of its effluent
treatment services, located in a single large building. Having one seismically
qualified building for all process stages significantly reduced the amount of pipe-
work and welding. This not only led to a large scale of design and construction, it
required a degree of co-ordination of commissioning rarely encountered in process
plant engineering. This computerised design information was also supplied
directly to fabricators and manufacturers.

Of the many factors key to successful design, construction and operation, three
areas of development were of particular note in achieving successful operation:

o Understanding the basic process including process fault conditions, so that
the plant behaviour and operational control arrangements were well
defined

° Demonstration of process behaviour and control arrangements at an
appropriate scale where novel concepts were used

° Early testing and demonstration of important or novel items of equipment,

including the proposed engineering materials.

The changes in process chemistry, involving potentially hazardous radioactive
and fissile materials, needed to be checked on a small scale before full
implementation, and the successful design of miniature glass equipment capable
of yielding the maximum useful information was itself a significant achievement.
Small-scale demonstration extended from single columns suitable for glove-box
operation in the early stages to a shielded pilot plant reproducing the whole
highly-active cycle with real fuel. The demonstration proved its value, for
example, by revealing a completely unexpected problem in the uranium-
plutonium separation that might otherwise have had serious consequences on the
real plant. Subsequently it allowed nuclear safety under fault conditions to be
demonstrated in tests that could not have been permitted at full scale.

On the engineering side, pulsed columns are much less forgiving than mixer-

settlers in both design and operation, so a near-full-scale test rig was built
specifically to verify conditions intended for Thorp.
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This too demonstrated areas for improvement in the original concept requiriy
changes that would at best have been very expensive to implement later. Theﬁ
was designed by the same BNFL team that was designing the equivalent part
the Thorp plant. Having design engineers take part in the actual operation of th
rig was a great help in solving problems as they were revealed, ang ;
transferring the experience from the rig into the plant design.

In order to build Thorp successfully, advanced project management systems, and.
computerised design and construction aids had been developed specifically for th’éif
project. These enabled the co-ordination and sharing of huge quantitieg géf
information between the project design, construction and commissioning&f}
engineers at different locations using electronic media.

This highly developed use of information technology triggered World-widéf
interest in Thorp, not only in its plant control technology, but in the informatioy
systems used to design, build and commission it.

Commissioning Experience

Three underpinning principles shaped the commissioning of Thorp:

° Successfully test each component and progressively build up into larger
and more complex systems for testing until full process unit testing was
achieved.

° Progressively move from inert systems testing and introduce reagent and
then fuel challenges to acceptably limit the uncertainties at any stage.

° The readiness of the people and procedures to undertake full operation

would be progressively introduced and tested as commissioning progressed.

It has been key to successful commissioning and operation that, where possible,
uncertainties were removed at the earliest possible stage of the project. This view
is supported by the fact that in areas where extensive development was
undertaken problems have not arisen requiring late rectification or remedy in the
operational phase.

Nevertheless, the purpose of commissioning, (and early operation is part of that
process), is to set the plant to work, learn to understand the process and discover
any problems in a safe, controlled fashion, ideally, free from production pressures.
In this respect commissioning and early operation have uncovered a limited
number of issues affecting how the plant is operated or requiring limited changé
to equipment.

The types of issues raised in process performance include, for example:

° Tuning of the process reagent feeds and operating temperatures t0
optimise performance (solvent extraction and effluent systems).
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o Improvements in off-gas system controls to increase effectiveness of
discharge cleaning (dissolver off-gas system).

o Alterations to process set points and operating sequences to control
operating transients and improve control within an acceptable
performance envelope (fuel dissolution and uranium production).

o Changes to operating conditions to further reduce the potential for plant
corrosion (liquor buffer storage).
o Development of equipment washout regimes (mixer settler system and

disentrainment packing washing)

Typically the above illustrate areas where the detail of the process is sensitive to
minor species present, sometimes specific to some fuels or burn-up, or the scale
and throughput of production equipment. In such instances it is impossible to be
precise in predicting the process settings or even sometimes the best operating
method. The skill lies in providing the flexibility in the design to enable
adjustment of the plant conditions to cope with these factors as the more detailed
character of the process is revealed during commissioning and early operation. In
this respect the Thorp design has been very successful, in only a handful of cases
have such issues resulted in significant pauses to progress, generally dictated by
the need to fully understand the behaviour and test alternative solutions before
resumption of routine operation.

Some limited localised redesign of components has been necessary, for example a
crane cable management system within the cave complex, where repeated cycling
over a long period resulted in operational failure. Another example was redesign,
at a very early stage, of components in a special radiometric instrument where
under true operational conditions the system was inadequate.

In two cases of note was there a need to address significant deficiencies in the
design;

° One involved the handling of insoluble steel or Zircaloy fuel materials
where the behaviour of the real process stream at full scale differed
markedly from simulates used in development trials. The remedy was to
design and install an improved handling system in the plant area
concerned.

° The other involved the transport system for insoluble fines separated from
dissolved fuel. In this instance the design did not allow a sufficiently wide
envelope of control of liquor flows to ensure that transport conditions
always lay within the design limits. This resulted in dry particles eroding
the pipework. In this case some doubts expressed by operators had led to a
standby system being provided in the original design as a contingency
measure, this enabled plant operation to resume pending provision of a
remotely engineered alternative system which also overcame the
vulnerability of the installed system to blockage.
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This latter problem was the most severe experienced and led to the Outage ¢
production referred to below, which lasted several months while the play
behaviour was diagnosed, and the performance of the alternative transfer Syste
was demonstrated first by rig and then by on-plant trials.

Some of the broader lessons of commissioning built into Thorp COmmMissionjy,
and reinforced by it are described below:

° Plant function should be tested early to clear the way for smqg
commissioning. Where practical plant was assembled and functiona]
tested at the manufacturers’ works, this was particularly true
mechanical handling plant and the associated computer control systems,

° Equipment was tested and set to work in parallel with the final stages
construction as various areas of the plant became adequately complete.
This approach allowed minor remedial work to be completed while the
necessary skills and management systems for design and construction
were still in place. _

° The operations staff and commissioning engineers were brought in to test
the plant as early as possible in the testing programme. This avoided
duplication of work with installation contractors and achieved a high
degree of focus of the testing on required operational and safety
performance. This focus was significantly heightened by the fact that staff
experienced in operations and commissioning at Sellafield occupied key
positions in the commissioning team and were supported by research and
development staff who had developed the process.

° The importance, and correctness, of some early decisions on the design of
the control systems and the hierarchy of the computer structure was also
revealed at the commissioning stage. The design enabled the necessary
basic levels of control and system independence to be used in the initial
stages of testing and allowed the advancing commissioning to introduce
the levels of sophistication inherent in the system as the needs of co-
ordination and hazard potential of the process increased.

° Also successful was a deliberate strategy used to develop, from the
commissioning teams, the operational manning structure. Throughout the
commissioning and the transition to the operational structure initiatives
were maintained to train and involve the operators in activities to develop
the required culture for commercial operation of the Thorp plant.

. An early decision to establish liaison meetings with the regulators al}d
advisory bodies in the UK and internationally was also important 11
ensuring a good understanding of expectations on all sides at an early
stage as well as providing a mechanism for monitoring progress t0
operational licensing.
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The last stage of commissioning comprised processing of 500 tonnes of Thorp’s
contracted throughput systematically to demonstrate performance of the plant
and its operational procedures (e.g. maintenance arrangements, information
management, customer and safeguards materials accountancy) using
progressively more challenging fuel feed stock covering the full range of fuel

types.

The co-location of research and development facilities and technical staff
provided a strong indigenous capability that was able to back-up commissioning
by providing timely advice and testing solutions to various problems encountered.
The converse has also been true in that the co-location of research, development
specialists and safety analysts on an operating site has created a technical
community with a greater degree of objective driven task focus and the capacity
to deliver practical solutions. As noted below during the operational phase of
THORP this capability has provided essential technical back-up as well as the
necessary support for safety and risk assessment work.

Plant Performance

Lessons from earlier plants within and outside the nuclear industry indicate that
any manufacturing process takes some time to achieve optimum performance.
This is due both to the fact that some problems always emerge as the equipment
“settles down” and also the need for the workforce to fully learn how to achieve
the best from the plant. The novelty, complexity and scale of Thorp would clearly
make it no exception and therefore early operation was programmed to achieve
progressively increasing annual throughputs through to steady-state operation.

The throughput performance of Thorp during its first 5 years of operation
followed the predicted trend of increasing annual throughput year on year, with
one exception, 1998/9. This fall in throughput resulted from a prolonged outage
while correction of localised problems in a solids-handling system associated with
the dissolver liquor was undertaken (discussed above). This corrective action
affected the following year’s throughput (1999/2000) to the extent that several
months’ production was lost. Nonetheless, record throughput was achieved
during the remainder of the year.

Work on the waste management facilities that support Thorp operation has
restricted Thorp throughput during the last year. However, the availability of the
Thorp plant itself has been good and throughput during the periods of operation
provides confidence for the future.

