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19TH JAIF ANNUAL CONFERENCE
PROGRAM
TUESDAY, APRIL 8

9:30 am - 12:20 pm
OPENING SESSION

Chairman: Gaishi Hiraiwa Chairman

: The Tokyo Electric Power Co., Inc.
Remarks by Chairman of Program Committee
Jiro Enjoji Vice Chairman
Japan Atomic Industrial Forum, Inc.
JAIF Chairman’s Address

Hiromi Arisawa Chairman
Japan Atomic Industrial Forum, Inc.

Remarks by Chairman of Atomic Energy Commission
Yohei Kono Chairman, Atomic Energy Commission
Minister of State for Science and Technology

SPECIAL LECTURES
Chairman: Kisaburo Ikeura Chairman
The Industrial Bank of Japan, Ltd.

“World Energy Strategies into the le’t Century” ) ,
Howard W. Johnson Honorary Chairman of the Corporation
Massachusetts Institute of Technology

“Energy Options and the Global Environment”
Umberto Colombo Chairman, Advisory Committee on Science
' and Technology for Development, United Nations
Chairman, {talian Commission for
Nuclear and Alternative Energy Sources

“China’s Basic Policy on Nuclear Power Development”’
Jiang Xin-Xiong Minister for Nuclear Industry, China

1:30 pm — 6:10 pm
SESSION 1: NUCLEAR ENERGY: REVIEW AND FUTURE PROSPECTS

Chairman: Masami Kadota President ,
Electric Power Development Co., Ltd.

“Review and Future Prospects of Peaceful Uses of Atomic Energy”

Sigvard Eklund Director General Emeritus
International Atomic Energy Agency
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“The French Nuclear Industry Effort for Dynamic Evolution”
Gérard Renon Administrateur Général
Commissariat a ’Energie Atomique
France

“Nuclear Enérgy Development in Japan — Original Spirits and Prospects”
Takashi Mukaibo Deputy Chairman
Atomic Energy Commission

Chairman: Akira Fujisaki President
Sumitomo Atomic Energy Industries, Ltd.

“Nuclear Energy: Present Situation and Future Prospects — From Nuclear Fuel
Supply Perspective”

John E. Gray Chairman
International Energy Associates, Ltd.
US.A.
“Back-end of the Nuclear Fuel Cycle — Technology, Supply Capacity and Economics”
Howard K. Shaper Director General

OECD Nuclear Energy Agency

Chairman: Rokuro Ishikawa Chairman
Kajima Corporation

“Development of Fast Breeder Reactor in the World”
Remy L. Carle Director Général
Engineering and Construction Division
Electricité de France

“How to Use the Full Potential of Nuclear Energy”

Hans-Hilger Haunschild State Secretary
Federal Ministry of Research and Technology
F.R. Germany
“Nuclear Energy Potential”
Milton Leverson Executive Engineer, Bechtel Power Corporation
Ex-President, American Nuclear Soceity
U.S.A.

6:30 pm — 8:00 pm
JAIF CHAIRMAN’S RECEPTION

ROOM “HEIAN”
HOTEL OKURA
(Main Building, 1st Floor)



WEDNESDAY, APRIL 9

9:30 am — 12:00 noon
SESSION: TOWARDS DEVELOPMENT OF A VIABLE NUCLEAR INDUSTRY

Chairman: Yotaro lida President
Mitsubishi Heavy Industries, Ltd.

“Future of the Nuclear Power Option in the United States”

Carl Walske President
Atomic Industrial Forum, Inc.
U.S.A.
“Ways to Strengthen the Nuclear Industry Foundation™
Kozo lida Executive Vice President

The Kansai Flectric Power Co., Inc.

“Nuclear Power and the Electric Machinery Industry”
Katsushige Mita President
Hitachi, Ltd.

12:20 pm — 2:15 pm
LUNCHEN

Room “HEIAN”
HOTEL OKURA
(Main Building, 1st Floor)

Remarks:  Michio Watanabe Minister for International Trade and Industry

Special Lecture: ““Soul, Words and Letters of Japan”
Isao Ishii Lecturer
The Matsushita School of Government and
Management

1:00 pm — 2:10 pm
FILMS

CONFERENCE HALL
Most recent films dealing with nuclear energy development will be shown.

2:30 pm — 6:00 pm

SESSION 3: NUCLEAR ENERGY DEVELOPMENT AND INTERNATIONAL
COOPERATION — PROSPECTS FOR THE 21ST CENTURY

Chairman: Hiroshi Murata Chairman
International Nuclear Cooperation Center
Japan Atomic Industrial Forum, Inc.

Keynote Address:

“Significance of International Cooperation in Atomic Energy — Retrospect and Prospect”
Keichi Oshima Professor Emeritus
University of Tokyo

Panelists:
Maurizio Ziffereo Deputy Director General
International Atomic Energy Agency

3



Lu De-Xjan

Hans Frewer

Harsono Wirysounmarto

Keichi Oshima

John D. Negroponte

President

Beijing Institute of Nuclear Engineering
Ministry of Nuclear Industry

China

Representative

European Nuclear Society

Deputy Chairman for Technology Development

Agency for the Assessment and Application of
Technology

Indonesia

Professor Emeritus

University of Tokyo

Assistant Secretary for Oceans and International
Environmental and Scientific Affairs
U.S. Department of State
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OPENING SESSION

Remarks by Chairman of Program Committee
Jiro Enjoji
Vice Chairman
Japan Atomic Industrial Forum, Inc.

JAIF Chairman's Address
Hiromi Arisawa
Chairman
Japan Atomic Industrial Forum, Inc.

Remarks by Chairman of Atomic Energy Commission
Yohei Kono
Chairman, Atomic Energy Commission
Minister of State for Science and Technology

[SPECIAL LECTURES ]
"World Energy Strategies into the 21st Century"
Howard W. Johnson
Honorary Chairman of the Corporation
Massachusetts Institute of Technology

"Energy Options and the Global Environment"
Umberto Colombo
Chairman, Advisory Committee on Science and Technology
for Development, United Nations
Chairman, Italian Commission for Nuclear and Alternative
Energy Sources (ENEA)

"China's Basic Policy on Nuclear Power Development"
Xin-Xiong Jiang
Minister for Nuclear Industry
China
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LADIES AND GENTLEMEN:
it is an honor to speak on the occasion of the 19th Annual Conference of the

Japan Atomic Industrial Forum (JAIF).

Atomic Power generation's cost superiority is being gradually lost, due to
the fall in oil prices since late last year. We are paying close attention to
future oil prices. The OPEC share of the world's oil production, which once
accounted for 70 percent, has been cut to 30 percent due to the rising oil
production of non-OPEC countries and the development of alternative energy

sgurces,

Atomic power generation, which now plays a major role as alternative energy,
has amounted to 250 million kilowatts. This atomic power is equivalent to 6
million barrels of oil a day. This amount corresponds to almost 40 percent

of last year's oil production by OPEC countries.

I believe that OPEC's domination of the oil market will not revive. Even if
in the immediate future oil prices will drop below the level seen before the
second oil crisis, | think such fall in oil prices will not continue. Oil prices

will probably stabilize at around 20 dollars per barrel in the long run.

Facility replacement is imminent for steam generation plants that were built

or enlarged during the high economic growth decade from 1955 ~ 1965. The
replacement of oil steam generation facilities should be carried out on a smaller
scale than is now done. It is dangerous for us to increase the ratio of steam

operation greatly in anticipetion of a sharp drop in oil prices.

Atomic power generation is expected to increase at almost the same rate as
it does today. We think that the development of atomic power should be con-

tinued firmly, even if oil prices continue to fluctuate.
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It is 30 years since Japan's atomic power development started with the
establishment of the Atomic Energy Commission in 1956. The output
generated by atomic power now amounts to 25-miflion kilowatts, enough tc
supply a quarter of Japan's total electric power demand. The capacity factor

of atomic power reactors reached a record high of 76 percent last year.

One of the five nuclear power plants which went into operation last year was
built in four years and one month. The period for constructing these five
units averaged four years and eight months. In my opinion, the light-water
reactor technique has already been matured in Japan. However, Japan's
atomic power is now facing a turning point and many tasks have been left

unresolved.

One of these tasks is to promote the advancement of technology to increase
the operating rate of light-water reactors. As | mentioned last year, by re-
ducing the average time of periodical inspections from three to two months,
and by extending the operating period between periodic inspections to about
15 months, we can continue to strive for the immediate goal of an 85 percent
availability factor. The fact that the technology of light-water reactors has

been matured also offers a chance for a major leap forward.

As is often seen in the introduction of new techniques, in the early stages,
efforts are made to construct the whole system around the safety-first
principlie. This has sometimes resulted in the completion of facilities which

are non-economical in relation to the whole system. Moreover, some are clearly
safer than others. In short, we are inclined to continue to use old facilities

as long as they are safe, to accumulate old ones, and thus to form our whole

system. | think we should change this approach.

I am not arguing that we be permitted to ignore safety entirely in the intro-
duction of new techniques and facilities. What | want to do is to emphasize
the need to remove excessive subordinate facilities, which really have no use

in securing safety.

with light-water reactors, for instance, the possibility of over-designing the
emergency core cooling system has been pointed out. It has also been noted
that the instant rupture of piping cannot possibly occur. Too much effort
to achieve absolute certainty in one area is meaningless from the viewpoint

of overall safety, and is a fruitless investment as well,
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we believe that the time has come for eleciric power companies and manufacturers
to propose improvement measures, based on their actual past experience and

on the results of various safety research and proof tests. It seems necessary
that safety control authorities should not only conduct strict examinations,

but should also develop safety principles that reflect their experiences, i.e.

how safe is safe enough.

1986 marks the 30th anniversary of JAIF. An International Meeting on Further
improvement of LWR Technologies will be held to discuss ways to advance

the technical aspects of light-water reactors. It is my hope that the confer-
ence will increase efforts to advance the state of atomic reactors in the world,

which in turn will bring new atomic power development.

The completion of light-water reactors does not solve all of the problems about
atomic power development. The immediate task is to continue our efforts to
close the nuclear fuel cycle by the year 2000--the biggest project of this
century. After the completion of the three Shimokita facilities (low~level
radioactive waste storage, uranium enrichment, and reprocessing), we will

be able to survey the whole cycle of atomic power and make a final judgement

about the cost of atomic power generation.

All of the companies related to the development of the nuclear fuel cycle have
already been established. The technology and knowhow obtained by the
Power Reactor and Nuclear Fuel Development Corporation (PNC) and other
organizations should be used by these companies to develop practical uses
for nuclear energy. The estabilshment of practical techniques is not an easy

task for Japan.

We may acquire the quasi-domestic energy we have long dreamed of, by closing
the nuclear fuel cycle. Industry circles should wake up to the meaning and
responsibility of closing the nuclear fuel cycle through the private sector—-

a task which does conform to Japan's policy of peaceful use of nuclear energy.

As for the disposal of radioactiveiwaste, hasty arrangements should be made
regarding the laws for regulating enterprises that undertake waste storage
or disposal in geological formations. These laws are now under debate in the
Diet. A level should be set, below which all radioactive materials shall be

exempted from control. This will further clarify the extent of responsibility
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of the enterprises that store radioactive waste in geological formations.

Research and development in the high-tech aspects of nuclear power should
be strongly promoted. Technical innovation is always appreciated in this
field.

Japan has raised its atomic power technology to the international level
because national research and development agencies have served as the driving
force. Now, the private sector should voluntarily promote research and de-
velopment for the production and commercialization of the technology that

the whole world is calling for.

To this end, we should pace our actions according to individual stage of
technical development; the light-water reactors that have already been
matured; the nuclear fuel cycle whose commercialization is now pursued; fast
breeder reactors which follow the prototype reactor Monju; and uranium

enrichment by laser.

The time is now ripe for us to reconsider our 30-year-old ways of conducting
research and development. Specifically, we must change the roles played

by national agencies and by the private secior.

In this age of low economic growth, we must use our limited research and
development funds as efficiently as possible. The Power Reactor and Nuclear
Fuel Development Corporation, as well as other national research and develop-
ment organizations, should openly make use of the role of private organizations.
Meawhile, the private sector should not wait for the initiative of the Govern- |
ment, but be prepared for wrestling willingly with the development based

on its own plan. Electric power companies should Jead the way and bear most
of the cost for RED. After all, they are the ones who primarily enjoy the

benefits of such R&D as the improvement of LWRs.

The extension of the market scale for atomic power device manufacturers is
expected to be limited in the future. This poses a serious problem bacause
makers feel now uneasy to maintain and increase their vitality. Th JAIF has
been investigating ways to strengthen the atomic industry foundation since
the year before last. The study forecasts that the number of new atomic
power units to start operation each year will be two for the remainder of this

century and will increase gradually after the year 2000,
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In other words, the atomic power plant equipment makers find themselves
surrounded by a very gloomy environment, which will last until around the
end of this century. These makers should tackle new research and develop-
ment projects to increase their market share and maintain the present high
quality of their technology and goods. This will lead to the increased develop-

ment of the nuciear power industry into the 21st century.

I think it is our mission to develop atomic power further. It should be a
positive inheritance of the 20th century that we can proudly hand over to

the people of the 21st century.

Japan’s atomic energy industry intends to bring the benefits of atomic power
not only to the Japanese people, but also to the people of developing countries.

This, 1 think, is the role to be played by Japan as a leader in this field,

To achieve complete international cooperation, a consensus of opinion must

be reached by all official and private organizations. Clear atomic power agree-
ments should then be concluded among all concerned countries. Without close
refations with the countries in which they intend to introduce atomic energy,
we cannot develop the huge nuclear-related technology. Specifically, inter-
national consideration must be given to nuclear non-proliferation and other
critical issues. We intend to remove these obstacls and promote cooperation
with emerging countries so that nuclear energy may take root there, through

close consultation.

Finally, 1 wish to extend my thanks to the Chairman and to all those who are
to make presentations at the 19th JAIF Annual Conference and the International

Meeting on Further Improvement of LWR Technologies.

As one of the promoters of this conference, | want to express my heart-felt
pleasure at seeing its success. The conference is being attended by nuclear

experts representing many countries.

I want to conclude my speech by expressing deep gratitude to Mr. Walker
Cisler, who has played a leading role since the inauguration of the forum,
and to all the other participants. 1 thank all of you for the help you have

given over the last 30 years, and 1| appeal to you for further assistance.
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World Energy Strategies into the 21st Century

Howard W. Johnson
Massachusetts Institute of Technology
19th JAIF Annual Conference

April 8, 1986

It is a pleasure and a privilege to speak before this
distinguished Forum on the occasion of its 19th Annual Conference
(1). I feel much at home here again as I visit old friends. VYet I
am not far from this same atmosphere of joint concern and Jjoint
solution of technological, economic, and societal problems even on

my home base at M.I.T.

My plan today is to review the world energy outlook from the
perspective of the 2lst century. It is a great temptation for any
speaker with such a franchise to go directly to the 2lst century not
stopping at "go" and then staying there in his remarks. The 2lst
century is distant in time and place and those present then will

tend to forget what we say now about their times. But we human



beings must get from here to there and it would be inappropriate for
me to omit some analysigs regarding the present situation before I
consider with you the issues for the future. I will argue that the
past and present few months have created a situation that is,
perhaps, a singular one in technology history that can be used to
great advantage by the energy users of the world in dealing with the

future and can be lost as a time of advantage 1f we delay.

I will propose that there is now a window of opportunity that
creates a healthy time for action during an unexpected breathing

space in the economic scene if we will but use the opportunities.

My plan today is to review the energy outlook and T will begin
by summarizing the findings of an energy study by a company with
which I have been associated as a director for many years. Then I
will offer some observations about the likely effects of the recent
declines in oil prices and take a brief look at the far future and
its requirements. The company to which I refer is Conoco, the
energy subsidiary of the Du Pont Company. The study is their 1985

World Supply and Demand Forecast.

I should point out that the study was completed before the

recent decline in oil prices which began in late January, but we

take the position that price variations over a period of two or
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three months do not change the outlook over the next ten or twenty
years. Another way of putting this is to say that one cannot draw
up long term plans on the basis of current headlines, but must look
out over the smoke, dust, and confusion of current events to where

one expects to be at some designated point in the future.

Looking beyond current events to the mid~1990s, we project
tighter oil supplies and firmer and higher prices due to declining
production in non-OPEC countries. I should point out that it has
been increased production from non-OPEC sources that has undercut
OPEC in recent years and the impact of this competition has been

dramatic.

The OPEC members have an oil production capacity of 30 million
barrels a day, approximately 1/3 of which is Saudi Arabia. Last
year OPEC produced 17 million barrels a day, approximately 1-1/2
million barrels a day less than the year before. There were several

reasons for this.

First, world oil demand was down about 600,000 barrels a day
due primarily to continued substitution of natural gas, coal and
nuclear power for residual fuel oil in boilers. The conclusion of
the UK coal strike also contributed to the drop in demand for
residual fuel oil. Economic growth was too sluggish to offset the

substitution effects.



Secondly, non-0OPEC production continued to grow -- rising by
500,000 barrels a day to 28 million barrels a day in 1985. This was
largely the result of projects initiated years ago in the North Sea
and many provinces around the world. Finally, stocks were drawn
down by 100,000 barrels a day, compared with a build up of about

400,000 barrels a day in 1984,

For perspective, c¢rude oil production from non~0OPEC sources
has more than doubled since the first wave of price increases that
began in 1973. Just since 1979 the beginning of the second wave of
sharply higher prices non-OPEC production has risen by 5 million
barrels a day or 50 percent. Lower prices will reverse the trend of
non—-OPEC production, however, by discouraging investment in the
exploration and development needed to replace dwindling reserves
outside of the Middle East. A lower level of competition from
non-OPEC producers presumably would restore some of the
organization's power. However, assuming no major disruption in
Middle East oil production, energy supplies will be ample to meet

projected demand through the next decade.

our study forecasts that non-communist world primary energy
demand will grow from current levels of about 200 quadrillion BTU's
to 240 guads by 1995 and 265 quads by the year 2000 -~ an annual
growth rate of less than 2 percent. This assumes economic growth of

3 percent a year werldwide.



Investments in energy efficiency driven by energy price
increases in the past decade will restrain energy demand growth
through the 1990s to 1 percent a year in the United States and
Western Europe, 1-1/2 percent in Japan and 2 percent in other OECD
nations. Demand growth in the less developed countries is forecast
at 3~1/2 percent a year, due to more population growth and their
energy intensive stages of economic development, particularly as
heavy industries move from developed countries to those low cost

regions. I proiject those same increase rates into the 2lst century.

Another factor in demand trends is the near saturation of the
market for energy consuming goods in the richer nations. There is a
limit to the number of refrigerators, air conditioners, and

television sets that can be fitted into the average home.

World oil demand growth is projected at 1 percent a year led
by growth in the LDC's and constrained in the industrialized nations

by sunk investments in energy efficient plant and equipment.

Natural gas use is expected to increase at a somewhat faster
rate, 1-1/2 percent a year driven by large world reserves and excess
near term capacity in the United States, Western Eurcpe and Canada.
However, most of this "gas bubble" is likely to be worked off over

the next five years.



Coal consumption is forecast to grow at a rate of 2-1/2
percent a year through the 1980s and the 1990s. Environmental
concerns, particularly regarding acid rain, may be a constraint on
coal use in some regions, but this is a problem amenable to
technological solutions. There are three avenues of technology
leading to c¢leaner coal use. These are precombustion technology,
which includes widely used systems for washing coal, and current
research into chemical extraction of sulfur.  Other processes focus
on the removaljof "pollutants" during combustion and these include
limestone injection and fluidized bed systems. Post combustion
technology include systems that remove pollutants between the boiler
and the electrostatic precipitator by injecting lime and sulfur
absorbing chemicals into the gas stream. Other post combustion

systems, of course, include stack gas scrubbers.

There are no barriers to the clean burning of coal within
existing environmental laws that cannot be overcome by current
technology, and that applies to nations with very high environmental
standards such as Japan. The next generation of technology is aimed

at meeting higher standards at lower costs.

Most of the growth in coal use will come from the electric
utility market, where steam coal remains an economically attractive

option for new base load capacity, particularly in the United States.



The Pacific rim, led by Japan, will be a source of steady
growth in steam coal demand, importing about 70 million tonsg by the
mid 1990s, compared with only 20 million tons in 1981, Europe will
import 110 million tons by the 1990s versus 64 million tons in
1981. Metallurgical coal use, primarily for steel production, will

grow slowly due to more energy efficient plants.

U. S. coal exports to the Pacific rim have been adversely
affected by competition from the growing Australian coal industry,
but recent declines in the relative value of the American dollar
should enhance the cost competitiveness of U.S. coal. Let me add,
parenthetically, that increased purchases of U.S. coal might be one
way to reduce Japan's trade surplus with the United States and ease
Japanese American trade tensions. The United States, for its part,
should 1lift the ban on the sale of Alaskan North Slope oil to
Japan.. There also may be future opportunities to reduce the trade
imbalance and diversify Japan's sources of energy supply through
increased shipments of liquefied natural gas from Alaska's North

Slope.

Nuclear power is the fastest growing energy component in the
forecast, rising at a rate of over 9 percent through this decade as
new projects come on stream and then tapering off to a steady growth
of about 3~1/2 percent a year throughout the decade of the 1990s and

into the new century.



In the United States, nuclear power and electricity generation
will increase at a rate of over 10 percent a year through the 1980s
as the number of new plants that have long been under construction
finally enter commercial service. However, after that, U.S. nuclear
power generation 1ls expected to level off and then decline during
the 1990s. High construction costs, long lead times, uncertainty
over future generation capacity needs, well organized opposition,
and heavily publicized operating problems -- this is the sorry story

of the nuclear power industry in the United States.

No new capacity has been ordered in the United States since
1978 and most plants ordered since 1974 have been cancelled. ' Japan,
Western Europe and even the developing world, will be the source of
new reactor orders in the future. I should add that one of the
fears regarding nuclear energy in the United States concerns nuclear
waste disposal. Yet liquid high level waste resulting from nuclear
power generation can be made into a stable, immobile form of
borosilicate glass -- eminently suitable for transportation and
borrowing in deep geologically stable formations. As you well know,
Japan is a leader in this technology. In the United States
glassification is used for disposal of defense wastes, but it is not
in commercial use to any significant extent. But it has some very
appealing characteristics., For example, if all U.S. electricity
were generated by nuclear power, and at the present time only 15
percent is, one person's annual share of the resulting waste in

borogsilicate form would be the size of a small button.



To round out the picture presented by our study, the beginning
of the 21lst century will see a reliance on several primary sources.
0il will still be the leadership position, accounting for 42 percent
of thekworld energy demand as compared to about 50 percent
currently. WNatural gas will have 17 or 18 percent of the market at
the beginning of the 21lst century -- little change from its current
position. Coal share will expand from 21 percent to 24 percent and

nuclear power will almost double its share to 8 percent.

Into the 2l1st century, and into the longer reaches of time, we
can already see the dim outlines of our energy uses. And I would
stress that conservation and efficiency and better management will
be in further demand and further required. But from the supply
point of view in all likelihood we will surely see increased use of
nuclear energy including further development of LWR technology as
well as the development of new technologies, especially in those
parts of the world that have dealt rationally with the problems of
nuclear energy use. I hope that the U.S. will resume the track of
rational development of this significant source of energy

soon (2).

In the 21st century we will see greater use of coal, again
assuming that the technical and environmental problems implicit in

its present use can be resolved and surely they can be. We will see



exploitation of new methods of o0il recovery as various geophysical
programs including deep sea drilling are exploited. We may see
major advances in fusion energy, providing large scale physics and

engineering problems can be resolved (3).

There are, in short, exciting developmental problems and there
are important theoretical and basic research problems still not
clearly defined but that will require our best efforts and our
brightest people. It goes almost without saying that some of the
most interesting opportunities lie in the development of new
technologies for the conversion of energy in transportation,
communication, and in air space conditioning. For Japan, the major
industrialized country which continues to be most dependent on the
import of primary energy sources, the opportunities are especially

appealing.

But here lie the windows for the future. It is important, as
national econcmies enjoy rapidly falling prices and likely lower
plateaus of oil prices due to the present disarray of OPEC, that
these windows are not shut. The old habits of profligacy and of
waste must not return. Largely motivated by security and price,
every industrialized country has made progress in conservation, none
with a better record than Japan. That continued discipline of
conservation must have a national, corporate and household

commitment.
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On an international scale, the test for now and for the next
twenty years 1s whether we can press forward in research and
development in research areas against the backdrop of a short-term
siren attraction of cheaper oil prices. If we can, it will require,
in my Jjudgment, mixed organizational structures and solutions. Some
projects can be pressed within individual countries and by
individual companies, universities, industries and by associations
like your own distinguished organization. Some projects, however,
will be best pressed by new international organizations in
international corporations. The research universities 6f the United
States and Japan should surely see larger opportunities for
collaboration and the science academies should play a much larger
part. There is a good case for large scale collaboration where
sizable funding is needed in fusion developments where the future
cutline is not yet clear. We have seen a recent good example in the
Japan, U.S. and E.C. agreement for cooperation relating to three
large Tokomac devices signed earlier this year, and I hope that
these next years will include opportunities for research cooperation
with Japan, the ﬁ.c,, the U.S., and also the U.S.S.R. One thing is
certain; each of these developmental and research areas, even though
they operate in traditional arenas, will be dominated by high

technology implications.
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The commodity of energy supply, like the commodity of food
supply, should be seen as an international problem that exposes our
interdependencies and demands our joint efforts. There are good
scientific reasons for such collaboration. No one nation can have
the full scientific talent to deal with the science involved. There
are good practical and economic reasons as well. No one nation can

afford the full range of initiatives that should be pursued.

To further these great goals we have been given a window of
opportunity. Your country, the great country of Japan, can play a
special role. I would hazard the observation that if you are to
play yvour full role, you will need to be even more forthcoming than
you have been in the past. Thus, these new windows give us all a
place on the team that can, 1 have no doubt, solve the set of
complex energy issues before us. By the end of the 21lst century,
barring disaster, we should have developed sustainable supplies of
energy along with a continuing collective commitment to the

environment.

But the danger of the present time, if I may return to it, is
clear also. This will take place as prelude to the future and it is
the classic time of crigis -~ a period of both opportunity and
danger. If oil prices stay at recent low levels for a sustained
period of time, there will obviously be some effect on oil supply
and demand at some point. Also, the price of oil may have a bearing

on the outleook for other forms of energy
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For example, although coal prices are generally considered to
be most influenced by the cost of production, interfuel competition
is also an important consideration. Cocal must be priced several
dollars below oil on an energy equivalent basis because it is more
difficult to handle and to burn. Natural gas must be competitively
priced with oil and coal because all three share utility, industrial
and commercial markets. And, of course, nuclear power is in
competition with ccal. The big strength of oil is that it is
imbedded in industrialized societies in a variety of uses, most
importantly in the transportation sector. For other energy forms to
displace it in specific applications, they must offer substantial
economic advantages in order to fjustify the cost of fuel switching.
So the price of o0il is a consideration, not only in the obvious
relationship between oil supply and demand, but in.the relationship
between all energy forms. It is generally true that the higher the
price of o0il, the better the prospects for other fuels. And it is
also generally true that the lower the price of oil the less bright

the prospects for other fuels.

All of these factors are clearly understood by OPEC and most
especially by Saudi Arabia -~ the key player in the oil price
picture. This is a nation with huge proved reserves of oil
recoverable at probably around $1.50 a barrel and the ability to

increase productions substantially at low cost using conventional
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technology. It is therefore in Saudi Arabia's best interests and
perhaps within its capability to maintain the status of oil as a
major energy source for many decades to come. Saudi Arabia's
planners are well aware that there is a trigger price for oil which,
when reached, sets off a range of responses -- investments in energy
conservation, in nuclear power programs, in synthetic fuels, in
renewable energy and perhaps, ultimately, in new technology which
might make oll obsolete as an energy source. This, of course, would
substantially reduce the value of Saudi Arabia's primary asset --

its o0il in the ground.

Saudi Arabia has increased its production in recent months
from 2.2 million barrels a day to about 4.5 million barrels a day in
order to re-establish o0il as the energy source of choice by bringing
the price down. Anocther reason for its increased production is that
Saudi Arabia grew tired of single-handedly trying to balance world
supply and demand by reducing production again and again. The
Saudis saw export revenues decline from a peak of $110 billion in
1981 to $33 billion in 1985. Where prices will settle depends to a
large extent on what Saudi Arabia wants in terms of share of
production; as one of the lowest cost producers it has considerable

capacity to increase its market share by lowering prices.



The optimum condition for the oil exporting countries would be
for prices to stabilize at a level high enough to meet their
financial requirements but not high enough to encourage further
investment in conservation, fuel switching, high cost production in

non-0PEC countries, and further nuclear development programs.

Even at prices that prevailed before the decline in the first
quarter of this year from the mid-$20's to around $15 a barrel on
the spot market, synthetic fuels such as shale oil and liquids from
coal had already been pushed out of the picture. Many of the
smaller oil fields that have been economically marginal for

development are also out of the picture.

Exploration is being reduced worldwide. Drilling in the
United States has declined by more than 50 percent from the high
point in 1981 and it is still falling. And yet another factor is
that much of the non-OPEC production that was brought onstream in
regponse to earlier high prices would have gone into decline in the

1990s even without the recent price slump.

On the demand side a very important consideration is the
relative value of the U.S. dollar. In recent years, the dollar has
been strong in relation to the currencies of Europe and Japan and
this has largely offset the effects of lower dollar denominated

crude oil prices. In local currencies, oil prices have remained



high. But this year the dollar has weakened -- particularly against
the yven and the mark; combined with lower dollar denominated crude
oil prices, this is likely to have a stimulating affect on economic
activity and energy demand. It is also likely to improve the
competitive position of American industries in domestic and export
markets, reducing the trade tension between the United States and
Japan and diminishing the pressure in the U.S. Congress for

protectionest legislation.

From the technological perspective, lower oil prices will
effect the direction of research and devélopment. Efforts will
focus on methods to explore for and produce oil at the lower prices,
and more expensive approaches will be laid aside until prices rise.
Deep sea petroleum development may be delaved, although research is
likely to continue on technology to replace the very expensive steel
and concrete structures built from the seabed up that are the
traditional means of offshore petroleum production. Now we are
seeing new designs such as floating structures of various sizes and

shapes and designs that enclose production facilities on the seabed.

High cost enhanced recovery projects to get more of the oil
out of the ground will also be delayed, but research will be
continued on the most promising cost effective methods of using

thermal processes and injecting carbon dioxide in chemicals.
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So far, the main effect of lower oil prices has been on oil

itgself -~ principally in exploration and development.

Even at oil prices as low as $15 a barrel, there would be
little effect on coal demand for many years. Except for a
relatively small number of coastal, coal fired, ccal power plants --
for example, in Northwest Europe and Japan =-- utilities would not
substitute significant quantities of oil for a coal based
electricity generation at $15 a barrel. Coal plants substantially
under construction would be economic to complete. In coal rich
regions such as the United States, Canada, Australia, a few LDC's
and parts of Europe, even completely new coal plants, might be

economic at $15 a barrel for oil.

Nuclear power generation will remain competitive with oil at
$15 a barrel based on operating costs. Perhaps in some cases
nuclear plants would be competitive at lower levels, but you in

Japan are in a better position to make that judgment.

So even with oil prices down to a level of $15 there would be
little change in the outlook for other fuels. At levels below $15,
however, oil could take a bigger share of the market at the expense
of coal and possibly nuclear. The effect on oil supply would not be
significant at first, even at prices below $15, because of the long

lead times in petroleum projects. For example, funds committed ten
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yvears ago may now only be showing results in oil production. Thus
in 1986 -~ with low oil prices -~- North Sea production is continuing
to increase slightly as a result of projects started years ago.
After an investment has been made -~ has become a "sunk" cost =- the
factor determining continued production is operating costs. At
uneconomic price levels new investments are not undertaken so there
is a future impact on output, but as long as prices remain above

production costs, there is little impact on current output.

Cash operating costs vary widely in the oil business from
region to region and even within the same region. Factors include
geography, climate, depth and other geologic conditions, economies
of scale and proximity to existing pipelines among other logistics.
Thus, in the North Sea, cash operating costs range from $3 to $8 a
barrel. In Africa the range is $1.50 to $5 a barrel. In Mexico,
costs may range from $2 to $7. Conventional U.S. production costs
range from $2 to $12 while enhanced recovery would be much higher.
It is likely that the present level of world ocil demand could be met
for a short time with supplies that have outer pocket costs of $5 to
$8 a barrel. However, prices would not remain at this level.
Production rates would deteriorate and this, coupled with
invigorated demand, would sharply raise the price of the last barrel

supplied, bringing us back, probably, to a price in the range of $25.
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The Conoco study emphasizes that the 1990s could be the
crucial period in the world energy outlock and could set the pattern
for thé 21lst century. Trends in the United States underscore this
prognosis. For example, Alaskan production will decline as new
output will not be sufficient to offset decline at the huge Prudhoe
Bay fields. Increased production from the Gulf of Mexico and
of fshore California will not be sufficient to offset declines in the
lower 48 states. In fact, U.S. oil output is expected to decline
from about 11 million barrels a day to 9-1/2 million over the next
fifteen years. At the same time, U.S. o0il demand is forecast to
rise about half a percent a year to 17 million barrels a day. This
means U.S. oil imports will increase to 7-1/2 million barrels a day
by the end of the next decade compared with 4-1/2 million barrels
last year. This will create additional demand in world markets at a
time when North Sea and most other non-OPEC production will also be
in decline. These worldwide supply and demand trends may well put
OPEC back in the driver's seat in the next decade. Certainly they
suggest that the Middle East, which holds most of this planet's
remaining oil reserves, will resume its importance as a supplier of

0il to the world.
It is worth noting that the two energy crises that have

occurred since the early 1970s, and which wrenched the economies of

all oil importing countries, did not take place as a result of
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geologic shortage of oil; they both resulted from military actions
~- first, the Arab Israeli war and then the revolution in Iran.
Conditioﬁs for a similar disruption still exist; Arab Israeli
hostility is unabated, and the Middle East is split by religious

factionalism among the Islamic states themselves.

In conclusion it seems to me that all of the reasons why Japan
and the other members of the OECD embarked on programs of energy
diversification -~ nuclear power, coal and natural gas as well as
oil —-- are as valid now as they have ever been and they will be into
the future. Short-term, the outlook is for continued volatility,
but long~term, beyond the smoke, dust and confusion created by
present. oil prices, another energy crisis is a possibility in the
next decade and certainly beyond. The current period of surplus
should be viewed largely as a reprieve and a period in which we can
prepare together for the future. Let us not miss this opportunity

as we see the 2lst century looming ahead.
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1. ENERGY AND THE EVOLUTION OF INDUSTRIAL SOCIETY

It is quite timely for this meeting to focus
attention on the long-term prospects for nuclear energy,

and on the role that nuclear power - as one of several
energy sources available to man - will have in the 2l1st =
Century.

As our industrialised society has progressed, its
calls upon the energy system have changed in quantity and
quality. I want to start therefore with a  Dbrief
historical sketch of these developments to illustrate the
importance of energy sources for both the prosperity and
well-being of mankind.

Prior to the industrial revolution, the main energy
sources were human and animal labour and the burning of
wood. Given modest standards of living and small
populations, energy needs were relatively 1low, and a
society largely based on agriculture and handicraft
activities could satisfy them from these sources.

With the industrial revolution, triggered
essentially by James Watt's invention of the steam engine,
it became necessary to make recourse to higher density and
more abundant energy sources. Coal was then the obvious
and most convenient solution, and its exploitation gave
rise to the development of the industrial society of the
19th Century, and to a new process of urbanisation centred
on coal-bhearing regions: in the United Kingdom,
continental Europe, the Eastern United States.

But coal possessed certain inherent limitations as
an energy carrier. It was dirty, difficult to extract,
costly to transport, and not very convenient for uses of
high potential demand, such as road transport.

When o0il was discovered 1in large amounts in
America, FEurope and Asia, a new energy source became
available that was far more convenient and versatile than

coal. Extreme ease of storage, low cost of transport,
wide range of applications at all dimensions of final
utilisation - from large centralised plants to small

applications in industry, transport and domestic uses -
are all elements that explain why o0il replaced coal to
become the main energy source of the 20th Century,



spurring the emergence of a modern industrial society able
to sustain socioeconomic development at unprecedented
rates.

0Oil's ease of transport has put an end to the
geographical constraint of linking industrial centres to
locally produced energy. In fact, industrialisation in an
oil-dominated society has taken place typically in areas
either central to consumer markets or along seaboards and
therefore convenient for the transport of o0il and oil
products, as well as of other raw materials and industrial
goods.

Without o0il, the development of a modern society
based on private transport systems and autonomous energy
use would have been improbable, if not impossible. The
modern chemical industry, capable of producing
agrochemicals, plastics, solvents, synthetic rubber and
fibres and a whole spectrum of specialty products, is due
to the extensive application of o0il. There are many other
examples showing how easy was the penetration of o0il, even
under circumstances that on heat value calculations alone
should still have favoured coal. The fact is that oil had
a premium value, and this was the reason for its increased
demand.

Then gigantic o1l fields were discovered in the
Middle East, South America, North Africa. This led our
society into a phase of abundant and easily available oil
at extremely low cost. The share of o0il in the global
energy market approached 50%, and oil became the hegemonic
source, much as coal had been in the late 19th and early
20th Centuries. The exploration, production, transport
and distribution of oil was all but left in the hands of
the oil industry, more especially in those of the major
companies which as early as 1928 had formed a powerful
cartel, soon nicknamed the 'Seven Sisters'

Many attempts were made to counter this cartel, by
both producing countries and market outsiders. Favoured
by the process of decolonisation then in full spate, in
1960 a dozen or so oil exporting developing countries came
together in the OPEC cartel, in an attempt to appropriate
a more substantial portion of o0il revenues and hopefully
to assume a role in the determination of prices.