The performance of the plant has been remarkably consistent with the design

predictions in key areas, with significantly better performance in respect of
reduced radioactive waste arisings.
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The standards of hygiene achieved on the plant have been notable and hayg
received favourable comment from regulators, customers and competitors alikef
This has been a result of the attention to detail and operational experience inpug
into the design, and has resulted in extremely low dose uptake by the Workfm‘ce;
to complement the extremely low environmental impact of the plant. ‘

Issues for future development

BNFL's aim is to ensure that reprocessing continues, so that neither th
remaining energy potential in irradiated fuel, nor the technology needed ¢,
recover and utilise it, is lost to a world which will almost certainly need jt
whether over the next few decades or a century from now. For the present time,
reprocessing must compete with retrievable storage of spent fuel which offers 4
cheaper temporary alternative, with apparently lower short term costs, while
postponing other issues for a generation or two, and so passing the task of fue]
management, and probably recycle, to our successors.

To meet this competition in a market dominated by short-term financial
considerations, costs must be reduced substantially. Current commercial
reprocessing is invariably based on the Purex solvent extraction process with
future options being to reduce expense of an essentially unchanged technology, or
to find another inherently more economical technology. BNFL is following both
approaches, but the present paper concentrates on the first. Whilst the Purex
technology used in Thorp is mature, developments can either be marginal
ongoing improvements to the plant and its operational performance or more
radical.

In the near term, BNFL is focused on optimisation of the process to get the best
possible performance from Thorp and associated plants including, where
appropriate, measures to improve further safety and environmental performance.
Indeed, during the transition of Thorp from commissioning to operation the
interest in technology development by the plant operators moved progressively
towards improvement and enhancement of the production capability. Typical
issues include:

° Further reductions in discharges of radio-iodine, gaseous NOx, and soluble
Co-60.
° Reducing the frequency of plant cleaning needed, for example, to remove

localised build-ups of solvent degradation products complexed with fission
products from equipment surfaces and deposits of settled solids produCed
at some solvent interfaces. :

° Progressive demonstration of the process to accommodate a broader rangé

of fuels.
° Improvements to reduce further the volumes of packaged products and

treated wastes for storage.
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o Some plant equipment will need replacing during the lifetime of Thorp, e.g.
due to wear, corrosion or obsolescence, and results in opportunities to
effectively extend the plant’s capabilities by careful selection of
replacement equipment. Alternative approaches to refurbishment in such
cases are assessed to determine opportunities to improve process
performance, extend plant lifetime or broaden the operating envelope to
provide for alternative feedstocks or products.

Longer term work includes development of Purex based processes and equipment
systems to simplify the process and reduce the investment which would be
needed to fund future plants. Some areas of research where BNFL have
investigated improvements to Purex reprocessing are listed below:

o Thorp was designed with decontamination factors of the order of 10° to give
highly purified products: uranium acceptable to an enrichment plant
intended for virgin material, and plutonium sufficiently free from fission
products to be handled in glove boxes with minimal shielding. Neither
requirement bears directly on performance in a reactor, where greater
levels of fission products would be generated almost immediately. Relaxed
specifications for recycled uranium and plutonium could allow processes to
be simplified greatly, for instance eliminating purification cycles and
associated waste streams. Remote or robotic handling equipment might be
increasingly required, and this is one of the secondary developments in the
industry. Whatever the specification, the main bulk of the fission products
must be separated from the useful products, and so long as all conditions
are met, the more cheaply the better.

. Because fuel leaching is a batch process, and shearing a heavy mechanical
operation needing provision for periodic blade changes and other
maintenance, considerable buffer tankage is needed before the solvent
extraction area. Greater economy would be expected from continuous
dissolution, with a crucial requirement to feed sheared fuel and discharge
cladding fragments without interruption. Shearing could be avoided by
“total” dissolution whether by purely chemical or electrochemical means.
The latter, applied to Zircaloy-clad fuel, would yield a zirconium oxide
sludge that might serve as an encapsulating medium for other wastes.
However, it is proving more difficult than originally hoped to form into a
suitable matrix, and there are also corrosion problems in the dissolution
system itself.

° One improvement under investigation for future plant is to replace pulsed
columns by banks of centrifugal mixer-settlers with still shorter residence
times, consequently greater throughput per unit volume, and much
smaller requirements in space and particularly height. It is of course
necessary to ensure that all kinetically-limited processes have time for
completion.
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Conclusions

Reprocessing is a mature technology, developed over half a century to a state 0
high efficiency and reliability. It is a necessary precursor to recycling fissile an
fertile material which will be essential during this century to prolong the ene,
availability derived from wuranium resources and ensure global sustainah)
development.

Over the history of the nuclear industry, BNFL has gained significant experiency:
on the construction, commissioning and operation of reprocessing plants. Indee
the experience world-wide in operating complex fuel cycle facilities hy
demonstrated that management of irradiated fuel in terms of engineering ang
economics under safe conditions and within regulatory limits does not present
any insurmountable challenges. Nevertheless there is room for improvement,
especially in reducing wastes and costs and BNFL like other organisations are
committed to realising these improvements.
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Endeavor toward Safe and Stable Operation of
Rokkasho Reprocessing Plant

Yoshihiro Ohtou
Director & Deputy General Manager, Reprocessing Plant Construction Offie,
Reprocessing Office, Japan Nuclear Fuel Ltd.

Rokkasho Reprocessing Plant (hereafter, RRP) which is owned by Japap
~ Nuclear Fuel Ltd. (hereafter, JNFL) is at present about 64% of construction
work progress and is

vigorously pushed on with preparation of test operation which is scheduled
to start early in 2003 with aiming at the completion of the RRP project in
July of 2005.

JNFL has performed and will perform variety of endeavor, in cooperation
with , domestic and foreign organization concerned, in the course of stages of
design, construction, test operation and commercial operation toward safe
and stable operation of RRP.

In this paper, the following features which are our endeavor in the whole
course of RRP project are introduced.

—Technology Selection

— Check of Adequacy of Design

— Fixation of Selected Technology with Demonstration Test

— Acquisition of Trouble Experience of Preceded Plant and its Reflection

— Exhaustion of Construction Work Management

— Confirmation of Function and Performance of Facilities by Test
Operation

— Operation in accordance with Safety Regulation Rule

—Scheduled Training Program for Personnel
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Operation Experience of Tokai Reprocessing Plant

Akio Kawaguchi
Director, Tokai Reprocessing Center, Tokai Works
Japan Nuclear Cycle Development Institute (JNC)

The major processes in a reprocessing plant are dissolution of the
mechanically sheared spent fuel assembly by nitric acid and separation of the
aranium, plutonium and fission product by solvent extraction method using an
organic solvent. A reprocessing plant could be considered as a kind of chemical
plant, however, there are technical difficulties that are different from a typical
chemical plant. One is that nuclear materials such as uranium and plutonium
are handled, requiring strict control within an international framework and
special technology to prevent criticality. Another point is that radioactive
materials like fission products are handled, requiring higher technologies such as
confinement of radioactive materials, shielding from radiation and control of

exposure.

Being the first reprocessing plant in Japan, “hot” operation using the spent
fuel was started in 1977. The accumulated reprocessing throughput is about
950-tons (metallic uranium), which is about-4500 spent fuel assemblies as of the
end of March 2001. The approximately 6.5 tons recovered plutonium has
contributed to developments in mixed oxide (MOX) fuel fabrication technology
and advanced reactors such as “Monju” and “Fugen”.

The mission for the Tokai Reprocessing Plant was that it would provide for
part of the reprocessing needs domestically and establish the reprocessing
technology as a pilot plant in Japan. Although the design of the main process
relied on overseas technology, the reprocessing technology has been assimilated
and learned in Japan through licensing, constructing and test operating.

At present, the light-water reactor (LWR), which uses low enrichment
uranium fuel, is a preferred power reactor in the world. However, LWR spent
fuel differs in structure and burn-up compared with a gas-cooled reactor.
Therefore, there were technical questions that needed to be resolved for the
reprocessing of LWR fuel, which were chop and leach method, considerations to
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undissolved materials and degradation of solvent. The spent fuel of gas-cqq]

reactors had been reprocessed in the USA, UK and France since the 1950,
however, the reprocessing of the LWR fuel was only introduced to the Wgﬂé
around 1970. '

The main equipment such as the acid recovery evaporator and the spent fuel
dissolvers, have experienced corrosion problems since the test operation. These
problems were overcome by employing internally developed technology in such
areas as material development, improvement of fabrication methods, acquiring'
experiences of direct and indirect maintenances in high radiation area. In ordey
to meet the special conditions in Japan, specialized technologies have beey
developed in such areas as, emissions reduction of radioactivity to the
environment, full-scope safeguards inspection related to nonproliferation of
nuclear weapons and safeguards technology, and development ang
implementation of plutonium and uranium conversion technology. Furthermore,
operating efficiency has been improved. This has resulted from improvement of
the shearing machine, introduction of removal technology to overcome clogging
caused by the undissolved materials and improvement of the clarification process,
which are characteristics of LWR fuel reprocessing. In result various preventive
maintenances carried out during scheduled shut downs based upon the experience

of the initial troubles, the reprocessing operation has been stable since around
1985.

Operation and maintenance data and technical knowledge acquired in the
Tokai Reprocessing Plant have been provided to the Rokkasho Reprocessing Plant,
a commercial plant in Japan in planning since 1980s. Dispatch of engineers,
tests in “hot” conditions and receipt of trainees have also been continued. One of
the most important missions of the Tokai Reprocessing Plant at present is that of
a pilot plant which has contributed to the advancement of a national project by
more extensive transfer of technology and technological collaboration.
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Operation History of Tokai Reprocessing Plant
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Operation experience of the COGEMA reprocessing business : g high.
specialised activity meeting success criteria of an ordinary company

Philippe PRADEL
COGEMA - Reprocessing Business Unit
JAIF CONFERENCE 2001

Companies are facing today the expectations of their shareholders, but also tp,
concerns of many stakeholders. To manage them successfully, companies have t,
deal with a range of various objectives from the mastery of the industrial procegg
to a tailored human resources policy and an environmental commitment.

As for many other industries, the reprocessing business self-imposes guiding
principles and continuous improvement that give full consideration to the
environment and nuclear safety, while allowing the reprocessing business to run
efficiently and to look after its people. Since the inception of the La Hague
reprocessing plant, the reprocessing activity of the COGEMA Group can measure
success in these fields. High-tech activity by nature, it developed both technical
know-how and capitalised on its experience in order to meet successfully the
objectives and criteria of an ordinary company, that is to say:

°  (Guaranteeing industrial and financial management results
o  Ensuring the protection and wellbeing of its employees

° Being environmental friendly.

The paper will outline the experience and the major outcomes of the reprocessing
activity in these areas.
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ABSTRACT

Since the advent of retail electricity competition, nuclear power plants in the United States have
become the object of sustained praise for their strong performance and their stable, competitive
operating costs. What explains these unexpected good results? One part of the answer is
certainly the lessons learned from years of operating experience. Moreover, contrary to early
expectations, deregulation has not stifled nuclear power in the United States but rather appears
to be stimulating its competitiveness. Operating in a competitive marketplace, nuclear plants
today must focus more on efficient operations and the bottom line. Furthermore, deregulation
has caused a very beneficial restructuring of the industry. U.S. nuclear plants have simply
become more productive, cheaper to operate and maintain, and at the same time — by NRC
measures -- safer than they were even five years ago, at the threshold of the retail competition
era.

One key factor in the increased output of U.S. nuclear plants has been the ability to increase the
rated thermal power levels at many plants. Furthermore, reducing the frequency and especially
the duration of refueling and maintenance outages has also contributed significantly to improved
performance. Finally, the NRC's commitment to implementing “risk-informed regulation” has
been an important development that appears to be allowing enhanced competitiveness by U.S.
plants. NRC has changed the way it regulates but has not eased it. NRC performance indicators
show that safety has improved markedly since the late 1980s and early 1990s. It appears that
safety and performance improvements are proceeding hand in hand.

Most plant operators are concluding that it is far cheaper to extend the operation of existing
nuclear power plants by applying for 20-year license renewals from the NRC than to replace
them with new generating facilities. New reactor construction also appears increasingly likely in

! Based in part on: Robert D. MacDougall and Neil J. Numark, Numark Associates, Inc.,
"Conquering Deregulation: How the U.S. Nuclear Industry is Doing It," Gensan (journal of the
Japan Atomic Industrial Forum), No. 57, October 2000, pp. 13-29.
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the United States within the next few years. Multiple reactor technologies will likely be pursued
py different operators building for different market conditions, including large advanced light
water reactors such as the Westinghouse AP-1000 and small modular designs such as the Eskom
pebble Bed Modular Reactor. U.S. nuclear plant operators intend to announce later this year the
jocation of sites where new plants could be proposed in the future.

push Administration policies thus far appear to be sending mixed signals to the nuclear industry.
yice President Cheney has spoken out in favor of new nuclear plant construction, but the
Administration’s proposed budget cuts would slash funding for important nuclear R&D
programs initiated by the Clinton Administration, and its backing away from the Kyoto Protocol
is a disappointing development for those in favor of weaning society off of fossil fuels.
Progressive, technology-oriented solutions to electric power production have the potential to
provide great advantage over the consumption of fossil fuels, a practice which dates back to the
19th century and has caused extensive environmental degradation and public health impact.
Nuclear advocates should not dismiss the potential role of renewables and energy efficiency
technologies, but rather seek ways to promote all of these solutions together as appropriate
replacements for fossil fuel combustion.

INTRODUCTION

Nuclear power was not supposed to be competitive under deregulation. Predictions from the
early- to mid-90s were that many nuclear plants in the United States would have to shut down
long before their licenses had expired due to their high costs, even though much of this cost
stemmed from interest payments on sunk investment rather than going-forward operating costs.

But very few plants have in fact shut down early, and of the plants that were in jeopardy, many
more have been sold to larger companies better able to improve them. And most U.S. plants will
renew their licenses to extend operation for another 20 years. As a result, the nation's nuclear
plants are receiving sustained praise, for their strong performance and their stable, competitive
operating costs. They have also benefited from unprecedented media recognition of their
importance, in an era of disappearing reserve margins and even rolling brownouts. U.S.
newspapers have featured articles in the last few months with headlines like "Nuclear Power
May Rise Again,"* "Nuclear Energy Showing Rebirth," and just this week in the Washington
Post, “Nuclear Power May Be Making A Comeback.”

? T. McDermott, "Nuclear Power May Rise Again," The Los Angeles Times, February 9, 2001.
: Nuclear Energy Showing Rebirth," The Arizona Republic, February 10, 2001,
4 P. Behr, “Nuclear Power May Be Making A Comeback; Energy Crunch Helps Ease Industry's

Image as Outcast,” The Washington Post, April 23, 2001, p. Al.



A quick review of the performance data shows why, beginning with production costs.” As Figure
| illustrates, nuclear production costs have been consistently low in relation to fossil fuel
production costs over the last 20 years and are today less than 2 cents per kWh. Of course, more
gWh produced is a big part of this story, and Figure 2 shows the growth in the nuclear industry's
total electricity output through the 1990s. This in turn is mainly due to the trend shown in Figure
3 of substantially improved plant capacity factors.

Wwhat explains these unexpected good results? One part of the answer is certainly the lessons
jearned from years of operating experience. However, deregulation itself appears to be an
important part of the story. Contrary to early expectations, deregulation has not stifled nuclear
power in the United States but rather appears to be stimulating its competitiveness. Regulated
utilities of the past were guaranteed a fixed rate of return on their investments, in exchange for
providing reliable supply at stable, regulated prices, and operators did not have to worry as much
about expenditures. Operators of today have more incentive to be cost-competitive. Even in the
states that have not yet instituted retail competition, nuclear operators have reduced costs and
raised output, probably just as well as in other states, perhaps in anticipation of the deregulation
that will eventually affect everyone.

Furthermore, deregulation has caused a very beneficial restructuring of the industry. With the
forced “unbundling” of generation companies from transmission and distribution companies,
nuclear plant operators have consolidated a great deal, through four mechanisms:

o the sale of nuclear plants from one company to another;
o the merger of generating companies;

o the formation of joint operating companies; and

e the transfer of assets between utilities.

The result is presented in Figure 4, which shows the emergence of a much smaller number of
nuclear plant operators in the United States than ever before. And this number is sure to
continue going down, through plant sales and other mechanisms. The five largest operators
already account for almost half of the nation’s nuclear plants. For the stronger operators who
have a corporate commitment to nuclear energy, nuclear plants are much more valuable than
they were to the sellers who had difficulties operating them successfully or at least had a small
number of units and could not benefit from economies of scale.

As a result of this transition from vertical to horizontal integration of the electric power industry,
on the whole the operators of U.S. nuclear plants are companies that want to be in the nuclear
generating business much more so than a few short years ago. Thus, it is increasingly only the
stronger companies that remain in the game, but almost all of the plants remain (and there is talk
of re-starting certain plants that have shut down). Furthermore, there are now improved

5 Figures from Nuclear Energy Institute, "Nuclear Energy: Increasing Value in a Competitive
Market," Annual Briefing for the Financial Community, February 2, 2001.
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economies of scale, which has benefits in outage management and in procurement buying power.
pinally, this restructuring is a very large part of the explanation for the high rate of license
;enewal applications. Even companies that may be selling reactors are going through renewal
which increases the value of their plants.

It is important to note that most of this consolidation has only taken effect in the last three years
or o, and does not explain the performance improvements that occurred in the early 1990s. But
it does explain why certain plants that were previously in jeopardy of shutdown are now staying
alive and being invested in for the future.