But it was only in 1973, on the occasion of the Yom
Kippur War between Israel and Egypt, that OPEC was able to
impose its will on the oil market, trebling international
0il prices. The repercussions of what is known as the



first o0il c¢risis are well Lknown to all: inflation,

economic stagnation, a widespread increase in
unemployment, disequilibrium in balances of payments of
consumer countries, increased indebtedness of less

developed o0il importing countries, constriction in world
trade.

The sudden increase in the o0il price generated by
OPEC in 1973-74 convinced consumer countries of the need
to give new impetus to action leading to the substitution
of o0il with other energy sources, as well as to the
conservation of energy by the adoption of suitable
technologies.

In the years immediately following this first oil
crisis, there was a diffused belief that o0il demand was
virtually inelastic versus price; - that is, that oil - in
some ways like a drug - has to be available in the amount
needed for a given economic activity, whatever its cost.
The economies of the industrialised consumer countries
gradually began to recover from the first crisis (the main
victims of which were essentially the oil importing LDCs),
and a situation developed whereby the interests of the oil
producing countries and those of the big o0il companies
within consumer countries started to appear convergent.

In 1978 the explosion of the Khomeini revolution in
Iran, followed in 1979 by the conflict between Iran and
Iragq, set off a new steep rise in the price of o0il.
Consumer countries were shaken by panic. The fear that
there might be a physical shortage of o0il, and that this
could paralyse the entire industrialised world, spread.
Thus, the overall effects of the second oil crisis were of
an even graver nature than those of the first.

Gradually, though, it Dbecame apparent that this

situation could not 1last long. First of all, oil demand
was revealed to be price elastic, and this fact alone led
to a weakening of the o0il market. Secondly, as time went

by, the effects of the massive investments made especially
by industrialised consumer countries to substitute

imported oil and to save energy bore fruit. OPEC's market
share in international o¢il trade dropped from the 86% of
1973 to 82% by 1979, to reach 55% in 1985.

In addition, important o0il discoveries were made in

consumer countries and - even though production costs were
much higher than those of the major Middle East and other
OPEC producers - at sustained high 01l prices these fields

appeared very profitable and rapidly expanded production.



Furthermore, enormous investments were made in
infrastructures needed for long distance transport and
distribution of natural gas, which thus became a new
internationally traded energy commodity. The once primary
fuel - coal - was the object of revived interest and its
market share increased for the first time in 50 vyears,
with increased applications in industry and in electricity
generation.

Meanwhile, there was a new source of energy, one
literally invented by man -~ nuclear power. From a first
small ingenious prototype built by Enrico Fermi at the
University  of Chicago in 1942 to demonstrate  the
feasibility of achieving controlled nuclear fission, a
whole spectrum of nuclear power generation technologies
developed in the decades that followed.

When in 1955 President Eisenhower 1launched the
*"Atom for Peace® programme, it was already clear that the
aim was to free man from his vulnerable dependence on

non-renewable fossil energy sources. The market price of
0il in those years was, however, very low -~ in fact, it
was falling in real terms -~ and as a result the

penetration of nuclear power was certainly not favoured by
market forces.

Despite this handicap, a healthy nuclear industry
developed, aided by an optimistic belief in man's capacity
for technological achievement, a widely held sentiment in
the 1950s and 1960s. Other valid considerations were at
work, including the importance of making an energy supply
available in industrial countries 'which could rightly be
considered as "domestic", given that the cost of the raw
material - uranium - was but a negligible part of the cost
of producing energy and, moreover, the element is easy to
store. The financial cost of keeping several year's supply
in hand is acceptable and the space required not great.
The real “raw material” input remains, in fact, the
technology. A country able to master nuclear technology
could feel itself secure and in control of the energy
source., Furthermore, nuclear power was reliable,
characterised by a stable and predictable price structure,
and eminently suitable to produce the form of energy most
in demand: electricity.

In fact, increased reliance on electricity has been

one of the main characters of modern civilisation. As a
vector, electricity is proving itself as ever more
indispensable, being uniquely suited to drive

applications of modern high technologies in such fields as



microelectronics, information and communication
technologies, industrial automation, robotics, and so
forth.

It was thus natural that the o0il price increases
resulting from the 1973 crisis, and growing uncertainty as
to future price and availability trends, should further
stimulate efforts to accelerate development of nuclear
energy. Meanwhile, however, resistance against the
nuclear option -~ which, in the 1960s, had been confined to
a relatively small circle of environmentalists - began to
gain ground. The general c¢limate of opinion changed,
first and foremost in the United States, as a result of a
loss of faith in centralised power structures and big
business, with the end of +the long-lasting honeymoon
between society and science and technology. These shifts
were also linked with disenchantment with American policy
in S8South East Asia. Alternatives to nuclear seemed
preferable, and for the United States at least, readily
available. The powerful o0il and coal lobbies had a
relatively easy time in capitalising on this often emotive
reaction.

As 1s apparent to us all, we have now entered into
what I 1like to refer to as an oil counter-crisis. The
present excess of supply over demand has triggered a steep
fall in the price of o0il on international markets. It is
plain that the high o0il prices of 1979-80 could not
possibly endure, given diminishing world demand for oil.

Paradoxically, moreover, the cost of artificially
holding up market prices in the early 1980°'s has been
borne by the OPEC producers (and, within the cartel,
particularly by Saudi Arabia -~ the country endowed with
the biggest and lowest cost oil reserves). In a normal
market situation, marginal producers would have been
sacrificed first. But over the last few years, it has been
Saudi Arabia which has progressively reduced its

production levels, whilst other OPEC - and even more non
OPEC producers (such as those in the North Sea and Alaska)
- have kept pumping at high rates. In 1985, the

production of o0il from the North Sea exceeded that of
Saudi Arabia; U.S. production was three times higher.

It is thus understandable that Saudi Arabia has
taken the lead in precipitating this wave of price cuts,
to try to bring order among o0il suppliers in the hope of
defending a price level which might come to be regarded as
an acceptable compromise by both producers and consumers.



Unless agreement is achieved, it is likely that the
months and vears ahead will see a very unstable oil market
characterised by low, fluctuating prices, and dominated by
speculators. In other words, we are likely to be facing a
highly uncertain phase in the energy system that in the
medium term may well create conditions (perhaps on the
occasion of another regional armed conflict) for a third
steep rise in the price of oil.

From this sketchy picture -~ but even more from the
basic consideration that oil is a non-renewable, precious
energy source, difficult to substitute in special uses
such as petrochemicals and road or air transport, that
therefore it is irresponsible to continue to use it as a
basic fuel, simply to burn it to obtain heat or
electricity -~ stems the thesis I want to put forward
strongly at this meeting. In looking at nuclear power and
at the contribution it can make to mankind's supply of
energy over coming generations, we must refrain from
giving too much weight to short-term, narrowly economic
factors or, as we shall see later, to essentially
immotivated fears.

2. A NEW TYPE OF ENERGY TRANSITION

From the above, it is clear that each of the two
energy transitions of the past (the first the emergence of
coal as the dominant source, the second its displacement
with o©il) marked a switch towards an easier and more
convenient energy system than that reigning before. Both
transitions occurred naturally, without encountering
serious obstacles, like a free-wheeling, downhill bicycle
ride. An easier, more flexible, single major source
proceeded to take over as chief energy vector from the
preceding one.,

Although the present oil glut could offer crumbs of
comfort to those looking for a continuation of an easy
oil-based energy system, this is not the time for us to be
complacent., On the contrary, we must view this parenthesis
in what 1is bound to be an established and natural trend
towards higher energy costs as an opportunity to use the
resources available to complete a new energy transition -
this time away from the dominance of o©0il, with the aim,
amongst other things, of preserving oil itself for nobler
utilisations.
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What we nust recognise, however, is that
unfortunately there i1s no single source as versatile, as
easy to transport and to use or as cheap as o0il was at the
time it began to assert its dominance over the world
energy economy. We must be ready to analyse our energy
needs carefully, so as to apply ourselves to an assessment
of the relative merits and demerits of the various
available resources, with no easy solution on hand. This
new transition is therefore likely to represent a long and
strenuous uphill ride.

Whilst our production systems, distribution
networks and infrastructures were modelled to be served
essentially by an energy system based on oil and oil
products (including oil~generated electricity), we must
now face up to the problems deriving from the complexity
of our society. The development of high technologies
inevitably requires more electricity, and each source
which can provide this energy carrier must be carefully
assessed.

Natural gas is a relatively c¢lean fuel, but its
international trade requires truly massive investments in
rigid infrastructures, and liquefied natural gas is not
the safest of commodities to be shipped in bulk around the
world. Coal too requires a complex and costly chain of
infrastructures, and besides, without expensive and not
always very efficient cleaning devices, coal plants are
often responsible for high levels of atmospheric pollution
- the most serious being acid rain. Mounting pressure for
a reduction in S0, and NO emissions may soon
inevitably put a question mark over more intensive use of
this fuel, even in those areas where it still enjoys
relative cost advantage.

When the amount of fossil fuels burned every year
by man was small, photosynthesis by plants, as well as
CO, absorption in oceans and generation of carbonate
rocks, could re-establish equilibrium in the chemical
composition of the air, But nowadays the amount of CO,
produced in combustion processes 1is to be measured in
terms of tens of billions of tons per year, and the above
mentioned biological and geochemical processes are no
longer sufficient to Dbring back €0, content to its

original wvalue. Increagsed concentration of CO,, as 1is
well known, is a cause of concern because of the so-called
"greenhouse effect” - related to the rise in absorption

of the infrared component  of solar radiation and
consequent temperature increase of the earth surface. This
is a phenomenon that might have severe, if not yet fully
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predictable climatic effects, both at global and regional
levels.,

Hydroelectric power can be expected to play a
significant role into the foreseeable future. Potential
remaining untapped though is to be found largely in
developing countries, and more in general in parts of the
globe distant from existing demand for electricity. The
harnessing of such power will thus require either
considerable investment to bring energy-using industry to
the power generation area or, alternatively, major
advances in electricity transmission technologies, so as
to enable the economic carrying of power over long
distances without the high levels of transmission loss
encountered today. This area of research offers
considerable hopes in the long-term for a more ratilonal
approach to the generation of electricity in the future,
decoupling the geographical areas of generation and
consumption. Within the range of possibilities, might
then be the transmission of electricity between time
zones, thus meeting one area's peak demand from another's
otherwise slack capacity.

In this survey of energy options now availlable to
us, nuclear fission power represents a much more important

alternative to fossil fuels than hydro. As I have said
earlier, the real raw material of nuclear power is
technology. To set up an efficient nuclear power

utilisation system on a world basis, one must have
available a complex of technologies, stretching all the
way from extraction of the wuranium ore to isotopic
enrichment, to fuel fabrication, to the generation of
electricity in nuclear power plants and on to the closure
of the fuel cycle with reprocessing and disposal of

radiocactive wastes. In each phase, environmental
protection and safeguarding of human health must be
paramount. Similarly, @& high degree of sophistication,

both in technology and organisation, 1is needed in the
management and control of the whole system.

Considering the wuranium resources available at
reasonable price, exploitation of nuclear power in light
(or heavy) water-moderated reactors as at present
represent an option which will be quite 1limited over
time. But, fortunately, nuclear power has within it the
possibility of making recourse to fast breeder reactors,
multiplying by two orders of magnitude the amount of
energy potentially available in the uranium ore, and hence
able to supply abundant energy for many centuries to conme.



The survey so far has not included renewable energy
sources such as photovoltaic solar energy, thermal solar
energy, biomass, wind, or the more "exotic" renewables,
nor has 1t included geothermal power. Technologies to
exploit these forms of renewable (or abundant, as in the
case of geothermal) energy sources are available, but at
the moment cost-performance is such as to make all these
energies egssentially non competitive, except for
particular circumstances where the use-value of the energy
produced justifies premium prices, or where specific local
conditions allow energy generation at low cost.

This somewhat negative assessment should not
discourage research and development aimed at promoting
penetration of these energy sources. On the contrary, I
believe that there 1is great scope, for example, in
concentrating technological efforts on photovoltaic
technology, which offers promise of competitiveness in
decentralised uses thanks to low-cost modules based on
amorphous silicon deposited as thin layers at the surface
of a substrate structural material, and to a parallel
development of flexible automation in the production of
photovoltaic systemns,

Another renewable energy that offers great interest
for the future is biomass, be 1t wood or other energy.
crops, or agricultural byproducts and wastes. Now that
agricultural productivity throughout the world has
increased to such an extent as to create the premises for
eventually abundant food production for all our planet's
inhabitants, it is possible to think in terms of large
agricultural areas being given over to products other than
cereals and other food crops, able to make a non-marginal
contribution to energy needs. Still, options of such a
strategic dimension need time before becoming available to
mankind.

This survey of future trends into the middle of the
next century, would not be complete without mentioning an
energy source the feasibility of which has as yet to be
proven but which appears promising: nuclear fusion. The
achievement of controlled nuclear fusion is an extremely
ambitious target, the realisation of the  dream of
reproducing in relatively small machines on Earth nuclear
reactions that occur on the surface of the Sun and stars.

International efforts at present are centred on,
first, demonstrating the scientific feasibility of
controlled nuclear fusion. Later, the time will come when
technological feasibility will have to bhe proven, and
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farther still, after the accumulation of sufficient data,
an assessment will be required of the economic convenience
as compared to other sources, and environmental impact and
safety.

Many opponents of nuclear fission look at nuclear
fusion as a realistic, more benign, alternative. In my
opinion, however, it makes no sense to put nuclear fission
- based essentially on already proven technologies and a
source for which solid assessments can be made in economic
and environmental terms - on a par with nuclear fusion,
which has still to prove itself as a realistic energy
gource,

3. A PLURALISTIC ENERGY SYSTEM FOR THE 21ST CENTURY

A pluralistic system 1s the best suited for the
complex articulated society of the next century. Let us
for a moment think that, in the middle of the 21lst
Century, advanced post~industrial societies - deriving
their income essentially from exploitation of new
knowledge available to man in such areas as information
and communications, biology and related technologies,
ocean and space exploration, development of new materials
and so forth - will coexist with societies by then in a
stage of fully fledged industrialisation, and with others
that are still striving to solve primordial problems, and
relying largely on agriculture and early-~phase industrial
activities.

This socioeconomic diversity will dominate a planet
which, by the middle of next century, will have a
population of about 8 billion inhabitants, almost twice
that at present.

As 1 said earlier, the future organization of
society will need both centralised and decentralised
patterns of activity. Large industrial areas, big and
powerful service infrastructures and a multiplicity of
urban structures will coexist with wide rural areas where
quite different life styles will predominate, and where
community activities will largely be patterned on
participative bottom-up organisation and power structures.

To serve a planet of such increased complexity with
the energy it needs, in the right quantity and quality,
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shall not be easy. This is why I am a defender of a
pluralistic energy system. Each country or region of the
world will have to establish the most suitable mix of
energy sources and carriers, according to its natural
resources, endowment of infrastructures, socioeconomic and
technological position, aspirations and needs of its urban
and rural population. This energy mix will have to
harmonise with technological developments, not only in the
production and transmission of energy within the planet
and possibly from space, but also in other areas of
economic activity.

Allow me at this point, to illustrate a scenario
representing the contribution of nuclear energy in the
yvear 2050, based on certain hypotheses which I consider to
be prudently realistic, 1f not conservative.

Table 1 illustrates my forecast concerning world
population in the year 2050 and its distribution between
the countries which are now already industrialised (in
both West and East) - group one countries, and the now
developing group two countries. It should be noted that
population increase will 1largely take place in the now
developing countries, some of which, however, by then will
have joined the ranks of advanced industrial economies.

Table 2 shows per capita consumption of energy in
the two groups of countries, now and in the year 2050. I
have assumed that per «capita energy consumption in
present-day industrialised countries shall have the same
value 65 vyears from now (and this in the presence of a
substantial growth of income), thanks to the development
of energy-saving technologies and, more in general, to the
process of “dematerialisation”, already visible in our
economies and societies, Furthermore, some
energy-intensive industries will by then have relocated in
developing countries.

A further assumption in this table is that we will
move from a ratio of 10:1 as regards per capita energy
consumption for the two groups of countries to a ratio of
3:1. This is perhaps an audacious hypothesis, but 1f one
thinks that it would be sufficient for just China and
India fully to industrialise to achieve this improvement
in ratio, then what may seem at first sight an ambitious
goal, on closer analysis appears achievable.

Table 3 shows the penetration of electricity in the

two groups of countries now and in the year 2050,
expressed in primary sources. It is not
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necessary that I spend much time in convincing you all
that electricity 1is bound to increase its penetration
throughout the world. I believe that the values of 50% and
almost 40% respectively for the two groups of countries
are quite realistic.

Table 4 is of central interest to our meeting,
dealing with the contribution of nuclear power to the
generation of electricity in the two groups of countries
now and by the year 2050. Although these forecasts seem to
me to be quite reasonable, and perhaps conservative,I am
making here an underlying assumption concerning the
gradual acceptance of nuclear power by all sectors of
society, with the fading of irrational attitudes that
still prevail 1in certain countries and environmentalist
circles around the globe.

From Table 4 it appears that we shall move from a
production of nuclear~generated electricity of almost
1,500 TWh/y to one of 11,100 TWh/y, an increase by a
factor of about 7.4. This means that, on a world basis
nuclear electricity by the vyear 2050 will represent about
one third of total electricity produced, a figure lower
than some of you might have expected, but certainly much
higher than that estimated in anti-nuclear circles: a flat
Zero.

Table 5 shows installed nuclear capacity in 1985
and an estimate for 2050. Assuming for the sake of
simplicity a standard capacity of nuclear plants in 2050
equal to 1,000 mW, this is equivalent to 1850 power plants
operating by then. A further assumption 1s that the
average annual working time will be 6000 hours.

Figure 1 shows the nuclear capacity coming on line
every year, both in now industrialised and now developing
countries. The data are split between new and replacement
capacity, assuming an average lifetime of 30 years for
power plants. From these data, we have calculated the
total number of plants to be replaced from now to 2050.
This amounts to almost 1,450, a figure that, added to the
1,850 assumed, as shown in Table 5, to be functioning by
the year 2050, brings the total number of power plants to
be built up to then, both for replacement and generation
of new capacity, to 3,300. These figures may seem high,
but to c¢ool vyour enthusiasm let me just add that the
number of power plants starting up in the year 2050 will
in our calculations be around 75, compared to 1985's 40
(to be corrected to 32 in order to normalise plant
capacity).

This scenario is not based on explicit assumptions
as regards the type of nuclear power stations installed:
there are likely to be many technological developments and
changes over the next 65 years. On today's knowledge, and



given the long lead times involved in nuclear
technologies, it seems reasonable to assume that light
water reactors (LWRs) will dominate at 1least for the
greater part of the period considered. Whilst large
standardised units will in general prevail given
associated scale economies and the advantage of exploiting
available nuclear sites, 1t 1is 1likely that units of
smaller size, characterised by greater flexibility and,
hopefully, by easier operability, will also be developed
especially to meet the needs of developing countries,.

In industrial countries, fast Dbreeder reactors
(FBRs) are likely to appear on a commercial scale sometime
after the first decade of the next century. If
demonstration programmes now being carried out in Europe,
the USSR and Japan are successful, the cost of energy
produced by fast breeders 1s expected to be moderately
higher than that from LWRs, at current uranium prices.
FBRs may become more competitive should the price of
uranium increase as a consequence of depletion of lower
cost sources. In any case, FBRs can be considered as an
insurance policy against an eventual unforeseen steep rise
in uranium prices or difficulties in supply. This would
enhance the qualification of nuclear power as a
quasi-domestic source.

It seems reasonable to assume that a certain number
of the nuclear power stations in industrial countries in
operation after 2020 will be fast breeders. Although here
too predictions are extremely difficult to make, it is
conceivable that by 2050 20% of new stations (should we
say, 10 per year) could be FBRs, and that, by mid-century,
about 100 GWe of fast breeder reactor capacity will be
supplying electricity. This estimate is quite compatible
with projected figures for the availability of plutonium
from thermal reactor fuel. Operations will require closure
of the fuel cycle with the appropriate reprocessing and
refabrication plants.

In Table 6 I have tried to give an indication of
the likely turnover of the nuclear power industry in the
yvears 2010 and 2050, split into turnover from power plant
construction, power plant servicing, fuel cycle plant
construction and related servicing. In the midst of the
next century the total turnover on a world basis 1is a
respectable 300 billion dollars (1985 wvalue). This has to
be compared with the present estimated turnover of $50
billion.

A lot of courage has been needed on my part to
present before this distinguished and expert audience a
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set of assumptions and data which any of you have the
capaclty successfully to challenge: my purpose, however, is
to supply orders of magnitude rather that precise figures,
so as to supply the basis for a more informed debate.

Let us now return for a moment to the overall
pluralistic energy scenario, to put the role of nuclear in
the right perspective. As we have seen, on a world basis
electricity has been assumed to be 43% of the total energy
supply, and the share of nuclear electricity one third of
that. This means that nuclear energy by the year 2050 is
assumed to give a 14% contribution to the world energy
supply.

Furthermore, if conditions facilitating the
continued progress of the nuclear sector are not met in all
major countries, my predictions will need revision. But
even in the unlikely event that the country which is at the
moment the industry's leader -— the United States —~- should
phase out nuclear power, the overall picture would not
change drastically. Nuclear capacity in 2050 would still be
in the order of 1,500GWe, with a nuclear industry worldwide
having to meet the task of building 70 new stations per
vear.

On the other hand, one may well expect, after the
year 2050, the rapid take-off of nuclear in many now
developing countries, thereby leading, towards the end of
the next century, to a much higher contribution of nuclear
to the total energy supply. What I want also to stress here
is that, with nuclear contributing 14% of total energy
supply, there is more than ample space for fossil fuels and
renewables (including hydro and geothermal) which mnmust
cover the remaining 86% of world needs in 2050.

I have left aside any contribution from nuclear
fusion which I assume could become really significant only
in the latter part of the next century.

In the concluding part of my lecture, let me make a
few remarks on what I consider a pre-condition for the
forecasts I have presented to become reality. I will
therefore touch wupon the delicate matter of how to dispel
the clouds on the nuclear horizon.



4. DISPELLING THE CLOUDS ON THE NUCLEAR HORIZON

Since its beginnings, development of the nuclear
industry has taken place with an unprecedented sense of
responsibility, relying on a quality assurance methodology
aimed at reducing to extremely low levels throughout the
system the risk of major accidents, the happening of which
in this c¢ase would have the peculiar characteristic of
having long-term effects on both populations and
environment. This concern for safety has also precluded
for nuclear energy the acceptance of the environmental
hazards universally encountered in the exploitation of all
other sources. The priority granted to safety and
environmental protection has led to the development of new
technologies and to the adoption of a systems approach
covering all aspects and phases of energy generation: from
extraction of the uranium ores to the closure of the fuel
cycle and disposal of radioactive waste.

I feel that we have still fully to appreciate the
enormous importance of this approach for the overall
technological development of our society, and not only for
the energy sector. Nuclear industry has been the proving
ground for many leading-edge technologies which are now
making their contribution to advanced economies throughout
the world. The level of scientific and technological
excellence demanded by nuclear industry has stimulated
academic and industrial circles in many countries, with a
spill-over effect working its way throughout the wider
community.

Yet nuclear suffers from one serious drawback and
that is social acceptability. Despite continuous attempts
to give scientific and political reassurance, in quite a
few of the countries which have embarked on programmes -
and paradoxically even in the country which generated most
of the basic technology and which has the highest number
of power plants in operation (the United States) -~ public
opinion has yet to be fully convinced that nuclear energy
offers lasting benefit to mankind. This problem should not
be ignored, nor treated defensively: 1 believe we must
face it openly, and get over it on the Dbasis of
comparative assessment with all other alternative energy
sources.

The nature of opposition to nuclear power 1is based
on several distinct elements. Certainly, unjust (and
largely subconscious confusion) in the popular mind
between nuclear power and nuclear weapons still has a



WORLD POPULATION DATA
AND FORECAST

billion people

1985 2050
INDUSTRIALISED COUNTRIES 1.15 1.50
DEVELOPING COUNTRIES 3.50 6.50
WORLD 4.65 8.00
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PER CAPITA ENERGY CONSUMPTION

Toe/cap
1985 2050
INDUSTRIALISED COUNTRIES 4.9 4.9
DEVELOPING COUNTRIES 0.5 1.6
WORLD 1.6 2.2

TABLE 2
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FLECTRICITY PENETRATION

expressed in percent of primary energy

1985 2050

INDUSTRIALISED COUNTRIES 30.4 50.0
DEVELOPING COUNTRIES 20.3 38.0
WORLD 28.0 43.0

TABLE 3
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NUCLEAR SHARE
-LECTRICITY PRODUCT

in percent
2050
INDUSTRIALISED COUNTRIES 18.2 50.0
DEVELOPING COUNTRIES 3.7 15.0
WORLD 15.9 31.7

TABLE 4
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NUCLEAR OPERATING CAPACITY

GWe
1985 2050
INDUSTRIALISED COUNTRIES 251 1390
DEVELOPING COUNTRIES 11 460
WORLD 262 1850

TABLE S
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ANNUAL NUCLEAR CAPACITY COMING ON LINE

Gwe/year
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~ WORLD NUCLEAR
POWER INDUSTRY TURNOVER

1985 billion dollars

2010 2050
CONSTRUCTION 74 144
FUEL CYCLE 32 100
SERVICING 18 56
TOTAL 124 300

FBASIC ASSUMPTION<
» Construction cost 2000 $/kWe
» Fuel cycle cost 9 mills/kwh

»Servicing cost 5 mills/kWh
TABLE &
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Review and future prospects of peaceful uses of atomic enargy

Sigvard Eklund

Director General Emeritus

Internationsl Atomic Enerpy Agency

The topic of my address today is what has happened to the development of
atomic energy for peaceful purposes. Let me first distinguish between two
topics: the use of atomic energy for the production of energy in the form of
heat or electricity and the use of atomic energy in a wider sense, in the form
of radiation for medicsl, agricultural or technical purposes or as en

unsurpassed means for scientific or techmical investigations.

I shall mainly speak aboult the use of atomic energy for the production of
electricity. Last year about 15% of the electricity generated in the world was
produced by nuclear means. How remarkable that 15% is would become evident if
we were to try to find alternative energy sources for such an amount of
energy. On the other hand 15% is a global average and at one extreme we have
France where 65% of the electricity production was nuclear in 1985 and is

expected to reach 75% in 1990, (perhaps then with 2 to 4 1.300 MW resctors more
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than would be strictly needed), Belgium 58%, Finland, Sweden and Taiwan in the
40-50% range. Japan and several countries about 25%. In the USA on the other
hand only 15% of the electricity was of nuclear origin in 1985, in the USSR 11y

amd Italy 3%. The USA nevertheless represents 1/3 of the world's nuclear

capacity,

It must be recognised that nuclear power in an astonishingly short time hag
made a remarkable inroad in the conventional energy sources. At the same time
we are aware of some of the reasons why the use of nuclear power has not
advanced more quickly. Pirst of all, our expectation after the 1955 UM
conference on the peaceful uses of atomic energy were unrsalistically high.

The scientists were enthusiastic, the techmical people believed that nucleasr
technology could easily be mastered, end the utilities were interested in &
presumably cheap source of primary energy. At the nezt conferences in 1958,
1964 and 1971 a more realistic approach could be observed. It had become
evident that there were unsolved technical problems and that utilities were
organizations; which in fulfilling thelr task of providing customers with cheap
and relisble electricity were inclined to comnsiderable inertis which prevented
them from rapidly turning to completely new solutions for their need of primary
energy. They had to consider many different factors influencing their markets
and they started to become aware of, for example the special vestrictions which
govarned the scquisition of fuel in the uranium market. Those restrictions had
been established in order to prevent proliferation of nuclear material for non
peaceful purposes. They were faced with new safety requirements snd the
presence of regulatory bodies which made profit estimates uncertaiﬁg decision
making difficult and some utilities having nuclear plants under construction -
especially after the Three Mile Island event in 1979 -~ faced the danger of

possible bankruptcey.
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In this context it is important to recognize the continuous incresse in
power output in the nuclear power reactors designed and constructed during the
jast 30 years. The Obninsk reactor of 1954 had a generating capacity of 5 HW;
the Grohnde reactor in FRG 1319 MW the last series of LWR, PALUEL in Prance has
a reting of 1.300 MW and a new French design 1.450 MW. The capacity of the

puclear power station Ignalina in USSR is 1.450 MW. No wonder if there are

gome teething troubles.

This has given rise to world-wide scrutiany of reactor safety conditions,
which certeinly has led to a better understending of the problems involved. It
also had undesirable consequences, however, which for exsmple in the USA, led
to the requirement of questionable changes and back-fitting of already
operating reactors, and of reactors under construction. It crested a general
uncqrtainty 28 to what ultimately is required of the designer, constructor,
operator and regulatory bodies and where the ultimete responsibility for safety
is located, with a tendency to have it in the regulatory agencies which became
8 paradise for lawyers. How safe is safe enough?. The consequences of thisg
became, as we know, drametic in the USA, the country which, up to then, hed
been leading in the use of atomic energy for the production of electricity.
Costs and construction times increased exponentially and led to cancellation of
2 number of reactors under construction, not tQ mention the cancellation of

plans to design and construct new reactor plants.

Fig.l shows the annual status of the power reactors in the world. The

“increase in the time needed for construction between 1955 and 1985 is evident.

Fig. 2 shows the construction time for light water reactors in a number of



countries. The reason for the astonishingly short and constant construction
time achieved in France is to be found in the standardisation of reactors and
reactor elements which has teken place there and lessons learned from

well-filled order books.

A special tribute should be paid to Japan for the results achlieved in the
reactor field during the last ten years. Construction times for reactors in
the 870~1100 MW bracket have been reduced to 55-57 months. Strict guality

aggsurance programmes have resulted in increased reliability and load factors.

The 374 power reactors in operation in 26 countries represented at 31
December 1985, an accumulated operational experience of 3.500 reactor years.
To this should be added some 300 reactor years emanating from shut -—down
reasctors or, in totsl, over 3800 resctor yeavs. From the 330 operating and 169
gshut-down research reactors of wvarious types a total operating experience of
8,000 reactor vears has been sccumulated. Let me in this context recall that
research reactors to a large extent have been and are responsible for the use

~of atomic energy in wider sense which I mentioned a few wminuvtes ago.

Although power reactors and research reactors cannot be compared with
regard to the value of the technical experience obtained from operating them,
it is nevertheless interesting to note that 43 yeers since the first man-made
nuclear chain reaction was initiasted more than 11.000 reactor years of
experience have been accumulated. During this time not a single fatal accident
caused by radistion has occurred in nuclear power plants for peaceful purposes.
This safety record iz the result of extensive and constant efforts made to

improve the safety of nuclear plants. To the 11.000 reactor years can be sdded



almost 3.000 reactor years of operating experience from only the USA naval
nuclear propulsion programme. This is an impressive proof of the degree to

which we have become accustomed to live with and manage the atom.

It goes without saying that the improvement of the availability of power

reactors is a mogt important task.

Power reactors show unavailabity because of different reasons. Figure 3
shows a summary of causes of outages and it is remarkable that 70% of the
unavailability through unplanned full outages is caused by equipment failure,
half of which is in the conventional part of the plant. The importance of
guality assurance is also evident in respect of the non -nuclear parts.
Planned refuelling and maintenance account for 67% of the time lost. The
introduction of robots and avtomation will certainly pley an important role by

facilitating meintenance work in radiocactive areas.

Bguipment failure is, as I have sald to a large degree caused by failure of
conventional equipment. Unfavourable statements im public wmedia about nuclear
power stations being unrelisble usually refer to inclidents which occur im the

same degree in conventional power stations -~ without attracting the attention

of news media.

Fig. 4 shows the increase in nuclear power generating capacity between 1954
and 1985 with extrapolation for the situation which is ezpected to be reslized
in 1990. An example from my own country, Sweden, is elucidating. Swedish
hydro-electric power was developed over a period of 100 years to a capacity of
around 60 TWh per year . The equivalent development of nuclear power was

achieved in 20 years! The development in the nuclear field is very impressive

[-1-5



even if it doesn't correspond, as I have noted, to what was originally expectey
s 8 . P . .

in the 1950 . What is striking, however, is the decrease in the number of
reactors put in operation during each five-year period from s maximum of %90

between 1981 and 1985 to an anticipated number of less than 30 between 1986 ang

1990,

Operating nuclear power reactors axist at present iu 26 countries and
in the next few years three other countries will enter this club bringiog the
totel up to 29. Countries which have exported power resctors, are the USa,
France, USSR, FRG, Canada, UK, and Sweden. Japan and India have proved their
ability to manufacture and construct reactors in thelr own countries and other
countries could also lay claim as Belgium and CSSR. The lack of new orders is
a serious guestion for some of the menufacturers. The large capacity to which
they have exzpsnded in the past cennot be utilized now and the highly
specialized and competent staff in the workshops have to be engaged less with

new construction and more with backfitting jobs.

The rate of reactor construction in the future will depend on the nead for
slectric power and on the development of reactor technology to cope not enly
with electricity production but also with production of low and high
temperature heat. Japanese plans a few years sgo regarding high temperature
reactors for industrial purposes including metallurgy may eventually be
realized as well as the Swedish concept SECURE for district heating purposes,
& purpose for which reactors are built at present in the USSR. The HICR project
in Japan with a gas temperature slightly less than 95006 is another
interesting development targeted to 1990. In the FRC interest and considerable

efforts have been devoted to high temperature d@velopment.



The economic competitiveness of nuclear power with other energy sources is
one factor to be considered when determining the extent to which nuclear power
will be used to cover needs. In the sixties nuclear power was fighting against
s moving target: the price of coal. A similar situation still prevails vis &
“yig coal and , at least temporarily, vis a vis oil,i.e. the utilities must make
decisions which are completely different depending upon short or long term
perspectives. It is interesting to see the possibilities which have been
opened in Europe through an elaborate grid system to transfer considerable
amounts of energy over large distances. Another factor to be taken into sccount
is that nuclear energy is advantageous with its minimal ecological
interference. 1Its rank can be kept, however, only if its safety record is kept
at the present high level. 1Incidents involving safety could have disastrous

consequences on the acceptance of nuclesr power by the general public.

Nuclear power requires nuclear fuel, i.e. urenium, most often enriched.
The uranium deposits which are periodically reported in surveys jointly issued
by the Nuclear Energy Agency and the International Atomic Energy Agency are
evidently so substantial that the supply of wranium is sssured for at least the
life time of the 500 power reactors which presumably will be in operation by
the end of this century. Deposits in Cenade and Australia are large enough to
have caused the reduction in price to 168/1b on the spot market which we are
now witnessing and which has forced American uranium mines to close. The
buyers market which seems to exist now will probably be strong enough to
prevent drastic increases in the uranium price for a considerable time. The
work in Japan on extracting uranium from the sea is another example on the

importance countries pay to independence.

The availability of uranium and the price situation certainly does not
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promote the construction of breeder resctors. It must be hoped, howewver, that
decision-makers will understand the fundamental importance of the breeder
concept which must be applied in numerous installations in the 2lst century if
nuclear energy is to become more than a parenthesis. The construction of
breeder prototypes should be supported in order to continue the development
which was initiated by EBR II in the USA, and followed by the Dounreay breeder
reactor PFR in the UK, the BN 600 in USSR and finally the Super-Phenix in
France. The work done in the same field in the Federal Republic of Germany,

India and Jepan shows a laudible foresight.

The enrichment procedures used by the nuclear weapon countries were not
declessified at the 1955 Geneva conference and it is not surprising that as a
result methods for the enrichment of uranium 235 have interested and been
studied and developed by a number of countries. Some of these efforts have
been so successful that they have led to industrial production using new
techniques even under the umbrells of an international undertsking: I am
referring to URENCO, a joint British, Dutech and German undertaking. The laser
method seems now to be so successful that the Americans do not intend to
complete large scale production facilities for enrichment by means of
centifuges which are under construction. The fact that enriched urenium can be
supplied by at least four producers: the USA, USSR, France and UBRENCO; should
be a guarantee against attempts to monopolizatione‘ Pilot plants in Japan,
South Africa, Argentina and Brazil prove that many countries are very angious

to become self-supporting in this respect.

Reprocessing of used fuel means recovering uranium which bas not been used
and plutonium which has been generated during the burn-up period in the

reactor. Reprocessing of fuel from military or civilian reactors is for the



time being carried out only in Hanford and Savannah River in the US, in
sellafield and Dounreay in the UK, Marcoule and La Hague in France, in the
USSR, in China, and India and some other countries. Large scale reprocessing
facilities for civilian purposes are under construction or in advanced planning
in Japsan and the Federal Republic of Germany. Pilot plants have been in
existence for a few years in these countries and in Itely and Spain or are

o ©
pnder construction in some other countries.

Reprocessing is a controversial topic both from an economic and
non-proliferation point of view. The economic motivetion for reprocessing is
questioned in some quarters whereas others are of the opinion that only through
practical experience from at least an operating plant will it be possible to
make & fair conclusion about the cost-benefit of reprocessing. Supporters of
reprocessing take the same attitude as supporters of national enriéhment: only
through a full command of the complete fuel cycle is it possible to make a

reliable estimate of the real cost of the nuclear fuel cycle.