Certainly another important factor underlying nuclear energy's much-improved standing is that
state regulators have permitted utilities to recover stranded costs -- mainly unpaid debts -- more
so than originally expected, through higher regulated rates during longer transitions to open
markets. These are costs that were approved by state regulators in the regulated era, but that
would not likely be recoverable from power generation revenues at expected prices in
competitive markets.

So there have been important regulatory and structural changes benefiting nuclear power in the
United States. But, largely in response to the onset of competition, U.S. nuclear plants have
simply become more productive, cheaper to operate and maintain, and at the same time — by
NRC measures -- safer than they were even five years ago, at the threshold of the retail
competition era. I will explore in a few minutes what specific steps the U.S. nuclear plant
operators have taken to achieve these resuits.

for Deregulation

And despite the California crisis, the outlook for continuing deregulation of electricity markets is
good. Major industrial customers continue to press for cheaper power, and as a result, individual
states will continue to deregulate so as to attract and retain these industries. The pace of
deregulation has recently slowed in response to the California crisis; of the 24 states and the
District of Columbia that have already mandated deregulation (see Figure 5), three small states
have now taken steps to slow down its implementation. For the remaining 26 states that have

not yet instituted retail competition, it is difficult to assess what influence the California
situation is having on what they have yet to do. It should be noted that the states in the southeast
already have relatively inexpensive power and have been moving more slowly into retail
competition.

The largest transition pain, of course, is reliability. Regulatory uncertainty has had a chilling
effect on investment in new generating as well as transmission capacity since the early 1990s.
The transmission system has become increasingly antiquated and reserve margins have declined
severely in some areas, as the economy has rapidly grown and conservation measures have been
de-emphasized, with little regulatory oversight to ensure reliability. We can only hope that as
regulatory certainty increases, competition will give companies the confidence to make the
necessary investments.



[t is important to note that the timing of deregulation in the United States may explain these
iransition pains to a large degree. Deregulation began when there had already been little new
construction for a decade or so, and we have just been through a major spurt in economic growth
that has increased demand, including a 10% increase in demand from 1995 to 1999. In other
words, deregulation would obviously be easier if we had had more generating and transmission
capacity coming into the process. ’

P B T it]

The charts I showed earlier illustrate the results, and I would like to look deeper for some of the
explanations of the improved performance. This discussion is not comprehensive but rather
exemplary, as we have not performed a complete analysis of the reasons.

One key factor in the increased output of U.S. nuclear plants has been the ability to increase the
rated thermal power levels at many plants. Figure 6 summarizes past and pending uprates
approved by the U.S. Nuclear Regulatory Commission. Forty-seven units — almost half of the
U.S. fleet — have been or will be approved for uprates of 5-10% of their originally-licensed limits,
and four units have already been approved for uprates exceeding 10% of original limits. For
example, in 1999 NRC approved a new rule allowing companies to reduce the power held in
reserve for Emergency Core Cooling System performance, with the difference thus being
available as output. This can be used by all 103 units for a 1% uprate. As the NRC announced,
the rule “allows interested licensees to pursue small, but cost-beneficial power uprates and

reduce regulatory burden without compromising the safety margin of a facility.”

Further power uprates are likely throughout the industry, driven by competition. As a recent
example, the Tennessee Valley Authority is now considering uprating its two Browns Ferry units
by a total of 250 MW at a cost of $99 million, which the company says would not require NRC
approval.” It is difficult to assess how much further uprating can be expected. An NRC official
commented recently that when U.S. plants were first licensed to operate, “we were pretty
conservative. We didn't have the operating experience and analytical capabilities we have now,
and plants were licensed at lower power levels than they needed to be.”®

A second key factor has been the shortening of outages for refueling and maintenance. As
Figure 6 illustrates, average outage durations have fallen dramatically, from over 100 days in
1990 to only 40 days last year. Those 60 additional days online account for more than a 15%
improvement in plant output. Also, far fewer companies are shutting down for planned
maintenance between refuelings. One factor that helps explain shrinking outage length is the

¢ U.S. Nuclear Regulatory Commission, Weekly Information Report — Week Ending January 29,
1999, hitp://www.nre gov/nre.commission/secys/1999-037scy html (February 4, 1999).

’ T. Harrison, "TVA Board Considers Uprates for Brown's Ferry, Sequoyah,” Nucleonics Weetk,
April 19, 2001, p. 3.

s U.8. Nuclear Regulatory Commission official, private interview with Numark Associates, July 11,
2000.

5



increasing trend among operators of sharing good outage management practlces and lessons
jearned, which was well documented in a Nuclear News article last year.” Some managers
credited the restructuring of the electric power industry for the increasing industry recognition
that, although some nuclear plants are competing with each other, the industry as a whole also
nas to compete with fossil fuel-fired power plants. Predictions are that average refueling
shutdowns will decrease to just 20 or 30 days in the coming years.

Third, besides shortening outages, nuclear plant operators have also managed to perform them
less frequently. Extended burnup fuels are allowing 18- and even 24-month fuel cycles. The
limit on this trend may be economic rather than technical, as it is of course far preferable to time
outages during periods of relatively low demand. Also, with consolidation, larger fleets of
reactors are forming, as discussed earlier. With this, the number of trained outage personnel in
these larger companies may impose constraints on the timing of outages.

Finally, the NRC's commitment to implementing “risk-informed regulation” has been an
important development that appears to be allowing enhanced competitiveness of U.S. plants.
Risk-informed regulation is a relatively new buzzword, but the debate over probabilistic vs.
deterministic regulation has been going on at least since the 1979 Three Mile Island accident.
The traditional deterministic approach assumes that any safety problem that has the potential to
occur will in fact occur. Risk-informed regulation considers information about the probability
and consequences of a potential safety problem, and — according to NRC — “focus[es] licensee
and regulatory attention on design and operational issues commensurate with their importance to
health and safety.”'° NRC states further that “[probabilistic risk assessment] and associated
analyses... should be used in regulatory matters, where practical within the bounds of the state-
of-the-art, to reduce unnecessary conservatism associated with current regulatory requirements,
regulatory guides, license commitments, and staff practices.”!!

Risk-informed regulation is surely a good way to devote more attention to the higher-priority
safety concerns and expend less resources on items of lower safety significance. NRC has
changed the way it regulates but has not eased it. They have adopted ways to get the “most bang
for the buck” that are helpful in a deregulated environment. By addressing the problems first
whose likelihood of occurring is supported by data and analysis (or operational history), rather
than applying the deterministic approach that looks at all systems as having an equal chance of
failure, the industry should be able to mitigate safety problems more effectively while also
improving safety.

The recent NRC rule change allowing companies to reduce the power held in reserve for
Emergency Core Cooling System performance, described earlier, is an example where risk-
informed regulation has already been applied. Another has been relief from costly NRC

2 R. Michal, “Outage Personnel Describe Concerns and Trends,” Nuclear News, June 2000.
10 U.S. Nuclear Regulatory Commission, #White Paper on Risk-Informed, Performance-Based
Regulation, http://www nrc.gov/nre/commission/vote/1998-144vtr html (February 24, 1999).
1 U.S. Nuclear Regulatory Commission, Risk-Informed Regulation Implementation Plan, October
2000
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rpquirements for in-service inspection and testing that have marginal payoffs in risk reduction.
other potential future applications include plant maintenance; inspection and enforcement
rograms; fire protection; incorporation of risk insights into the review of advanced reactor
Jesigns; changes to specific technical requirements in NRC standards based on risk information;
ond improvements to technical specifications.

with all of these steps to improve the performance and competitiveness of U.S. nuclear plants in
response to deregulation, the NRC considers safety to be higher, and notes that “all the evidence
suggests that the safety and reliability of the nuclear industry has improved markedly since the
[ate 1980s and early 1990s.”' NRC performance indicators shown in Figure 8 illustrate safety
improvements according to several different measures. Thus, it appears that safety and -
performance improvements are proceeding hand in hand, perhaps reflecting a recognition by
operators that safety problems will lead to costly plant shutdowns and need to be avoided.

It is important to underline that the NRC itself, of course, is not deregulating. While the above-
mentioned measures to improve plant performance have required the approval of the NRC, the
agency has certainly retained the same overall safety requirements and enforcement policy.
NRC’s flexibility in certain areas reflects the agency’s willingness to “reduce unnecessary -
conservatism” when improved data and analyses demonstrate that prior requirements were
indeed unnecessarily conservative.

NRC has also expressed certain concerns about deregulation and its impact on safety. One
relates to the reliability of the electric grid in the event of a station blackout incident. Others are
the financial health of nuclear plant operators, and the adequacy of funds for decommissioning,
Beyond these, watchdog groups have also expressed concern about the corporate resources
available for off-site responses in the event of a plant emergency.

It 1s interesting to look at the comments of one of the NRC’s most influential watchdogs, the
Union of Concerned Scientists, concerning the safety of plants that have increased performance
and output. According to David Lochbaum of UCS:

There's been a greater focus on plant output, but that doesn't necessarily mean exactly the
opposite of safety. You can do both. For example, power uprate takes up some of the
margin that's built into the plant, but if that's done prudently and wisely and with
forethought then that's acceptable. We don't have an issue with that."