Reprocessing plants have to be safeguarded in order to cheék that no
proliferation of fissile material taskes place. The difficulties involved in
safeguarding & veprocessing plent in a satisfactory manner are recognized. The
strict requirements concerning US prior consent in bilateral agreements
between the USA and its customers have inevitably increased the interest in
some countries in reprocessing. It must be vegretted that the thorough studies
made by the IAEA about regional fuel centres including fuel fabricetion,
reprocessing and storage of nuclear waste and products from reprocessing have
not been met with greater interest. Unfortunately there doesn't seem to be any
possibility of political acceptance for the time being of a regional

reprocessing plant.



The American concern about reprocessing technology and the risk of a spreag
of reprocessing centres led President Carter to propose in 1977 a thorough
international evaluation of the fuel cycle, INFCE. The study lasted until 198¢

and unanimity could only be achieved by abstaining from making any

recommendation.

The storage of radioactive waste (radwaste) is a topic often raised in the
nuclear debate. Radioactive waste can contain highly radioactive
non-reprocessed used fuel, or waste from reprocessed fuel, radiocactive material
and contaminated tools, etc. used in operating nuclear plants and low level

active material and contaeminated material im the form of gloves, protective

clothing, and other items.

The storage of radwaste has been called by some a non-problem and it is
deeply regrettable that up to now, even countries like the USA and UK, which
have produced large quantities of radiocactive waste - not in the least in
connection with their manufacture of nuclear weapons ~ s8till haven't been able
to get the necessary support and understandiﬁg from authorities at different
levels for the construction of retrievable or non-retrievable underground

storage for radicactive waste.

The intermediate, retrievable storage for spent fuel in Sweden located
adjacent to the Oskershamn Nuclear Power plant is an example of a possible
solution, ag is the final repository for reactor waste end waste from research,
medical and industrial sources now under construction at another Swedish
reactor site, Forsmerk. The ultimate disposal of highly radioactive waste

(used fuel) in Sweden is being studied by an internationel group under the
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1eadership of NEA of OECD also including Japanese experts, working in an old
jron mine (STRIPA) in Sweden. These studies have led to a much clearer
ynderstanding of the geophysical conditions which govern contamination of

anderground water streams, as well as other factors of importance.

The anxiety which people demoustrate with regard to disposal sites in their
own vicinity does not make it very probable that a country would accept
radicactive waste from other countries. There are exceptions however, for
example the offer from China to accept radiocactive waste on a commercial basis

and the policy of the USSR to request spent fuel to be sent back .

Vast areas of our globe, uwninhabited and of no economic importance, could
certainly serve for depositing purposes. Unfortunately, up to now there has
been very little political initiative taken in this direction. I think new
attempts should be made when the matter has become more mature. The
decommissioning of nuclear plants is an issue to which more attention will have
to be given in the future. Already some experience is available even with
regard to reprocessing plants. The tasks will undoubtedly be facilitated by

expanded use of automation and robotnics and convenient design features.

By 1990 the number of power reactors for peaceful purposes in the world may
be around 500 with a total generating capacity of 370 GW. Of the 500 the
nuclear weapon countries (USA, USSR, UK, France and China) may operate some 300

reactors generating 230 GW for the civilian purposes.
The around 200 nuclesr power reactors likely to be operating in 1990 in

non-nuclear weapon states would have an electric power of about 140 GW and

will, if we assume & load factor of 80%, produce 40 tons of plutonium per
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year. In nuclear weapon states power reactors will produce 60 tons of

plutonium per year.

Nearly all of the non-nuclear weapon states have sigﬁed the NPT of 1970
undertaking not to manufacture or otherwise acquire nuclear weapons or other
nuclear explosive devices. It is up to the IAEA to exercise safeguards in
non-nuclear-weapon states party to the treaty for the exclusive purpose of
verification of the fulfilment of their obligations under the treaty with a
view to preventing diversion of nuclear energy from peaceful uses to nuclear
weapons or other nuclear explosive devices. Host nuclear weapon states have
voluntarily sccepted safeguards on part of their activities in peaceful uses of

atomic energy.

It is obvious that the scope of the safeguards operation has grown very
much and will have to deal with large quantities of plutonium produced annually
in the nineties not to speak of the amount of plutonium accumulated since the

fifties.

We are all fully sware of the importance of this control, partly by
inspection which is part of the execution of the present gsafeguards
surveillence but I think that the size of the task when the current plutonium
production has grown and led to accumulation of the gquantities mentioned, will
require more emphasis to be given to the fundamental political undertsking
which both nuclear-weapon states and the non-nuclear-weapon states have

accepted and to which I shall return in a moment.

What are the future prospects for nuclear energy and what will be its role

in future society?.
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The 4.600 million people now living in the world and the 6.000 million
expected by the turn of the century need continually increasing conteibution
of energy if only for maintaining their present standard of living. A
fundamental condition for acceptance of more energy in déveloped countries is
of course that the ultimate users of this increased amount of energy understand
that this is for their good and not something which hag been invented merely to
give utility directors a more important role in society,- a comment I direct
towards certain environmental groups. Nuclear energy which could supply this
increased amount of energy is economic, certainly compared with prices of crude
0il a few months ago, it is friendly to the environment as compared with the
combustion gases from oil and coal-fired stations and the radiocactive waste can
be handled in a satisfactory way, especially if one compares the procedures to
be used with those which has been permissable for decades for the chemical

industry.

Much more than what is available to them now is needed in the developing
countries if their standerd of living is to be increased to approach what is

prevailing in industrialized countries.

In developed countries nuclear energy could be an slternative energy source
together with others such as hydro-power, power from fossil fuel where
appropriate and available, and solar power, a domain where the last invention
has certainly not been made. I personally do not think that nuclear energy is
the panacea for developing countries which it is often claimed to be . The
infrastructure, the powef grid, the finsncial situation and the necessary
political stability are often not available in developing countries which
pretend that they want to go nuclear. Provided that they are fully supported

by those developed countries which by expanding their nuclear power would
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lessen the pressure on oil and coal producers the developing countries would
often be well adviged to start their electrification programme and expand it by

using conventional energy sources,

Even if we were able through education and perseverence to convince the
public about the need to have an alternative energy source such as nuclear
energy: which, I repeat, is economically competitive, relisble, safe and
acceptable for the environment, another question would nevertheless remain as

to how to handle the plutonium which will be generated during the operation of

the resctors.

The management and eventual use of the plutonium generated is a gquestion of
fundamental importance for the further development and use of nuclear power.
The‘plutonium production in the late 1990s will be of the order of magnitude of
100 tons per year. The accumulated amount of plutonium in nuclear fuel, in the
non-nuclear weapon states alone, will in 1990 be a few hundred tonnes.
Plutonium quantities of this magnitude raise vitally important questions about
final disposal of used fuel - whether to store or reprocess. The problem of
separating plutonium and how separated plutonium can be made available

according to the customers’ wishes must also be answered.

If the fuel undergoes chemical treatment in & reprocessing facility the
safeguarding function becomes much more complicated, and the end product,
plutonium, represents & material which although not ideal nevertheless is not
far away from being a weapons material. A reprocessing plant requires large
investments and must serve a large number of reactors in order to be used
rationally. Sellafield and La Hague are a good example serving utilities in

several different countries.
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Another question is where the plutonium produced should be stored?. Is
the material at the free disposition for the supplier of the used fuel for
reprocessing?. These questions and many more have been under discussion by
committees in the IAEA since several years without finding a definite
solution. The regional concept I have mentioned earlier could be a solution
but up to now the interest has been very scarce, although one would think that
a regional facility in Western Europe would be ideal for fuel fabrication,
reprocessing, plutonium storage and final deposit of radwaste and in the sanme

way it is natural to think of a regional reprocessing centre in the Far East.

If so many difficulties are associated with reprocessing why doesnit one

skip that line and be satisfied with deposit of unreprocessed used fuel?.

The investment needed for a power breeder is so much higher than for a
thermal reactor of the same size that it cannot be compensated by for example a
doubling of the uranium price. But if the investment costs are brought down
and if the uranium wmarket is tight the breeder concept may become sttractive
again and create a market for the use of plutonium available. Mixed oxide fuel
for thermal reactors will also consume plutonium and contribute to make
reprocessing interesting from an economic point of view. As said before:
development of the breeder is a must if nuclear reactors are to use more than a

few percent of the energy contained in uranium.

I have a strong belief in man‘'s imaginative mind and I am an optimist
regarding the potential of nuclear power, first of all in the industriaslized
world. Our dilemma today has in other forms and circumstances been met by

previous generations.
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That is the reason why I hope that the work on reprocessing and I also
include enrichment both from a scientific and technical point of view will
continue, provided of course that the work is done under safeguards, even if
its economic importance isn't obvious at present, . May I guote what Chalrman
Dr. Arisawa said a couple of years ago: A glorious nuclear age will not open

to us until we carry the backend of our nuclear fuel cycle to success”™.

We have said a long time now that nuclear energy has come of age; a
conference was even arranged in 1976 with the motto that nuclear energy is
mature, and this 19th annual meeting of the Japan Atomic Industrial FPorum is
celebrating the fact that is is now 30 years since Japan launched the peaceful
uses of atomic energy development. I want to express my admiration and serious
congratulations on the achievements reached in Japan in almost every branch of
nuclear energy in these years. As an example of the beneficial international
activity of Japan Atomic Industriel Forum I want to mention its support for the

conference in Japan in 1988 on the Man-Machine Interface in the Nuclesr Industry

It is appropriste to repeat here the most important issus in front of us in

this field now.

I refer once again to the production of plutonium in the reactors for
peaceful uses of nuclear energy. The policy initiasted in the end of the
seventies and followed since then has put a 1id on a number of activities in
which parties to the NPT were interested following their, as it is written in
the treaty‘'s Article IV, “inalienable right of the Parties to the Treaty to

develop research, production and use of nuclear energy for pesceful purposes

without discrimination®™.
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The activities of most immediate concern are enrichment, reprocessing and
preeding, and I would like to say a few words about the two last items,
reprocessing and breeding. Enrichment is, I have mentioned, taken care of by s

number of fullscale plants in addition to pilot projects.

If the used nuclesr fuel is disposed of in a final deposit, the use of
nuclear energy as an alternative energy source will only represent a
paranthesis, the length of which depends upon the prices of uranium from the
reasonably assured and estimated additional resources but which will probably

not extend over the end of next century.

If the plutonium is extracted from the used fuel by reprocessing, the
material can be used for thermal reactor fuel in mixed oxide fuel whereby also
higher actinides could be burnt. Another possibility is to use plutonium in
breeding reactors. Only limited practical experience is available so far with
moxfuel and still less with breeders. The economics of reprocessing and the
use of recovered uranium and plutonium and the competitiveness of these
materials with natural uranium is not precisely known at present. With this in
mind an intensive programme should start to seriously assess the possibilities

of an expanded use of plutonium.

Such a programme would fit well with the reduction of the number of nuclear
weapons which is now under discussion. Already a reduction of the number with
a factor of 2 would mean that weapons grade plutonium in the guantites of

hundreds of tons would be available -~ for what use?

Under these circumstances & programme examining the introduction of
plutonium in the energy production would become & very important, even

indispensible link in nuclear disarmament efforts.
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ANNUAL STATUS, 1961 TO

Under Shut

construction In operation down

Year No. MW

1951 1 5
1055 11
1960 35
1965 41
1970 133
1980 242 255 135035 14 2295
1985 156 140492 374 249720 25 3305

Source IAEA Power Reactor Information System, 1986-034
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WON-PROTOTYPE LIGHT WATER REACTORS,
COUNTRY CONSTRUCTION TIMES

Year of grid connection

Before 1979 1979 to 1985 After 1985
Mo. No. No.

Country of Average of Average of Average
name units MW  months units MW months units MW months
Canada 9 587 &9 7 632 86 7 804 92
Germany, FR 11 735 56 7 1203 97 4 1262 103
France S 774 66 29 924 64 18 1243 79
Japan 19 690 49 10 834 51 8 909 62
USA 66 752 68 19 1061 125 26 1125 143

World 151 648 62 113 851 88 119 950 100
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Construction Time (months)
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Construction Time (months)
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Unplanned
Full Qutages

Qutage Cause Time Lost Time Lost
(%) (%)
Equipment Failure 70
Operation Error 2
Remeiiiﬁg 67 3
(Including Maintenance)
Maintenance & Repair 30 15
Testing of Plant
Systems Components 1 1
Regulatory Limitation 2 5
Other Causes 0.3 5
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Number of Reactors

Numb

er of Reactors Connected to the Grid
1954 1o 1990

520 520
500 - 500
4B0 -1 - 480
460 - 460
440 - - 440
420 - 420
400 - 400
380 - 380
360 - - 360
340 - 340
320 - 320
300 - 300
280 - - 280
260 - -+ 260
240 240
220 220
200 - -200
180~ -180
160 - -160
140 -1 - 140
120 - - 120
100 - - 100
80 - 80
60 60
40 - 40
20~ - 20
0 0

] - " ) sns {
1955 1960 1965 1970 1975 1980 1985 1990
Year

Installed Capacity GW(e)



THE FRENCH NUCLEAR INDUSTRY : ACHIEVEMENTS AND PROSPECTS

Gérard Renon
Administrateur Général
Commissariat a I'Energie Atomique
France

LADIES AND GENTLEMEN,
IMPLEMENTED WITH CONTINUITY SINCE THE FIRST "OIL CRISIS", FRANCE'S

EFNERGY POLICY HAS THREE MAIN OBJECTIVES

~ REDUCE ENERGY IMPORTS AND THEREBY IMPROVE BOTH BALANCE OF
PAYMENTS AND SECURITY OF ENERGY SUPPLY,

- DIVERSIFY THE COUNTRY'S ENERGY SOURCES

- CONSERVE AND MAKE MORE RATIONAL USE OF ENERGY.

TO ACHIEVE THESE GOALS, FRANCE LAUNCHLED A LARGE NUCLEAR POWER
PROGRAM. TODAY, WE HAVE, BLHIND THE UNITED STATES, THE WORLD'S
SECOND LARGEST NUCLEAR POWER CAPACITY, WH]CH MET IN 1985 25%% OF
OQUR PRIMARY ENERGY REQUIREMENTS WITH LOW-COST, RELIABLE AND AVAI-
LABLE ELECTRICITY. WE ALSO HAVE AN INDUSTRY COVERING ALL AREAS OF
NUCLEAR POWER AND THE ASSOCIATED FUEL CYCLE.

[-2-1



THE FRENCH NUCLEAR POWER COMMUNITY BREAKS ROUGHLY INTO THREE
MAJOR CENTERS OF COMPETENCE -

- THE NATIONAL ELECTRIC POWER UTILITY, ELECTRICITE DE FRANCE
OR EDF, IS THE OWNER, ARCHITECT-ENGINEER AND OPERATOR OF NUCLEAR
PLANTS IN FRANCE. IT 15 THE LEADING UTHLATY IN MARKET-ECONOMY COUN-
TRIES IN TERMS OF BOTH INSTALLED NUCLEAR CAPACITY AND OQUTPUT,

- NUCLEAR TECHNOLOGIES ARE DEVELOPED WITHIN THE FRENCH ATOQ.
MIC ENERCGY COMMISSION OR CEA AND ITS SUBSIDIARIES. THE CEA PERFORMS
WIDE-RANGING RESEARCH AND DEVELOPMENT, WORKING HAND-IN-HAND WITH
EDF AND INDUSTRIAL COMPANIES. IT ALSO SUPPLIES TECHNICAL ADVICE AND
ASSIBTANCE TO GOVERN AGENCIES IN CHARGE OF SAFETY,

- INDUSTRIAL COMPANIES MANUFACTURE AND SUPPLY COMPLETE REAC-
TORS AND NUCLEAR STEAM SUPPLY SYSTEMS PLUS CONVENTIONAL EQUIP-
MENT SUCH AS TURBOGENERATORS, OR TAKLE CARE OF FUEL CYCLE ACTI-
VITIES., THE lNDUSTRY CONSISTS MAINLY OF THREE LARGE COMPANIES, NU-
CLEAR ISLANDS ARE DESIGNED AND SUPPU‘ED BY FRAMATOME, A SUBSIDIARY
OF THE COMPAGNIE GENERALE D'ELECTRICITE (OR CGE) AND THE CEA.
TURBOGENERATORS AND OTHER CONVENTIONAL CQUIPMENT ARE PRODUCED
BY ALSTHOM, ALSO A MEMBER OF THE CGE GROUP. AND THE FUEL CYCLE 1§
THE BUSINLESS OF COGEMA, A TULLY-OWKNED SUBSIMARY OF THE CEA.

PSHALL NOW PRESENT IN MORE DETAIL THE FRENCH NUCLEAR INDUSTRY
AND TS ACHIEVEMENTS DISCUSSING SUCCESIVELY, POWER PLANT EQUIPMENT,
THE NUCLEAR FUEL CYCLE, NUCLEAR SERVICES AND MAINTENANCE, FAST
BREEDER REACTORS AND NUCLEAR GENERATED ELECTRICITY.



b= ACHIEVEMENTS
.l PWR POWER PLANT EQUIPMENT

CONCERNING POWER PLANTS EQUIPMENT,FRAMATOME COMMISSIONED BETWE-
EN 1970 AND 1985, 39 PWR NUCLEAR UNITS IN FRANCE WITH A TOTAL
CAPACITY OF 36 GWe, AND EXPECTS TO COMPLETE 14 MORE UNITS IN THE
NEXT FOUR YEARS FOR AN ADDITIONAL 16 GWe. IT SHOULD BE NOTED THAT
PWR's REPRESENT, WORLDWIDE, R(’C)UGHLY 60% OF THE INSTALLED NUCLEAR
CAPACITY.

FRAMATOME [% THE WORLMS SECOND LARGEST SUPPLIER OF NUCLEAR
ISLANDS BEHIND WESTINGHOUSE. THIS POSITION HAS BEEN ACHIEVED
THROUGH SUCCESSFULLY FACING THE CHALLENGE OF A LARGE HOME MAR-
KET, THROUGH EXPORT VICTORIES AND THROUGH DEVELOPMENT OF AN
INDEPENDENT REACTOR SYSTEM AND TECHNOLOGIES.

TECHNOLOGICAL INDEPENDENCE WAS THE FRUIT OF SEVERAL YEARS OF
EFFORTS, LEADING IN 1981 TO RENEGOCIATION OF THE ORIGINAL LICENCING
AGREEMENTS BETWEEN FRAMATOME AND WESTINGHOUSE, THE U.S. FIRM RE-
COGNIZING THE EXISTENCE OF AN ALL-FRENCH PRESSURIZED WATER REAC-
TOR SYSTEM. IN 1984, EDF AWARDED FRAMATOME A CONTRACT FOR A
NUCLEAR ISLAND WITH A RECORD THERMAL OUTPUT OF 4,270 MWth, EQUIVA-
LENT TO AN ELECTRICAL CAPACITY QF 1,450 MWe, BASED ON THLE TOTALLY
PRINCH N4 DESIGN.



THE TURBOGENERATORS AND OTHER SO-CALLED CONVENTIONAL EQUIPMENT
ARE DESIGNED AND PRODUCED BY ALSTHOM. THIS COMPANY HAS RECENTLY
DEVELOPED THE ADVANCED 1,500 MWE ARABELLE TURBINE, AGAIN OF PuU-
RELY FRENCH DESIGN, FOR USE WITH THE NEW N4 DESIGN .ARABELLE IS5 ONE
OF THE MOST POWERFUL TURBINES IN THE WORLD. COMPARED WITH THE
1,300 Mwe TURBINES OF THE MOST RECENTLY COMPLETED NUCLEAR PLANTS,
IT 15 BOTH 15% LIGHTER AND 10% MORLE COMPACT, WITH AN IMPRQOVED
EFFICIENCIENCY.

A FAR AS EXPORTS ARE CONCERNED, FRAMATOME HAS WON SINCE {976
CONTRACTS FOR 6 REACTORS, NOT MENTIONING ITS INTERRUPTED CONTRACT
INCIRAN. THIS MAKES [T THE WORLD'S MOST SUCCESSFUL NUCLEAR REACTOR
EXPORTER, IN FRONT OF BOTH WESTINGHOUSE AND KWU. ITS LEADERSHIP
HAS RECENTLY BEEN CONFIRMED BY THE SIGNATURE OF A LETTER OF
INTENT FOR AN ORDER FROM CHINA CONCERNING TWO NUCLEAR STEAM
SUPPLY SYSTEMS FOR THE DAYA BAY PLANT, WITH AN ASSOCIATED ORDER
TO EDF FOR PLANT ENGINEERING WORK. THIS IS THE FIRST EXPORT CON-
TRACT AWARDED TO ANY POWER REACTOR VENDOR SINCE THE CONTRACTS
IN 1980 FOR THE NINTH AND TENTH UNITSH IN 50OUTH KOREA, ALSO WON BY
FRAMATOME, IN ASSOCIATION WITH ALSTHOM.

TECHNICATOME ANOTHER NUCLEAR ENGINEERING AND MANUFACTURING -
COMPANY, ALSO. A MEMBER OF THE CEA GROUP, DUESIGNS AND SUPPLIES
SMALLER POWER REACTORS. IT ALSO BUILDS NUCLEAR REACTORS FOR
NAVAL PROPULSION AND HA5 A LONG CEXPERIENCE IN SUPPLYING RESEARCH
AND TEST REACTORS, OR EVEN COMPLETE NUCLEAR RESEARCH CENTERS.



1.2, THE FUEL CYCLE

FRANCE'S LARGE NUCLEAR POWER PROGRAM OF 55 UNITS IN OPERATION OR
CNDER CONSTRUCTION NECESSITATED THE BUILD UP OF A COMPLETE FUEL
CYCLE INDUSTRY COVERING ALL AREAS OF ACTIVITY, INCLUDING URANIUM
MINING  AND CONVERSION, ENRICHMENT, FUEL FABRICATION, SPENT FUEL
REPROCESSING AND RADIOACTIVE WASTE MANAGEMENT.

THIS MASTERY OF ALL OPERATIONS WHICH, TO A LARGE EXTENT, PROTECTS
OUR FUEL PROCUREMENTS AGAINST WORLD MARKET OR POLITICAL DEVELOP-
MENTS HAS BEEN ACHIEVED LARGELY THROUGH COGEMA, THE WORLD'S
ONLY INDUSTRIAL COMPANY ACTIVE IN CVERY AREA OF THE FUEL CYCLE.

COGEMA, A FULLY-OWNED SUBSIDIARY OF THE CEA, IS A COMPANY OF INTER-
NATIONAL IMPORTANCE, SOME 40% QF ITS TOTAL SALES ARE GENERATED IN
FOREIGN MARKETS AND IN 1985 IT WAS FRANCE'S TOP EXPORTER TO JAPAN,
THIS COUNTRY ITSELF BEING COGEMA'S LARGEST FOREIGN CUSTOMER,

IN NATURAL URANIUM EXPLORATION AND MINING , COGEMA IS THE WORLD'S
BIGGEST OPERATOR IN TERMS OFF PROSPECTING EXPENDITURES AND CONTROL-
LED MINING CAPACITY. OF ITS MANY SUCCESSES, PERHAPS THE MOST RESCOUN-
DING IS THE 1985 DISCOVERY IN CANADA OF THE EXCEPTIONAL CIGAR LAKE
DEPOSIT WITH TS 120,000 METRIC TONS OF URANIUM IN VERY HIGH-GRADED
ORE CONTAINING AN AVERAGE 10% URANIUM METAL.

N ORE MILLING, OUR 1985 PRODUCTION EXCEEDED 7,600 TONNES OF URA-
NIUM IN YELLOW CAKE. IN _URANIUM CONVERSION, THE COMHUREX COM-
FANY, A SUBSIDIARY OF PECHINEY AND COGEMA, OPERATES FACILITIES ABLL
TO CONVERT 13,000 METRIC TONS OF URANIUM TO URANIUM HEXAFLUORIDE
EACH YEAR. THIS 1S ONLE-QUARTER OF TOTAL WORLD CAPACITY.




fn  URANIUM ENRICHMENT, FRANCE OWNS 349 OF THE MARKET-LCONOMY
COUNTRIES' TOTAL CAPACITY FOR CIVILIAN APPLICATIONS. IT IS THE SECOND
LARGEST ENRICHMENT OPERATOR,; SUPPLYING ENRICHMENT SERVICES FOR
ONE OUT OF THREE REACTORS IN THE WORLD. THE EURODIF COMPANY,
WHICH 15 519% OWNED BY COGEMA, HAS AN ANNUAL  CAPACITY OF 104
MILLIONS SEPARATIVE WORK UNITS OR 5WU's, ‘

IN FUEL FABRICATION , COGEMA AND FRAMATOME ARE PARTNERS IN THE
WORLD'S LEADING INDUSTRIAL COMPLEX. DURING 1984, THE ROMANS PLANT
OWNED BY FRANCO-BELGE de FABRICATION DE COMBUSTIBLE OR FBFC, A
CONSORTIUM FORMED BY COGEMA, FRAMATOME AND PECHINEY, PRODUCED
ITS TEN-THOUSANDTH 17x17 STANDARID FUEL ASSEMBLY FOR PRESSURIZED
WATER REACTORS.

DURING 1985, EDF DECIDED TO PARTLY FUEL ITs PWR PLANTS IN FRANCE
WITH URANIUM AND PLUTONIUM MIXED OXIDE FUELS, COGEMA AND BELGO-
NUCLEAIRE HAVE THEREFORE AGREED TO JOINTLY MANUFACTURE AND SELL
THE CORRESPONDING MOX FUEL. AS AN INITIAL S5TCEP, A PILOT MOX FUEL
FABRICATION WORKSHOP 15 UNDER CONSTRUCTION BY COGEMA AND THE
CEA AT CADARACHE TO SUPPLY THE FIRST FUEL LOADS, ALONGSIDE A SIMI-
LAR UNIT OPERATED BY BELGONUCLEAIRE AT DESSEL IN BELGIUM.

MOREOVER, TO MEET EDF'S DESIRE TO EXTEND THE INTERVAL BETWEEN PWR
REFUELING OUTAGES, IN ORDER TO INCREASE THE AVAILIBILITY FACTOR, THE
FRAGEMA COMPANY, A JOINT SUBSIDMARY OF FRAMATOME AND COGEMA, HAS
NDEVELOPED THE ALL-FRENCH ADVANCED FUEL ASSEMBLY OR AFA FROM THEC
EARLIER 17x17 STANDARD ASSEMBLY.

IN REPROCESSING, FRANCE LIKE OTHER COUNTRIES SUCH AS JAPAN, THE
FEDERAL REPUBLIC OF GERMANY AND THE UNITED KINGDOM HAS OPTED FOR
SPENT FUEL REPROCESSING FOR MORE EFFICIENT AND SAFER MANAGEMENT
OF RADIOATIVE WASTE PRODUCTS AND FOR IMPROVED UTILIZATION OF THE
ENERGY IN NUCLEAR MATERIALS. THE UP-2-400 REPROCESSING PLANT AT LA
HAGUE HAS SINCE 1976 PROCESSED MORE THAN 1,600 METRIC TONS OF SPENT



CUEL FROM LIGHT WATER REACTORS. IN 19%5, THIS PLANT'S THROUGHPUT OF
418 METRIC TONS EVEN EXCEEDED ITS NOMINAL CAPACITY. THESE OUTSTAN-
DING RESULTS ARE CLEAR PROOF OF THE INDUSTRIAL EXPLRTISE ACQUIRED
bY COGEMA AND THE CEA. THE LA HAGUE PLANT'S CONFIRMED TROUBLE--
FREE OPERATION ALLOWS US TO CONFIDENTLY CLAIM THAT REPROCESSING
COSTS ARE NOW UNDER CONTROL.

30 NUCLEAR SERVICES AND MAINTENANCE

THE FRENCH NUCLEAR INDUSTRY ALSO SPANS THE ENTIRE FICLD OF NUCLE-
AR SERVICES AND MAINTENANCE WHOSE MARKET, IT MUST BE STRESSED, 15
OF THE 5AME kORDER OF MAGNITUDE THAN THE FUEL CYCLE MARKET. THIS
MARKET INCREASES STEADILY WITH THE NUMBER OF PLANTS COMING INTO
OPERATION AND COULD FURTHER EXPAND SIGNIFICANTLY THROUGH EXTEN-
SION OF THEIR LIFE-TIME. THE FRENCH COMPANIES INVOLVED IN THIS AREA
ARE

- FRAMATOME AND TECHNICATOME WHICH HAVE SPECIALIZED DEPARTMENTS
FOR NUCLEAR MAINTENANCE AND RENOVATION, FOR SPECIAL WORK 1IN
NUCLEAR ENVIRONMENTS AND FOR REACTOR DECOMMISSIONING OR DISMAN-
TLING,

- THE SAME TWO COMPANIES PLUS INTERCONTROLE HAVE SUBSTANTIAL KNOW-
HOW, RESOURCES AND EXPERIENCE IN NON DESTRUCTIVE TESTING,

- RADIOACTIVE WASTE PROCESSING AND PACKAKING 1S A LONG-STANDING
AREA OF BUSINESS FOR TECHNICATOME AND FOR SGN, A SUBSIDIARY OF
COGEMA,

- AND THE STM!I COMPANY 1S SPECIALIZED IN WORK UNDER RADIATION
NECONTAMINATION, AND WASTE PROCESSING AND STORAGE.



THE OBVIOUS BENEFITS FROM BUILDING SERIES OF STANDARDIZED PWR UNITS
IN FRANCE HAVE BEEN MATCHED BY EQUAL BENEFITS WHEN DEVELOPING
TOOLS AND TECHNIQUES FOR REACTOR MAINTENANCE. EXAMPLES INCLUDE
SHOTPEENING AND ROTOPEENING FOR STEAM GENERATOR TUBES, AND WA.
TER-LANCING FOR CLEANING THEIR TUBESHEETH., IN CONCRETE TERMS, WE
HAVE BEEN ABLE TO REDUCE WORKING TIMES AND DOSES IN RADIATION
AREAS FOR MAINTENANCE STAFF, AND ALSO AUTOMATE MANY MAINTENANCE
ANTY INSPECTION TASKS.

L, FAST BREEDER REACTORS

CONSISTENT WITH ITS LONG TERM POLICY QI INCREASING THE COUNTRY'S
ENERGY IN[‘)EPEN{“‘)ENCE, FRANCE HAS ALSO STEADILY PURSUED COHERENT
EFFORTS TQ DLVELOPR FAST BREEDER REACTORS. COMING AFTER THE RAP-
SODIE 40 MWTH MATERIAL TESTING YREA(;,TTDR, AND THE PHENIX 250 Mwe
DEMONSTRATION PLANT, THAT OPERATED RESPECTIVELY FOR 15 AND 13
YEARS, THE 1,200 MWe SUPERPHENIX UNIT, THE WORLDS LARGEST FBR
POWER PLANT, WAS CONNECTED TQ THE FRENCH NATIONAL POWER GRID IN
EARLY [986. IT'S NOW UNDERGOING POWER ASCENSION TESTING, BUILT ON A
MULTINATIONAL CUROPEAN BASIS, NOTABLY 8Y THE FRENCH COMPANY NOVA-
TOME, A SUBSIDIARY OF FRAMATOME, AND BY THE ITALIAN COMPANY NIRA,
SUPERPHENIX 15 A MAJOR MILESTONE ON THE PATH TO DEVELOPMENT OF
FULLY-COMPETITIVE FBR PLANTS.

THE STRATEGIC IMPORTANCE OF FBRS HAS LEDN 'RANCE TO PROMOTE CONTI-
NUED DEVELOPMENT WITHIN A PRAMEWORK OF MULTINATIONAL EURQPEAN
COOPERATION, ALSO OPEN TO OTHER INTERESTED COUNTRIES, DISCUSSIONS
ARE UNDERWAY ON THE CONSTRUCTION OF THE NEXT FBR POWER PLANT
AND ON A REPROCESSING PLANT FOR SPENT BREEDER FUEL.
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Loy NUCLEAR GENERATED ELECTRICITY

THE HIGH AVAILABILITY OF OUR NUCLEAR POWER PLANTS AND THE LOW
COST OF PRODUCED ELECTRICITY ARE ALSO PROOFS OF SUCCESS FOR THE
PRENCH NUCLEAR INDUSTRY.

By THE END OF 1985, THE ON-LINE POWER PLANTS IN FRANCE, WITH A
COMBINED CAPACITY OF 40 GWe, OPERATED AT AN AVERAGE AVAILABILITY
FACTOR OF 81%. THIY EXCELLENT FIGURE IS DUE TO MAXIMUM S5TANDA-
DIZATION OF PLANT DESIGN, CLOSE MONITORING OF PLANT OPERATION AND
EFFICIENT FEEDBACK OF OPERATING EXPERIENCE. DEVELOPMENT OF THE RE-
ACTOR ADVANCED MANEUVERABILITY PACKAGE OR RAMP FOR PWR PLANT
UNITS HAS ALLOWED THEM TO BE MANAGED WiTH GREATER FLEXIBILITY
THAN FOSSIL-FUELED POWER PLANTS. IT HAS ALSO HELPED INCREASE THE
SHARE OF NUCLEAR POWER IN TOTAL FRENCH ELECTRICIY PRODUCTION TO
65%, A FIGURE SIGNIFICANTLY HIGHER THAN INITIALLY PLANNED,

THE ELECTRICITY PRODUCED BY OUR NUCLEAR POWER PLANTS I8 ONE OF
THE CHEAPEST IN THE WORLD. IN FACT, NUCLEAR-GENERATED BASE-LOAD
LLECTRICITY 15, IN FRANCE, 30% CHEAPER THAN CELECTRICITY FROM COAL
FIRED PLANTS.THIS /\CH!EVEMENT [5 DUE LARGELY TO THE EFFICIENCY OF
THE FRENCH NUCLEAR INDUSTRY AND THE COST-REDUCING IMPACT OF
BUILDING SERIES OF ST,"\NDAR.DIZED PLANT UNITS WITH SHORT CONSTRUC-
TION TIMES,

QUR NUCLEAR POWER PROGRAM HAS ALSQ HADR GROWING BENEFITS IN
TERMS OF FRANCE'S BALANCE OF TRADE. IN [985, IT REDUCED ENERGY
IMPORTS BY ABOUT 30 MTEP AND ENABLED US TO SELL TO NEIGHBORING-
COUNTRIES,MORE THAN 20 Twh WHICH HAID A POSITIVE IMPACT OF ABOUT 4,5
BILLION FF ON THE TRADE BALANCE.
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I - PROSPECTS

HAVING PRESENTED SOME OF THE MAIN ACHIEVEMENTS OF THE FRENCH
NUCLEAR INDUSTRY, I SHALL NOW LOOK AT FUTURE PRQOSPECTS.

IT SHOULD FIRST BE REMEMBERED THAT ANY NUCLEAR POWER PROGRAM
GOES THROUGH THREE PHASES @

- INO THE FIRST PHASE, 1T AIMS AT REDUCING OR ELIMINATING TH}
CONTRIBUTION OF IMPORTED OIL IN ELECTRICITY PRODUCTION WHILE ALSO
SATISFYING GROWING ELECTRICITY DEMAND,

= N THE SECOND PHASE, 1T 1S GEARED TO MEETING EXCLUSIVELY THE
CONTINUING GROWTH IN ELECTRICITY DEMAND,

- LATER, IT MUST NOT ONLY SATISFY GROWING DEMAND BUT ALSO
REPLACE ANY EXISTING PLANTS NEARING END-OF-LIFE AND DECOMMISSIO-
NING. '

2.1. WORLD MARKET
IF WE NOW LOOK AT THE WIDER WORLD SCENE, WE SEE THAT THE CONTRIBU-

TION OF NUCLEAR POWER TO OVERALL ELECTRICITY PRODUCTION IS INCREA-
SING ACROSS THE PLANET AS ADDITIONAL NUCLEAR PLANTS COME ON LINE.
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CONSTRUCTION OF THESE PLANTS WAS DECIDED SEVERAL YEARS BACK AND
MORE RECENTLY NEW PLANT ORDERS HAVE BEEN FEW AND FAR BETWEEN.
THIS 1S A DIRECT CONSEQUENCE OF THE CUTBACK IN EXISTING NUCLEAR
PROGRAMS IN MANY INDUSTRIALIZED NATIONS, ITSELF TIED TO THE SLOWER--
THAN ANTICIPATED GROWTH IN ELECTRICITY DEMAND, BELGIUM, THE FEDE-
RAL REPUBLIC OF GERMANY, FRANCE, AND JAPAN, FOR EXAMPLE, ALL NOW
EXPECT THEIR INSTALLED NUCLEAR CAPACTIES TO GROW MORE SLOWLY
THAN ORIGINALLY FORECAST. IN THE UNITED STATES, FOR REASONS SPECIFIC
TO THAT COUNTRY, NO NEW NUCLEAR PLANTS HAVE BEEN ORDERED FOK
SEVERAL YEARS. ON THE OTHER HAND, COUNTRIES SUCH A5 HOLLAND, ITALY
AND THE UNITED KINGDOM ARE SERIOQUSLY CONSIDERING A RENEWAL IN
NUCLEAR PLANT CONSTRUCTION IN THE SHORT TERM, ESSENTIALLY FOR
BALANUCE OF PAYMENTS OR OTHER ECONOMIC REASONS.

THE MARKETS FOR NUCLEAR SERVICES AND FOR FUEL PRESENT A VERY
DIFFERENT PICTURE BECAUSE CLOSELY TIED TO THE NUMBER OF EXISTING
POWER PLANTS, INDEED, THEY ARE VERY MUCH GROWTH MARKETS. INTERNA-
TIONAL ORGANIZATIONS LIKE THE TAEA AND OECD FORECAST A TOTAL
INSTALLED NUCLEAR POWER CAPACITY OF 340 GWe IN THE MARKET-ECO-
NOMY COUNTRIES BY 1995, A CAPACITY ABQUT 350% HIGHER THAN TODAY'S
FIGURE. NUCLEAR SERVICES, INVOLVE INCREASINGLY COMPLEX TECHNIQULS
AND EQUIPMENT. THE HANDFUL OF REACTOR AND N&SS VENDORS WILL PLAY
A LEAMING ROLE BECAUSE THEY POSSESS THE NECESSARY KNOW -HOW AND
ENGINCERING RESOURCES. THIS WILL PARTLY OFFSET THEIR BUSINESS SHOR-
TFALL DUE TO THE SLOWDOWN IN ORDERS FOR NEW PLANTS,

FINALLY, THE RECENT DROP IN OIL PRICES DOES NOT OBVIATE THE VERY
REAL DANGER OF OIL DEMAND AGAIN QUTSTRIPPING SUPPLY WITH AN IMME-
DIATE EFFECT ON PRICES., MANY EXPERTS AGREE THAT THIS WILL OCCUR
TOWARDS 1995 JIT IS THUS ESSENTIAL THAT WL THEN STILL POSSESS THE
INDUSTRIAL RESOURCES TO SATISEY THE INEVITABLE UPSURGE IN NUCLEAR
PLANT CONSTRUCTION.
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2.2, THE FRENCH NUCLEAR POWER PROCRAM

THf PRENCH NUCLEAR POWER PROGRAM WAS LAUNCHLED IN 1974 DURING A
PERIOD OF FAST ECONOMIC GROWTH. THE SUBSEQUENT ECONOMIC CRISIS
AND SLOWDOWN HAVE SINCE, HQWEVE‘R, LED Ub TO REVISE OUR FORECASTS,
THE SUBSTITUTION OF NUCLEAR ENERGY FOR FUEL-QIL IN PRODUCTION OF
ELECTRICITY 1S NOW MCECARING COMPLETION, GROWTH IN CLECTRICITY PRO-
DUCTION WILL BE FOR END-USE CONSUMPTION IN TRADITIONAL INDUSTRIAL
AREAS WHERE ELECTRICITY 5 IN DIRECT COMPETITION WITH OIL AND ALSO
IN NEW DEVELOPPING AREAS,

AS FAR AS THE EXPORTS OF ELECTRICITY ARE CONCERNED, EDF WILL BE
ABLE TO SUPPLY ITS EUROPEAN PARTNERS WITH 30 TO 50 TWh ANNUALLY IN
THE 1990s. THESE EXPORTS TAKE INTO ACCOUNT TECHNICAL CONSTRAINTS
SUCH AN THE LIMITED CAPACITIES OF INTERCONNECTIONS BETWEEN
NATIONAL GRIDS.

CURRENT SCENARIOS SUGGEST A RISE IN FRENCH ELECTRICITY CONSUMPTION
FROM 280 TWH IN 1986 TO 400 - 445 TWH IN 1995, COMPARISON BETWEEN SUCH
FIGURES AND ACTUAL ELECTRICITY GENERATING CAPACITIES FOR THE COR-
RESPONDING PERIODS INDICATES THAT, ON AVERAGE CONSTRUCTION OF | OR
2 ADDITIONAL NUCLEAR PLANT UNITS SHOULD BE DECIDED IN FRANCE IN
EACH OF THE NEXT 15 YEARS.

CONCERNING THE INFLUENCE OF OIL PRICES ON THE COMPETITIVENESS OF
NUCLEAR POWER IM FRANCE, A DISTHNCTION MUST BE MADE BETWEEN SHORT
TERM AND LONG TERM COMPETITIVENESS,

M ONE COMPARES THE QPERATING COST OF AN EXISTING OIL FIRED PLANT
AND AN EXISTING PWR NUCLEAR PLANT OF EQUAL CAPACITY, THE PRICE QF
OIL W OLLDY HAVE TO DROP TO AROUT 6 DOLLARS PER BARREL BEFORE THE
NUCLEAR GENERATED ELECTRICITY BECOMES THE MORE LXPLENSIVE.
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IN CONSIDERING CONSTRUCTION OF A NEW PLANT, THE PRICE OF OIL WOULD
HAVE TO DROP TO ABOUT 10 DOLLARS PER BARREL TO MAKE NUCLEAR
POWER UNCOMPETITIVE.

HOWEVER, ANY SUCH FIGURES ARE SIGNIFICANT ONLY IF REPRESENTATIVE OF
OIL MARKET TRENDS OVER A LONG PERIOD, T WOULD BE DANGEROUS TO
DECIDE AN INVESTMENT SPANNING A PERIOD OF PERHAPS [0 YEARS EXCLU-
SIVELY ON THE PRICE OF OIL AT ONE POINT OF TIMLE, KNOWING AS WE DO
THAT OIL PRICES ARE SUBJECT TO FAST AND SUBSTANTIAL FLUCTUATIONS,
AS A CONSEQUENCE, TODAY'S OIL PRICES DO NOT, FOR Us IN FRANCE,
FUNDAMENTALLY CHANGE THE CALCULATIONS FAVORING NUCLEAR ENERQGY
FOR ELECTRICITY PRODUCTION.
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Z2.3. FUEL CYCLE

SATISFACTORY., NONETHELESS, THIS 15 SUBJECT TO THE MARKET NOT BEING
DISTURBED BY POQLITICAL DEVELOPMENTS AND TRULY SECURE PROCURE-
MENT REQUIRES AN ADEQUATE DIVERSITY 1IN SOURCES OF URANIUM, TO
AVOID A SITUATION OF DEPENDENCE ON A VERY SMALL NUMBER OF SLIP-
PLIERY, PLUS ESTADLISHMENT OF LONG-TERM RELATIONS BETWEEN URANIUM
PRODUCERS AND THEIR CUSTOMERS. 1T MAY BE NOTED THAT BOTH FRANCE
AND JAPAN HAVE ORGANIZED THEIR URANIUM PROCUREMENT WITH THIS IN
MIND. TAKING A LONGER-TERM VIEW, CONCERN MUST BE EXPRESSED ABOUT
THE COLLAPRSE IN WORLDWIDE URANIUM EXPLORATION DUE TO THE DEPRES-
SED STATE OF THE MARKEL. UNLESS SELLING PRICES INCREASE ENOUGH TO
INDUCE MINING INDUSTRIES TO RESTART THEIR EXPLORATION PROGRAMS,
THIS SITUATION COULD LEAD TO FUTURE MARKET INSTABILITY.

CONCERNING ENRICHMENT, THE AVAILABLE TOTAL CAPACITY OF ABOUT 34
M. SWUs PER YEAR AT THE END OF 1985 WAS FAR GREATER THAN THE
ACTUAL DEMAND OF AROUND 25 M, S5WUs, AND EXISTING STOCKS OF ENRI-
CHED URANIUM ARE EQUIVALENT TO ABOUT TWO YEARS' CONSUMPTION,

THIS SITUATION LEADS TO INTENSE COMPETITION BETWLEEN VENDORX. OF
ENRICHMENT SERVICES., HOWEVER, THE (0.8 M. 5WUs PER YEAR EURODIF
PLANT 18 WELL PLACED BECAUSE IT BENEFITS FROM ECONOMIES OF 5CALE
AND NUCLEAR ELECTRICITY AT CONTROLLED COSTS. EURODIF |y THUS ABLE
TO SUPPLY ENRICHMENT SERVICES TO UTIHLITIES UNDER HIGHLY SATISFAC-
TORY CONDITIONS AND IS WELL POSITIONED IN THE MARKET UNTIL AT LEAST
THE END OF THE CENTURY. IN ADDITION THE FRENCH NUCLEAR INDUSTRY
WILL BE TOOLED TO IMPLEMENT NEW ENRICHMENT PROCESSES SUCH AN THE
SILVA LASER-BASED PROCESY DEVELOPED BY THE CEA FOR USE BEFORLE THE
END QF THL CENTURY.
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WORLDWIDE CAPACITIES IN SPENT FUEL REPROCESSING LAG BEHIND DEVE-
LOPMENTS IN THE REST OF THE FUEL CYCLE. A FACT THAT IS CLEAR ['ROM
A SIMPLE COMPARISON BETWEEN TODAY'S ACCUMULATED TOTAL OF OVER
26,000 METRIC TONS OF UNREPROCESSED SPENT FUEL AND THL AVAILABLE
OR PLANNED CAPACITIES OF REPROCESSING PLANTS.

HOWEVER, IT I8 ENCOURAGING THAT MAJOR INDUSTRIAL NATIONS SUCH Al
THE FEDERAL REPUBLIC OF GERMANY, FRANCE, JAPAN AND THE UNITED
KINGDOM ARE COMMITTED TO INDUMNTRIAL-SCALE REPROCESSING. IN
FRANCE, COGEMA IS INVESTING HEAVILY IN TWO LARGE PLANTS AT LA
MAGUE. THESE INVESTMENTS, FOR WHICH CONSTRUCTION WORK IS5 PROGRES-
SING ON SCHEDULE, ARE ¢

EXTENSION OF THE EXISTING UP2 REPROCESSING PLANT TO INCREASE ITS
THROUGHPUT TO 800 METRIC TONS PER YEAR. THIs PLANT WILL BE
EMPLOYED MAINLY FOR SPENT FUEL FROM FRENCH REACTORS,

CONSTRUCTION OF THE NEW UP3 REPROCESSING PLANT, ALSO WITH AN
ANNUAL CAPACITY OF 800 METRIC TONS, AVAILABLE TO FOREIGH
CUSTOMERS FROM 198% OR [990.

AT THE SAME TIME, AN IMPORTANT MILESTONE IN FBR FUEL REPROCESSING
Is THE CONSTRUCTION OF THE TOKR DEMONSTRATION PLANT WITH A
CAPACITY OF 5 METRIC TONS PER YEAR, NEARING COMPLETION AT
MARCOULE IN FRANCE,

LASTLY, EXTENSIVE STUDIES HAVE BEEN ENGAGED IN FRANCE ON REPROCES-
SING AND STORING RADIOACTIVE WASTES, ANDRA, A SPECIALIZED BRANCH
OF THE CEA, RESPONSIBLE FOR RADWASTE MANAGEMENT, HAS PROPOSED
NEW SURFACE STORAGE SITES FOR SHORT-LIVED WASTES, TO BE OPERA-
TIONAL TOWARDS 1990. ALSO, SINCE 1978, FRANCE HAS OPERATED AT
MARCOULE AN ORIGINAL PROCESyY FOR CONTINUQUS VITRIFICATION OF
HIGH-LEVEL WASTES. TODA'TE, NEARLY 500 METRIC TONS OF WASTE GLASSES
HAVE BEEN PRODUCED BY THIS PROCESS, WHICH HAS BOEN SELECTED FOR
THE LA HAGUE PLANT OF COGEMA AND THE THORP PLANT OF B.NLL.
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2.8, ADVANCED REACTOR

THE SUCCESS OF FRANCE'NUCLEAR POWER PROGRAM HAS NOT BLINDED US
TO THE NEED TO AVOID DEPENDLENCE ON IMPORTED URANIUM. THIS
EXPLAINS THE IMPORTANCE ATTACHED IN FRANCE TO FAST BREEDER REAC.
TORS, A5 WELL AS TO ADVANCED PWHRSs.

FRRs ARE FUELED EXCLUSIVELY FROM NATIONAL RESOURCES 3 THEY OPRTI-
MIZE USE OF NUCLEAR MATERIALS ¢ AND THEY PRODUCE ELECTRICITY AT
COSTS INSENSITIVE TO VARIATIONS IN URANIUM PRICES, THE STRENGTH OF
THE DOLLAR OR POLITICAL CHANGES IN FOREIGN COUNTRIES. FBR TECHNO-
LOGIES DEVELOPED BY CEA AND BROUGHT TO MATURITY BY COMPANIES
LIKE NOVATOME, AS DEMONSTRATED BY SUPERPHENIDX, WILL HAVE TO GO
THROUGH NEW DEVELOPMENT STAGES BEFORE THEY RESULT IN MAKING
FBR PLANTS COST-COMPETITIVE WITH PWR UNITS, AT A TIME THAT SHOULD
CORRESPOND ROUGHLY TO WHEN THE FIRST OF TODAY'S PWRs WILL
REQUIRE REPLACEMENT.

ON THE OTHER HAND, COMPLEMENTARY WORK IS UNDERWAY IN FRANCE ON
FURTHER IMPROVING THE PERFORMANCES OF CURRENT PWRs AND ON AD-
VANCED PRESSURIZED WATER REACTOR DESIGNS  WITH ADV/\NTAGES M
TERMS OF BOTH COSTS AND URANIUM UTILIZATION. CONSTRUCT!DN OF
THESE ADVANCED PWRs COULD BEGIN SOME TIME IN' THE 19905, AND R & D IS
BEING PURSUED WITH THIS IN MIND BY THE CEA, FRAMATOME AND QTHER
INDUSTRIAL COMPANIES.

CONCLUSION -

BEFORE CONCLUDING, LADIES AND GENTLEMEN, I WOULD LIKE TO MAKE A
FEW GENERAL REMARKS, NUCLEAR POWER 15 TODAY A PROVEN SUCCESS
FROM THE TECHNICAL, INDUSTRIAL AND ECONOMIC POINTS OF VIEW, IN
ROTH JAPAN AND FRANCE, NUCLEAR-GENERATED ELECTRICITY COVERS A
GROWING PROPORTION OF TOTAL ELECTRICITY CONSUMPTION UNDER CONDI-
TIONS OF SAFETY, OPERATIONAL FLEXIBILITY AND COST COMPETITIVENESS
THAT, ALREADY EXCELLENT, ARE BEING REGULARLY IMPROVED.
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IN THAT CONNECTION, | THINK IT I WORTHWHILE TO UNDERLINE THAT THE
VERY GOOD SAFETY RECORD O OUR NUCLEAR POWER PLANTS IS TO BE PUT
7O THE CREDIT OF OUR NATIONAL SAFETY POLICY AND IN PARTICULAR TO
THL EFFICIENT Q.A. STANDARDS ADOPTED BY OQUR INDUSTRY. THE EFFICIEN-
cYy OF THIS SAFETY APPROACH HAS PROVED SO CONCLUSIVE THAT IT [5 IN
THE PROCESS OF BEING APPLIED TO OTHER BRANCHES OF OUR NATIONAL
INDUSTRY.

QUR TWO COUNTRIES BOTH HAVE AN LFFICIENT INDUSTRY FOR NUCLEAR
POWER PLANT CONSTRUCTION AND FUEL CYCLLE OPERATIONS, MOREOVER,
THE CLOSE COOPERATION BETWEEN OUR TWO NATIOMNS HAS ALLOWED USsS TO
MUTUALLY BENEFIT FROM OQUR COMBINED OPERATING EXPERIEMNCE, AND
SURELY THE BEST CONFIRMATION OF ITS VALUE WOULD BE TO NOT ONLY
PURSUE THIS COOPERATION BUT ALSO EXTEND IT TO ADDITIONAL AREAS.

THE CONFIRMED SUCCESS OF NUCLEAR POWER ALONGSIDE THE RECENT
SPECTACULAR AND TEMPORARY DROP IN OIL PRICES UNFORTUNATELY EN-
COURAGES THE TEMPTATION TO FAVOR SHORT-TERM INTERESTS AND RELAX
EFFORTS TO CONTIMNUE REDUCING DEPENDENCE ON OIL. FAILURE TO RESIST
THIS TEMPTATION WOULD BE DANGEROUS FOR BOTH FRANCE AND JAPAN,
NEITHER OF WHICH HAS SUBSTANTIAL DOMESTIC OIL OR COAL RESOURCES.
IN THE MEDIUM OR LONG TERM, IT IS CERTAIN THAT THE PRESEN% REDUC-
TION IN OIL EXPLORATION WILL TRANSLATE INTO RENEWED TENSION AND
PRICE INCREASES IN THE QIL MARKET.

IN THE MEANTIME, EFFORTS ARE NECESSARY TO ADAPT OUR NUCLEAR
INDUSTRIES TO CURRENT OVERCAPACITIES, ESPECIALLY FOR PLANI
CONSTRUCTION. WE MUST PRESERVE OUR INDUSTRIAL CAPABILITIES IN READI-
NESS FOR THE FORESEEABLE REACCELERATION OF NUCLEAR PROGRAMS
BEFORE THE END OF THE -1990s.

WE MUST ALSO, RIGHT NOW, DEVELOP THE NEW TECHNOLOGIES THAT WILL
MAKE NUCLEAR ENERGY THE ENERGY OF THE TWENTY-FIRST CENTURY. THE
JAIF DECISION TO ORGANIZE THIS WEEK IN TOKYO AN INTERNATIONAL
SYMPOSIUM ON ENHANCING LWR TECHNOLOGIES 1S THUS MOST TIMELY.
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BOTH COMMITTED TO IMPROVED UTILIZATION OF URANIUM AND PLUTONIUM,
THE RAW MATERIALS OF THE NUCLEAR INDUSTRY, FRANCE AND JAPAN
HAVE DEVELOPED, OFTEN TOGETHER, SPENT FUEL REPROCESSING, ADVAN-
CED ENRICHMENT PROCESSES, ADVANCED PWRs AND FAST BREEDERS.
DEPLOYMENT OF THESE TECHNOLOGIES 15 CENTRAL TO ANY FORWARD-LOOK-
ING POLICY OF ENERQGY SOURCE DIVERSIFICATION IN WHICH NUCLEAR
POWER IS INTENDED TO CONTINUE PLAYING AN ESSENTIAL ROLE,

TO CONCLUDE WITH, LET ME TELL YOU THAT | AM CONFIDENT THAT BOTH
QUR WUCLEAR INDUSTRIES HMAVE THE NECESSARY COMMITTMENT AND
RESQURCES TO MEET THE PRESENT TECHMICAL AND ECONOMIC CHALLEMNGE,
WHICH DOURBRTLESS WILL EVENTUALLY TRANSLATE INTO SURBSTANTIAL BENE-
FITS 1 BECAUSE AS YOU SAY "AME FUTTE J1 KATAMALU".
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THE EUROPEAN BREEDER COOPERATION

F 1 D 68,85 % RWE
EDF ENEL SBK ——{ 14754, SVRATOM
/ : 1,65% CEGB
51% 313% 16%
N SPX-1200 MWe

- FINANCING (CREYS MALVILLE)

- PERSONNEL

- ORDERS

- QPERATION

- ELECTRICITY SNR 2/1500 MWe

A YN
16% 33% 51%
yd ! N
EDF ENEL SBK \
2/3 2/3 273 (SPX + SNR 2)

[-2-24



10 JANUARY 1984; EUROPEAN AGREEMENT OF COOPERATION ON
FAST NEUTRON REACTORS (FBR)

COUNTRIES: FRANCE,BELGIUM, WESTERN GERMANY,
GREAT BRITAIN,ITALY

INVOLVES: OPTIMIZING OF R & D
AGREEMENT for DESIGN/CONSTRUCTION
OF FUTURE FAST BRECDERS
COMPLETE EXCHANGE OF INFORMATION
PROMOTION OF INDUSTRIAL COOPERATION

PROMOTION OF COLLABORATION BETWEEN
ELECTRICITY UTILITIES

PUBLIC BELATIONS
ALSO INCLUDES THE FUEL CYCLE

Advantage of extending this cooperntion to the Unlted States and Japan
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I thank you for the invitation to speak at this conference, I have been
asked by the organizers to review the world situation and prospects for
nuclear energy from the perspective of supply of the "front end" of tne

nuclear fuel cycle.

First, and with regard to the world situation and prospects for nuclear
power, I call attention to the fact that it was only slightly more than 30
years ago - in 1953, that President Eisenhower announced the U.S. "Atoms

for Peace" program. This initiative, along with those of other

*JEAL is now part of ERC International, of which Mr. Gray is President,

Additionally, he is Chairman of IEA of Japan Co. Ltd. of Tokyo.



nations, has resulted in the development and use of nuclear power on a
global basis as a new energy supply, on a scale and at a rate without
precedent. After these years, there are in operation, under construction,
or on order, more than 400,000 megawatts of commercial nuclear electric
generation capacity located in 35 nations, representing a total investment
with a current value in the order of a trillion U.S. dollars. The
situation is noteworthy in terms of (1) rate of technology development,
deployment and transfer, (2) magnitude of the financial investments, (3)
economic benefits, (4) favorable impact on public health and safety, and
(5) the usual and positive character of cooperation among the government,
industrial, utility and academic institutions of those nations with

nuclear power undertakings.

Marchetti of IIASA, reporting in Nuclear Science and Engineering in 1985

on his study of historic and prospective penetration of nuclear enerqy
concludes that "nuclear power . . .(as a new energy source).

penetrates the energy market at a much faster rate than could be expected
from the previous penetrations of coal, oil and gas." Thus, on a world
scale, nuclear power has been, and continues to be, a true success story.
Marchetti also noted "there have been the inevitable ups and downs." [

expect that these will continue.

In considering the prospects for nuclear power, I anticipate that it will

continue to increase in supply in all nations where demand for electric
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power warrants and nuclear generation is the economic choice. This, 1
helieve, will be the case up to the point of "saturation" of electric
power systems with nuclear, dependent on demand forecasts, retirement of
old capacity, system load characteristics, and economica11y competitive
choices for meeting base, intermediate and peak Toad demands. Although
most nations are not close to this point, the very successful French

program has been recognizing these realities for some time.

Also I continue to believe that the fundamentals of nuclear power
generation - with regard to economics, safety, and environmental impact,
are 1ikely to favor increased use of nuclear - in Asia, in Europe and in
North and South America. And I acknowledge that some difficulties must be
overcome in order that these benefits are to be generally accepted and
demonstrated and to be realized in future electric power supply decisions
- especially in the United States. However, I also believe that the past
30 years has provided the lessons on what is to be done to improve further
the technology, the economics and the safety of nuclear power; as well as
defining the political and institutional issues which are to be resolved

on both the national and the international level.

With regard to the situation and prospects for nuclear power in the U.S.
market, the very large commercial nuclear program, now numbering one
hundred nuclear power plants, has overall been quite successful. However,

it has been somewhat diminished by certain financial, economic and
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operating performance, thought to result principally from what are called
"institutional" factors, I believe that Mr. Walske later may discuss some

of these factors.

My view is that the future prospects for nuclear power in the U.S. will be
clarified, positively, when significant electric power demand growth is
forecast and it is recognized more clearly that nuclear is a safe,
economic and proper choice. This will happen, in my opinion, if the
various U.S. electric utility and regulatory institutions behave

correctly. We shall see in due course,

While discussing future prospects for nuclear power, especially with
regard to the U.S., my view is that the U.S. supply system for nuclear
power generation has inherent "staying power.“ This view is based on the
number of plants still being constructed in the U.S.; plants of U. S.
origin being constructed or ordered outside of the U.S.; service work on
plants in the U.S. and abroad, and on the construction, operation and
servicing of the U. S. Navy Nuclear Propulsion program. In many ways U.S.
commercial nuclear power has derived from and continues to benefit from

this Navy program.
The extent and character of this Navy propulsion program was described

before the Kemeny Commission in 1979, following the T.M.l. accident.

Admiral Rickover testified on the extent of the program as follows:
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"Today (1979) 115 nuclear powered submarines are in operation; 41 of these
are ballistic missile firing submarines and 74 are attack submarines,
Twenty-three additional attack submarines and seven TRIDENT submarines are
authorized for construction. We also have one nuc]earipowered deep
submergence research and ocean engineering vehicle. Three nuclear powered
aircraft carriers are in operation, and one more is being built. Eight
nuclear powered cruisers are in operation, and one more is being built.
Altogether, 127 nuclear powered ships are in operation. 1In addition, I am
responsible for the Shippingport Atomic Power Station. Including nuclear
ships, the naval prototype reactors, and the Shippingport station, I am

responsible for the operation of 153 reactors.”

He continued as follows: "There are two Department of Energy laboratories
devoted to the support of the Naval Reactors program: one is the Bettis
Atomic Power Laboratory in Pittsburgh, Pennsylvania which is operated by
Westinghouse, the other is the Knolls Atomic Power Laboratory located in
Schenectady, New York, which is operated by the General Electric Company.
Since the USS NAUTILUS first put to sea in 1955, Naval nuclear powered
ships have steamed over 40 million miles and have accumulated over 1800
reactor-years of operation. We have procured 508 nuclear cores, and have
performed 166 refuelings. Some 300 large businesses and over 1000 small

businesses produce equipment for the Naval Reactors Program,"

This reference to the Navy program is made only to add to the

understanding of nuclear power experience and capabilities in the United



States. Since this 1979 data it is my understanding that the U.S. Navy

Propulsion program has continued both to grow and to be relevant.

I now present a perspective on nuclear power and the front end of the
nuciear fuel cycle. I begin with the issue of what nuclear electric power

demand may have to be fueled - on a world basis.

Slide 1 is a current NEA/IAEA projection showing forecasts from 1985 to
2025, for OECD - Europe and Pacific; OECD-America; Developing Countries,

and Centrally Planned Economies,

The figures up to 1995 are based on reactors in operation, under
construction or firmly planned. These NEA/IAEA figures for 1995 also
correspond closely - within 5 gigawatts - to those found in Nuclear
News, February 1986, for the same categories. The figures from 1995 to

2025 are based on an economic/energy model developed for the TAEA.

Slide 2 presents the same data for OECD-Europe, Pacific and Awerica; for
WOCA (World Outside Centrally-planned economies Area), and provides totals

for the World,

These forecasts in turn establish the prospective demand for uranium, and
for conversion, for enrichment services, for fuel element fabrication and
for spent fuel storage. The demand forecasts for these, which I will

present, are based on NEA/IAEA estimates for the WOCA - World Qutside



centrally - planned economies Area, except in some instances where I had

access to other data which allows inclusion of the CPE's.

slide 3 presents the projected uranium demand in WOCA - for the high
nuclear generation demand scenario. Both annual and cumulative

consumption are shown,

Slide 4 presents projected annual uranium production capability - from
existing and committed and from planned and prospective production
centers, Also shown are the total currently projected production
capability and, the bottom line, new production required to meet projected
demand. You will note that currently projected production capability is
in excess of projected demand through 1995, Also, there are planned and
prospective production centers, based on known resources, which can be
expected to come on stream when the market develops. With this additional
production, projected demand could certainly be met until the mid-1990s,
even without drawing down the current stockpile. Since both the supply
and demand projections up to 1995 are based on operations already in
existence, under construction or planned, the conclusion that uranium

supply will be adequate up to that time seems conservative.

Should a lower demand than that shown materialize due to lower nuclear
capacity growth or significant deployment of reactors which consume less
uranium per unit of electricity generated, the uranium production

capability based on existing, committed, planned and prospective
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production centers might meet demand into the early years of the 21st
Century. To meet the high demand projection shown, however, production
from new developments, not yet in the planning stage, would have to be
added by about the turn of the century. The amount of‘new capacity
required by 2025 to meet this projection is very significant but the rate

of increase appears manageable,

Slide 5 presents estimates of the uranium resource base with associated
price levels, Comparison of the cumulative consumption and the known and
estimated resource base shows that Tow cost known resources can be
expected to supply cumulative demand for several years into the next
century. In addition, the potential for new discoveries is very large.
Thus, it appears that the resource base will not be a constraint on
nuclear generation through at least the first quarter of the 21st Century.
However, in order for this view to be correct, there must be exploration
and discovery. The current level of exploration expenditures may be too

low to assure this future supply.

Dr. Julian Steyn of IEAL has analyzed and presents the matter from a
different perspective, Slide 6 presents IEAL estimates of uranium
production capability by geographic region and projected demand figures
through 2000. Shown are supply capability for the WOCA and a comparison
of that capability to projected demand. The demand has heen adjusted for
1985 excess inventory; it was assumed that about 70,000 STU,0, of the

378
approximately 250,000 STU3O8 current world inventory would be "consumed"
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over the next 10 years and that this reduction would reduce the need for
production accordingly. The data project a conservatively estimated
supply capability, which is shown here to be significantly in excess of

demand .,

Stide 7 presents IEAL's estimates of WOCA regional supply capabilities,
with the total WOCA capability being indicated by the solid curve.

Projected requirements are indicated by the dashed curve.

Then, assuming that future uranium production will come from the lowest
cost producers, it is projected by IEAL that the distribution of
geographic origin of uranium supply will be as shown in Slide 8. Thus,
the bulk of WOCA requirements through the end of the century would be met
by Canada, Australia, Africa, France and the U.S. This assumption as to
origin could of course be upset especially by political factors, as well
as the assumption as to amounts by the impact of laser technology on the
completeness of separation of U-235 from natural uranium and thus on

uranium production requirements,

Following the mining and milling of uranium, the ensuing steps of the
front end of the fuel cycle are conversion, enrichment, fabrication,

burnup, and spent fuel storage.

The supply/demand situation for the WOCA for conversion, enrichment and

fabrication is shown in Slide 9. Currently, supply exceeds demand in all



of these areas but by 1995 demand will have increased sufficiently to
restore a reasonable balance. Looking beyond that period, since the lead
times for increasing supply in all these areas are shorter than reactor
planning and construction lead times; it can be expectéd that there will

be a supply of these services at acceptable levels of access and price.

The only uncertainty in these areas is for enrichment supply and even this
seems slight. There is now the potential and plans by the U.S. Department
of Energy for a technological change to the use of lasers, which are
believed to hold the promise of producing a cheaper supply of enrichment
services than the current diffusion and centrifuge systems. Should the
deployment of this technology, expected late in this century, be delayed
for technological or other reasons, and should there be a reluctance to
invest in expansion of current types of plants because of the risk of
their early economic obsolescence when the laser systems are deployed,
this could lead to a period of short supply. However, currently there are
significant stockpiles of enriched material available in OECD countries
which could be used to offset low production for a few years. 1In
addition, mothballed diffusion plant capacity in the United States, not
included in Slide 9, could Tikely be brought back into production if

required.

It is also interesting to look at enrichment in terms of national origin

of supply, technology of choice, and markets., Slide 10 presents world
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capacity by national, or in the case of Urenco multinational, capacities
and technology choices. During the period shown there is the prospect of
(1) major under-utilization of existing capacity even with some capacity

on standby, (2) modest additions to world capacity on the part of Urenco,
Japan, South Africa and Brazil, and (3) supply based on four nominally

competitive technologies of choice.

While the U. S. Department of Energy has scrapped its centrifuge related
development and production plans in favor of developing and later
deploying the AVLIS Taser technology, AVLIS economics are not proven. At
the same time it is known that the existing GDP's are capable of providing
a substantial additional quantity of SWU's at a relatively low marginal
cost. Thus, while the AVLIS technology may be proven in a few years. as
more economic than even marginal cost diffusion, it must be significantly
lower in cost in order to justify deployment. Marginal advantage is
insufficient. As well there are many "institutional" uncertainties ahead

for the AVLIS technology.

Slide 11 presents IEAL's estimate of the markets to be served by the
various supply sources - in 1995. Note that the market demand is
estimated to be in excess of the supply capability; that Urenco is
estimated to have a significant share of the market, following U. S, DOE
and Eurodif,; that Japan will by then be providing a significant share of
its own demand; and that the USSR has a supply role in a western energy

market which itself has major excess capacity.
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I also note that as one looks five years ahead, to the year 2000, not much
changes. U. S. DOE remains the same, Eurodif increases to a total of
10.8, with added penetration of the European and "other" markets; Urenco
increases to a total of 4.5, with added penetration ofbthese same markets;
the USSR drops to 1.5; Japan increases its own supply to 2.5; and "other"

decreases supply to same by 0.2 Million SWU per year.

The last part of the fuel cycle that I will discuss is spent fuel storage
and Slide 12 presents NEA/IAEA projections of Spent Fuel Arisings and
Storage Capabilities in the OLCD Countries to the year 2000. The
projected storage capabilities are well in excess of the projected demand
and spent fuel disposal should not be allowed to become a constraint at
any time. With no permanent repositories yet in place there have been some
public suggestions that disposal of spent fuel, or of high level
radioactive wastes from reprocessing, could or should constrain nuclear
deployment. However, spent fuel storage, with retrieval potential, does

not appear to present any intractable technical or economic issues.

While the politics of spent fuel storage, retrieval, shipment,
reprocessing, etc., does have a potential for introducing uncertainties,
thus far these have been manageable to the extent that they have not, with
one noteable exception, precluded construction and operation of commercial
nuclear power generation. That one exception is the Zwentendorf plant in

Austria.
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I now summarize and conclude my remarks on the prospects for nuclear power
from the perspective of the front end of the nuclear fuel cycle as
follows: There appears to be ample supply capacity in being or planned or
achievable to meet any currently foreseeable level of demand for natural
uranium, conversion and enrichment, over the next 20-30 years, at
acceptable economic levels. Natural uranium is available from diverse
geographic areas, with Australia and Canada being the dominant sources.
There is more than ample, diverse enrichment capacity in being or planned,
with a broadening availability of enrichment technologies. It also
appears that all spent fuel arising during the same period can be stored

nationally without undue technical or economic difficulty.

This outlook for more or Tess plentiful "front end" supply presumes
permissive political decision making on the part of many nations. Good
political decision making is not always in plentiful supply. In order to
have good prospects for nuclear power we need more of that supply

everywhere,

Thank you for allowing me to present these remarks.
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BACK-END OF THE NUCLEAR FUEL CYCLE:

TECHNOLOGY, SUPPLY CAPACITY, AND ECONOMICS

1. INTRODUCTION

Most of the nuclear spent fuel that s currently discharged from
reactors in OECD countries is destined for long-term interim storage before
final processing or direct disposal. There are at least three basic
considerations affecting decisions on this spent fuel: first, there is
currently insufficient capacity for prompt reprocessing in most cases;
second, reprocessing is not considered urgent for either economic or plutonium
availability reasons; third, there are technical and economic aanntages in
allowing the cooling of spent fuel (or separated high-level wastes) in

controlied storage before final disposal.

On the other hand, some spent fuel arisﬁngs are already being
reprocessed, and a major part of the spent fuel that is now in storage fis
intended to be reprocessed eventua11y. The basic technology has been
commercially available for several decades, but political problems and the
lack of immediate incentives for reprocessing have thus far slowed the
build-up of new capacity. As long as there is pérceived to be no immediate
need for the separated plutonium, postponing reprocessing can be considered as

technically reasonable to avoid problems related to plutonium storage.



Some OECD countries do not include reprocessing in their plans for
spent fuel management but instead are planning to condition the spent fuel
elements for direct disposal. Research in this direction 15 going on in
several countries. 1In fact, repositories suitable for final disposal of spent
fuel or separated high-level radioactiVe waste will be needed irrespective of
whether the reprocessing or direct disposal option is chosen, but neither
technical nor economic factors are creating pressure for their rapid

development.

In this paper, the current outlook for the fuel cycle back-end will be
reviewed stage by stage, with attention paid to status of technology, supply
and demand for services, and costs. The emphasis will he on developments
during the remainder of this century. Finally, some comments will also be

1

made on the overall economics of the back-end.

2. STORAGE AND TRANSPORTATION OF SPENT FUEL

Technology

Over forty years of experience in spent fuel storage technology has
demonstrated the relative ease, safety and Tow cost of storing spent fuel in
water filled pools. Many countries will use such pools for storing spent fuel

for periods as long as 20 to 50 years.

Some dry storage techniques are claimed to offer economic and safety
advantages, particularly for relatively long-term storage of fuel which has
first been cooled for a few years in water storage. These are likely to

attract more interest in the future.



The safe transportation of spent fuel has been well demonstrated. Ovep
the past thirty years more than 15,000 movements of spent fuel have been made
in Europe and North America over road, rail or water. Further development 1ip
this area is Tikely to be directed towards optimizing designs for ease of
handling and for shipping of larger fuel volumes. Substantial interest is
being shown by some utilities in the concept of extended interim storage in

specially designed shipping casks.

Supply and Demand

With increasing nuclear electricity generation, increasing amounts of
spent fuel are being unloaded annually from fhe world's nuclear reactors. 1In
the OECD countries alone the annual arisings will approximately double during
the next ten years (1). Since most of the oxide spent fuel that is currently
placed in storage will still be there after ten years, the total amounts of
stored spent fuel will inevitably increase in the years to come. It is
estimated that by the year 2000 about 160,000 tonnes of spent fuel will have
been generated. Recognizing that less than 50,000 tonnes of fuel 1s likely to
be reprocessed by that date, storage space will be required for at least

110,000 tonnes of spent fuel in QECD countries as shown on Figure 1.

Figure 1 also shows that the total storage capacity in the OECD
countries is projected to he near 200,000 tonnes by the end of the century,
well in excess of the estimated requirements. However, a part of the total
capacity serves as an emergency unloading reserve so it 1s not all available
for routine spent fuel discharges. Moreover, such a comparison of total
supply and demand does not reveal possible local imbalances. Since storage

services may not be readily available on the market, some utilities may have
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to construct new storage capacity during this time period. However,
construction times for storage facilities are relatively short, and supply of

new capacity, if needed, should not pose serious problems.

Costs

The costs of storing spent fuel at reactors or at reprocessing plants
are difficult to separate from other capital and operating costs at these
facilities. For separate storage, the responses to a questionnaire sent out
in the context of an NEA study on fuel cycle economics (2) indicated a cost
range of $50 to $200 per kilogram of heavy metal stored (Jan. 1984 U.S.
dollars). The figure used as a reference value for water pool storage
consisted of a fixed part of $40/kgHM and a part proportional to the length
of storage period, adding $4/kgHM for each year of storage. Storage for ten
years in water pools would then cost $80/kgHM while another ten years would

add 50 per cent to the costs.

Some dry storage techniques are claimed to offer economies, especially
in the case of small facilities and long storage periods, but there is still
Tittle actual experience with these techniques. It appears that it will be

some years before dry storage is utilized on a large-scale, commercial basis.