Lochbaum also notes that the trend of improved performance reflects the fact that for several
years after the 1979 Three Mile Island accident, the industry had to perform extended outages to
Implement backfits, and that subsequently a number of plants have had to perform long outages

12 U.S. Nuclear Regulatory Commission, Primer on Reactor Oversight Process,
Numark Associates Interview with David Lochbaum, Union of Concerned Scientists, on Nuclear
Energy and Safety Policy, January 2000, http://www.numarkassoc.com/policy/lochbaum.htm.
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for steam generator repair and replacement. When those were finished, says Lochbaum, outages
could begin to come down and be dictated mainly by refueling.

jcen new

U.S. nuclear plants are licensed for initial terms of 40 years. Most plant operators are now
concluding that 1t is far cheaper to extend the operation of these amortized units than to replace
them with new generating facilities. Some estimate the cost as low as $10 to $15 million. As
illustrated in Figure 9, NRC has already approved 20-year license extensions for five units; is
currently reviewing applications for a further five; and has released firm dates over the next
three years when it anticipates receiving applications for another 28 units. The agency also
reports that it has received confidential tentative dates for 16 more units as well as expressions
of interest for yet another 43.

New Reactors

The question concerning new nuclear plant orders in the United States has evolved in the past
year or two from “whether” to “when” and “what kind.” The short answers to these questions
appear to be “soon” and “different kinds.”

Furthermore, the question of “who” has become clearer, with companies such as Entergy and
Exelon likely to be among the earliest players. Entergy commented at a recent Congressional
hearing that when capital costs can be reliably predicted to be $1000/kW or less, a new plant will
be built in the United States. Entergy noted that "industry executives have come together to
develop a plan that will mark out a clear path for new nuclear plant orders.” '*

Entergy and Exelon appear to be taking different approaches with respect to reactor type,
however. While Entergy (and other companies) focus on standardized advanced light water
reactors (ALWRs) offering safety and economic improvements over existing plants, Exelon
chairman Corbin McNeill has been particularly vocal in his view that large scale plants will not
have a place in the competitive U.S. market." Exelon has now joined the international
consortium developing the 120 MW-scale Pebble Bed Modular Reactor (PBMR) design of the
South African utility Eskom, which also promises significant improvements over existing plants.
A demonstration unit could begin construction in South Africa later this year. Exelon stated at
the recent Congressional hearing:

To be able to compete in the deregulated wholesale power markets, which have

1 C. Randy Hutchinson, Senior Vice President, Business Development, Entergy Nuclear, Inc.,

Testimony before the U.S. House of Representatives, Subcommittee on Energy and Air Quality,
Hearing on National Energy Policy: Nuclear Energy, March 27, 2001.

15 Corbin McNeill, Jr., Chairman, President & CEO, PECO Energy (now Exelon), testimony before
the U.S. House of Representatives, Subcommittee on Energy and Power, Hearing on National
Energy Policy: The Future of Nuclear and Coal Power in the United States, June 8, 2000.
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distinctly unique regional characteristics... new plants must be able to be permitted and
brought on-line quickly, in thirty-six to forty-eight months at the most, and they must be
able to compete with gas-fired combined cycle power plants on a total cost basis in the
3 10 3.5 cents per kilowatt-hour range. They must be small enough so that as their
capacity is added to the market, an oversupply situation is not created in the region that
drives prices down below the producers' marginal costs. They must also meet the
environmental constraints of the region. We don't believe that the currently available
designs of light water reactor nuclear power plants can meet all of these criteria. We
believe that the PBMR is the only reactor currently under development that may be able
to meet the needs of this deregulated marketplace in the next five years. We intend to
find out if it can.

If Exelon’s review of the feasibility study is favorable, we do not intend to wait for the
completion of the demonstration plant in South Africa to begin the licensing process to
build a number of PBMR's in this country [emphasis added]. We would intend to
submit a license application for early site permitting in 2002, followed by an application
for a combined construction and operating license in 2003 after the detailed design is
completed in South Africa. We believe that the licensing process, under the best of
circumstances, could be completed in twenty-six months; but in reality, the time
required is unknown. 16

No other U.S. nuclear plant operator has publicly expressed interest in the PBMR. Executives at
other major generating companies with whom we have spoken continue to favor larger units that
take advantage of economies of scale, such as the Westinghouse AP-1000, a potential successor
to the smaller AP-600 advanced LWR which the NRC has already certified.

Thus, the views expressed to date by U.S. nuclear operators seem to suggest that large units as
well as small modular ones are likely to be in our future. Exelon holds firmly to a “small is
beautiful” worldview, based on the deregulated market conditions it expects in its service areas,
while other companies remain just as firmly committed to the need for economies of scale. NEI
indicates that industry will begin NRC review of the AP-1000 and also implement a strategy to
deploy the PBMR. "7 If the economics of these designs prove favorable and both classes of
reactors can be developed for different market conditions, it could lead to a very important new
wave of U.S. plant orders. It may be that vendors should join in the investment in lead plant
construction, perhaps by committing to build them for $1,000/kW.

There are of course other vendor offerings under development, and this discussion is by no
means meant to be complete but rather to identify what appear to be the primary near-term

16 Edward F. Sproat III, Vice President of International Programs, Exelon Corporation, Testimony

before the U.S. House of Representatives, Subcommittee on Energy and Air Quality, Hearing on
National Energy Policy: Nuclear Energy, March 27, 2001.

17 See Note 4 above.



prospects. It is important to note the U.S. Department of Energy’s program to develop
«Generation IV” nuclear power technologies. These designs are intended to be innovative
rechnologies that would be safer, cheaper, less waste-producing and more proliferation-resistant
than existing “Generation II” light water reactors and “Generation III” advanced light water
reactors. But details concerning the Generation IV program are beyond the scope of this
presentation.

Concerning siting, Entergy has indicated that it expects "several nuclear operators fo announce
early site locations later this year to begin the process to keep the nuclear option open in this
courm'y”18 [emphasis added]. This action would take advantage of new NRC rules in which, if a
certified design is used and the agency pre-approves the prospective site, it could issue a single
license to construct and operate a new plant. I think it is a good bet that the first orders will be at
existing nuclear sites which have room for more units, such as the numerous U.S. sites where
several units were originally planned and only a portion of them actually built. In any case, it
will surely be headline news if U.S. operators do indeed announce prospective sites this year,
signaling a U.S. nuclear renaissance after more than a 20-year drought in new plant orders, even

if actual orders remain a few years off.
Political Context

I would like to close with a few general comments concerning the current status of energy
politics in the United States. We are presently going through a period of major change in U.S.
policy as a result of the transition to what is proving to be a very conservative Bush
Administration. So far the change seems to send mixed signals to the nuclear industry. While
Vice President Cheney has spoken out in favor of building more nuclear plants in the United
States, the Administration is proposing substantial budget cuts including cuts to important
nuclear R&D programs such as the Nuclear Energy Research Initiative and the Generation IV
program that were initiated by the Clinton Administration. At the same time, the
Administration’s backing away from the Kyoto Protocol is very disappointing. On both the
budget cuts and on climate change policy, there are clear splits among top officials within the
Administration; however, thus far the more conservative view is winning out on both counts.

This is certainly true on climate change. An important point in understanding the U.S. opposition
to Kyoto is that we have had a “hangup” over the exclusion of developing countries. I think our
preoccupation with this has resulted from a very successful public relations campaign by the
fossil fuel industry-backed Global Climate Coalition, that was waged immediately after the
Kyoto COP-3 meeting and convinced Americans that the Protocol was unfair because it excludes
developing countries. The fact is, developing countries are only excluded in the first phase of
the program, from 2008-2012, which seems wholly appropriate. In constrast, with the fossil fuel
industry’s perspective, some US-based multinationals worry that the US will actually lose out if
we delay action. A DuPont representative, for example, recently suggested that “it would be a

18 See Note 13 above.
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pistake if the US economy is insulated from those pressures. When the reality comes, the US
will have a bigger gain of catch-up — and our competitors will be ahead of us.”t?

Note that if we continue on our present course, estimates are that U.S. carbon emissions will be
26% higher in 2010 than they were in 1990, rather than down 7% as required under Kyoto. It
may be very difficult to wean ourselves off of fossil fuels with the current US government power
sructure. Early indications are that Administration energy policy will be friendly not only to the
oil and gas industry where the President and Vice President spent portions of their prior
professional lives, but also to the coal industry. Possibly, the largest sustained leadership on
quclear energy policy will come from Congress rather than the Administration. Three key pieces
of energy legislation have already been introduced by Senators Murkowski, Domenici and
Bingaman, all containing provisions favorable to nuclear energy to varying degrees. Something
will likely be enacted this year.