The costs of spent fuel transportation also depend on factors specific
to each power plant considered, for example, the means and distance of
transportation. A considerable part of the costs 1s due to the transportation

casks and other special equipment that may be needed. The



corresponding fixed capital cost per shipment naturally depends on the total
number of shipments made using the equipment. In the NEA study mentioned
above, the reference value for spent fuel transportation costs was $40/kgHM

for the average spent fuel shipment within Europe (2).

3. REPROCESSING

Rgprocessﬁng s, as we all know, a proven technology which has been
used on a commercial basis for more than thirty years, with the majority of
this experience having been obtained in France and the United Kingdom.
Considerable reprocessing experience has already been obtained in Japan as
well. By far the greater part of the experience is with the PUREX process,
and, ‘indeed, future commercﬁa1 reprocessing operations are likely to be based
on this process, or slight modifications of 1t. Solidification of high level
reprocessing wastes by vitrification has also been developed on a commercial
scale. This stage of the process can be considered as having a demonstrated
solution. Future reprocessing development will likely focus primarily on cost
reductions, improvements in equipment maintainability, reduction of effluents,
treatment of wastes, and steps to lower worker exposure and environmental

impact.

While there has thus far been relatively Tittie experience in shipping
reprocessing waste, the requirements are similar to those for spent fuel and

should not present any great difficulties.
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supply and Demand

According to known plans or intentions, a considerable part of the
present spent fuel arisings await reprocessing in the future. The metallic
fuel from gas-cooled reactors is normally reprocessed within a few years from
unloading, and adequate capacity exists for this purpose. For the oxide fuels
from the Tight water reactors, the situation is different. 1In the OECD
countries, present reprocessing capacity for oxide fuels will accommodate less
than 15 per cent of the corresponding annual spent fuel arisings.
Consequently, in most cases fuel can be reprocessed only after a prolonged

interim storage period.

Only a few countries are actively working to increase their domestic
reprocessing capacity. One of them is Japan, where site surveys for the
construction of a new 800 tonne reprocessing plant have already begun. In
France and the United Kingdom some capacity is being built for foreign
customers. Several countries have already contracted for reprocessing some of
their spent fuel in these facilities, but in many cases the question of
reprocessing is still left open. According to our projections, in 2000 there
could be reprocessing capacity for about 4,500 tonnes of spent oxide fuel in
the QECD countries (Table 1). 1If all plants operate at their nominal capacity
from the date of first operation, about 45,000 tonnes of LWR fuel could be
reprocessed in the OECD countries by the year 2000. This would be about one

third of the total LWR spent fuel arisings by that date .
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During the last ten years, the cost of reprocessing has had
approximately a five-fold increase in constant money, 1T estimates are based
on price information about commercially available services. This cost
increase may be attributed to two principal factors: first, the technical
difficulties encountered when the process was adapted to handle relatively
high burn-up oxide fuel; and second, the current tighter safety standards and
environmental release restrictions. However, the costs appear now to be
stabilizing, and in spite of the rather 1imited supply of commercial services,
some believe that the price for such services may even come down in the

future (2).

In an NEA study of fuel cycle economics, the OECD countries' original
estimates for reprocessing ranged from $640 to $950/kgHM (2). These estimates
include the vitrification of waste and the storage of vitrified waste up to
the time of final disposal. The more detailed estimate made by the United
Kingdom for this study indicated a range of $570 to $1000/kghHM, depending on
the assumed return on investment, size of facility, and contingency
allowance. The reference value selected by the NEA expert group for its
report was -$750/kgHM, including vitrification and waste storage. ’However, a
relatively large uncertainty range of + 33 per cent was considered in

sensitivity studies.
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4. WASTE DISPOSAL

Technology

Virtually all OECD countries with operating nuclear power plants are
investigating the disposal of high-level radicactive wastes in deep geological
formations. 1In general, the research is aimed at finding a balance among the
various chemical effects of radionuclides, waste matrix, canister materials,
packfi1l and additives, and the natural geochemical environment. The goal, of
course, 1s to minimize the release of radiologically significant nuclides.

The disposal concept is founded on a system of multiple, relatively
independent barriers, designed to isolate the toxic radionuclides from man and
his environment until they have decayed to levels which will present no

unacceptable risk to future generations.

On the basis of extensive study and research, there is an expert
consensus that the techniques which are currently being developed provide a
feasible means for the safe disposal of both reprocessing waste and spent
fuel. Safety assessments for repositories indicate that they would present no
greater Tong-term risk to man and the environment than that allowed by current
radiation protection standards or from radioactive materials occurring
naturally in the earth's crust. Research and predictive analytical studies
are continuing to further improve the already significant level of knowledge
about the long-term behaviour of geologic repositories and to facilitate

selection of suitable disposal sites.



The development of technology for waste disposal has benefitted from
extensive international research co-operation in the area. This includes boty
model development for safety assessments and experimental work on repository
characteristics. An outstanding example of the latter work s the OECD/NEA
kStripa project in Sweden in which many OECD countries are actively
participating. In this project, the properties and behaviour of granite
bedrock are being studied under simulated disposal activities and tests are

made with various techniques needed in disposal operations.

Supply and Demand

Irrespective of the decision on reprocessing, facilities appropriate
for disposal of highly radioactive waste will be needed in the future. The
vitrified waste from reprocessing generally takes a smaller volume than the
original spent fuel elements, but the most important characteristics with
regard to repository design are broadly similar. For instance, the heat
output of waste at the time of disposal is largely determined by the fission
product contents which are the same in both cases. Though some of the waste
characteristics on the very long term are different, the total repository

space requirements are similar in both cases.

In the United States, the site for the first repository is expected to
be selected in the early 1990s and the repository could be in operation by the
end of the century. An operating repository might also be possible in the .
Federal Republic of Germany by the year 2000, but in most countries the plan

is to cool the spent fuel or vitrified waste for several decades in



retrievable storage facilities before the start of final disposal operations.
This means, generally speaking, that large-scale disposal activities are not

expected before the second decade of the next century.

The cost estimates for disposal and the required conditioning include
large uncertainties since the technology actually used several decades from
now may well be different from what is presently envisaged. Current estimates
are intended to show at what cost the operations could be accomplished if
based on technology that is available now. The NEA study on fuel cycle
economics adopted the same value of $150/kgHM in spent fuel for the reference
disposal cost, for both the vitrified reprocessing waste and the conditioned
spent fuel. 1In the case of direct disposal, the reference conditioning cost
selected was $200/kgHM. This is the same as the cost assumed for vitrification
in the reprocessing cycle. For total direct disposal costs a range as large

as $150 to $550/kgHM was considered in the sensitivity studies (2).

5. BACK-END COSTS IN PERSPECTIVE

A summary of the reference unit cost assumptions used in the NEA
study (2), is given in Table 2. Table 3 shows these costs in comparison with
the total fuel cycle costs and, moreover, with total generating costs.
According to the study, the share of the back-end in the total levelized fuel
cycle costs is expected to be betweeen 10 and 20 per cent. The calculations

based on the reference values shown indicate that back-end costs for a
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once-through cycle would be lower than back-end costs for a cycle with
reprocessing, but in total levelized fuel cycle costs the difference between
alternative fuel cycles was only about 10 per cent. Of the total electricity
generation costs, the back-end options account for about 3 and 5 per cent,
respectively. Therefore the ‘impact of the choice of back-end options on the
cost of electricity generation will be only about 2 per cent. A
micro-economic effect of this size may well be offset by other strategic

considerations.

Uncertainties in the unit costs of the back-end stages have 1ittle
effect on the total fuel cycle costs. The most important single uncertainty
is with the reprocessing price. A drop or increase of $250/kgHM from the
reference price of $750/kgHM would lead to a change of approximately 10 per
cent in the total levelized fuel cycle costs. Other uncertainties in the
back-end are less important. For example, the uncertainty range studied for
the disposal costs led to a change of only a few per cent in the total fuel

cycle costs.

6. CONCLUSTONS

Many parts of the back-end of the fuel cycle have well-demonstrated
solutions based on years of experience and, in some cases, on commercial
operations. There 1s a consensus among the experts that those aspects not yet
demonstrated are technically feasible. The principal problem, perhaps, is
obtaining the public confidence in the technical solutions which will be

needed for proceeding smoothly with disposal plans.
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Some OECD countries have already made a decision to reprocess part or
all of their spent fuel. Other countries will postpone their decisions for
some time since extended spent fuel storage is safe and relatively simple. 1In
finally deciding which option to choose, countries will take into account

“strategic factors as well as economics. The choice, even for the long term,

will not, of course, necessarily be the same for all countries.

The casts of spent fuel management can be thought of as either high or
Jow, depending on the perspective. For those involved in the business of the
pack-end, the cash flow is very large indeed. For example, NEA estimates show
that in the OECD area alone over 2 million GWh of nuclear electricity will be
generated in the year 2000 (3). At a back-end cost of about 1 to 2 mills per
kWh this implies a commitment of some 2 to 4 billion 1984 U.S. dollars for all
back-end activities associated with the spent fuel arising from that year's
generation. That is a large number, and provides a substantial incentive for

research and development to reduce the costs.

On the other hand, for an electricity consumer, the back-end cost
represents only about 5 per cent of generating costs, perhaps only 2 or 3 per
cent of delivered costs. From this perspective the cost of the back-end of
the fuel cycle is already low and further improvements, though always welcome,

will have little real impact.

In summary, there is apparently no economic or technological reason why
the bhack-end of the fuel cycle should constrain further deployment of nuclear
power. While the costs of these activities appear high in absolute terms,
they should be relatively low per unit of electricity generated. Beyond this,
given the requisite determination, there is no reason why the fuel cycle

cannot be closed.
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Figure 1. Cumulative spent oxide fuel arisings and projected spent fuel storage capacities in
OECD countries. The amount shown to be reprocessed is calculated assuming that all plants
operate at their nominal capacities from first operation (1).
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TABLE 1

Spent Enriched Oxide Fuel Arisings, Reprocessing Capacities and
Maximum Quantities Reprocessed in OECD Countries
(tHM; Ref. 1)

1985 1990 1995 2000

Spent Enriched Oxide Fuel

Arisings

- Annual 3 500 5 600 7 000 8 000

~ Cumulative 28 900 53 000 86 000 123 600
Reprocessing Capacity 480 2 030 4 450 4 450
Maximum Cumulative Quantity
Reprocessed* 1 800 8 100 24 300 46 500

* Assuming that all plants operate at their nominal capacity from first

operation.
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Reference Back-end Cost Assumptions of the

TABLE 2

(Jan. 1984 U.S. dollars)

NEA Study

BACK-END

REFERENCE UNIT COST

RANGE OF
NATIONAL ESTIMATES

COMMON_COSTS
Storage

Transportation of
Spent Fuel

ONCE-THROUGH CYCLE

Conditioning of Spent Fuel
for Direct Disposal

Disposal of Spent Fuel

REPROCESSING CYCLE

Reprocessing
(including waste
vitrification)

Disposal of High-Level
Reprocessing Waste

$40/kgHM + $4/(year-kgHM)

$40/kgHM

$200/kgHM

$150/kgHM

$750/kgHM

$150/kgHM (in spent fuel)
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$ 90

$ 28

$128

$640

$ 72
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$200/kgHM

$ 47/kgHM

$380/kgHM

$950/kgHM

$322/kgHM



TABLE 3

Back-end Fuel Cycle Costs in Perspective
(Back-end costs in Jan. 1984 U.S. milis/kWh)

OPTION BACK-END COSTS PER CENT OF PER CENT OF
(mil1s/kWh) TOTAL FUEL CYCLE  TOTAL GENERATING
COSTS* COSTS**
ONCE-THROUGH 0.97 12 3
REPROCESSING 1.72 20 5
CYCLE

* NEA reference estimates for total fuel cycle costs were:
- once-through 7.78 mills/kiWh
- reprocessing 8.56 mills/kih

*% According to the NEA study, the range of total generating costs in OECD

countries was 20.3 - 43.8 mills/kWh {(Japan: 31.6 wmills/kWh). Here the
median value, 32 mills/kWh, has been used as a reference.
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DEVELCOPMENT OF FAST BREEDER REACTORS IN THE WORLD

Rémy CARLE ~ Electricité de France

ORAL PRESENTATION

Pioneers in the field of nuclear energy very early perceived the
strong possibility of using - in reactors - nuclear fuels whose neutrons strike
the fissile and fertile materials in the fuel at a very high speed.

Enrico FERMI's famous declaration in Los Alamos in 194% that the
first country to develop fast breeder reactors would have indisputable advan~
tages was based on the discovery, before the end of the Second World War, of the
laws of physics which made it possible to describe the phenomenon of breeding,
i.e. the recovery of the plutonium consumed by converting uranium into pluto-
nium ; this conversion ratio is greater than one.

This rate of regeneration is far superior to that one finds in other
types of nuclear reactors, and gives fast breeder reactors a decisive advantage,
the potential of converting all the uranium 238 found in natural uranium, l.e.
99.3 % , into a fissile element, plutonium, which has properties comparable to
that of uranium 235 for producing energy by fission.

All these predictions have been verified ; the French PHENIX reactor
has indeed confirmed that the process described by physicists worked correctly
the plutonium breeding ratio (1.16) is slightly higher than predicted by the cal-
culation and the plutonium is regularly recycled after irradiated fuel reproces-
sing. All in all, the fuel cycle consumes less than 200 kg of natural or deple-
ted uranium every year, while generating 1.15 TWh (billion kWh) of electric
energy.

This is the fundamental reason for the size and constancy of resour-
ces that all countries concerned with future energy requirements continually
devote to this type of reactor.

The FBR system has been developed progressively and steadely, with
all the necessary prudence.



1 — STAGES OF DEVELOPMENT

The difficulties of using plutonium in a very concentrated form
in the core, and the necessity of using liguid metals as a coolant, made deve-
lopment of new technologies inevitable ; this development could only take place
in stages

— the preliminary stage aimed at confirming that reactor physics permitted
praticable and safe reactors to be designed,

- the stage of experimental reactors, providing knowledge of basic sodium and
fuel techniques,

—~ the stage of demonstration reactors prior to large demonstration plants,

-~ the full-power prototype reactors aimed at demonstrating both industrial com-
petence and cost control.

All countries involved in the development of fast breeder reactors
have followed, or plan to follow, those four stages.

You will find in my written paper a description of the steps in
the different countries. The slide reminds you the main steps placed along the
time.

Instead of describing in detail this history, let me insist on a
few points related to the actual situation.

All this technological development was persued by a sort of inter-
national community having many scientific links and exchanging experience. This
has led us to a convergence of the main choices which is quite remarquable
same fuel, same coolant, same components, broadly speaking.

Only one breeder technology exists today.

Fven the difference between the pool type and the loop type must
not be overestimated. The technological difficulties are quite similar in both
cases., The only difference is the installation and arrangement of the primary
components.

Of course, French specialists consider that the pool design is bet-
ter thant the loop one : we have experienced in PHENIX that this arrangement
reduces the radiocactive doses that the maintenance people are exposed to, and
that could be very important for the future. But it must be emphasized that a
common trend in development and technology is dominant.



Is this current breeder technology the best one ? I do not know.
It has been proven feasible. It is probably a little too costly. Is it the
final one ? Certainly not. Breeder technology is a young one and we must im-
prove it.

Of course, the experience acquired in the various countries is dif-
ferent. To roughly summarize, I shoud say

United States have starded the first with EBR 2. They spent a lot
of money in R and D work. They still spend much money in laboratories research
centers, and also engineering work. They have a splendid research reactor, FFTF.
Unfortunately, they did'nt succeed to build a demonstration reactor : CLINCH
RIVER was abandoned in 1978. And utilities and industries have no pratical expe-
rience.

USSR made great achievements, both in R and D and by building
demonstration plants, BN 350 and BN 600. Despite the fact that we do not know
in detail the performances of those units, they seem to operate in a rather
constant way and certainly produce a lot of experiences in all technological
aspects.

Japan put JOYO in service in 1977 and begins now the construction
of MONJU, demonstration plant of 300 MWe. This effort must be underlined as
a very important contribution to the development of fast breeders. In parti-
cular, it will allow an interesting comparison between designs different from
the european ones, in particular with regard to the primary loop circuits and
also to the seismics conditions.

Europe made a strong effort in the breeders field since 1960, first
in Great Britain, then in France, in Germany, in Italy. Clearly, Europe is the
leader now for the breeder technology ; maybe because independant sources of
energy are particularly valuable for this part of the world.

Without describing again the sugcessive steps accomplished in the
european countries, I shall give a few minutes to the most important
achievement, for the moment, in Europe, which is SUPERPHENIX.
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2 — SUPERPHENIX

The CREYS-MALVILLE nuclear power station ~"SUPER-PHENIX- was
built and will be operated within a European cooperation framework.

In 1971, the three largest utilities in continental Europe -
EDF (France, ENEL (Italy) and RWE (Germany)- had decided to build jointly
two prototype industrial size power stations equipped with breeder reac-—
tors using plutonium as fissionable matter and sodium as coolant. They
signed a convention on December 28, 1973 putting this intention into con-
crete form. It planned for the construction of two power stations of
about 1000 MWe. The first one in France, based on the "POOL" design of the
Phenix démonstration plant. For this project, "SUPER-PHENIX'", the French
company NERSA was formed in 1974 (EDF 51 %, ENEL 33 % and RWE 16 %). The
second one in Germany, based on the SNR 300 "LOOP" design as another
European development. For this project, “SNR II", the German company ESK
was formed (RWE 51 %, ENEL 33 %, and EDF 16 %). At a later date, RWE trans-
ferred its rights to SBK, a German company comprising other European utili-
ties beyond RWE (68,85 %) : SEP /Netherlands (14,75 %), SYNATOM/Belgium
(14,75 %), CEGB/ United Kingdom (1,65 %).

For SUPER PHENIX, in line with the agreements, the following
items were shared in proportion to the utilities' participations : the
cost of construction and operation, the engineering staff, the equipment
orders, and the energy produced. Each partner has 100 % access to the
experience obtained.

The international aspect of this project gave rise to effi-
cient and concrete cooperation between neighbouring countries. Contracts
were distributed among the partner countries by direct orders or subse-
quent sub-contrats. Thus, the plant was not ordered as a turnkey but bro-
ken down in a great number of individual system and component orders.

The largest single item, the Nuclear Steam Supply System (NSSS), repre-
senting approximately 2/3 of the value of all orders placed with the part-
ners' industries, was awarded to a group consisting of the French NOVATOME
and the Italian NIRA (today ANSALDO, NIRA Division). For the Balance of
Plant (BOP) the choice of constructors and suppliers was made after invi-
tations to tender, taking into consideration technical and economical
criteria. Thus, for example civil engineering was contracted to a French-
Italian-German Group (Fougerolle, Condotte d'Acqua, Philip Holtzman),

the two turbo-generator sets to Ansaldo (Italy) and electrical equipment,
instrumentation and control to CGEE (France), BBC, Siemens, Hartmann und
Braun (Germany).
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The slide shows a longitudinal cross section through the most
important nuclear and conventional buildings.

The reactor unit (slide) is characteristical for the "POOLY. -
design.

The reactor vessel and the surrounding safety vessel are sus-
pended from the rcof slab, which is supported by a concrete cylinder and
includes 2 rotating plugs and the core cover plug. Two zones are distin-
guished

- below the roof slab, the reactor vessel encloses the ccore and the pri-
mary circuit components, primary pumps and IHX's, all immersed in 3,500
tons of sodium.

—- above the roof slab, an accessible area bounded by the dome, contains
the upper structures of the IHX's, the primary pump motors, the control
rod drive mechanisms and the fuel handling machines.

The core support structure, welded to the bottom of the main
vessel supports the core, the inner vessel, and the eight discharge pipes
from the primary pumps which supply cool sodium to the diagrid.

The cost of the plant appears to be approximately 2,3 times
the cost of the french PWR of same size.

Important milestones of the plant construction period were

{

main equipment orders

(NSSS, turbine, generator, Civil Works)

on-site fabrication of large NSSS
COMPONENTS ot vewe v invsoresassvcsnossooas

reactor unit erected ......vviiennn
priméry and secondary circuits erected
sodium filling of circuits ......

start of fuel loading ........
Pirst criticality ...cierierienenveoocs

First supply of electricity into the grid

early 1977

mid 1878 to late 1981
early 1982

mid 1983

2nd half 1984

July 20, 1985
September 7, 1985

January 14, 1986



The main events of the commissionning period are generally
divided into three main stages

- the individual test stage which began with the first tests performed
on the sodium unloaded facility in 1981, and ended with the achievement
of the in-air overall fuel handling system tests and the NSSS qualifica-
tion for its main systems sodium filling. A

~ The unfuelled NSSS tests stage,; called the isothermal stage, achieved
concurrently with overall eleéctricity generating plant tests, using test
steam.

- The fuelling stage, followed by neutronic tests and power buildup.

The main problem that emerged during this startup up to now
lied in the abnormally high vibrations observed in the thermal shields,
separating hot sodium from cold sodium in the primary vessel, and in the
cold sodium spillway, keeping the main vessel upper part cold.

The roots of such a phenomenon were quickly identified as
an hydro-elastical excitation of some thin structures, due to the too im-
portant drop height of the above-mentionned cold sodium, occuring during
this sodium restitution towards the main vessel lower part.

The solution consisted in modifying the leakage flow at the
bottom of some subassemblies, after achieving numerous on-~site tests in
order to improve this phenomenon knowledge and to confirm the efficiency
of the results brought about by these changes.

The criticality confirmed the neutronic calculations made
by the physicists.

We have now reached 30 % of the nominal power. The power
buildup is slow because of the interest of many measurements made at
various levels and also because of some small defects inherent to any
protocype (most of them appear in the "conventional' part of the plant).
None of these defects now appears to be a serious difficulty on the way
to normal operation.
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So we hope SUPERPHENIX will confirm in a few months the validity
of the technical choices made. The operation will be observed with much atten-—
tion to draw all experience available,

This will represent the most valuable experience in the breeders
field,

Let me underline also the importance of gaining experience regar-
ding fuel reprocessing. It's clear that for PWR or BWR you may reprocess or
not. For breeders you need reprocessing of both LWR fuel and FBR fuel.

The CEA (French Atomic Energy Commission) will soon put into ser-
vice a demonstration plant for the reprocessing of breeders fuel. This plant
is called TOR (which stands for fast oxide reprocessing in French) ; it has
a capacity of 5 tons/year. It is a reprocessing technical demonstration plant
just as PHENIX was a demonstration power plant.

It is difficult to estimate the real cost of reprocessing since
it would require an industrial-capactity plant, which will be economically jus-—
tified only when the fuel to be processed will be in sufficient quantities.
The construction of this plant will only be started during the next power plant
phase. Let us recognize it is very important to include it in the global ap-
proach of the breeders.

3 ~ PREPARING THE NEXT STEP

Once the technical feasibility has been demonstrated through the
realization of projects in a growing number of countries, efforts must be con-
centrated on plant design in order to simplify the product and reduce the cost ;
similar efforts must be made on the fuel cycle.

A careful examination of SUPERPHENIX shows that there is conside—
rable potential for simplification and cost reduction of fast breeder reactors,
particularly in those parts of the NSSS for which the first priority was given
to demonstration of* the industrial and functional feasibility and not to a
search for low cost.

It is with this is mind that EDF launched, in july 1983, detailed
preliminary project studies on the SUPERPHENIX 2 reactor, with an electrical
output of 1,500 MWe and for which investments for the whole of the plant could
be reduced in comparison to investments made for SUPERPHENIX 1.
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The reduction of the weight in the reactor block, the circuits
and the maintenance system is on average 45 %. This improvement and many
others prove the possibility of reducing costs and approaching better com—
petitivity.

To improve the product, to reduce the consts, to approach com-
petitivity we nedd more R and D work, we need also an industrial objective
in a not too far future.

The return we can hope from the breeders is too big to be jeo-
pardized by the short term evolutions of the oil market or the uranium
market.

But we know we have time before the commercial era, twenty,
twenty~Iive years. We must organize this time gap to proceed in a coherent
and systematic way by the construction of three or four demonstration
plants.

The overcost of these plants will represent a burden we must
share between the interested countries, I mean the most interested in the
existence of proven breeders. The European countries are in this situa-
tion, and probably also Japan.

This policy, expressed in Europe in the Memorandum of
Agreement, signed in Paris on January 10, 1984, among the governments
of Western Germany, Belgium, France, Great Britain and Italy, emphasizes
the willingness of European governments, signatories to the agreement,
to undertake long-term cooperation and to unite their efforts in this
field of advanced technology ; they know it is a field which can be of
major importance to thelr future energy policies, where they hold an
undisputed lead. This agreement entaills collaboration between industries,
electric utilities and centers responsible for R & D programs to unite
their efforts and facilities.

Discussions are now underway between the principal European
electric utilities ; they want to decide when, where and how to build
the plant that is to follow Superphénix. As we have said previously, this
phase should also include the construction of a reprocessing plant, which
will give a good idea of the reduction in corresponding costs.

Unifying european efforts does'nt preclude external support
and we should certainly favor interest of Japanese utilities or government
in a form to be defined.

Japan and European countries are determined to prepare their
energetic future by the way of this revewable, domestic energy which the
breeders represent. Current achievements show the validity of this way,
technically and even economically : a factor of two, at this stage of
development is more a promise than a obstacle. We are ready to define
this future in common.
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Japan Atomic Industrial Forum
Annual Conference 1986, Tokyo

How to use the full potential of nuclear energy

H, H. Haunschild, Vice-Minister,
Federal Ministry for Research and Technology, Bonn

After a period of relative calm on the oil market and the recent,
unexpectedly sharp decline of the oil price, it seems to be
difficult to attract attention to the long term problems of
energy supplies. We know, of course, that - apart from an
intermediate relaxation - little has changed basically since the
1970's, when "energy" was item number 1 in all international
conferences. The problems are only delayed by a reduced growth in
energy consumption and some progress made In energy
conservation. But the basic problem of limited energy reserves
remains. Only the emphasis may have shifted from the fear of a
shortage to greater concern about the quality of fuel. The
progressive depletion of reserves of high quality fossil fuel
gradually leads to the use of fuel with lower quality with regard
to economic as well as environmental standards. This is
particularly true for the developing world with its vast
potential - and its vast need - for economic growth.

Energy is only one of several important global problems, like
wide~spread poverty in developing countries, population growth,
food scarcity, environmental degradation etc.... But all of these
problems have strong links to energy demand and supply.



Despite these problems we observe a decline in the funding of Nas
tional energy r&d programmes practically in all O0ECD countries,
But this is not only a response to the reduced oil price, it ig
also a consequence of the limited success of the comprehensive
efforts in energy ré&d during the past 12 years. We have found -
in a thorough investigation of our energy r&d programme - that
there were, of course, a great number of technical

improvements, of new industrial activities, and - hopefully as ,
lasting effect - a better consciousness of the need for energy
conservation and the technical means to achieve it. But there was
no spectacular break-through of a new technology. Conservation
was mostly achieved by improvement of traditional techniques. The
search for new, in particular, renewable energy sources did not
provide new solutions for industrialized countries, and the im-
provements in the use of fossil sources did not open up many new
alternatives but were rather needed to harmonize their use with
improved environmental standards. In general, the success of the
nuclear r&d programmes i.e. the development of completely new
energy technologies, could not be repeated. On the other hand,
nuclear energy, while the search for alternatives was pursued,
became one of the working horses of energy supply in most
industrialized countries. '

In Western Europe it is expected that in 1990 nucelar energy will
provide 32 % of the total electricity production and 37 % in the
year 2000. For the European Community a share of 40 % is expected
in 1995, In the Federal Republic of Germany, nuclear energy

contributes at present 35 % to the public electricity production
and is expected to reach 40 % in 1990, which will be the maximum
level on the basis of the present energy policy giving hard coal
a guaranteed share of the market. Further growth can be expected
later on, due to the economic and environmental advantages of nu-
clear energy as compered to electricity from fossil fuels.
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Nuclear energy remains one of the cheapest sources of
electricity. Neither the additional safety requirements nor the
required financial provision for future decommissioning and the
full inclusion of the costs of the fuel cycle and of waste
management have affected its economic attractiveness.

Nuclear energy also has a good environmental record, whereas the
global environmental problems, in particular acid rain, have led
to the tightening of environmental standards for the burning of
fossil fuels. Even only gradual solutions to these problems will
bring about severe economic penalties, thereby further increasing
the advantages of nuclear power.

Apart from its economic and environmental qualities, nuclear
energy may also gain more importance by an expansion of its range
of applications. While nuclear energy is today - with some minor
exceptions - nearly exclusively used for electricity generation,
there are trends towards using it for district heating or as
process heat for industrial purposes.

Nuclear energy is also one of the pathfinder technologies with a
great impact on the general standards of an industrial society.
Fven on the basis of its current progress in the full industrial
implementation, it still has a promising potential of further
technical and economic improvements. This is true for the light-
water reactor and its fuel cycle and - even more so - for
advanced reactor systems.

Efforts towards the full utilization of the potential of nuclear
energy should therefore start with the LWR system. Let me address
briefly the status of these technologies and the possibilities
for further improvements.



The safety of LWR's was a subject of a most comprehensive Germay
research programme during the past 15 years, a programme
conducted in close international cooperation. After the
termination of ongoing large scale experiments for the
investigation of possible severe accidents we expect an end of
this phase of LWR safety r&d.

Economic burdens imposed by a high safety standard were, to a
large extent, compensated by improved availability factors
resulting from safety-oriented design and better plant
management,

The structure of the economics of nuclear power plants is
characterized by a 2/3 dependance on capital cost. Therefore,
availability obviously is a key factor for the determination of
competitiveness. Consequently, major efforts to improve the LWR
performance were undertaken in a number of countries. In the
Federal Republic of Germany we are highly satisfied by the high
availability factors achieved. For many years now, our power
plants occupy leading ranks in world-wide statistics.

The high capital cost factor also calls for short and reliable
time-schedules for planning, licensing, and construction. During
the 1970's, most nuclear projects and programmes suffered from a
slippage of time schedules. Some countries in Europe, as well as
Japan, have meanwhile been able to re-establish short and
reliable time frames. In the Federal Republic of Germany, we
have, since 1980, demonstrated that nuclear power plants can be
constructed in less than 70 months.
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The current LWR technology has still some potential for further
improvement with regard to the fuel economy, e.g. by slightly
higher enrichment and by higher burn-up. In addition, a number of
companies are also investigating advanced LWR concepts like
converter reactors. In general, however, LWR's today represent a
mature technology with only a limited potential for further
technical improvement.

A more important area for the full potential of nuclear energy is
the LWR fuel cycle.

The dominating enrichment technology still is gaseous diffusion,
despite its clear disadvantage of an extremely high energy
consumption. Reduced demand for enrichment services and the
existing over-capacities have prevented a major switch to
advanced enrichment technologies. The most advanced technology of
today and - certainly - also of the 1990's is the centrifuge
process as developed by the "Troika" countries: the United
Kingdom, the Netherlands, and the Federal Republic of Germany, as
well as by Japan. Recent developments have led to even better
results than originally expected, allowing us in Germany to
terminate public financial support of the technological
development much earlier than planned. The technical advantage of
the centrifuge process is also demonstrated by its
competitiveness, even under the present world market conditions
when major suppliers often do not apply full commercial pricing.
There is certainly a potential for the improvement of market
conditions for enrichment services by free competition and by
diversification of suppliers. The German utilities e.g. have
contracts with all major suppliers and thereby benefit from their
competition.



In the future, laser technology may offer another interesting
source of enrichment. In Germany we have some own development
activities, and we follow closely the development pursued more
vigorously by those countries operating diffusion plants. We
limit our present efforts for two reasons: we are highly
satisfied with centrifuges, and we are not interested in
applications outside of the civil sector.

The closing of the fuel cycle lags behind in the industrial
implementation in quite a number of countries. It is, however, of
ultimate importance for the full establishment of the LWR system
and, obviously, also for public confidence in nuclear energy.

In my country, we have considered the back end of the fuel cycle
as a key element of the LWR system already for many years. In
1985, the Federal Government confirmed previous decisions to
favour reprocessing as the main method of spent fuel management.
The decision was based on a comprehensive assessment of possible
safety advantages of direct disposal of spent fuel versus
reprocessing. Based on the conclusion that direct disposal does
not offer decisive safety advantages and is still far from
technical feasibility, the German Government decided that direct
disposal may become acceptable only for certain kinds of spent
fuel and only after additional development and demonstration.
Last year, construction of the first industrial reprocessing
plant was started in Bavaria. The plant will have a capacity of 2
tons of heavy metal per day, leading to an annual capacity of 350
to 500 tons. The beginning of "hot operation" is planned for
1995. The plant design employs advanced reprocessing technology
promising good standards in economy, in safety, and in
safeguards. |
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Reprocessing has a dual purpose. One is the transformation of the
spent fuel into different classes of radiocactive waste which can
then be treated according to its respective properties and be
disposed of safely in geological repositories. The second purpose
is the extension of the available uranium supplies by thermal
recycling, and, ultimately, by fast breeder reactors.

We have followed the route of thermal recycling, like Japan,
already for many years. With the delay of the breeder reactor
commercialization recently also, other countries started thermal
recycling of plutonium. This strategy is clearly favoured in
countries with large nuclear power programmes but insufficient
indigenous resources of uranium, like Europe and Japan.

The conditioning of the radioactive wastes prior to reprocessing
is an important element in the nuclear fuel cycle which has
reached full technical maturity only recently. An important
milestone on the way to commercial application has been reached
1985 with the operation of the Pamela vitrification plant at
Mol/Belgium.

Even if there may be no time pressure for an early final disposal
of high level waste for technical reasons, we consider a timely
closing of the fuel cycle a highly important fask in a
responsible approach to nuclear energy.

For the disposal of radioactive wastes, we have from the
beginning chosen, for heat generating waste, the disposal in deep
geological formations, in particular in salt formations. Today,
we proceed on the basis of investigation conducted in the Asse
salt mine from 1967 to 1978. The salt dome of Gorleben has been
designated as the site in 1977, and in the meantime an extensive
drilling programme has been completed. After the ongoing bringing
down of two shafts the underground exploration will begin in



1990. If the suitability of the site is definitely confirmed, the
repository will become operational before the year 2000. In
addition, a former iron ore mine will become a repository for
non-heat-generating waste by 1990.

Other disposal media like granite are subject to programmes of
the European Community and, among others, Switzerland and Sweden,

We exclude some disposal methods like shallow land burial of
low-level wastes, dilution of effluents with off-gas, or
discharge into water, as well as sea-dumping, for environmental
considerations, and because of the favourable conditions for
geological disposal in our country. We have found that the
inclusion of low level waste in a regime of geological disposal
of medium and high level wastes can lead to satisfactory economic
solutions. The total cost of final disposal will contribute by
only one percent to the electricity generating cost.

The full industrial establishment of LWR technology including its
fuel cycle, is still an important and demanding task. It also
provides the basis for a continued development of advanced
nuclear reactors for various purposes which can lead to a full
exploitation of the potential of nuclear energy.

Both, Western Europe and Japan, have a high technical standard in
nuclear energy, and a poor raw material basis. This leads to
continued strong interest in the development of fast breeder
reactors as the most important element for the full utilization
of the nuclear potential. As in many countries, there will not,
however, be a major economic role for breeder reactors before the
year 2000.
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gasically identical fuel cycles of breeders and LWR's will
facilitate the incorporation of breeder reactors into the system.
The greater the share of nuclear energy in power generation and
the greater therefore the importance of an undisrupted supply of
nuclear fuel, the more important will 1t be to improve the
assurance of supply by the breeder reactor technology. The
decision to commercialize the breeder reactor will, therefore,
ultimately depend on how nuclear energy utilization will evolve
in any one country and on a global level.

The progress which can be made with regard to the economic
efficiency of large scale breeders and associated fuel cycle
facilities will be one of the crucial factors influencing the
commercialization. The cost of power generated in breeder reactor
systems can still be reduced as a result of further developments
and by jointly using existing capacities in international
cooperation.

Cost saving international cooperation is of great importance

even more today than at the beginning of the breeder development
when industrial use was expected to take place at a clearly
quicker pace. Although some problems are still to be solved,
European breeder cooperation has reached an advanced stage, after
confirmation and expansion by an intergovernmental agreement in
1984.

At present, negotiations are under way between the European
partners. They are expected to lead soon to the first planning
order for the SNR 2 project in Germany. This power station will
be a 1500 MWe breeder reactor, the design of which will be based
on the experience with the SNR 300, on the pooled European
know-how as well as on German experience in LWR construction and
operation.



A first review of the basic SNR 2 design by a group of licensing
experts has led to a positive evaluation of the safety concept,
The construction cost will be wvery close to the specific
construction cost of a new German LWR power plant.

We have noted with great satisfaction that the European view op
breeder reactors is shared in Japan. The 1985 decision, to start
the construction of Monju clearly is an important milestone ip
the breeder reactor development in general. We hope, that the
combination of interests from Europe and Japan will permit
further progress in cooperative ventures. We also watch with
great interest the ongoing process in the United States for the
formulation of a new programme for advanced reactors, including
various types of liquid metal cooled fast reactors.

With regard to the assessment of the importance of breeder reac-
tor technology we also find ourselves in accordance with the
USSR, which is planning a series of large breeder power stations,
and with 1India sustaining an ambitious effort to develop an
indigenous breeder technology.

If the world-wide efforts in breeder reactor development
continue, nuclear energy will reach its full potential as a most
powerful, most economic, and inexhaustible source of electric
power.