Public attitudes towards nuclear power have gradually improved in the United States, and in
political circles there is really relatively little anti-nuclear sentiment at this time. Even the
Democratic Clinton Administration could be described as somewhat pro-nuclear, not actively
advocating more nuclear power but acknowledging its importance in the energy mix, especially
to avoid greenhouse gas emissions, and initiating important R&D programs to address the
barriers to further additions of nuclear generation. *° And of course there has been no discussion
at all of a phase-out or even a moratorium on new construction, unlike in European countries,
though some states including California do have laws barring further nuclear construction on
economic grounds. The principal focus of anti-nuclear groups has been the proposed nuclear
waste repository at Yucca Mountain, Nevada. New construction of nuclear plants will certainly
raise opposition, even though the new technologies offer safety improvements. There is some
risk that if the Bush-Cheney Administration, which is viewed as very partial towards industry in
general and against environmental protection, promotes the nuclear option too forcefully and in
its first months in power, the public will be less convinced that it is based on a careful review of
the advantages of these advanced designs.

Let me state in closing that there are progressive, technology-oriented solutions to electric power
production which have the potential to provide great advantage over the burning of fossil fuels, a
practice which was established in the 19th century and has caused extensive environmental
degradation and public health impact. T would submit that nuclear advocates are technological
optimists, many of whom are equally interested in seeing the success of renewable energy
technologies, efficiency improvements, and good practices both in the electric power and the

19 “Global Warming has Bush on the Hot Seat,” Business Week, April 9, 2001, page 76.
2 President Clinton’s Committee of Advisors on Science and Technology (PCAST) wrote in 1997
that increased funding was needed in the areas of energy efficiency, fission, fusion and renewables.
PCAST said that the expandability of fission was in doubt due to concerns about cost, accident
- risks, waste management and proliferation. According to PCAST, because of fission's potential
benefits in addressing the CO2 challenge, "it is important to establish fission energy as a widely
viable and expandable option if this is at all possible.”
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yransportation sectors. Nuclear advocates should not dismiss the potential role of renewables —
which in fact can be significant when one examines the numbers -- but rather seek ways to
promote both together. The nuclear industry should help the renewables/efficiency industry and
they may help nuclear in return, as these industries support society in the long journey to phase
out the use of fossil fuels.
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THE NEW U.S. NUCLEAR POWERS:

Companies/Alliances That Will Be
Running the Nation’s Nuclear Fleet
After All Consolidations Announced To Date Take Effect

ENTITY

NUMBER OF NUCLEAR UNITS

Exelon Generation Company !

202

Entergy

STARS Alliance 3

Nuclear Management Company 4

Duke Power

Dominion Generation

Southern Nuclear Operating Company

O [l w]| O

Tennessee Valley Authority

AN
W

Carolina Power & Light/Florida Power Corp.

Constellation Nuclear

First Energy Nuclear Operating Company

FPL Group

Lo O R

Arizona Public Service Company

W

Public Service Electric & Gas

American Electric Power

PPL Corporation

Southern California Edison/San Diego Gas & Electric

Detroit Edison

Energy Northwest

Ll Bial BN A 2 I AC 2 SO I M)

Nebraska Public Power District

North Atlantic Energy Service Corp.

17

Omaha Public Power District

16

Rochester Gas & Electric

South Carolina Gas & Electric




Footnotes to Figure 4:

! Merger of Unicom and PECO Nuclear.

This number includes two shutdown units (Zion), as well as four units owned or soon expected to be
owned by AmerGen, a joint venture of PECO Nuclear and British Energy.

® STARS is not an operating company, but an alliance among several operators for improved staffing
efficiencies and procurement economies. However, member companies’ executive management may
decide to form an operating company in the future. Member companies include Ameren/UE Corp.,
TXU Electric, Pacific Gas & Electric, South Texas Project Operating Co., and Wolf Creek Nuclear
Operating Co.

* A non-owning operator that now holds licenses of nuclear units of participating utilities.

> This number includes one shutdown unit (Browns Ferry). It does not include three partially-
completed units (two at Bellefonte and one at Watts Bar).

% The Nebraska and Omaha Public Power Districts have established a joint task force to consider the
possible formation of a joint operating group. The task force will report to the two boards by April
2001.

7 Unit currently up for sale.
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Average & Median Duration of Nuclear Refueling Outages
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Restructuring of BNFL and New Business Prospectives

N. Askew
Chief Executive BNFL.

Abstract

Deregulation of electricity markets is a world-wide phenomenon which has
had and will continue to have a substantial effect on the nuclear power
industry. Increased competition has forced nuclear power plant operators
to strive to reduce their controllable costs, which in turn has lead to
consolidation in station ownership through mergers and acquisitions and
has had a consequential impact on the fuel cycle and reactor services
industry.

This paper will consider the UK, European and USA experience of
deregulation, identify the pressures which it has brought to bear on
utilities and identify some of the lessons learnt from the experience. The
response of the fuel cycle and reactor services providers, specifically BNFL
and Westinghouse in meeting the changing utility requirements will also
be discussed. BNFL’s programme of change management will be reviewed
with discussion of the actions that have been completed or are underway
to ensure that the BNFL group is focussed on quality, compliance, safety
and meeting customer fuel cycle and reactor services requirements.
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Nuclear Power Generation Strategy in Finland — Aiming at Construction of
a New Nuclear Unit

Ahti Toivola
Corporate adviser, Teollisuuden Voima Oy, TVO

Summary

The electricity consumption per capita is high in Finland due to the country's
industrial structure and to the climatic conditions. The consumption of electricity has
been increasing continuously and is predicted to grow at a rate of 1,0 - 1,5% a year
until 2015,when about 3800 MW of new generating capacity will be needed taking into
account the consumption growth and the retirement of old power plants.

The structure of Finland’s electricity generation is based on a selection of diversified
production modes where cogeneration of power and heat as well as renewable energy
sources are in extensive use. In addition to domestic generation, Finland has
continuously been a net importer of electricity from the Nordic and Russian markets.
The share of imported electricity was 15% in 2000,

According to Kioto protocol Finland has committed to limit the releases of greenhouse
gases to the 1990 level. With the extensive use of combined heat and power and the
renewable energy sources in the electricity production, Finland already has already
taken into use the methods, which are considered essential for reducing the CO,
releases.

Nuclear power now provides 27 % of Finnish electricity needs. The operating record of
Finland's four nuclear power plant units has been good, and the electricity has been
produced at a competitive price in the open Nordic electricity market. The utility
company TVO, which is the operator of two nuclear units with a combined capacity of
1680 MW, has in November 2000 applied for a decision in principle by the Finnish
Government regarding the building of a new nuclear unit. The long-term stability of
the electricity price due to low fuel cost is seen as a vital advantage of nuclear
electricity in comparison with alternative ways of increasing the generating capacity.
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Teollisuuden Voimg Oy,

Ahti T'é
Corporate 49

Mr Chairman, honoured congress participants.

It gives me a great pleasure to have been given the opportunity to talk to the distinguished aug;
of the JAIF congress today about the developments on nuclear energy in my home country, Fip
Having come the long way from a small country in North Europe across most of Asia to Japan
knowing about the large nuclear programme Japan has, makes me feel humble in front of my ta
telling you about the nuclear business in my country, which only has four nuclear reactors.
However, as we know, Finland in the European Union area is the only country now actively
pursuing a political approval for construction of a new nuclear power plant unit.

Introduction

Finland is northernmost member of European Union countries. Our geographical location betwee
the 60" and 70" latitudes already makes it clear that energy has a particular meaning to our
economy and welfare. However, as the country is not endowed with such natural resources like coz
oil or gas, Finland is highly dependent on imports of energy from the neighbour countries Russia, -
Sweden and Norway and from elsewhere. The recently published Green Book of the European
Commission indicates that the import dependency of energy among the EU countries is around 50%
and is expected to increase towards 70% by 2030. In view of this forecast, I must tell, that alread
now, the import dependency of energy in Finland is 72%, consisting of oil, coal, natural gas, and
electricity. :

Nuclear power has been utilised in Finland since the late seventies. There are four nuclear plant
units in operation with a combined output of 2656 MW. They are located on two sites, Loviisa on
the Finnish southern coast and Olkiluoto in West. The owner of Loviisa plant is the mainly state-
owned company Fortum Power and Heat. Olkiluoto plant is owned by TVO, which is a privately
owned company.

The Finnish electricity supply

The electricity consumption per capita is high in Finland due to the country's industrial structure
and to the cold climate. The consumption of electricity has been increasing continuously in Finland
with short stagnations during the years after the oil crisis and during the deep economical
depression in early 1990ies. Whereas the total energy consumption shows a much more moderate
growth through the recent decades, the rapid growth of electricity use indicates a shift from other
energies towards using electricity particularly in the industry. As an overall tendency this means
going towards a more efficient energy use.

Finland is part of the liberalised Nordic electricity market. Electricity supply in the area of Nordic
Countries is dominantly based on hydropower. The availability and the price of electricity on this
market are highly dependent on the amount of rainfall. The difference between a rainy year and 2
dry year can be over 70 TWh, almost one fifth of the total Scandinavian generation. This means 2
considerable volatility of electricity prices in the Nordic electricity exchange and an uncertainty 1
the security of electricity supply to Finland, which continuously has been a net importer of
electricity.
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[n the Finnish domestic generation mix the hydropower currently covers about 18%. The share has
, declining tendency as most of the country’s hydro resources have already been taken into use or
are protected by environmental legislation. Characteristic for the electricity supply in Finland is the
large share of combined production of heat and power. CHP is widely used in paper and pulp
industry as well as in district heating of the towns and cities. As wood residues is an important fuel
for the CHP, the share of biomass as an energy source is consequently high, representing about 12%
of the electricity and over 20% of the total energy use in the country. For considerations of the
security of supply it is worth noting that the electricity imports now cover 15% of the consumption.

Industry consumes 55% of the electricity in Finland. The high share of industrial consumption
maintains a high demand for the base-load power. A recent report by the Finnish Energy Industries'
Federation predicts a yearly growth of industrial electricity consumption of 1,5% during the nearest
one and half decades. The growth rate in the other sectors of the society is expected to be somewhat
Jower, on the level of 1% per year. As a consequence, some 3800 MW of new generating capacity
will be needed by 2015 taking into account the growth of consumption and the retirement of old
fossil generating plants.

According to the Finnish Government programme all alternatives should be kept open for the future
electricity production putting the priority on methods, which help in limiting the greenhouse gas
emissions. In the last year the carbon dioxide emissions were down to the 1990 level, which is the
Kioto target figure for Finland. The low level of emissions in 2001 mainly resulted from the large
hydro production and electricity import together with lowered consumption of the traffic fuels.
However, in more normal circumstances the releases are trending upwards, and effective measures
will be necessary in order to meet the Kioto targets. The role of nuclear power is clearly observed in
the national climate programme, which was recently debated in the Parliament. In the early eighties
when nuclear power came to full use its influence on the reduction of the country’s carbon dioxide
emissions was remarkable.

The power company TVO

Let me now to say a few words about the company TVO, which I represent and which now, due to
the plans of building a new nuclear unit, is very much in the focus of the Finnish energy debate.

TVO was founded in 1969 by several industrial and municipal power utilities for providing
electricity at cost to the company’s shareholders. TVO owns and operates two boiling water reactor
units at Olkiluoto site on the western coast of Finland. Each unit has an electrical output of 840 MW,
and the units have now been in operation for somewhat over 20 years. The company staff amounts
to 480 people. TVO also owns a 45% share in a 560 MW coal fired power plant.

The operating strategy of the company is to keep the plant always in a technically good condition to
achieve high efficiency and reliability of electricity production and a high level of safety. An
extensive modernisation programme of the units was carried out in 1994-1998 in which the plant
power was uprated by 18%. TVO also puts a great emphasis on the effective completion of the
yearly refuelling outages, and has been able to maintain the overall plant capacity factor of well
over 90% throughout the past decade. The site has a storage facility for final disposal of low and
medium level radioactive wastes.

Application for a new nuclear unit

As additional generating capacity is needed in Finland and equally among the owners of TVO, the

company submitted in November last year an application to the Finnish government concerning

construction of a new nuclear unit. What TVO applied for is the so-called Decision in Principle,

which in the Finnish nuclear licensing system is the first step of the procedure. The Decision in
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Principle is made by the Government but the decision must be ratified by the Parliament befor |
company can proceed with the project by asking bids from the plant suppliers, and by Preparing
application for the construction permit for the new unit.

The application concerns a light water nuclear unit with a thermal capacity of maximum 43Qq
The new unit can be located on either of the two existing nuclear sites in Finland, Loviisa or
Olkiluoto. Environmental impact assessments have been performed for both proposed sites prig
filing in the application.

The need for additional competitive generating capacity is the main argument for the applicatig
New domestic generating capacity also helps to decrease the import dependency and to improve ¢
security of the electricity supply. The main arguments for proposing nuclear as the new capacity g
the long-term stability and predictability of nuclear electricity price as compared to the volatility
the prices of fossil fuels and of the imported electricity. Being free of greenhouse gas emissions, -
nuclear power also is in line with the national climate policy.

A new nuclear unit is seen as a long-term strategic investment by TVO’s owners, the majority of
which are companies needing large amounts of base-load electricity either in industry or in supply
to households and other consumers. The preliminary cost estimate varies from 1,7 billion Euros to
2,5 billion Euros depending primarily on the size of the unit and the plant alternative to be chosen

Six plant alternatives have been studied in the preliminary feasibility study. At this stage, no
preference has been made among the alternative plant types or plant manufacturers, they all start
from a level playing field. Also, the sites are treated equal. The choice of the plant and of the site
will be made based on economical and technical considerations in connection with the bid
evaluation.

The focus of the feasibility study has been to review the safety characteristics of each plant
alternative and to compare them to the safety criteria as included in the Finnish legislation and
regulatory requirements. The EUR (European Utility Requirements) document has also been used
in the review. In its preliminary safety assessment the Radiation and Nuclear Safety Authority states
- that all examined plant alternatives can be made to comply with the Finnish safety requirements.
However, modifications are necessary in all of them in order to achieve this.

With the minimum timing scenario it could be possible that the Decision in Principle on the new
unit could be made by the end of this year and the Parliament voting could take place early next
year. However, in this political process the company must be prepared for considerable delays. In
the best case, the construction work could start within three years, and the unit could be operational
by 2008 at the earliest. At that time, either Loviisa or Olkiluoto nuclear site would have three
nuclear units in operation.

Management of spent nuclear fuel

To conclude I would like to briefly touch upon the management and particularly the plans for final
deposition of spent nuclear fuel in Finland. On both nuclear sites Loviisa and Olkiluoto, the spent
fuel is kept in interim storage in an on-site facility. From Loviisa, part of the spent fuel was
transported to Russia according to the original fuel contract with the plant manufacturer. This
practice was, however, discontinued in mid 1990’ies, and the spent fuel accumulated at Loviisa
after that, like all spent fuel accumulated at Olkiluoto plant is kept on-site.

Bedrock investigations for the final deposition of spent fuel have been going on since early 1980’i€s
in Finland, and are continued by Posiva, a company jointly owned by the nuclear plant operators
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1v0 and Fortum Power and Heat. Investigations were conducted at several places including both
quclear sites Loviisa and Olkiluoto.

jn May 1999 Posiva applied for a Decision in Principle from the Government for building a final
spent fuel repository at Olkiluoto adjacent to TVO’s nuclear plant site. The local municipality gave
is approval on locating the repository at Olkiluoto in January 2000 and Governments Decision in
principle was made in December 2000. The Government’s decision is now awaiting the debate and
pgssible ratification by the Parliament, which possibly takes place in May this year.

The spent fuel repository would be located approximately 500 metres deep in the bedrock, and the
fuel, without reprocessing, would be placed in the repository in cast-iron and copper canisters. If the
parliament will ratify the Government’s decision, Posiva would start the on-site work by excavating
an investigation shaft down to about 500 meters to carry out further bedrock characterisation and
groundwater investigations. Having finalised the studies Posiva would complete the detailed design
of the repository and apply for the construction permit by the year 2010. The first fuel would go

into the repository in 2020.

Thank you for your attention.
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A Major Step in HLW Disposal Program in Japan

KAZUNAO TOMON

President

Nuclear Waste Management Organization of Japan (NUMO)

INTRODUCTION

As Japan is not blessed with its own energy resources, the electricity generated by nuclear
power plants plays an important role in ensuring a stable and consistent supply of energy for
sustainable development, taking into account the global environmental protection.

About thirty years’ experience on operating nuclear power plants has provided a firm footing
in the power supply structure in Japan. It is however critical for further utilizing of power
supply to resolve issues relevant to the backend of the nuclear fuel cycle, especially final
disposal of high-level radioactive waste (HLW) generated from reprocessing of spent
nuclear fuel.

Good achievement has been made in technical aspects for disposal of HLW in deep
geological environment through over 25 year research and development. By way of contrast,
Japan was behind the Western countries in providing legal framework.

The legislation of “Specified Radioactive Waste Final Disposal Act” (Act, in short) in June
2000, was a major step in this respect which provided an institutional basis for establishment
of an implementing organization and a funding system for final disposal.

LEGISLATION OF THE ACT

As outlined in the “Long-Term Program” specified by the Atomic Energy Commission
(AEC) of Japan, HLW separated through reprocessing of spent fuel is vitrified, then stored
for a period of 30 to 50 years for cooling and finally disposed of in a stable geological
environment deep underground.

The geological disposal program in Japan stepped up into the phase of implementation from
the phase of generic research and development (R&D) by legislation of the Act, considering
the technical achievements so far and discussions in the AEC and the Advisory Committee
for Energy organized under the Ministry of Economy, Trade and Industry (METT).