The extension of nuclear energy application beyond electricity
generation was always a special feature of the German nuclear
enefgy programme. The High Temperature Reactor - HTR - was
developed to provide a new source for the economic production of
process heat for a variety of industrial applications.
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A pilot plant of the HTR with a capacity of 15 MWe has been ope-
rated in the Julich Nuclear Research Center for more than 18
years, with good availability and reliability also at
gas temperatures of 950° C.

puring the last decade the HTR development was focused on the 300
MWe reactor at Schmehausen, a demonstration plant still limited
to power production. This reactor, the THTR~300, at present in
the commissioning phase, has been connected to the grid for the
first time in December 1985,

New industrial initiatives for HTR commcercialization cannot be
expected before the THTR-300 has been successfully operated for a
certain time. In any case, industry will have to bear the
technical and economic risks of the commercialization of
high-temperature reactors.

Today a number of future HTR-projects for the production of pro-
cess heat and power are being investigated by two German indu-
strial groups.

All HTR reactor concepts, in principle, aim at higher core outlet
temperatures for nuclear process heat production. The specific
heat transfer components for high-temperature applications have
been developed in a comprehensive r&d programme and are presently
being tested on a 5 to 10 MW scale, so that the technical basis
for the future use of nuclear process heat is established.

HTR heat could be used for various purposes like processes in
chemistry and petrochemistry, steam injection for o0il recovery,
processing of crude o0il, sea water desalination, oil sands or oil
shale extraction, and coal gasification.
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Further future applications may also be found in combination wigy
coal-fired stations or gas turbines which will increase the
plant's efficiency. ‘

The chance of international cooperation in HTR development is
not as broad .as in breeder technology. We continue the coope-
ration with Switzerland. New interest was shown by a number of
American manufacturers and utilities in small and medium sized
HTR's. This interest has led to design work for HTR power
stations in the 200-300 MWe range designed for electricity or
heat production using the US developed prismatic fuel elements.
Recently, we heard about new plans for the design of very small
HTR units of the 30 MWe range in Japan.

Also the LWR offers a special potential for application in small
dimensions, in particular for district heating. A number of
concepts are presently being pursued in Europe (Sweden,
Switzerland, Federal Republic of Germany). The various designs
have basically the same features: use of conventional nuclear
components and standard fuel elements, low-temperature and
low-pressure design, extensive use of inherent safety features
leading to an extremely low demand for personnel in operation and
maintenance, long lifetime. The designs vary for power ranges
between some 10 to app. 100 MWth. All proposed designs are, at
present, waiting for a first demonstration.

As in the case of medium and small HTR's, there is a potential
for economic competitiveness with conventional power sources. For
this purpose, nuclear technology would have to find new customers
in addition to the large utilities. This process has up to now
been hampered by the fact, that a possible competitiveness of
small nuclear units does not provide a strong incentive for
companies to become engaged in the nuclear field. In-the case of
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large LWR's, a clear economic advantage over conventional plants
paved the way for commercialization. As long as small nuclear
plants, be it modular HTR's or small LWR's, do not offer decisive
economic advantages, it will remain questionable whether the
technical potential will ever be used on a broader scale.

Let me conclude by saying that there is no simple answer to the
question, how to use the full potential of nuclear energy. The
LWR system provides us with a very powerful tool in energy
policy. On this basis, the clear economic and environmental
advantages have made nuclear energy an indispensible part of the
world's energy supply. The excellent record in safety and
reliability increases our confidence that nuclear technology will
have an ever-increasing, and lasting, impact on the economy.

In the short term, the LWR system has to be fully established by
a timely closing of the fuel cycle on an industrial scale. In ad-
dition, a reasonable potential for further economic improvements
can certainly be exploited.

In the medium term, new concepts for small reactors may open up
new fields for the application of nuclear energy in district
heating or for industrial production, but with uncertainty as
long as technical feasibility and economic advantages have not
been clearly demonstrated.

In the long run, the development and commercialization of the
breeder reactor will permit a continuous employment of nuclear
energy as the major working horse for the supply of electric
energy, in particular for those countries, which have large
nuclear power capacities but small, if any, domestic uranium
production. It is encouraging to see that, internationally, the
assessments of the potential of the breeder are, again, in wide
agreement. Let us hope that we can turn this agreement into more
and closer international cooperation.



NUCLEAR ENERGY POTENTIAL

BY
MILTON LEVENSON
VICE PRESIDENT
OVERSEAS BECHTEL, INC.

Presented at
19th JAIF Annual Conference
April 8, 1986

This meeting to recognize the 30th anniversary of the JAIF, Japan’s entry into the development
of peaceful uses of atomic energy, must honor the size, maturity and high quality of the current
Japanese nuclear power program and its 285 reactor vears of experience. Perhaps even more
importantly, it highlights the foresight of the people who 30 years ago undertook this effort.

Thirty years ago, in 1956, Calder Hall, the first British dual-purpose reactor was brought into
service. The prototype of modern Light Water Reactors did not yet exist. Dresden 1, consi-
dered the first commercial Boiling Water Reactor, was completed in 1960; and Yankee, the first
commercial Pressurized Water Reactor, was also completed in 1960. In fact, 30 years ago was a
very short 5 years after the first production of electricity from a nuclear reactor. That milestone
was achieved in December of 1951 by the Experimental Breeder Reactor number one (EBR-1).
The visual evidence of that has become the classic four lightbulbs shown in Figure 1. The reason
for the four lightbulbs is interesting and to some extent a prophecy for what has happened since
that day. On that first day the reactor was generating power, the turbine was spinning; and the
question became how to get visual evidence that electricity was actual being produced by nuclear
power. The more conventional part of the plant, the electrical system required to take generator
output and deliver it to other parts of the plant had not yet been completed. So four 120 v
lightbulbs were connected in series and put directly across the 480 v terminals of the generator,
the bulbs lit and the picture was taken for history. (The four bulbs did not represent the quan-
tity of electricity that the generator was capable of producing as some have implied, but the
voltage was right.) Today, in spite of all the public and media concerns about the advanced
nature of nuclear power, quite often it has remained the conventional part of the plants that
have slowed us down, run the costs up, or held us back. It should also be noted with interest
(because 1 think it has a major bearing on the future of nuclear power) that this first power
reactor was not a Water Reactor, it was a Liquid Metal Reactor. In the late 1940’s it was per-
ceived that a liquid metal reactor system was something that could be done within existing
technology, and probably water reactors could not be. It remained for the very large expendi-
tures of the U.S. Naval Reactor Program to develop the technology of pressure vessels and high
pressure piping, which led to our current Light Water Reactors.

In order to make the reference to history complete, we must point out that it is only 44 years

since the first man-made controlled nuclear reaction took place in the squash courts of the
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stadium of the University of Chicago. It is perhaps two billion years since the world’s firgt
nuclear reactor went critical and generated substantial amounts of energy — although it did not
make electricity. 'Those natural reactors were in Gabon, Africa. The dark area on the left iy
figure 2 shows one of the reactors. [ believe a total of six prehistoric nuclear reactors have
been discovered so far. Because of the difference in half-lives of Uranium 235 and 238, two
billion years ago all of the uranium in the earth’s crust was between 3-1/2 and 4% enriched.
Uranium leached from an ore deposit by a river and then deposited on a delta made of charcoa]
from forest fires could have produced such a natural reactor. A 3-1/2 ~ 4% enriched uranium
matrix and a high enough concentration to go critical, could have produced enough power to boil
the river dry. The “reactor” would sit there until the next rainy season when the river flooded,
the reactor became critical again and operated at intermittently significant power levels for
decades, perhaps even centuries. Exactly how these reactors came into being is theory, but there
is no doubt that they did exist and did operate. The most relevant information to today’s issues
from these prehistoric nuclear reactors is that we have a billion years of experience of what
happens to long-lived and stable fission products in the earth’s crust, even after exposure to
weathering and cycling (Fig. 3). Extensive analytical work shows that there has been no wide-
spread dispersal of fission products or Plutonium. As engineers and scientists, we can take
credit for harnessing atomic energy for supplying electricity to our society; but nature predates
us by a very, very long time in the production of the first energy from a fission power reactor.

The current status of nuclear power as a source of electricity for our society hardly needs discus-
sion for this audience. Suffice it to say that essentially every developed country in the world has
recognized that nuclear power is the most environmentally benign and the most economically
stable source of electricity. In the United States institutional problems have seriously distorted
the economics. But that is not a function of the technology; it is only a function of the insti-
tutional problems. To understand why the U.S. view of nuclear power is different than that of
Japan, and why the U.S. view is not very relevant to most countries, one needs to consider the
energy reserve situation. Figure 4 shows the approximate ratio of energy reserves in Japan to
those of the United States. The massive reserves of U.S. coal and the large reserves of oil and gas,
mean that, while uranium may be a source of energy, it is not essential, not even for national
security reasons. If the uranium square is expanded to include the energy available when bree-
ders are in use, the resulting square more than fills the entire figure.

For a country that has massive reserves of gas and oil and coal, plus large reserves of lignite and
shale oil, nuclear power, per se, is not necessary in order to have a diversified energy source.
Nuclear power may be the most environmentally benign source of electricity and it may be the
safest but at this time it does not have the same status for the U.S. as for most other countries
of the world. In particular, since the U.S. — with the Light Water Reactor — already has four
significant alternatives, one must discount the U.S. delayed decisions on the Breeder Reactor.
Under these conditions, it is difficult to obtain a national consensus for a fifth source of energy
in order to assure a reliable supply for the next few decades. On the other hand, for those

countries of limited fuel reserves where nuclear power represents a major part of their electrical



future, the Liquid Metal or Breeder Reactor should not be considered as a sequential follow-on
to the Light Water Reactor. It should be considered in the light of a need to diversify the energy
supply. The Liquid Metal Reactor technology is different than LWR technology; the fuel cycles
are different; everything is different. For most countries of the world, the review of the role of
the Liquid Metal Reactor should not be as an economic competitor for the Light Water Reactor,
pbut rather as an economic competitor for oil or coal. 1t for Japan the Liquid Metal Reactor is
cheaper than oil or coal, then Japan should proceed with the Liquid Metal Reactor as a way of

diversifying its electricity supply in the most economic manner.

I will make no attempt to estimate the electricity needs of the future, nor the rate of growth of
energy needs, nor the new applications that may require expanded supplies of electricity. Suffice
it to say that electricity is the cleanest energy, the smartest energy, and the most flexible energy.
Its percentage of our world energy will continue to grow. 1 assume that by the end of the cen-
tury battery developments will have reached the point where a major fraction of the vehicles on
most city streets will be electric cars and peak loads will be handled by some type of battery
storage. It is important to recognize that much of conservation runs on electricity. When we
substitute heat pumps for gas or oil furnaces, our total energy consumption declines; but our
use of electricity increases. When we build smart buildings with rooms heated only when
occupied, we are usually talking about electric heat. As we move workers from outside jobs and
open factories to offices and service jobs, we add lighting, air conditioning, and electronic tools
and electronic terminals - all require electricity. Regardless of the nature of our society, or the
rate of growth of GNP, or the rate of population growth, it is very clear that the need for electri-
city 30 years from now will be significantly greater than the current need. It is also clear that
new alternatives, such as solar and wind and wave, may play a minor part, but only a minor part.
Fusion will probably not yet play any part. Concerns over the risks of fossil fuel use, such as
acid rain and the greenhouse effect, will make the expanded use of fossil fuels questionable at
best, and possibly prohibitively expensive.

Thirty years sounds like a long time but we should recognize that it is less than one lifetime of
technology. Therefore, while 30 years from now we will be seeing the introduction of many
new things (including things that today we might think are very unlikely, or very unique or not
even thought of yet). We will also still be seeing a substantial part of what we see today. In 30
years we will not be deeply into a new era, we will be at the start of a new era. I would expect
that 30 years from today, not only will a major part of the electricity of the world be coming
from Light Water Reactors, but much of it will be coming from the very same Light Water
Reactors that exist today. Today we are accumulating worldwide LWR experience at the rate of
one reactor year per day — and it is continuing to accelerate. In 2016, less than 4% of the
reactors now operating in Japan will be 45 years old. The program for life extension and plant
improvements are an accepted philosophy that is being implemented today. Thirty years from
now we will have gone one step further in the life extension of existing plants. I choose to call
it — refurbishment. By the time a nuclear power plant has reached 40 or 50 years of age, even

modest rates of inflation and escalation will mean that the non-deteriorated parts of the plant,
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such as the Containment Building, the Water Structures, the Auxiliary Buildings, the Structyry)
Steel, Turbine Generators, etc., will have a replacement value that is so high that it would not pe
economically practical to junk them. It may be necessary to completely replace systems that
have deteriorated. It may be that all of the electrical systems, all of the instrumentation, Mmany
of the small motors, many small components, and even the entire Primary System (Pressure
Vessels, Steam Generators and Piping) would be replaced. But a major part of the investment of
a nuclear plant has a potential for a 100-year lifetime and I believe that conservation of resources,
limited sites, and good engineering will have introduced plant refurbishment to indefinitely
postpone plant decommissioning.

It would have been better if the refurbishment concept had existed at the time current plants
were being designed so that ease of replacement could have been planned for in the original
design. I assume that will happen with our next generation of LWR’s.

There certainly will be new Water Reactors built during the next 30 years, most of them in the
next 15 years. Perhaps not very many new ones will be under construction 30 years from now
because of the world fuel supply. Those that will be built in the interim will philosophically
look more like those we built 10 years ago than they look like the ones we built last year. The
unjustified complications that have been added in the panic that occurred after TMI will be
replaced by a more rational assessment of what is technically sound, what is technically needed,
what is real safety. The Light Water Reactors we will build in the next 30 years are not likely to
be entirely new concepts, they are much more likely to be evolutionary models based on today’s
LWR’s — just as today’s automobiles have evolved from the automobiles of the 1930’s, 40’s
and 50’s.

Thirty years from now part of our electricity will be coming from Liquid Metal Reactors. [
believe that the Liquid Metal Reactors will actually be introduced into our energy economy,
not because of a rapidly rising price of uranium, but rather from recognition that any tech-
nology that offers the advantages of nuclear power — (environmentally benign, national security,

economic stability, etc.) at a cost competitive with or cheaper than oil and coal cannot be ignored.

While Light Water Reactors have been receiving most of the attention world-wide (and making
most of the nuclear electricity), Liquid Metal Reactor Technology has been making major pro-
gress. A paper in this Session covers the French program and the very successful design and con-
struction of the Phenix Reactor. The Russians have been running the BN 600 Reactor for several
years now. The Experimental Breeder Reactor (EBR-I1) in Idaho has been rather consistently
demonstrating the safety and reliability of Liquid Metal Systems. It is now almost 24 years since
EBR-II was last cooled down to room temperature. Recent experiments conducted at that re-
actor included a full loss of flow experiment and a full loss of heat sink experiment. In both
cases the reactor was taken to full power, the safety circuits were inactiviated so scram could not
occur, and then all power to pumps were turned off. In both cases, the reactor passively shut
itself down due to phenomena such as thermal expansion. Analyses indicate the same would



occur for large size reactors of similar design. This should help to eliminate the hypothetical

“what if”’ consequences that had been assumed for Liquid Metal Reactors.

While the Power Reactors in operation in 2016, whether they are Light Water Reactors, or Liquid
Metal Reactors, will look very familiar to an engineer of today, there will be differences. Instru-
mentation and control, maintenance provisions, and fuel cycles will probably be significantly
different. Instead of millions of feet of wire, thousands of conductors and hundreds of cable
trays and conduits, each plant will probably contain a relatively few simple closed loop systems
for handling all information functions — what today we call instrumentation and control. Such
a loop would most likely be fiber optic, but it might also be an infra red or micro wave system.
Dispersed Data Processing will be done by micro versions of expert systems. Input to the expert
systems will come from an extensive network of monitors of all types — strain gauges, stress
gauges, corrosion monitors, sonic mounitors, temperature, pressure, flow, speed, vibration, etc.
Analyses will be done routinely and automatically, with a local silicon chip making a decision and
taking the action necessary to adjust operating conditions of the plant.

With the plant running smoothly in the hands of the Information System, the operators’ role will
be different than it is today. The Information System will have learning ability so that it will be
aware of all abnormal events that have ever occurred and know what to do about them. The

operator will be a supervisor monitoring what his robot staff is doing.

Perhaps the major difference in the physical design of the plants that will be built in the year
2000 and beyond is that they will be designcd for remote maintenance (automatic maintenance,
robot maintenance — whatever you care to call it). We will not be exposing people to even low
levels of radiation in order to do ordinary and routine repairs and maintenance. Today there is
a great deal of effort on the development of robots that can do anything — they can enter a
contaminated building, they can explore the bottom of the sea or roam on a distant planet.
They've been used in the clean up of TMI. This is a very interesting challenge for the designers

of robots. But it is not the best way to plan for remote maintenance.

It is much better to actually design a plant for remote maintenance. It may be a challenge to
design a robot that can reach up undemeath a piece of machinery to remove a bolt. It is much
better engineering to put the bolt in from the top of the piece of machinery so that the robot
does not have to reach up underneath. While no reactor has yet been built that way, one class
of nuclear facilities — reprocessing facilities — have been built that way. The original reprocessing
plants at the Hanford Washington nuclear site in the United States had all of its reprocessing
plant facilities designed for completely remote maintenance. The installation and removal of all

piping and electrical lines, and all mechanical components was done remotely.

Perhaps the remote maintenance concept reached its highest level of sophistication in the Fuel
Cycle Facility (FCF) of the EBR-II which operated for five years without anyone entering the
cells of the facility. Spent fuel was received from the reactor after cooling times as short as two



weeks; cladding was removed from the fuel; the metal fuel was melted down into ingots; the
ingots were cast into new fuel pins which were cut to length, inspected for diameter, porosity and
density. The acceptable fuel elements were then clad in stainless steel cladding with automati
remote welding, assembled into subassemblies and returned to the reactor. Not only were the
processes of fuel dismantling, melting, casting, fuel fabrication and assembly all done remotely,
but all equipment was maintained, repaired and modified remotely — even to the changing of
lightbulbs inside the plant.

Figure 5 is a picture taken inside that facility. In the foreground is the automatic equipment for
inspection and sizing of fuel elements. In the background (the large cylinder) is a casting furnace
for the casting of fuel pins. The background radiation inside this facility approached 1 million
roentgen per hour. [ am sure everyone in this audience has seen the greenish glow of Cerenkov
radiation (the glow of highly radioactive materials usually submerged in water). Figure 6 is a very
unique radiation glow. You are looking at the inside of an empty used crucible that has been
used for melting very radioactive fuel. The red glow you see is not a temperature glow, nor is the
background dark. You are looking through 5 feet of lead glass. The ambient light level inside
the cell is over 100-foot candles and the red color you see is the radiation glow above that back-
ground. This gives you some idea of the levels of radiation that remote operations have already

~

coped with.

The next figures show some remote maintenance activities taking place. Figure 7 shows the
replacement of a motor in a bridge drive. Manipulators and cranes were designed so that motors
plugged in like old-fashioned radio tubes. When plugged in, motors and gear reducers were
physically located, electrical contact was made and power drives or clutches were engaged. If the
motor burned out, the repair “robot” gripped just the one handle and pulled. This unlocked and
then unplugged all aspects of the motor — mechanical, electrical and drive. A new motor could
be installed in just a few minutes. This same concept applied to everything in this entire facility.

Facilities designed for remote maintenance have been in operation for more than 40 years; it is
time we introduced the concept to power reactors. 'This concept of design for remote mainte-
nance, a concept of the late 50’s, implemented in the early 60’s, will return as a basis for reactor
plant design of the 90’s.

There will also be new thinking about fuel cycles. EBR-II driver fuel has been taken to burn-ups
in excess 180,000 MW days per ton. FFTF has demonstrated extremely long life and low swel-
ling for new cladding and fuel assembly structural alloys. It is probable that, long before 30
years have passed, Liquid Metal Reactor Fuel will exist that has a lifetime equal to the nominal
lifetime of the power plant. The economic optimum may dictate refueling every 10 year, but

technically it may be possible to refuel only once every 20 or 30 year.

On the political scene, it is very unlikely that oil prices will be free market prices. The current

disarray of OPEC, partially due to the introduction of nuclear power and the small automobile,



will be under control by the oil producers. However, the expansion of nuclear power and the use
of electricity for transportation, via the electric car, will help put a cap — be it a high cap — on oil

prices.

In summary, it is my opinion that 30 years from today essentially all of the nuclear power plants
now operating in Japan will still be operating. However, they will be only a fraction of the total
nuclear power of Japan. Nuclear power will be a much larger fraction of Japan’s total electricity
than it is today; and electricity will be a much larger fraction of the country’s total energy than
it is today. While today’s plants will still be in operation — 40 years will turn out to be middle-
aged for well-run, well-maintained nuclear power plants — most of the plants will be plants not
yet under construction or not yet scheduled. These will not be new concepts — basically they
will almost all be evolutionary, not revolutionary, versions of today’s LWRs and LMRs. There
will be differences, lots of differences, but they will be in special fields, in auxiliaries, in supports
and not in the basic technology.
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Future of the Nuclear Power Option
in the United States
by Carl Walske
President
Atomic Industrial Forum, Inc.

It is a pleasure to be in Tokyo again and to be
participating in the Japan Atomic Industrial Forum's annual

conference.

Since this meeting takes place as JAIF celebrates its 30th

anniversary, I can add that the pleasure is all the more keenly

felt., Some of the early organizers of our own Atomic
Industrial Forum worked very closely with the organizers of
JAIF when it was founded after ours.

I am old enough to recall the sense of excitement that
prevailed in the 1950s during the formative years in the
development of nuclear energy.

Looking back, much has been accomplished in the space of
three short decades. Our words today are not likely to rate
more than passing mention outside of industry circles. But,

the numbers speak for themselves, loudly. Preliminary

estimates indicate that 26 countries last year generated on the

order of one-and-a-quarter trillion kilowatt-hours of

electricity from nuclear energy, or about 15 percent of the

world's total. France now derives two thirds of its electric



power requirements from nuclear plants. Belgium is nearly 60%
nuclear electric; Sweden, 50%; Finland and Switzerland, 40%.
West Germany gets a third of its electricity from the atom, and
Japan more than one fifth.

In the U.S., we produced 384 billion kwh last year from
nuclear plants, which was almost 16 percent of our total
generation and second only to coal. In terms of market
penetration, this isn't as high as in some countries, including
those I just mentioned, because the U.S. is rich in resources
and has chosen to develop its nuclear program more slowly.

But nuclear's market share in the U.S. is deceiving, because
our national grid is so large. In absolute terms, we now have
100 operable nuclear units, which is more than any other
nation. Indeed, our reactors represent one-third of the
world's total nuclear plant capacity.

Three decades ago, it was hoped that energy derived from
splitting the atom would provide the world with another source
of energy that would be cost-competitive with fossil fuels.
That hope has been largely realized., Today, we are witnessing
the benefits of the foresight and planning done 30 years ago,
as we watch the world price of o0il decline,

Not too long ago, OPEC analysts looked around in an effort
to understand why markets for their o0il had fallen so low. One
of the reasons, they found, was nuclear energy, which they

determined has permanently eliminated worldwide markets for



some 6 million barrels of oil daily since 1973. The total is
more than the current level of U.S. imports. By the end of
the decade, the o0il savings will grow by an additional two
million barrels daily, the analysis showed. Nuclear plants
have directly replaced oil-fired units. They have forestalled
the development of new oil-fired capacity. In addition,
electricity generated in nuclear plants has gone on to replace
0il previously used in homes, businesses and factories.

As proud as we can be -- and should be -- of the market
penetration nuclear energy has achieved, I have been asked
today to use this occassion to look forward into my crystal
ball. Specifically, where is the nuclear industry in the U.S.
heading in the future? We are often asked that question
because of the continuing lull in new reactor orders.

To begin with, it is important to point out that, in the
short term, U.S. nuclear capacity will continue to expand at é
record, or near-record, pace, despite the current ordering
pause. Almost without notice, we have on average brought a
new reactor on line every ten weeks since 1980. Some two dozen
additional reactors are still under construction. By the time
all of them are in commercial operation, uranium will fuel
about one-fifth of total U.S. electrical generation.

But by the late 1980's, this rapid growth in the U.S.
commercial nuclear energy program will come to a hiatus. Our

utilities are not ordering virtually any central-station



generating capacity. They are still working off a significant
surplus of capacity that has accrued from
slower-than-anticipated growth in demand. Currently, they have
about 12 percent more capacity than they need in order to
ensure reliable service.

This means it will be a few more years before they once
again begin ordering large numbers of central station
generating facilities. When the surplus is gone, however,
significant amounts of new capacity will be needed to ensure
reliable service in the 1990s.

The sheer size of the U.S. grid, which is approaching 700
gigawatts of generating capacity, shows how large the potential
market is. No forecasters today believe the U.S. will see a
repeat of the pre-oil embargo days when demand for electricity
grew 7 percent annually. But even if demand grows at a
moderate 3 percent per year =-=- which is a little less than it
has averaged during the past three years -- the U.S. would need
to add some 21 gigawatts of new capacity each year. This‘is
equivalent to 21 large, 1,000 MWe generating stations, not
counting the need for additional capacity to replace aged or
uneconomic units.

For a variety of reasons, we believe nuclear plants ought
to capture up to half of the expected new orders. Under the
scenario I have outlined, there would be as many as 10 nuclear
plant orders per year. This is by far the largest potential

market in the world.



In a few minutes I'11 come back to why I think this is the
most sensible -~ and therefore most likely -- scenario for the
future. But for the moment, let's talk about what the U.S.
will be doing in the interim. The impending hiatus in nuclear
energy expansion in the U.S. does not mean in any way that
civil nuclear technology will stagnate. On the contrary, both
industry and government are committed to maintaining U.S.
nuclear technology at the cutting edge.

Our utilities are currently engaged in a cooperative
program, conducted through our Electric Power Research
Institute, to advance the state of light water reactor
technology for the next round of orders. Separately, our
domestic manufacturers also are carrying out work independently.

Toward this goal, the U.S. can count as an asset its
enormous industry infrastructure, which has more reactors, more
scientists, and more engineers than any other nation.. I'd
like to toss out a few numbers which indicate just how large
this infrastructure is.

All told, the U.S. commitment for some 130 commercial
reactors, including ones now operating and those still under
construction, represents a capital investment approaching
$200-billion. These plants require servicing, which by itself
supports a multi-billion-dollar annual market.

During the next decade, U.S. industry also will be

participating in the federal program to build an underground



repository for nuclear waste by 1998, and in state programs to
build a series of regional low-level waste disposal sites.

Our high-level waste program, by the way, is being financed
largely by a 1 mill per kilowatt-hour surcharge on
nuclear-generated electricity. Spending for the high-level
waste program in the fiscal year that begins October 1 is
projected to be $769 million,

Beyond the commercial sector, the U,S. has related programs
that support our industry infrastructure. In particular, this
includes our large naval nuclear propulsion program, which
represents another source of technical knowledge and a source
of skilled personnel for our commercial program.. Today, the
UaS, Navy operates 167 nuclear plants to provide power for 135
submarines and 13 surface ships. These nuclear-powered
vessels and others now retired have operated with outstanding
success for more than 2900 reactor/years.

In addition, the U.S. government supports sizeable R§&D
programs to enhance civil nuclear reactor technology. Last
year, the U.S. government spent roughly half a billion dollars
for this purpose, not counting our fusion program. This
included research conducted for the Department of Energy and
Nuclear Regulatory Commission. The work is conducted
principally at several of the U.S. national laboratories, whose
names are familiar: Oak Ridge, Argonne, Hanford, Idaho, Los

Alamos and Livermore. This federal rv§d effort will remain



sizeable, even though it may not emerge unscathed from
government-wide budget-cutting efforts aimed at reducing the
U.S. deficit. The deficit-reduction effort is affecting
virtually all domestic programs.

On the other hand, our civil nuclear technology may receive
spin-off benefits from related r&§d programs, such as for
defense space and terrestial needs, which the Reagan
Administration would like to increase.

This huge U.S. infrastructure, which I have briefly
described, not only provides us with a foundation on which to
build for the future. It also provides our manufacturers with
an advantage in the international market. Indeed, I expect the
U.S. nuclear industry to remain a leading player in the
international market for years to come.

In closing, I promised you some additional thoughts on why
I believe the nuclear option has an excellent future in the
U.S.

One reason is the realization that, in the long term,
sources of energy supply are limited, even for an energy-rich
country like ours. O0il and natural gas are not viable options
for future baseload electric capacity in the U.S., a fact
reflected in a national law which prohibits their use for this
purpose. It is an appropriate law, when we continue to burn
more 0il than we find every year, and when alternatives are

readily available.
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The U.S. conceivably could expand large-scale hydroelectric
power a bit, but not by much since the best suitable sites have
been used,

Other, non-conventional energy sources =-- such as solar,
wind, geothermal, and tidal power =-- still have not proven
their ability to provide reliable, economic energy: day or
night, rain or shine. Today, they provide less than one-half
of one percent of our electricity needs.

Nor is co~generation a viable option for providing the bulk
of our electrical capacity requirements over the long term,
Cogeneration currently is enjoying something of a spurt in the
U.5., owing to a law requiring our utilities to purchase it.
However, cogenerated power comes at a highly inflated price.

In addition, most of our cogeneration comes from burning fossil
fuels, which opens up questions about how reliably the public
can count on it should the economic picture change. Indeed,
cogeneration frequently represents a loophole in federal laws
prohibiting utilities from building new gas-fired plants.

Over the long haul, this leaves coal and nuclear energy as
the only viable domestic sources capable of providing the bulk
of future U.S. electricity neédﬁe We have sufficient coal
reserves to last for centuries, which means the U.S.
theoretically could forego a new round of nuclear energy
expansion. But prudence dictates against such a course of
action, if for no other reason than to give utilities a choice,

and thus to maintain price competition between fuels.
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Currently, the U,S. is bringing into service a generation
of high-cost nuclear power stations. They have suffered from
an unusual combination of economic and socio-political forces
that have been well documented. In particular, this current
generation of reactors has been subjected to post-Three Mile
Island regulatory changes that stretched out construction
schedules, making efficient management nearly impossible. The
effect of this turbulence was further heightened because it
occurred during a period of high inflation and high interest
costs on borrowed funds.

However, with a return to more normal economic and
regulatory conditions -- which is already showing signs of
taking place -- the experience of the past few years will not
be repeated. A study conducted by an AIF industry committee
has shown that future nuclear plants will produce electricity
for lower cost than coal-fired plants in all sections of the
country =-- if they are built under favorable conditions, such
as are enjoyed here in Japan. By favorable conditions, I am
talking, for example, about project lead times of eight years,
with engineering completed before construction begins and with
safety requirements as at present. Our study also assumes
long-term utility borrowing at 11 percent and inflation on
heavy construction at 7 percent per year,

Aside from the economic benefits nuclear plants can

provide, there are also environmental reasons that dictate



against the U.S. relying solely on its coal resources. One is
the threat of acid rain from coal-fired electrical production,.
Our friends in Canada are Very concerned about the acid rain
fallout they receive from U,S. coal-fired plants -~ so
concerned that they want to sell us nuclear-generated
electricity! Secondly, there is also the long-term concern
about the greenhouse effect that is caused by the burning of
fossil fuels. Some of our scientists are beginning to speak
out on this issue.

All in all, when one looks at the total energy picture, one
comes away assured that the nuclear power option in the U.S.

has a long future.
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Yays to Strengthen Nuclear Industry

Kozo Tida

Chairman, Subcommittee on
Nuclear Industry, JAIF
Executive Vice President,

Kansai Electric Power Co., Inc.

Thank you Mr. Chairman.

Mr. Walske, President, US Atomic Industrial Forum, Inc. has given a
valuable presentation on the current condition of nuclear industry in the United
States. Various efforts discussed in the presentation, for revitalizing the
U.S. nuclear industry currently suffering from the prolonged slowdown of the
nuclear reactor market, had much to teach those of us, who are involved in the
nuclear industry in Japan. 1 was particularly impressed with American electric
povwer utilities who are the users of nuclear power, putting much efforts via
EPRI and through cooperation between NRC and the EPRI for modifying the light

water reactors to suit the present U.S. econouic as well as social conditions.

Nuclear industry of Japan has a history of twenty years in the development
of Nuclear Power and has, in the sector of light water reactor, become self-
reliant as an industry. However, the establishment of nuclear fuel cycle has
Jjust begun to take shape, with the urgent need of establishing its business
scheme to be operational in 1990s. As for the development of FBR and the
establ ishment of breeding cycle, R & D efforts must be exerted from now on.

It may be said in this comnection that the nuclear industry is presently in a
transient period from the substantial establishment of LWR to the subsequent

developmental step.

On the other hand, such actualities as an arduous task in domestic nuclear
power plant siting and a lingering low~level power demand under the current low-
rate economic growth has been darkening the nuclear industry's hope of expecting
any substantial placement of orders, which will tell us that it would be long-
ensuring trend extending over a long period of time. On top of that, it could
be foreseeable in light of such economic trends as the current exchange rate and
oil price level that the nuclear power's economic superiority over other energy
sources might be upset temporarily: therefore, it is really an urgent task of

the nuclear industry to further impose its economic viability.
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It is not too much to say in the overall review of the foregoing that the
nuclear industry Is now at a critical juncture, and it is the nuclear industry

imperatives how to weather through it foward the next stage of development.

Given such basic background, JAIF has established in October 1984 a
Subcommittee on nuclear industry to strengthen its foundation, of which I am the
Chairman. This Subcommittee was organized under the Committee on Power Reactor
Development, and has the purpose to consider the long-term prospects of the
nuclear industry in Japan.

The primary group within the Subcommittee headed by the managing director
Mr. Yamazaki of the Chubu Electric Power Co., Inc. has focused on the issues on
the user’'s side. On the other hand, the secondary group headed by Vice
President Aoi of Toshiba, has considered the matters of the suppliers' side.
Encompassing the findings of the both groups, a f{inal report was completed by
the Subcommittee this March.

Today, I will present the general content of this Subcommittee report along
with my personal viewpoints on relevant matters.

1. Outline of the Report:
a. Forecast on Nuclear Power Development:

The report gave the prospects of Japan's national socio-economic condition
up to the year 2030 along with the projected growth of the nuclear power
development. (Slide 1) Such consideration of future expectations is vital for
effective long-term planning for the nuclear industry in the years to come.

According to our findings, Japan's economy is expected to grow from the
year 1985 to 2000 at 4.3% per annum growth rate in real terms, at 3.3% per
annum between the years 2001 and 2010 and finally, at 1.8% per annum from 2011
to 2030. The electric power demand during those vears then, can be expected to
grow along with the growth in national economy with the coefficient of
elasticity at around 0.7. Moreover, while the present share of nuclear power
generation is approximately 14% in KW and 23% in KWh, the figures are expected
to grow in the future, reaching to 40% in KW and 60% in KWh by the year 2030.

Consequently, nuclear power output in the year 2030 will be 140 million KV,
with a steady increase In the annual average number of newly operating units
from 1.4 units per annum in the years between 19835 and 1990, to 2.2 units per an
num in 1990 to 2000, 3.3 units per annum in 2000 to 2010 and 3.6 units per annum
in 2010 to 2030. These numbers include the expected replacements. And the unit
electrical capacity was set to be 1.1 GY for the years from 1996 and to 2000
and 1.3 GW for the years from 2001 and to 2030.

I-2-(2)



If the cost efficiency of light water reactor can be largely improved in
the future, giving it significant cost advantage over the other power sources,
its share of output will reach 45% in KW and 70% in KWh. As a result, the
capacity of nuclear power in 2030 is expected to be 160 million KV, indicating
possible addition of new units to the prodected figures I mentioned, at the rate
of one additional unit every 2 years. We suppose these figures as the target of

nuclear industry in Japan.

b. Nuclear supply industry-—-current condition and issues s

Next, the so-called "nuclear industry”™ can be broadly divided into electric
power utilities and nuclear supply industry. The latter is further subdivided
into nuclear manufacturing, nuclear service and fuel cycle industries. (Slide 2)
In today's presentation I would like to limit my discussion to the nuclear
supply industry and consider their present conditions and relevant issues in
some detail.

In Japan, the nuclear supply industry is comprised of approximately 300
companies of various sizes. And at the center of them there are 3 nuclear
reactor manufacturers which have advanced technology and large investment funds.

The total production capability of nuclear reactor manufacturers amounts to
around 6 units per vear. Therefore, given the above-mentioned expected growth
of nuclear power development, the manufacturers must produce at a rate
significantly below their maximum operational capacity. Nevertheless, since
these big manufacturers are capable of providing other products besides nuclear
plants, they should be able to overcome the on-going economic condition with
well-devised flexibility in their production strategy. However, the low level
of plant orders for long vears might make it difficult to maintain the present
technology level for these manufacturers. In contrast, around 150 relatively
small nuclear component manufacturers in Japan, will find it difficult to
maintain high-quality supply capacity due to the stagnant orders in the nuclear
field.

c¢. Measures for Strengthening Nuclear Industry Foundation:
Yith the conditions described above in mind, our Subcommittee has devised

the following 8 measures for strengthening nuclear industry foundation.

(1) Until now, nuclear power development in Japan proceeded at a pace of about
two units a year. With low economic growth continuing, it is bellieved that
in the next five years or so the pace of development will be considerably

°

below this level. After that and up to around the year 2000, it is
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(2)

@)

(4)

(5)

expected that the developument pace will be around two units per year, as at
present. If, however, the cost of light water reactor power generation can
be lowered remarkably and made considerably more economical compared to
other power sources, 1t might be possible to establish an additional unit
every two vears, over and above the figure given above.