Under the Act, the Government (i.e. METI) is responsible for making the basic policy and
final disposal plan for a 10-year term in every 5 years. An implementing organization should
be supervised by METIL The Nuclear Waste Management Organization of Japan (NUMO)
was established as the implementing organization in October 18, 2000 according to the Act..
The assigned activities of NUMO include selection of the repository site, demonstration of
disposal technology at the site, relevant licensing applications and construction, operation
and closure of the repository.

ORGANIZATIONAL STURCTURE OF NUMO

Following the legal process defined in the Act, presidents of utility companies and Japan
Nuclear Cycle Development Institute (JNC), as owners of the nuclear power plants, made an
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application to the Minister of Economy Trade and Industry (METI) for approval of
establishing the implementing organization for final disposal of high-level radioactive waste
in October 2000. ’

On October 18, 2000, the Minister of Economy Trade and Industry (METT) approved it and
thereby Nuclear Waste Management Organization of Japan (NUMO) was established. As of
March 2001, NUMO consists of 6 full-time board members and 26 technical and
administrative staffs.

FUNDING SYSTEM

The total cost of disposal is currently estimated by the Advisory Committee for Energy,
METI at approximately 3 trillion yen for a repository with 40,000 vitrified wastes. (This
corresponds to 0.13 yen/kWh.)

NUMO has no capital for implementation of final disposal. As producers of high-level
radioactive waste, the utility companies and JNC should bear the costs as a fund in
accordance with the amounts of electricity generated.

NUMO annually collects the payments from those owners of power plants every March for
its activities, and commits them to Radioactive Waste Management Funding and Research
Center (RWMC) for management.

The annual budget for NUMO activities is authorized by METT and then allocated from the
fund managed by RWMC.

PROGRAM OUTLINE FOR IMPLEMENTATION

The schedule of NUMO’s program is based on a stepwise siting procedure defined in the
Act:

e NUMO is currently in the advanced stage for preparation to start a selection process for
potential candidate sites (“preliminary investigation areas”™). Potential candidate sites will
be selected on a nation-wide scale mainly by literature survey from the viewpoint of long-
term stability of the geological environment.

e Around the year 2010, candidate site(s) (“the area(s) for detailed investigation™) will be
selected from the potential candidate sites and surface-based investigations including
boreholes will be carried out at the candidate site(s) to evaluate the characteristics of the
geological environment.

e In the final step of siting process, detailed site characterization will lead to selection of a
final disposal site. Investigations at this stage are conducted in an underground facility
constructed at the candidate site(s). Decision of disposal site for repository construction is
expected around the year 2025.

e This series of siting processes carried out by NUMO is supervised by the Ministry of
METI. METI will call for opinions from the governor and head of municipalities hosting
the repository or candidate site(s). These opinions shall be respected in terms of revising
of the final disposal plan.

e Following repository licensing and construction, operation of repository will be started
around the year 2035.

Above all, the siting procedure for potential candidate sites is now on discussion to specify
the detail and will be announced within this fiscal year.
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ACTIVITIES FOR SELECTION OF POTENTIAL CANDIDATE SITES

One of the highlights in implementing of final disposal is a selection of disposal site. The
selection of potential candidate sites is the first step of the stepwise site selection processes.

To facilitate selection of the potential candidate sites, it is important to promote public
understanding of geological disposal as well as that of inhabitants around the potential sites.
For this purpose, it is planned to conduct the communication program to obtain the public
trust on final disposal, by keeping activities transparent with disclosure of relevant
information to the public.

NUMO is conducting literature survey for nation-wide scale to provide information basis for
selection of potential candidate sites, especially from the viewpoint of long-term stability of
the geological environment including volcanic activities and active faults, uplift and erosion
as well as related characteristics of geological environments.

NUMO is also conducting research and development for safe implementation of the
repository with the best available technology, taking economical and practical aspects into
consideration.

To promote the NUMO program, it is planned to make bilateral collaborations with foreign
implementing organizations not only to exchange information but also to conduct R&D
activities in areas of mutual interests for more effective use of the resources.

In addition, it is necessary for NUMO to contribute the local communities which would
accept the repository. A specified program to effectively support the communities affected
by the repository program is also under discussion in this respect.

CONCLUDING REMARKS

We recognize that legislation of the Act followed by establishment of NUMO is a
remarkable progress in the national program for final disposal of high-level radioactive
waste.

To realize implementation of final disposal, we however believe nothing is more important
than exploring the way to promote public understanding of final disposal and thereby win
their trust. From this point of view, the establishment of institutional framework for
implementation is a cornerstone for further steps we will take.

Considering the timescale for repository development, we are now at the starting point of a
long-term program.

Bearing this in mind, we will promote our program step by step toward the final goal in
cooperation with relevant organizations in Japan, such as the Government and utility
companies, as well as those organizations in foreign programs.
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The Decison-making Process
and Involvement of the Public

H. Issler, President Nagra
(National Cooperative for the Disposal of Radioactive Waste)

The debate on radioactive waste disposal is generally focused on the questions:
"How can it be done?" "Where?" and "When?" Looking back over 20 years of
intensive discussions on nuclear waste management issues, the legal framework
in Switzerland today is in the process of beeing updated a flexible strategy which
keeps all options open has found a wide consensus and a stepwise
implementation program is successfully underway. In a regional evaluation
program, site investigations have been carried out in eight communities and, in a
stepwise review process, two potential disposal regions, one in crystalline and one
in clay, have been identified. Two rock laboratories (one in crystalline, one in
clay) are in operation. A new project, demonstrating the feasibility of HLW
disposal as well as siting possibilities, is in preparation and will be presented to
the Federal Government for approval in 2002.

Interaction with the public takes place on a national level with legislation issues,
as part of the review process of feasibility projects and, more specifically, in the
ongoing siting program. The main issues brought forward in the siting process
are the question why here and not elsewhere and the fear that positive results
from the investigation program would lead immediately to construction. Local
residents and authorities will be involved in the decision-making process. There
is also a fear of negative impacts on the environment and the economy. What are
the benefits and how can they be distributed? Measures for a dialogue and for
confidence-building include early involvement of the local authorities and
residents. Local or regional working groups with independent experts can provide
a platform for dialogue and independent judgement. The establishment of a
supervision commission for the site investigation work is welcomed. Interaction
with the local public will play a key role in siting a repository. It is a long-lasting
process and must also involve top management. Our experience has shown that it
is possible, with adequate measures, to carry out site investigation work in
cooperation with local authorities and with acceptance by the majority of the
local population. The time required to go through this process was longer than
originally planned — but it helped us to optimize the investigation program, to
gain a better understanding of public concerns and consequently to adapt our
disposal concepts.
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Summary of Presentation

Kazunao Tomon
President, Nuclear Waste Management

Organization of Japan

Introduction

The final disposal of high-level radioactive wastes is one of the
important problems yet to be solved in the area of nuclear
power generation.

Japan is lagging behind in institutionalizing a high-level
waste disposal projecf, specifically the establishment of an
implementing entity for the project and a burden-sharing

-system for disposal costs.

Major Stages of Action up to Enactment of Specific Radioactive
Waste Disposal Law

* Selection of a policy for geological disposal of high-level
radioactive wastes (in vitrified assemblies)

* Studies at the Atomic Energy Commission and the Nuclear
Energy Subcommittee of the Advisory Committee for Energy

* Enactment in May 2000 of the Law Concerning the Ultimate

Disposal of Specific Radioactive Waste

S6-9



Establishment and Organization of NUMO

October 2000: Interested parties, particularly the presidents
of electric utilities and Japan Nuclear Cycle Development
Institute, applied for official approval of the establishment of
Nuclear Waste Management Organization of Japan (NUMO).
October 2000: With approval by the Minister of International
"Trade and Industry, NUMO was established.

Personnel organization: 6 full-time directors, including the

chairman, and 25 staff members (at the end of March 2001)

Project Financing

* Total fund requirements: Appréximately ¥3 trillion for 40,000

specified radioactive waste (vitrified waste)

* Licensed operators of power reactors (e.g., electric utilities) pay
their respective shares of contribution to NUMO in March
every year.

NUMO deposits all contributions thus collected in the
Radioactive Waste Management Funding And Research Center
(RWMC), which manages deposited contributions.

* NUMO withdraws its deposit from RWMC, with the approval of

the Minister of Economy, Trade and Industry (the ministry is

successor to the MITI).

S'6-10



Project Schedule

Immediate future: Selection of preliminary investigation
areas

2008 — 2013: Selection of areas for detailed investigation
2023 - 2028: Selection of the site for repository construction

+ 2033 - 2038: Start of operations

Present Activities - Preparations for Selection of Preliminary

Investigation Areas

@® Activities for public acceptance of the final disposal
project

@ Collection of relevant data across the country

&)

Development of technologies to improve the economical
performance and efficiency of the project
@ International cooperation, including tie-ups with

overseas implementing entity

Basic Business Philosophy of NUMO

Operating on the fundamental principle that the final disposal
project is an anchor supporting effective use of nuclear energy.
Steadily implementing the project with full public
understanding

Securing the transparency of operations by positive disclosure

of information — 1in a bid to gain public trust.
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