In order to make light water reactor pover generation more economical, it
is vital for electric power utilities and the nuclear supply industry to
cooperate in rationalizing the plant system in order to lower the
construction cost. The fuel recycling cost and plant operation cost, too,
must be lowered, and efforts made to raise the plant utilization factor.
Through such efforts, it will be possible to lower the generation cost.
Also, the government should positively undertake the rationalization of the
regulations and standards of light water reactors to reflect the data

obtained from the record of safe operation and the results of R & D.

R & D at the stage of the light water reactor itself will be conducted as
hitherto on the initiative of electric power utilities in teamwork with
nuclear manufacturing industry. On the other hand, R & D relating to the
establishment of a fuel cycle and commercialization of the fast breeder
reactor will mainly be carried out by the private sector, but it is hoped
that the government will make strong and suitable support. In this
connection, the views of the private sector should be reflected fully in
the use of governmental budget for this R & D so as to ensure its efficient

use.

It is conceivable that the low level of plant orders and other reasons
might make it impossible to expect the nuclear manufacturing industry to
increase its investment in R & D. In order to sustain its R & D capability
and independence, special consideration will be necessary both on the parts

of the government and private sector in concluding Tuture R & ) contracts.

From the standpoint of strengthening the industrial foundation,it will be
necessary in future to bolster basic R & D. Therefore, expectations are
placed on strengthening basic R & D by universities and research
institutes, It is also conceivable that the private sector could step into
the field of basic technology as part of its R & D efforts towards
technological innovation and invest funds and personnel in basic R & D.
For this,the government should improve the investment environment,

including such measures as exemption of the tax incurred.
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®)

(7)

(8)

2.

Regarding the light water reactor market up to the year 2000, a study was
conducted, including what is expected of the nuclear supply industry. As a
result, although reactor manufacturers would have to cope with the
situation through their own managerial efforts, It was feared that the
ability of nuclear component manufacturers, whose business scale is
relatively small, to guarantee a high quality level might decline as a
consequence of stagnation of the nuclear power sector due to future market
fluctuations. In certain cases, such small suppliers might be forced to
drop out. Therefore, it is necessary to take measures to prevent the
scattering of the excellent technologies of these companies and to ensure
that they receive sufficient B & D funds to keep high level quality, thus

maintaining thelr technological capabilities.

With respect to long-range projects whose eventual commercialization is
hoped for and to R & D for innovation in peripheral technology using new
materials in the period after the year 2000, it is important for nuclear
manufacturing industry to make efforts to increase efficiency through

suitable cooperations and Jjoint projects.

In order to further nuclear power development smoothly. international
cooperation is important. Therefore, positive international cooperation
with other advanced countries must be promoted concerning R & I and nuclear
non-proliferation matters. With respect to plant esport, cooperations on
technologies and human training, especially at the initial stage, are
necessary. PFurthermore, regarding matters which are beyond the efforts of
a single company, such as the conclusion of bilateral agreements, guarantee
of fuel supply, financing and insurance, it is necessary to create the
right environment through ties-up between the government and the private
séctor, clearly defining the roles to be played by each party. It is
believed that Japan's researchers and enginecers who possess expertise and
experience in nuclear power developwent will play an important role in the

field of international cooperation,

Personal viewpoint on the relevant issues:
Such have been the general content of the report prepared by the

Subcommittee. HNow I would like to add some of wy personal opinions and

viewpoints under 2 general subtitles, namely, on the market of nuclear Industry

and measures for improving cost efficiency of nuclear power generation. I hope

you will excuse some of the redundancy in the content with my previous

presentation.

I-2-(5)



a. On the market of nuclear industry;

First, | would like to bring up the following point regarding the
stagnant condition of the nuclear industry market expansion. In considering
the prospective market size, the projection must not be limited to the number of
expected nuclear plants construction. That is, we must also include commercial
operation of neclear fuel cycle, R & D of both fuel cyecle and advanced reactor,
and export as variables contributing to the future market size. Comprehensive

inclusion of all of these 4 areas would be necessary.

Presently, the market for nuclear supply industry is estimated to be 1
trillion yen. The market size, if relative construction and Rl industries are
included, is approximately 1.7 trillion yen. Given such a market, the area of
light water reactors has been already established on a commercial basis.
However, for fuel cycle and other advanced reactors} the market development is
still at a very preparatory stage for hopeful market expansion in the future.

For fuel cycle industry, a total of 1 trillion yen or 5.5 billion dollar
order placement is certain at this point for enrichment plant, reprocessing
plant and Low-level radicactive waste disposal facility at Shimokita in Aomori
Prefecture, with further expansion anticipated in the future. With respect to
‘fast breeder reactor, the ordering of 2~3 units, amounting to a total of 1 to
1.5 trillion yen or 5 to 8 billion dollars, is anticipated only by the period of

its commercialization.

Furthermore, MITI is estimating the nuclear industry-related market to be a
total of 180 trillion yen or 1 trillion dollars for the years 1985 to 2030, of
which 70 trillion yen for Nuclear fuel cycle, B0 trillion yen for maintenance of
nuclear power plants and 50 trillion yen for plants construction (Slide 3).
Around half of this total market or approximately 100 trillion yen or 500~600
billion dollars is expected as orders to nuclear reactor and component

manufacturers.

Considering these projected figures then, while the industry will continue
to suffer from low level orders of plants construction, the period must be
regarded as the time for strengthening the overall industry because the industry
overcomes these unfavorable years, the future prospects are indeed not so
negative.

T would like to add further comments to 4 areas, above mentioned, namely nuclear
power plants construction, business operation of fuel cycle, R & D for fuel

cycle/advanced reactors, and export expected In the future.
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(1) While domestic construction of nuclear power plants listed as point no. 1
above will remain for some time at around 2 units per year in Japan, and the
number of constructions is not expected to grow for some time due to problems of
siting condition, it is certain that the demand will maintain its long~tern
stability during the period. Therefore, domestic nuclear plants construction
will remain relatively constant for scome years to come, ensuring stable business
base for the Iindustry.

Horeover, longer-term market expansion is actually possible through
diligent effors to develop domestic demands for plant construction. The key to
such development is in greater economic efficiency. The share of nuclear power
for electric pover supply can be increased by improving economic efficiency of
nuclear power generation, which in turn will promwote utility of electricity
through its general cost reduction. Such mutral interaction between demands for
nuclear power and elctricity will then contribute to additional construction of

nuclear plants.

(2) Business operation of fuel cycle listed as point number 2, will be promoted
under the leadership of utilities, by focusing particularly on security
assurance and establishment of necessary technology.

Japan Nuclear Fuel Service (JNFS) and Japan Nuclear Fuel Indurstry (JNFI)
are 2 newly established companies, currently preparing to start up as commercial
enterprises in 1990's. Their market, as I have mentioned earlier, is expected
to expand largely in the future. It is believed that the orders of construction
and operation of these plants and facilities will mostly go to nuclear supply
industry.

In these ways, given the business basis of projected domestic nuclear plant
construction, commercialization of fuel cycle will be an important factor for
further progress of nuclear industry as a whole.

The condition for smoothly realizing the business operation of fuel eycle,
is in further pursuit of cost reduction and greater economic efficiency towards

the international cost standard.

(3) Regarding the third issue, R & D for nuclear fuel cycle and advanced
reactors, electric utilities will take the initiative in it. As R & D of
nuclear power often involve long-term large-scaled projects requiring enormous
investments, promotion of nuclear power R & D is the most important factor for
revitalizing the nuclear industry in Japan.

We must be aware of the fact that R & D efforts of various types of new
reactors do not lead to long~lasting revitalization of the industry for further

commercial plants construction. Rather, the researches must be performed by
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selecting the target on the basis of reactor/fuel cycle development strategy.
Furthermore, respective roles played by the government and private sector need
to be clearly defined for efficient execution of such R & D projects. Finally,
introduction of new technology such as mechatronics and robots as well as of new
materials to the nuclear industry will not only contribute to the additional
improvement of nuclear power technology itself but also should stimulate the

other industies as well.

(4)  On the fourth point, the issue of exportation, I believe that we must put
our effors for increasing exvorts by throughly considering the international
market trend and non-proliferation matters.

Exportation from our country must suit the needs of the importing countries
mostly currenthy under development. Japanese nuclear industry must engage in K
% D of light water reactors appropriate for the requirements abroad. Horeover,
Japan must cooperate with other advanced nations In research as well as in
accepting orders from developing countries. Japan alone must not export the
reactors and supply fuel to abroad. Rather, our country must internationally co

operate with other nations in providing nuclear pvower to the needed regions.

b.  Measures for improving economic efficiency;

Next I would like to draw your attention to specific measures for improving
economic efficiency of nuclear power. As I have mentioned earlier, improvement
in economic efficiency, particularly in terms of reducing nuclear plant
construction and nuclear fuel cycling expenses, is indispensable for future
development of nuclear Industry.

The problem then, is how to improve the econonmic efficiency in practical
terms. As Mr.Valske of the US AlIF has mentioned, the nuclear supply industry
alone Is not responsible for economic efficiency. Rather, our goal can be
realized through various efforts on the part of manufacturers, users and

regulatory bodies.

(1) For instance, regulatory authorities must specify appropriate safety
standard and its guideline on the basis of their past findings. Furthermore,
improvement in inspeciton methods, and introduction of voluntary inspection
system will lead to greater efficiency.

(2) The electric utilities, the user of nuclear power can contribute through
promoting standardization of plants as well as through simplifying and
optimizing complex systems for both safety and economic efficiency at the same

time.
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(3) In addition, the nuclear supply industry must specifically promote
standardization from the manufacturer's side, while simplifying and optimizing
the plant system design and improving construction process by such as increasing

the portion of in-factory-production.

As mentioned earlier, the cooperation and total efforts among the three
parties are essential for improving economic efficiency of nuclear power.
Furthermore, 1 think it is desirable to set the target standard in advance, to
which we can proceed together.

Particularly with international division-of-effors in nuclear industry
being expected, we must always be aware of international cost standards

inpromoting higher economic efficiency.

I have presented my opinions on the future of the nuclear industry on the
basis of points covered in the report prepared by the Subcommittee. I hope that
my discussion has sewed its purpose of providing you with some ideas for future
progress of nuclear industry.

Thank you very much for your attention.
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JATF Annual Conference, Tokyo, 8-9 April 1986

Session 3, Panel on:

Nuclear Energy Development and International
Cooperation — Prospects for the 21st Century

(Contribution by M. Zifferero, IAEA)

In 1984 we saw a record year with 34 new nuclear power plants
starting operation around the world. 1985 was almost equally good with
32 plants bringing the total world nuclear capacity to 250 GW(e) and
1986 should bring about the same. This is, however, the result of orders
placed in the mid and late 1970s and the fewer orders since then will
mean a slower rate of increase in nuclear capacity in the beginning of
the 1990s. Still nuclear plants are now generating 14-15% of the world's
electric energy and we can with some degree of confidence say that this
figure will increase to about 20% around 2000 when the total nuclear

capacity will have doubled and reached 500 GW(e).

This is certainly a lower capacity than we would have projected 8 years
ago at the time of the second oil price shock. It is, however, probably
realistic and properly reflects the economic problems which we have
been experiencing in both industrialized and developing countries. It
is regrettable that the forecast is also that the major increase over
the next 15 years still will be in the industrialized countries and
that only some 50 GW(e) or 10% are likely to be in the developing world

and in only some 20 countries out of more than 100.

Even to reach this fairly moderate projection some conditions will

have to be met:

Firstly, the economic competitiveness of nuclear power will have to

remain at least as good as it is now;

Secondly, we have to maintain the excellent safety record and make

sure that public perception of it improves;

-2-1



Thirdly, we have to provide assurance that the technical solutions to

the waste problems, of which we are certain, really are demonstrably operable,

Fourthly, we have to provide continual assurance that nuclear power will

not contribute to any spread of nuclear weapons.

As far as nuclear power plants are concerned this will, in the short
term, mean a concentration on the presently proven light and heavyﬁwater
reactor types, in particular on standardization of design, but also on
contracting forms and project management to ensure that construction times
are kept short. Japan has given the rest of the world an excellent example
in this respect with the remarkably short construction times which are being
achieved here. But it will also be of primary importance to continue to

improve the performance of the operating plants.

The developing countries, of course, badly need much higher levels of
energy supply. Nuclear is undoubtedly a difficult and complex technology for
transfer into a developing society but we can learn some lessons from the
successful nuclear power programmes in, for instance, Argentina, India and
the Republic of Korea. The key undoubtedly is in the early recognition of
the infrastructural requirements of nuclear power especially as regards the
availability of qualified manpower at all levels, from project managers to
code welders. The IAEA has set up a systematic programme to help to assess
infrastructures (electric grid, manpower, industrial support) and to formulate
development programmes for them. The manpower training courses have made a
significant impact. Some 2000 trainees have participated in our interregional
courses and we are now moving towards setting up national training in some
10 countries as part of nuclear infrastructure development programmes. We
have been happy to see that this systematic and realistic approach is now

meeting wide recognition in developing countries.

The availability of power plants in the small and medium power range
for developing countries has always been of concern to the Agency. We have
shown in a study published in 1985 that a major change has occurred in this
situation as smaller power plants now would be available for export, several
of them of proven types. Now it seems to be the developing countries which
hesitate because of both a feeling that the economics of these plants still
mustibe demonstrated and also because they recognize that the infrastructure

requirements are essentially the same for a small or a big plant.
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In the longer term i.e. for the late 1990s or early 2000s, there is
a possibility that a new generation of small-medium size plants of safer

and highly standardized design will emerge and be available for export.

In both cases I foresee a continuing role for the Agency as a go-
between between suppliers and customer countries. It will be a continuing
role as these plants always will address those countries which often are

least prepared for the demanding nuclear technology.

In order to help better define the roles of the Agency in promotion
of nuclear power in developing countries, including the relationship with
financing questions, the Agency will call a senior expert group to discuss
the matter and give advice on the Agency's role. We have hopes that this

will be of great assistance in planning our future work.

+ o+ + o+
Early forecasts by energy planners were rather optimistic on the

rapid growth of nuclear power, an increasing share of which was to be
provided by fast breeder reactors (FBR). Yet as mentioned before the growth
of nuclear power has not been as rapid as predicted in the 1970's. The
large~scale deployment of FBRs has been delayed as a consequence and is
expected to take place after the turn of the century perhaps 2010 to 2030
depending upon the country. Two recent events highlight the technical
maturity and future role of these reactors: the large,commercial size,
(1200 MWe) Superphenix I was connected to the French utility grid during
January of this year and FBTR, the first LMFBR produced by a developing

country, reached criticality in Kalpakkam, India last October.

Cost reduction is presently the most important objective and the
main challenge for the FBR designer. Simplification of system components
and structures, reduction in the quantity of piping, increased compactness
of overall plant layout, and a more realistic and pragmatic approach to
safety criteria will result in significant cost reductions. As an example,
although Superphenix I costs more than twice as much as a standardized
1300 MWe French PWR, Superphenix 2 will achieve a 20-30% reduction in

material masses while increasing output by 20%.



There is also a general trend towards an improvement in fuel
cycle economics through a higher utilization of fuel. With reprocessing
and recycling as indispensable components of a fast reactor system,
increases in the target burnup of the fuel by almost a factor of two,
from 100,000 to 200,000 MWD/T would also contribute significantly to
decrease FBRs' generating costs.

‘ + 4+

Improvements of present generation thermal reactors are currently
being assessed in a number of countries. These relate to improved
fuel utilization, especially for those reactors operating on a once-
through fuel cycle, and making the reactors simpler, cheaper and
easier to operate and maintain. Toward this latter end, simplification
and standardization combined with a high degree of shop fabrication is
being proposed. Various technical modifications are under consideration
to increase uranium utilization. These include higher discharge burnup
of the fuel, spatially varying enrichment, shifting the spectrum of the
neutrons through moderation and making use of tight lattice concepts.
In addition, for heavy water reactors, reduced power density and use
of alternative fuel cycles are being investigated. While there is in-
trinsic merit in all these concepts, it is too early to settle on the
ideal one until more development work is completed in the near future.

+ o+ 4+ + 4+

For more than twenty-five years the high temperature gas reactor
(HTGR) development programmes have been conducted in a number of Member
States. In all countries the heat market is the primary long-range
motivation for HTR programmes. Besides an economic generation of
electricity, this technology can provide, with high safety margins and
in environmentally acceptable conditions, a number of industrial
applications. A primary consideration is the conservation, by
substitution, of expensive energy raw materials, especially crude oil
and natural gas. These heat applications include iron ore reduction,
coal conversion technology, process engineering in the chemical industry,
and, in the longer-term, hydrogen production. Anbther application, but
for smaller reactors, lies in the centralized supply of district heating.
The HTGR technology also makes possible combined sources of electrical

power and process heat.



International cooperation has become an essential and useful means
of reducing national funding for the development of these advanced reactor
systems, Considerable savings can be effected by the pooling of knowledge,
sharing of tasks, and utilization of infrastructural facilities. Such
international cooperation is strongly evident in the fast breeder programmes
in Western Europe and also amongst the CMEA countries. In other advanced
nuclear technologies, cooperation is pursued, but to lesser degrees than
with the FBR.

+ o4+t

It is a fact that the safe handling of spent fuel and the management
of nuclear waste are the responsibility of national governments but it is
also true that this area would benefit from increased international co-
operation. The main objective of the International Atomic Energy Agency
in the field of radioactive waste management is to assist its Member States
in achieving safe and effective management of radicactive waste so as to
provide adequate protection for man and his environment. This objective
is achieved by exchange of the most up-to-date information on technical,
scientific and regulatory aspects; the development of internationally
acceptable guidelines, standards and recommendations; the development and
exercising of responsibilities under international and regional conventions;
the encouragement and sponsoring of research work; and the provision of

training and technical assistance to Member States upon request.

The Agency's mechanisms for fulfilling these tasks are by means of
organizing conferences, symposia, seminars, technical committee and
advisory group meetings; by inviting recognized experts as consultants;
by sponsoring and coordinating research programmes; by arranging training
courses, study tours etc. The Agency awards fellowships, sponsors
scientific visits and provides expert missions and field experts to assist

Member States in implementing their national waste management programmes.

The IAEA waste management activity includes the areas of handling,
treatment, conditioning, storage and disposal in land and at sea of
various radicactive wastes, the assessment of environmental consequences
of radionuclide releases as well as the decontamination and decommissioning

of nuclear facilities.



Due to the increasing interests of Member States in safe and
effective management of nuclear waste, the TAEA has enhanced its effort
particularly in two areas: disseminating current technical information
and assisting the developing countries in the planning and implementation

of their national waste management programmes.

The demands for new and comprehensive technological information and
inputs from developing countries have been substantially increased in the
recent past. In endeavouring to satisfy these needs, however, the TAEA
maintains a proper balance between the activities related to the interests
of both developed and developing countries, although nearly 80% of our 112

Member States beloﬁg to the latter category.

As an illustration of the enhanced TAEA efforts in the exchange of
information on waste management, more than half of the total (about 150)
publications issued since 1960 were published within the last five years,

therefore, they can be considered as rather up—tomdéte information.

The demands for technical assistance, in‘the waste management field,
have been increasingly steadily. At the present time, 17 Technical Co-
operation projects are in progress in the regions of Asia, Latin America
and Africa. As a part of these projects the Agency provides field experts,
fellowships, scientific visits, equipment and supplies. In the near future
it is proposed to give the Technical Assistance activity in the waste
management programme of the TAEA a higher priority and an integrated Waste
Management Advisory Programme (WAMAP) is being planned to extend the scope

of IAEA services for developing countries.

An important form of the TAEA programme is through the encouragement
and support of research in the waste management area by conducting Co-
ordinated Research Programmes (CRPs), or by sponsoring the research of
individual scientific groups. During the last 10 years 10 co~ordinated
research programmes have been successfully completed and their results
published. In addition, five CRPs are in progress and two are in
preparation. There has been broad participation by both developed and

developing Member States.

T e e
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In the past few years the Agency's nuclear safety programme,
following the worldwide trend, has gone through a twofold shift of
emphasis firstly from siting and construction to operation of nuclear
power plants and secondly from preparation of recommendation and
standards to implementation of standards and discussion of important

outstanding safety issues.

The emphasis on operational safety has been achieved through
initiation of two relatively new activities of IAEA, Operational Safety

Review Teams (OSART) and TAEA Incident Reporting System (IAEA-IRS).

The Agency's nuclear safety standards (NUSS) programme has resulted
in development of 5 codes of practice and 55 safety guides. These documents
represent a standard frame of reference for analysing nuclear power plant
safety. In the next several years the Agency will continue assisting the
Member States in the implementation of the NUSS programme documents and

will collect feedback from the users of the documenfs.

To consider the outstanding important safety issues the Agency has
recently established the International Nuclear Safety Advisory Group(INSAG)
whose purpose is to exchange information and give advice on the issues to

the Agency.

For the near future the Agency will endeavour to strengthen IAEA-IRS
system to collect and disseminate information on incidents on the inter-
national level encompassing OECD, CMEA and developing countries. The
objective here is to broaden the exchange of information to safety

operating experience of all types.

In the long-term the Agency will continue to assist the Member States
in the operational safety area through OSART missions. The comprehensive
revision of the NUSS programme documents based on the feedback from the
users, the development of new methodologies and practices in Member States
which could result from the resolution of safety issues currently under
discussion will be performed in due course. This revision could take into
account the need for including other nuclear facilities, as appropriate

into the scope of the programme.

R S S S
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The road to commercial fusion power is a long and difficult one.
The most optimistic estimates are that the journey will take us another
40 years or so. Progress in fusion research has nevertheless been steady
and continuous. The development of this technology, however, has been one
of the most demanding tasks undertaken by mankind, and its realization

will not come overnight.

Where does fusion research stand today? When speaking of fusion at
the international level one identifies 4 major groups or blocs. These
are Japan, the European Economic Community, the USA and the USSR, These
blocs account for virtually all the fuslon research performed in the
world; very little is performed elsewhere. The development of fusion
sclence and technology to its present level has been characterized by
a series of experiments each increasing in size beyond its predecessor.
Of the various approaches to fusion, the most developed concept is the
so-called tokamak, a toroidally shaped and magnetically confined plasma.
The latest in this series of tokamak experiments are designed to reach
the first major milestone in fuslon - the demonstration of the scientific
feasibility of fusion power. Three of the 4 blocs have already commissioned
their machines, and the USSR plans to commission its own T1l5 in 1987,
Sclentific feasibility, that is the production of an amount of fusion
power equal to the amount required to start and maintain the plasma, is

expected to be demonstrated within the decade,

The next goal of fusion research is the demonstration of the Engineering
feasibility of fusion, a formidable task. Present plans for the funding and
construction of an experiment to accomplish this appear at present to be

nebulous. None of the blocs have, to my knowledge, committed to such a step.

Since the declassification of magnetic fusion research in 1956 there
has been international cooperation in this field, The level of cooperation
has however been low, ranging from the exchange of personnel to the
exchange of technology in specific areas such as neutron beam injection
and radio-frequency heating systems. The one exception to this rule is the

joint American-Japanese experimeni known as Doublet III.

M-2-8



Fusion is, however, a subject very well suited to international co-
operation on a much larger scale. The costs of future experiments are
likely to be in the multi-billion dollar range. Commercial application
of the technology is still in the future. The sharing of costs and the
pooling of intellectual resources appears, therefore at least from the

non-political point of view, an eminently reasonable thing to do.

In comparison to the worldwide fusion effort the role of the IAEA
is small. It is nevertheless important. A fine example of what the Agency
can do to foster international collaboration is the INTOR Workshop. INTOR
was established in 1979, and as originally envisioned, called for the
design and construction of a next generation experiment beyond those
currently in operation. This work was to be performed by the 4 fusion
blocs as partners. To date INTOR has resulted in a conceptual design for
this machine and an examination and definition of the critical,physical
and technological issues facing its construction. What is most important
is that these results represent the consensus of the world's fusion
community. Although the Workshop convenes in Vienna 2 or 3 times a year
only, the work done in home laboratories in support of INTOR amounted to
hundreds of man years of effort. The Agency's contribution to the project
has been in providing the administrative support and structure under which
it operated. Beyond this; INTOR functioned autonomously, with no technical

input or direction from the Agency.

As we are all aware, an initiative to greatly expand international
collaboration in fusion is presently under discussion at the political
level in the 4 fusion blocs. There is in fact a possibility that a joint
experiment, perhaps even as large as INTOR, will be constructed on an

international basis.

It is difficult to identify the role that the IAEA would play in the
eventuality that an international machine will be built, since this is
entirely dependent on the Governments involved. It seems obvious that the
management of a project of this size is outside the scope of the Agency's
abilities and would require an '"ad hoc" structure. On the other hand,
administrative arrangements could be conceived in the Agency,under which

even a project of this size could operate with the required level of autonomy.
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If requested, the Agency is prepared to sponsor the activity that will

permit the partners to define these arrangements.

In the near term, the Agency will continue to sponsor the INTOR Work-
shop until the end of its present phase, in December 1987. This important
activity will focus on laying the groundwork for the proposed future
activity.

A

Concern for the environment and for the harmful effects of radiation
are normally the main factors giving rise to antinuclear feelings in the
general public. The passage of time and the improved education of the
public will undoubtedly increase the present level of confidence in nuclear

energy and help in removing what are largely emotional issues.

The possibility of a link between peaceful nuclear energy technology
and the proliferation of nuclear weapons is, however, a steady source of
concern to most Governments as well as to the educated sector of the public.
This explains why international cooperation in nuclear technology and trade

has been linked with safeguards from the beginning.

The Treaty on the Non-Proliferation of Nuclear Weapons, which entered
into force in March 1970, and its counterpart for Latin America, the
Tlatelolco Treaty, remain by far the most important and significant steps
taken by States to prevent proliferation. Among other provisions, these
treaties require non-nuclear-weapon States party to it to conclude Safe-
guards agreements with the Agency covering all nuclear materials in all
their peaceful nuclear activities for the exclusive purpose of verifying
that such material is not diverted to the production of nuclear weapons

or other nuclear explosive devices.

At the end of 1985, 131 States were party to these treaties, including

three nuclear weapon States.

Over the years the IAEA has developed and applied, in connection with
the NPT requirements, a complex safeguards system based primarily on nuclear
material accountancy, and which involves such important complementary
measures as periodic visits to the installations concerned and continuing
camera surveillance where required to ensure that the material involved is

where it 1s supposed to be,
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The establishment of the Agency's safeguards system has not been,
and is still not, without problems, but looking at the future, there

are many gratifying aspects in our experience on safeguards.

The acceptance of safeguards through either the NPT or the Tlatelolco
Treaty, or other bilateral agreements, is now general, although full-scope
safeguards —- covering all material in all installations -—- are still un-
acceptable to some States. Almost 900 nuclear facilities, including
research and power reactors, fuel fabrication and reprocessing plants,
and fuel element storage facilities representing 98% of all nuclear in-
stallations in non-nuclear-weapon States are now under safeguards.
Throughout its existence the system has been able to verify with a high
level of confidence that no diversion has occurred of the safeguarded
material. The system has also proven to be accéptable to plant operators
and able to cope with the requirements of new technologies. The potential
for improvement nevertheless remains high, both at the technical level

and in respect of cost-effectiveness.

As to the future, taking into account the slower pace of nuclear
development in recent years; one can expect a period of consolidation of
the system in the period immediately ahead of us. It can safely be
assumed that, although the NPT is due to expire in 1995, this is not

going to affect the existence and continuation of the safeguards system.

The goal of effective and credible full-scope safeguards, in order
to bring within the system all nuclear activities in all non-nuclear—
weapon States, will continue to be pursued at the political level. At the
same time, efforts will continue to increase cost-effectiveness in order
to keep safeguards costs a marginal component of power production costs,
which can be largely justified by the benefits realized in nuclear trade
and assurance of supply. It is also expected that more and more peaceful
nuclear installations in nuclear-weapon States will be put under Agency
safeguards, not only as an equity measure, but to provide a significant
world precedent in an universally-accepted international verification
system. Continuing rapid developments in satellite-based communication,
computer science, information handling and automation are likely to have
a 1érge impact on the timeliness, accuracy and cost-effectiveness of the

system.,
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MR, CHAIRMAN, LADIES AND GENTLEMEN:

T AM PLEASED AND HONORED TO JOIN THE DISTINGUISHED
MEMBERS OF THIS PANEL FOR A DISCUSSION OF THE TOPIC,
"NUCLEAR ENERGY DEVELOPMENT AND INTERNATIONAL COOPERATION--
PROSPECTS FOR THE TWENTY-FIRST CENTURY." I WOULD LIKE TO
EXPRESS MY APPRECIATION TO THE JAPAN ATOMIC INDUSTRIAL
FORUM, AND IN PARTICULAR TO THE ORGANIZERS OF THIS
NINETEENTH ANNUAL CONFERENCE, FOR THEIR KIND INVITATION TO
TAKE PART IN THE PROCEEDINGS. I WOULD ALSO LIKE TO OFFER
MY CONGRATULATIONS TO THE FORUM AND ITS MEMBERS ON THIS,
THE THIRTIETH ANNIVERSARY OF THE FORUM'S ESTABLISHMENT.

IT SEEMS TO ME THAT THE VISION OF PROGRESS AND
COOPERATION IN THE PEACEFUL USES OF NUCLEAR ENERGY REMAINS
EVERY BIT AS COMPELLING TODAY AS IT DID IN
PRESIDENT EISENHOWER'S TIME THIRTY YEARS AGO.
NEVERTHELESS, IT HAS BECOME INCREASINGLY IMPORTANT,
BECAUSE OF THE COST AND COMPLEXITY OF NUCLEAR PROGRAMS, TO
ASSURE OUR ALLIES AND FRIENDS THAT WE RECOGNIZE FULLY
THEIR NEEDS FOR RELIABLE AND PREDICTABLE COOPERATION.

WHEN HE TOOK OFFICE, PRESIDENT REAGAN SET FORTH AS AN
OVERALL GOAL THE RE-ESTABLISHMENT OF THE UNITED STATES AS
A PREDICTABLE AND RELIABLE PARTNER FOR PEACEFUL NUCLEAR
COOPERATION UNDER A REGIME OF ADEQUATE SAFEGUARDS AND
CONTROLS. TO HELP ACHIEVE THIS GOAL, HE SPECIFICALLY
DIRECTED THAT THE ADMINISTRATION WOULD:



~UNDERTAKE IMMEDIATE EFFORTS TO INSURE EXPEDITIOUS
ACTION ON EXPORT REQUESTS AND APPROVAL REQUESTS UNDER
U.S. AGREEMENTS FOR PEACEFUL NUCLFAR COOPERATION WHERE

THE NECESSARY STATUTORY REQUIREMENTS WERE MET3

~NOT INHIBIT OR SET BACK CIVIL REPROCESSING AND BREEDER
REACTOR DEVELOPMENT ABROAD IN NATIONS WITH ADVANCED
NUCLEAR POWER PROGRAMS WHERE THESE ACTIVITIES DO NOT
CONSTITUTE A PROLIFERATION RISKs AND

~SUPPORT TAEA PROGRAMS AND OTHER INTERNATIONAL CO-
OPERATIVE EFFORTS TOWARD ENSURING NUCLEAR SAFETY AND
ENVIRONMENTALLY SOUND NUCLEAR WASTE MANAGEMENT.

I BELIEVE THAT IN IMPLEMENTING THE POLICY GOALS SET
FORTH BY PRESIDENT REAGAN, THE UNITED STATES HAS BECOME
MUCH MORE SENSITIVE OVER THE PAST FIVE YEARS TO THE OVER-
RIDING CONCERN OF OUR NUCLEAR TRADING PARTNERS THAT OUR
COOPERATION BE FIRMLY ESTABLISHED ON A PREDICTABLE BASIS.
WE HAVE IMPLEMENTED, FOR EXAMPLE, A MORE EFFICIENT EXPORT
LICENSING PROCESS, AND WE HAVE MADE PROVISION FOR MULTIPLE
RELOADS OF REACTORS., AND GENERAL LICENSES. AS MANY OF YOU
KNOW, WE HAVE DISCUSSED WITH JAPAN AND EURATOM. IN THE
CONTEXT OF NEW OR AMENDED AGREEMENTS FOR PEACEFUL NUCLEAR



COOPERATION, THE POSSIBILITY OF ADVANCE, LONG-TERM CONSENT
FOR THE REPROCESSING OF U.S.~ORIGIN NUCLEAR MATERIAL AND
USE OF THE DERIVED PLUTONIUM. WE IN THE UNITED STATES ARE
VERY PLEASED WITH THE PROGRESS THAT HAS BEEN MADE IN OUR
DISCUSSIONS WITH JAPAN, AND WE LOOK FORWARD TO ARRIVING AT
MUTUALLY ACCEPTABLE ARRANGEMENTS AT AN EARLY DATE. Wr
EXPECT THAT SUCH ARRANGEMENTS WILL PUT OUR PEACEFUL
NUCLEAR COOPERATION WITH JAPAN ON A STABLE FOOTING FOR
MANY YEARS TO COME.

THE UNITED STATES IS COMMITTED TO FACILITATING THE
FULLEST POSSIBLE EXCHANGE OF EQUIPMENT, MATERIALS., AND
SCIENTIFIC AND TECHNOLOGICAL INFORMATION FOR THE PEACEFUL
USES OF NUCLEAR ENERGY, NOT JUST AMONG COUNTRIES WHOSE
NUCLEAR PROGRAMS ARE ALREADY WELL ESTABLISHED. BUT ALSO
FOR THE BENEFIT OF COUNTRIES JUST EMBARKING ON PEACEFUL
NUCLEAR PROGRAMS OR PURSUING PROGRAMS IN AN EARLIER STAGE
OF DEVELOPMENT. WE HAVE NOT IGNORED THE LEGITIMATE NEEDS
OF COUNTRIES THAT WISH TO SHARE IN THE PEACEFUL BENEFITS
OF THE ATOM. WE WILL CONTINUE TO ENSURE, BOTH BILATERALLY
AND THROUGH THE IAEA. THAT SUCH BENEFITS ARE MADE
AVAILABLE ON A RELIABLE BASIS TO ALL COUNTRIES THAT ARE
FIRMLY COMMITTED TO THE INTERNATIONAL NON-PROLIFERATION
REGIME .

THROUGH THE TAEA, THE U.S. HAS ADVISED GOVERNMENTS ON
THEIR PEACEFUL NUCLEAR PROGRAMS AND ALSO ASSISTED IN THE
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DEVELOPMENT OF PROGRAMS FOR PHYSICAL PROTECTION AND
SAFEGUARDING OF NUCLEAR MATERIALS.

IT SHOULD BE NOTED THAT, WHILE THE U.S. DOES ENDORSE
AND SUPPORT THE IAEA'S TECHNICAL ASSISTANCE PROGRAM TO ALL
MEMBERS (CONTRIBUTING OVER 25 PERCENT OF THE TOTAL
TECHNICAL ASSISTANCE BUDGET). A PREFERENCE IN THE USE OF
THE U.S5.'S DISCRETIONARY FUNDS FOR EXTRA-BUDGETARY
PROJECTS IS SHOWN TO NPT PARTIES.

U.S.~PRC NUCLEAR COOPERATION AGREEMENT

LET ME TURN NOW TO SOME SPECIFIC COOPERATIVE EFFORTS.

ON DECEMBER 30, 1985, THE U.S. AND THE PEOPLE'S
REPUBLIC OF CHINA BROUGHT INTO FORCE A NUCLEAR COOPERATION
AGREEMENT ESTABLISHING A LEGAL FRAMEWORK FOR COOPERATION
IN A VARIETY OF PEACEFUL APPLICATIONS OF NUCLEAR ENERGY.
IT PROVIDES THE BASIS FOR THE EXPORT OF NUCLEAR REACTORS,
FUEL COMPONENTS, AND EXCHANGES OF TECHNOLOGY INCLUDING
COOPERATION IN HEALTH, SAFETY AND THE ENVIRONMENTAL
TMPLICATIONS OF THE PEACEFUL USES OF NUCLEAR ENERGY. IT
LAYS THE GROUNDWORK FOR STRENGTHENING ECONOMIC TIES
BETWEEN THE U.S. AND CHINA AND CREATES NEW OPPORTUNITIES
FOR U.S. COMPANIES TO ASSIST CHINA IN THE EXPANSION OF ITS
ENERGY SECTOR. SUCH PEACEFUL NUCLEAR COOPERATION WILL

PROVIDE AN OPPORTUNITY FOR BOTH COUNTRIES TO WORK TOGETHER
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TO PREVENT THE SPREAD OF NUCLEAR EXPLOSIVES. I WOULD
SUGGEST THAT CHINA OCCUPIES AN ENVIABLE POSITION TODAY,
BECAUSE IT CAN, IF IT CHOOSES. BE THE FIRST NATION TO
ENTER THE TWENTY-=FIRST CENTURY WITH A SUBSTANTIAL CIVIL
NUCLEAR PROGRAM BASED PREDOMINANTLY ON "TWENTY-FIRST
CENTURY"™ TECHNOLOGIES, INCLUDING THE LATEST MODEL LIGHT

WATER REACTORS.

FAST BREEDER REACTORS

IN THINKING OF "TWENTY-FIRST CENTURY"™ NUCLEAR POWER
TECHNOLOGIES, ANOTHER TYPE OF REACTOR THAT COMES IM-
MEDIATELY TO MIND IS THE FAST BREEDER REACTOR. IN THE
CASE OF FBR'S, AS IN MANY GOVERNMENT-SUPPORTED DEVELOP-
MENTAL EFFORTS REQUIRING LARGE INVESTMENTS, INTERNATIONAL
COOPERATION CAN PROMOTE EFFICIENCY AND ECONOMY BY SHARING
COSTS AND SCIENTIFIC TALENT.

U.S. FBR DEVELOPMENT EFFORTS HAVE BENEFITED FROM
NEARLY 20 YEARS OF COOPERATION WITH OUR INDUSRTRIAL ALLIES
IN AREAS COVERING VIRTUALLY ALL TECHNOLOGIES OF THE FAST
BREEDER REACTOR AND ITS ASSOCIATED FUEL CYCLE.

THE UNITED STATES IS CONTINUING A STRONG TECHNOLOGY
DEVELOPMENT PROGRAM AND IN THOSE IMPORTANT AREAS DEALING
WITH LARGE PLANT DESIGN, CONSTRUCTION, AND OPERATION, WE

ARE SEEKING NEW COLLABORATIVE INITIATIVES. LAST YEAR WE



SENT A SENIOR LEVEL GROUP OF GOVERNMENT AND INDUSTRY
PERSONS TO EUROPE AND JAPAN TO EXPLORE OPTIONS AVAILABLE
FOR SUCH EXPANDED COLLABORATION. THE WORK OF THIS GROUP
CONTINUES.

MORE RECENTLY THE U.S. REACTOR DEVELOPMENT PROGRAM HAS
BEEN SIGNIFICANTLY REDIRECTED. WHILE PROGRAMS INVOLVING
LARGE PLANT CONCEPTS HAVE BEEN DEEMPHASIZED., OUR LIQUID
METAL REACTOR (LMR) PROGRAM CONTINUES. WE ARE, AND HOPE
TO REMAIN, IN THE FOREFRONT OF DEVELOPING THE MODULAR,
ECONOMICALLY COMPETITIVE, INHERENTLY SAFE LMR REACTOR
(CONVERTER OR BREEDER) CONCEPT.

WE FIND THAT SOME OF OUR MOST IMPORTANT COOPERATIVE
ARRANGEMENTS HAVE BEEN WITH JAPAN. WE MAVE EVERY INTEN-
TION OF CONTINUING TO BUILD ON THESE, IN PARTICULAR WITH
INDUSTRIAL LEVEL COLLABORATION.

INTERNATIONAL COOPERATION AND COLLABORATION HAS BEEN
AN IMPORTANT ADJUNCT TO THE U.S. BREEDER PROGRAM FOR MANY
YEARS. WE ARE MAKING A CONSCIOUS EFFORT TO EXPAND SUCH
ENDEAVORS EVEN IN TODAY'S ENVIRONMENT OF FEDERAL BUDGET
DEFICIT REDUCTION, AND WE BELIEVE THAT THESE ENDEAVORS
WILL BE INCREASINGLY WELL-RECEIVED OVERSEAS, NOW THAT THE
PACE OF INTERNATIONAL BREEDER COMMERCIALIZATION HAS
LEVELLED OFF.
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MAGNETIC FUSTION ENERGY

LET ME TURN NOW TO MAGNETIC FUSION ENERGY, ANOTHER
"TWENTY=FIRST CENTURY" TECHNOLOGY. THE MAGNETIC FUSION
ENERGY PROGRAM WORLDWIDE HAS MADE SIGNIFICANT ADVANCES
TOWARD THE GOAL OF MAKING ENERGY AVAILABLE THROUGH THE
PEACEFUL CIVIL USE OF THE FUSION PROCESS. INTERNATIONAL
COOPERATION AND COLLABORATION, BASED ON STRONG DOMESTIC
PROGRAMS, HAS BEEN AN IMPORTANT FACTOR IN CONTINUING THIS
PROGRESS BASED ON THE NEED TO POOL BOTH TECHNICAL AND
FINANCIAL RESOURCES.

WHAT BEGAN MORE THAN TWENTY-FIVE YEARS AGO IN THE FORM
OF SCIENTIFIC EXCHANGES HAS NOW EVOLVED INTO A NETWORK OF
BILATERAL AND MULTILATERAL COOPERATIVE AGREEMENTS BETWEEN
THE U.S., THE EC AND JAPAN AS WELL AS WITH THE IAEA.

THERE IS ALSO A LONG-STANDING, SUCCESSFUL, SCIENTIFIC
EXCHANGE WITH THE SOVIET UNION.

INTERNATIONAL FUSION COOPERATION FIRST APPEARED AS A
SUMMIT-LEVEL TOPIC AT THE 1982 VERSAILLES ECONOMIC SUMMIT.
AT THAT TIME THE TECHNOLOGY, GROWTH AND EMPLOYMENT WORKING
GROUP CHARTERED EIGHTEEN SPECIALIZED WORKING GROUPS IN-
CLUDING ONE ON CONTROLLED THERMONUCLEAR FUSTON. THE
FUSION WORKING GROUP (FWG) HAS DEVELOPED A PRACTICAL
FRAMEWORK FOR INTERNATIONAL COLLABORATION AMONG THE
WESTERN SUMMIT NATIONS IN FUSION RESEARCH.
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A JOINT PLANNING EFFORT INVOLVING FUSION EXPERTS FROM
THE SUMMIT PARTICIPANTS PROVIDES A BASIS FOR CONSENSUS-
BUILDING ON REQUIREMENTS FOR MAJOR NEW FUSION FACILTIES.

IN ADDITION, IN OCTOBER 1985, GENERAL-SECRETARY
GORBACHEYV DISCUSSED FUSION COLLABORATION WITH PRESIDENT
MITTERRAND IN PARIS AND LATER THAT MONTH SOVIET FOREIGN
MINISTER SHEVARDNADZE DISCUSSED IT WITH SECRETARY OF STATE
SHULTZ IN NEW YORK. IN NOVEMBER 1985, IT WAS ADDRESSED AT
THE GENEVA SUMMIT AND THE FOLLOWING JOINT STATEMENT WAS

ISSUED,

"THE TWO LEADERS EMPHASIZED THE POTENTIAL IMPORTANCE
OF THE WORK AIMED AT UTILIZING CONTROLLED
THERMONUCLEAR FUSION FOR PEACEFUL PURPOSES AND. IN
THIS CONNECTION. ADVOCATED THE WIDEST PRACTICABLE
DEVELOPMENT OF INTERNATIONAL COOPERATION IN OBTAINING
THIS SOUhCE OF ENERGY, WHICH IS ESSENTIALLY
INEXHAUSTIBLE, FOR THE BENEFIT OF ALL MANKIND."

FOLLOW-UP MEETINGS WITH BOTH THE SOVIETS AND OUR
WESTERN FUSION PARTNERS ARE PLANNED TO PURSUE THE BEST

WAYS TO ENHANCE INTERNATIONAL FUSION COLLABORATION.

MUCLEAR ENERGY AGENCY

AT THIS POINT I WOULD LIKE TO SAY A FEW WORDS ABOUT
THE NUCLEAR ENERGY AGENCY (NEA) oF THE OECD. WE IN THE
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U.S. ATTACH GREAT IMPORTANCE TO ITS WORK IN SETTING A
COMMON TECHNICAL POLICY FRAMEWORK FOR OUR COUNTRIES IN
NUCLEAR POWER. THE US CHAIRS THE STEERING COMMITTEE AND
CONTINUES TO STRESS THE SIGNIFICANCE OF THE PROGRAMS BY
SENDING HIGH LEVEL REPRESENTATIVES TO TECHNICAL COMMITTEES
AND WORKSHOPS. JAPANESE PARTICIPATION HAS ALSO BEEN
EXTREMELY IMPORTANT TO THE ACHIEVEMENT OF THE AGENCY'S
OBJECTIVES.,

THE AGENCY HAS RECENTLY PUBLISHED HIGHLY INFORMATIVE
AND TECHNICALLY SOUND STATEMENTS ON PUBLIC ACCEPTANCE OF
NUCLEAR POWER, THE MANAGEMENT OF RADIOACTIVE WASTE, THE
ECONOMICS OF THE NUCLEAR FUEL CYCLE. AND THE SAFE DISPOSAL
OF LOW-LEVEL RADIOACTIVE WASTE INTO THE OCEAN, IT WILL
SOON ISSUE STUDIES ON REACTOR DECOMMISSIONING AND ON THE
COMPARATIVE ECONOMICS OF COAL AND NUCLEAR PATHS TO
ELECTRICITY GENERATION.

WITHIN THE MONTH, THE AGENCY'S STEERING COMMITTEE WILL
CONSIDER A NEW THREE YEAR PROGRAM OF COOPERATION GROWING
OUT OF LAST NOVEMBER'S HIGH LEVEL WORKSHOP ON NUCLEAR
ENERGY PROSPECTS TO THE YEAR 2000. WE HOPE THAT THIS
PROGRAM WILL CONTINUE ITS TECHNICAL POLICY FOCUS ON SUCH
TOPICS AS: NUCLEAR REACTOR SAFETY:; COMMON FACTORS IN "G0OD
PERFORMANCE™ OF NUCLEAR PROJECTS:; THE IMPACT OF NEW
TECHNOLOGIES ON FUTURE RESOURCE NEEDS AND INDUSTRIAL
INFRASTRUCTUREs AND THE ENERGY SECURITY IMPLICATIONS OF A
SLOWDOWN IN NUCLEAR PROGRAMS IN THE WEST,
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THROUGHOUT LAST NOVEMBER'S WORKSHOP IT WAS WIDELY
RECOGNIZED THAT PUBLIC ACCEPTANCE IS A CRITICAL CONSTRAINT
TO NUCLEAR DEVELOPMENT IN A NUMBER OF COUNTRIES. THE NEA
WILL USE EVERY REASONABLE OPPORTUNITY TO REPORT ON ITS
WORK TN A MANNER THAT COMMUNICATES CLEARLY THE TECHNICAL
CONSENSUS ON IMPORTANT ISSUES. IN THIS WAY WE HOPE IT CAN
SERVE AS AN OBJECTIVE AND INTERNATIONALLY-RESPECTED SOURCE

FOR GUIDANCE ON OUR NUCLEAR FUTURE,

OMALL AND MEDIUM POWER REACTOR PROJECT

ANOTHER RECENT EXAMPLE OF INTERNATIONAL COOPERATION IN
NUCLEAR ENERGY WHICH HAS BEEN EXTREMELY SUCCESSFUL IS THE
TAEA'S SMALL AND MEDIUM POWER REACTOR PROJECT (SMPR).
BEGUN IN 1983, THE PURPOSE OF THE PROJECT WAS TO TAKE A
FRESH LOOK AT THE SMALL AND MEDIUM POWER REACTOR CONCEPT,
PARTICULARLY ITS POTENTIAL APPLICABILITY FOR DEVELOPING
COUNTRIES., WHILE ECONOMIES OF SCALE ARE GENERALLY THOUGHT
TO FAVOR LARGER PLANTS, THE BETTER MATCH-UP WITH SMALL
GRIDS OR LOWER LOAD GROWTH AND REDUCED FINANCING
REQUIREMENTS ARE OFTEN MENTIONED AS FAVORING SMPR'S.

PHASE T ON THE SMPR PROJECT CONSISTED OF AN INTENSIVE
STUDY OF THE POTENTIAL FOR SMPR'S FROM THE STANDPOINT OF

BOTH POTENTIAL SUPPLIERS AND PROSPECTIVE BUYERS. THE ITAEA
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REPORT OF THE STUDY'S RESULTS CONTAINS THE MOST
COMPREHENSIVE, UP-TO~DATE INFORMATION AVAILABLE ON THE
POTENTIAL FOR SUPPLY OF SMALL AND MEDIUM POWER REACTORS.,
FROM THE BUYER'S PERSPECTIVE, THE REPORT MAKES CLEAR THAT
ACTUAL DEMAND FOR THESE REACTORS HAS NOT YET MATERIALIZED,
ALTHOUGH THERE I$ CONSIDERABLE INTEREST IN THE CONCEPT,

THE U.S. PARTICIPATION IN THE SMPR PROJECT HAS BEEN A
MODEL OF GOVERNMENT AND INDUSTRY: COOPERATION. REPRESENTA-
TIVES FROM FIVE U.S. FIRMS ATTENDED MEETINGS. DRAFTED
QUESTIONNAIRES, AND HELPED DRAFT MAJOR SECTIONS OF THE
REPORT. THE DEPARTMENT OF ENERGY CONTRIBUTED FUNDING TO
THE STUDY WHICH WAS OVER AND ABOVE THE NORMAL U.S.
VOLUNTARY CONTRIBUTION TO THE IAEA.

CONCLUSION

I THINK IT SHOULD BE PLAIN FROM THE FEW EXAMPLES I
CITED, THAT THERE EXISTS AN ALMOST UNLIMITED POTENTIAL FOR
COOPERATIVE VENTURES IN NUCLEAR SCIENCE AND TECHNOLOGY IN
THE YEARS AHEAD. SURELY THE DREAM OF ATOMS FOR PEACE CAN
REACH NEW LEVELS OF FULFILLMENT IN THE TWENTY- FIRST
CENTURY, ESPECTALLY IF WE CAN STRENGTHEN COLLABORATIVE
EFFORTS.,

I BELIEVE THAT MAINTENANCE OF A STRONG DOMESTIC
PROGRAM IS VITAL TO THE CONDUCT OF INTERNATIONAL
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COOPERATION., ONLY BY BUILDING UPON A WORLD CLASS PROGRAM
AT HOME CAN WE HOPE TO BE ABLE TO PROVIDE THE
INFRASTRUCTURE NECESSARY FOR EFFECTIVE AND FRUITFUL
COOPERATION. WE HAVE WORKED VERY HARD TO GENERATE AN
ATMOSPHERE IN WHICH THE U.S. CAN CONTINUE TO MAINTAIN A
STRONG NUCLEAR ENERGY PROGRAM, PARTICULARLY IN THE
TNDUSTRIAL SECTOR.

I THINK WE HAVE SUCCEEDED IN THIS ENDEAVOR. WITHIN A
FEW WEEKS THE UNITED STATES WILL HAVE 100 OPERABLE
COMMERCIAL NUCLEAR PLANTS WITH A GENERATING CAPACITY OF
MORE THAN 84,000 MEGAWATTS. THESE PLANTS PROVIDE ALMOST
16 PERCENT OF U.S. ELECTRICAL GENERATION AND REPRESENT A
$60-70 BILLION CAPITAL INVESTMENT. BY THE EARLY 1990's
ABOUT 125 NUCLEAR PLANTS SHOULD BE OPERATING, AND THE
NUCLEAR GENERATING CONTRIBUTION WILL GROW TO NEARLY 20
PERCENT, SECOND ONLY TO COAL IN ITS CONTRIBUTION TO
ELECTRIC SUPPLY.

THE WORLD'S BEST PERFORMING REACTOR DURING THE 12
MONTHS ENDING IN JUNE, 1985 WAS FLORIDA POWER AND LIGHT'S
ST. LUCIE 1 NUCLEAR PLANT WHICH REGISTERED AN AVERAGE LOAD
FACTOR OF 98,3 PERCENT. IN 1985, THE SALEM 1 NUCLEAR
PLANT SET A NEW U.S. RECORD FOR ELECTRICITY PRODUCTION
FROM A SINGLE ELECTRICAL GENERATING PLANT IN A CALENDAR
YEAR., AS OF JANUARY 1986, U.S. NUCLEAR POWER PLANTS HAD
ACHIEVED MORE THAN 9HO REACTOR-YEARS OF SAFE OPERATION. T
THINK THIS RECORD OF INDUSTRIAL ACHIEVEMENT SPEAKS FOR
ITSELF.



FROM THIS STRONG DOMESTIC BASE FLOWS A PARALLEL U.S.
RECORD IN INTERNATIONAL COOPERATION. SINCE 1955, THE U.S.
GOVERNMENT HAS ENTERED INTO SOME 115 INTERNATIONAL AGREE-
MENTS WITH 40 COUNTRIES ON ISSUES RELATED TO ATOMIC ENERGY.
IN ADDITION, A LARGE NUMBER OF INDUSTRY-TO-INDUSTRY
LICENSING AND TECHNOLOGY EXCHANGE AGREEMENTS HAVE BEEN
CONCLUDED BETWEEN U.S. AND FOREIGN FIRMS. COUNTLESS
FOREIGN SCIENTISTS AND ENGINEERS HAVE BEEN TRAINED OR HAVE
PERFORMED RESEARCH IN U.S. INSTITUTIONS AND BETWEEN 1979
AND 1983, NEARLY ONE~THIRD OF ALL PH.D. DEGREES AWARDED
IN THE U.S. IN ATOMIC AND MOLECULAR PHYSICS WERE AWARDED
TO FOREIGN STUDENTS. ALL OF THIS, OF COURSE, IS IN
ADDITION TO THE BROAD RANGE OF TRAINING ACTIVITIES
SPONSORED BY THE TAEA UNDER ITS TECHNICAL ASSISTANCE
PROGRAM, TO WHICH THE U.S. IS A MAJOR CONTRIBUTOR. I CAN
THEREFORE ASSURE YOU TODAY THAT MY GOVERNMENT IS COMMITTED
TO MAINTAIN THIS STRONG RECORD OF INTERNATIONAL NUCLEAR
COOPERATION.
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I.  INTRODUCTION

Nuclear activity in Indonesia is very small compared to the activity
in the same field of developed countries. At the moment we have three small
research reactors which are utilized for research work and producing ra -
dioisotopes.

At present Indonesia is considering to build nuclear power plant,
therefore we are now building a bigger nuclear research reactor in order
to minimize the gap between the small reactor to the much bigger nuclear
power plant. With this nuclear power plant in mine, there is some study
activity for the preparation of the coming nuclear power plant,

With our nuclear research reactor and its supporting laboratories
which is under construction, and the planning for the nuclear power plant,
there will be "many" activities in the field of nuclear, which may attract
international cooperation. This new research reactor is built in the Na-
tional Center for research, science and technology, with the reason that
if necessary, research activity in this field can make use of the other
laboratory facilities which are also built in this center.

With this reason, therefore in this paper it will be expalined also other
Taboratories which are built or being built in this center.

Indonesia at present is trying very hard to transform its economic
base from agriculture to industry, therefore it is directed that the re-
search activities should be applied research, so that with in a relati -
vely short time can be applied to support the industrial development,

As we know that industrial development is mostly accomplished by -applying
better technology, therefore in all international cooperation, either in
research or industrial activities, it is expected that the Indonesian
scientists, managers and engineers should take an active part, so that
they can master the technology.



This paper explains the outline of most research activities, orga-
nization and coordination, which are under supervision of the Minister
of State for Research and Technology. For this specific meeting, nuclear
activity other than research is also informed.
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IT. RESEARCH ORGANIZATION AND COORDINATION

a. Research Institute

Research activities in Indonesia, mostly conducted by government
agencies and institutions and also mostly funded through the government
budget. This pattern is a general pattern that prevails in many deve -
loping countries, in which industries are still in their early develop-
ment. Because of this pattern, then almost all of the government depart-
ments have their own research and development section. Beside these de-
partmental research activities, research is also conducted in state
universities, in which of course the funding is mostly provided also by

government,

To enhance research activities the Indonesian government has esta-
blished also several institutes which are not connected to any depart -
ment and provides to some of them with research facilities. These non
departmental institutes are :

(1) The Indonesian Institute of Science (LIPI)

(2) The National Agency for Surveying and Mapping (BAKOSURTANAL)

(3) The National Agency for Atomic Energy (BATAN)

(4) The National Institute of Space (LAPAN)

(5) The National Center for Statistics (BPS)

(6) The Agency for the Asséssment and Application of Technology (BPPT)
The activity of all of this nondepartmental institutes are coordi-

nated and supervised by the Minister of State for Research and Techno -

lTogy.
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b.

man, and its devisions are led by deputy chaivyman. Then it is still devi-

The Agency for the Assesment and Application of Technology

A research Institute is usually lead by a chairman and a vice chair-

ded further into directorates which is led by directors. The devision of

an institute depends on its mission, as an example, the Agency for the

Assessment and Application of Technology which is established by Presiden-

tial decree in 1974 has the following missions and function :

Missions :

a.

to formulate general policies for consideration by the President re-
garding programs for the assessment and application of technology
requisite for national development;

. to provide over-all and integrated coordination of the execution of

programs for the assessment and application of technology;

c. to provide services to both government and private organizations in
the assessment and application of technology for national development;

d. to conduct activities in technology assessment and application which
support government policy on the application of technology for deve-
Topment.

Functions :

a. to control and evaluate the execution of programs for the assessment
and application of technology; and to foster technology transfer;

b. to encourage cooperation between government and private organization
at home and abroad in the assessment and application of technology;

c. to develop and foster basic and applied sciences relevant to the
application of technology, and to coordinate programs for their suc-
cessful application in technology and industry;

d. to access, apply and further develop technology for increasing the

quality of : life and human settlement, industrial processes, energy
conversion and conservation, electronics and informatics; and to de-
velop laboratories and physical facilites;



e. to access and apply technology in industry; and in the utilization
of natural resources for development;

f. to access, develop and apply operation-research, management, systems-
analysis, and technology-regulation methods; as well as to develop
simulations and models for national development;

g. to develop the capabilities and skill of scientific personnel; and
to develop and manage facilities required for the functions of BPPT,

Because of these mission and function, then this government agency is
devided into 6 divisions

1) Basic and Applied Sciences

3

Technology Development

(98

Industrial Analysis
Natural Resources
Systems Analysis

i
Nt et Nt e Dot “ps®

W

Administration

Because of these special missions, therefore this agency is led directly
by the Minister of State for Research and Technology. For executing its
mission, this agency is provided with laboratories which is called the
technical operating unit. ‘

The organization structure of this agency can be seen in the organi
gram on page 7.

¢. Research Coordination

As explained in the previous section, that most of the non depart-
mental government agencies are provided with Taboratories. This means
that most of their main task are conducting research. In order to direct
their research to suuport the national development, their research acti-
vity has to be coordinated and directed. This directive and coordination
are trusted in the hand of Minister of State for Research and Technology.
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To maximize the results, to minimize the budget and to avoid as far
as possible the duplication, the Minister of State for Research and
Technology has provided a "campus" on which all of the laboratories of
those non departmental agencies has to be built, This campus in The Na-

tional Center for Research, Science and Technology (PUSPIPTEK), which
is built in Serpong near Jakarta,

The diagram for the research coordination can be seen in organi -
gram on page 8, The coordination in done in a National Coordination
Meeting, which is held once a year, In this coordination meeting all
research institutes, either non departmental or departmental institu -
tes are requested to make presentation on their research results and

research plan for the following year or the following 5 year development
plan, ‘
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T1T. NATIONAL CENTER FOR RESEARCH, SCIENCE AND
TECHNOLOGY

a. Laboratories

In the previous chapter it is explained that the National Center -or
Research, Science and Technology, or in Indonesian language "Pusat Pene-
Titian I1mu Pengetahuan dan Teknologi® which is abreviated as "PUSPIPTEK",
is a Campus on which the Laboratories are built. The mission of PUSPIP -
TEK, beside to support the non departemental government agencies in ful-
filling their missions, is also, in broader goal is to enhance and deve -
lop national capabilities in the field of research, science and technology
to support the national economic development in the various sectors such
as industry, transportation, energy etc. This center is built since 1976
and planned to be finished in 1986. But because of the economic crisis,
it will not be completed untill 1988 or later.

In this short term planning this center will consist of the follswing
laboratories :

a) Laboratories belong to BPPT :
1. Laboratory for Strength of Materials, Components and Structures(LUK)
2. Laboratory for Aerodynamics, Gasdynamics and Vibration (LAGG)
3. Laboratory for Thermodynamics, Engines and Propulsion (LTMP)
4, Laboratory for Energy and Energy Resources (LSDE)
5. Laboratory for Technology Processes (LTP)

b) Laboratory belongs to BATAN :
6. Multi Purpose Research Reactor and the Relevant Laboratories (RPSG)

¢) Laboratories belong to LIPI :
7. Laboratory for Calibration, Instrumentation and Metrology (KIM)
8. Laboratory for Electrotechnique (LEN)
9, Laboratory for Applied Physics (LFN)
10. Laboratory for Applied Chemistry (LKN)
11. Laboratory for Metallurgy {(LMN)
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b. Laboratory Development Status

Qut of the 11 Laboratories, at the present time it is only two which
are already in service, some are under construction or still in the plan-
ning. The status of these laboratories are as follow

NO. Laboratory Name Statnus

1. Laboratory for Strength of Materials, in operation
Components and Structures (LUK)

(A

Laboratory for Aerodynamics, Gasdynamics under construction
and Vibration (LAGG)

3. Laboratory for Thermodynamics, Engines in planning
~and Propultion (LTMP)

4, Laboratory for Energy and Energy Re- in planning
sources (LSDE) ‘
Laboratory for Technology Processes in planning
Multi Purpose Research Reactor and the under construction
Relevant Laboratories (RPSG)

7. Laboratory for Calibration, Instrumen- in operation
tation and Metrology (KIM)

8. Laboratory for Electrotechnique (LEN) under zonstruction

. Laboratory for Applied Physics (LFN) under construction
10.  Laboratory for Applied Chemistry (LKN) in planning
11.  Laboratory for Metallurgy (LMN) in planning

c. Other Facilities an Further Planning of PUSPIPTEK

This center (PUSPIPTEK) is provided with housing for scientist and
staffs and also with a guesthouse that can accomodate 50 guest scientist.
In the tdta1 plan, this center will cover a Tand of 1000 Ha, in which
500 Ha provided for the laboratories, 150 Ha for university and 350 Ha
- for high technology industries.
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IV, ACTIVITY IN THE FIELD OF NUCLEAR

a. Multi Purpose Research Reactor

As can be seen in the previous section, the status of the Multi

Purpose Research Reactor (RSG) is under construction, When this Labora-
tory is complete it will consist of :

(1)
N

(2)

(3)

One multinurpose research reactor with capacity of 30 MW thermal,
equiped with several irvadiation facilities,

Installation for radio isotopes production, which can be used in
industries, hydrology, medical and others,

Nuclear fuel element laboratory, which will conduct research on
fuel element for nuclear power generator,

Installation for production of fuel elements for research reactor.
Nuclear waste laboratory.
Radio metallurgy laboratories.

Engineering and safety laboratory, for studying the reliability and
safety of the reactor components and system.

Nuclear Mechano-electronic laboratory.

The complition of this nuclear research reactor and its supporting

laboratories, is planned to be in the year of 1988, The reactor itself
will be in operation in December 1987, the radio isotope installation

in October 1987, the installation for experimental fuel element in March
1988 and for the nuclear waste installation is also in March 1988.

. Nuclear Power Plant.

(1)

Energy Demand

Many studies have been done, and some are still being done,

Therefore there are several forcasting and scenario have been



(2)

established. The study by Bechtel - BPPT (1980) forcasted that the
electric energy demand for the year 2000 will be 42000 MW if the
growth rate of GDP is 6%%, and will increase to 60.000 MW i¥ the
GDP growth rate reachs 7%%. But the new study says that because

of the economic crisis may be only 50% of the demand will be rea-
lized,

There are also several scenarios of the introduction of the nuc -
fear power plant, one study proposes only 8% of the energy demand
should be supplied by nuclear power plant and other propose up to
30%. Even time for the introduction is still discussed, it should
be introduced before or after the year 2000, These many studies
and scenarios shows how serious and how careful is Indonesia in
the application of nuclear energy into power plant,

But even in the peéimistic consideration, the minimum nuclear po-
wer plant (energy demand 40.000 MW, 50% realized and 8% supplied
by nuclear power plant) will be 1600 MW, which should be supplied
by 1 or 2 power plant. And the time for the introduction, whether
before of after year 2000, will not make big difference in the
preparation of the utilization of nuclear power plant,

Preparation for Introduction of the First Nuclear Plant.

The introduction of the first Nuclear Power Plant will call for
some basic organizations/functions to be established even before
bidding procedure becomes effective. Among others are :

1. institutional arrangement
2. development of infrastructure,

On the institutional arrangement it will be necessary to establish
organizations capable of a safe handling of a nuclear power plant

and its sourounding as well as nuclear waste, This concerns inde-

pendent safety assurances on the plant from independent organiza-

tions that the safety aspect of the plant can be weighed in the
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most objective way. It will also be necessary to establish arrange
ment between the promoting/operating organization and organization
which are cencern about safety,

Development of infrastructure should at least cover manpower trai-
ning as well as the preparation of Indonesian industries to take
up the responsibility of designing, manufacture and constructing
the plant at whatever level they are feasible. Among the two the
manpower training seems to be more difficult to tackie because it
involves a quite large leading time if it i5 to cover area of
activities ranging from design manufacturing, construction, opera-
tion as well as maintenance of the power plant and its related fa-
cilities and safety problems.

for International Cooperation

¢. Area-

up he
with
areas

Being aware of the fact that Indonesia will nct be able to build
r own nuclear programme alone the country hopes for cooperation

our friendly nations. To mention just a few here are some of the
which need be given attention :

Education & training in the field of Nuclear Technology.

Research in the application of nuclear technique in the field of
industry, hydrology, medicine and agriculture,

Exchange of information related to nuclear technology and nuclear
power,

Joint research at MPR-30 in PUSPIPTEK, Serpong.

Training in the field of Safety Assurance of a nuclear power plant,
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V. CLOSING REMARKS

On this opportunity I would Tike to express our sincere hope that
our cooperation in the field of Science and Technology which so far has
gone so well can extends its wings to a wider coverage of Science and
Technology to include the nuclear power technology. We have a great
expectation that cooperations in this field, T1ike what we have had in
other fields of technology will be fruitful to both cooperating coun-

tries,
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Dr. H. Frewer, W. Germany
Representative of the European Nuclear Society

"Nuclear Energy Development and International Cooperation

- Prospects for the 21st Century"

For many countries the peaceful use of nuclear energy is an
appropriate means of reducing their dependence upon imported
energy sources, of conserving the available fossil reserves and
of bridging the technological gap to the industrialized

countries.

Since only a few industrialized countries have the necessary
nuclear technology know-how, the other countries can only gain
access to this know~how by coopérating with a competent and
experienced partner who is not only willing to supply tech-
nology of a high quality standard, but who is also prepared to
impart the associated engineering and manufacturing know-how by
means of technology transfer. Furthermore, the management
know-how for a complex engineering task is essential for

handling nuclear technology properly.

The mature status attained by the European countries is
apparent from the first figure which shows the development of

the gross power generation structure in the FEuropean Community.

In past decade nuclear—generated electricity has already

contributed substantially to meet the growing overall demand.



The nuclear share has already reached around 25% of the total
generation and will increase to more than 40% by the end of
this century. Coal and hydroelectricity will decrease to less
than 50%, thbse of 0il and gas to about 10% after the hoom
period in the seventies. In Western Burope about 125 nuclear
power plants are already in operation and have accumulated more

than 1000 reactor years.

A:significant contribution in reaching the required high
standard was the necessary basic research, e.g. in safety
analysis, which was generally performed by government-owned
research centers or under their sponsorship. In this area
interﬁational cooperation proved to be a viable tool for
harmoniﬁing ﬁhe results of R+D. This synergetic effort of
fruitful éooperation in research and development in Western
Europe pushed, fér éxample, fast breeder technology to the top

position in the Western World.

The vital nuclear industry in Western Europe makes these
countries well-suited partners for cooperation, as is shown in
the next figure which illustrates the major international
partnerships with the European nuclear industry. Besides the
long—-term links with the U.S.A. and Japan, cooperation concepts
have also been established for less developed countries (LDCS)‘
Many df these countrieé in Asia, Africa and South America have
already profited from such cooperation and established their
own independent . industry- for the peaceful use of nuclear

enerqgy.
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The role of the IAEA as a catalyst for technology transfer
should also be mentioned. Based on an initiative of the IAEA
about 10 years ago, Western European countries arranged an
intensive manpower development program in the field of the
peaceful use of nuclear energy. Courses for participants from
LDCs are being held at educational centers in France, Germany,

Great Britain and Spain.

In this context the manifold bilateral exchange of scientific
and engineering know-how of the european nuclear community with
Japan and the United States of America should also be
mentioned. A special example of building up nuclear technology
from scratch is the international cooperation with Indonesia

which will be explained later in more detail.

A beneficial partnership implies not only years of experience
on the part of the technology supplier, but also the
elaboration of methods for transferring these technologies.
Some of the experiences gained by the European industry in the
planning of nuclear projects are shown in the next figure.
This three-level concept for establishing a long-term
partnership has the advantage of an integrated network of
collaboration. An essential factor is the assistance provided

by the governments at all three levels of technology transfer.

The first step in cooperation is an agreement between the
governments of the two countries involved. This umbrella

agreement on joint research projects and technical development



programs may cover the entire spectrum of science. At a second
level comprehensive agreements, for example in energy planning,
can thus be concluded between research centers, universities,
institutes and engineering companies. This cooperation
normally comprises the exchange of scientists and may include
investigations into energy planning or feasibility studies for

the introductory phases of nuclear power.

The third step in technology transfer is industrial
cooperation. The transfer of engineering and manufacturing
know-how makes it possible to achieve a broad basis of
industrial technology which can also be applied in non-nuclear
sectors. The entire framework of industrial cooperation is
governed by the motto "optimal use of the existing national
structure combined with a comprehensive long~term technology
transfer". The areas of competence, and even the individual
training programs and time schedules can thus be geared to this

objective from the very beginning.

The economic growth and industrial potential in the recipient
country determines the supply and demand structure, as shown in
the next figure. The governments concerned cooperate in
establishing general conditions, such as defining the data for
an overall energy program and support in research and
developnmnent, licensing and financing. OQuestions related to
closing the fuel cycle including the safeguard problems will

also be handled by the governments in close contact with IAEA.



On the other hand the industry is active on the basis of the
free market, e.g. as investor or supplier. They are
regsponsible for the design, construction and start up operation
of the plants. In the hardware field too, joint activities

~such as co-production - are advisable.

An important point for the development of a reliable nuclear
technology is the establishment of an integrated quality
assurance system, as outlined in the next figure. In order to
obtain a safe and cost-effective plant constructed in a defined
period of time, a coherent system of integrated quality
assurance is required. This is especially valid for the design
which is subject to the given national laws, regulations and
standards. Procurement and the follow-up of national
manufacture should also be handled jointly. Carefully
performed commissioning together with the recipient partner and
well-trained operating staff are necessary to guarantee high

quality and high availability.

Some examples of successful cooperation between different
countries at the scientific research and development level and
at the level of industrial cooperation will be shown for
Indonesia, Latin America and for the fast breeder field as a

prospect for the 2lst century.

The next figure shows the international nuclear partnership in
the PUSPIPTEK Research Center, SERPONG, in the Republic of

Indonesia. Outlined are some of the interactions between the
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different departments of this research center and their
cooperation partner countries (shown in red). The construction
of a 30 MWth Multi-Purpose Reactor by the German industry is
the center of all activities. On the basis of several areas of
application as illustrated on the right, the figure
demonstrates the manifold interrelationships between the

different supplier countries and Indonesia.

Apart from the results and experience related to future power
plants, many sectors of industry essentially involved in the
developmnent of materials can make direct use of the research
work.  PFurthermore, medicine, agriculture, mining and geology
as well as universities can profit considerably from these
nuclear facilities. This allows to build up a qualified
nuclear manpower potential as prerequisite for the later

construction of nuclear power plants.

A very impressive example of international cooperation in the
supply of components for nuclear power plants is the
manufacture of the reactor pressure vessel and its internals
for the PHWR Atucha IT1 in Argentina, as shown in the next
figure. Following the supply of all major forgings from Japan,
manufacture of the reactor pressure vessel (RPV) was started
about 1981 in Germany and Brazil where the lower parts 1 and 2
were manufactured separately. The assembly of these two parts
will be performed by the German manufacturer in the Netherlands

this year. Fabrication of the RPV closure head started in



Germany, machining is at present in progress in Spain and the
closure head will ultimately be delivered to the Netherlands
for hydro pressure testing. Fabrication of the RPV internals
was performed entirely in Switzerland at the same time. The
reactor pressure vessel and the internals will finally be
shipped to the Argentine site for installation in the Atucha

Nuclear Power plant.

The timely completion of the manufacturing activities in Brazil
and Spain was mainly due to the fact that the technology had
already been transferred by the German manufacturer to the

local suppliers at an earlier date.

The third example of international cooperation covers the fast
breeder development and is shown in the next figure. The lower
part outlines the cooperation between six participant European
nations (shown in blue). Their governments have committed
themselves to cooperation based on guidelines. These
guidelines are specified in contracts between the institutions
concerned, including utilities, operating companies as well as
research centers, shown in orange. The second inner circle
(yellow) characterises the industrial cooperation. Finally in
the red coloured center, the agreements for fuel reprocessing
between British, French and German institutions are shown.
These agreements provide the framework for long-term
cooperation in breeder fuel reprocessing beyond the year 2000.

This cooperation remains of course open to additional future
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partners as shown in the upper part of the figure. There are
already cooperation activities between Japan, the U.S.A. and
the six European partners based on the experience of Monju,

Super Phenix and SNR-300. This shows the long term route and

prospects for the 2lst century.

Irrespective of all political and technological considerations,
financing nonetheless constitutes one of the major obstacle
faced at present by developing countries who wish to embark on
a nuclear power program. Although nuclear power plants based
on classical economic analysis methods are competitive,
financing of nuclear projects in developing countries will
remain a complex and controversial issue. It is remarkable
that, for the majority of the projects seriously discussed,
export financing would have been available. However,
experience shows that financing of the local portion of a

nuclear power plant often presents the major obstacle.

Thus a balanced approach between imported supply and local
manufacture should be aimed at avoiding too large a financial
burden in building up a costly infrastructure in the developing

country.

New ways of mobilizing financial resources for the power sector
in developing countries will have to be found. These models
should include multi-country financing approaches, creation of
joint ventures and the consideration of barter and countertrade

deals. A key role is also to be assumed by the developing



countries to make the overall environment attractive for
international partnership, both for external financing as well

as for the ability to raise domestic financial resources,.

Last but not least, the goodwill of the cooperating partners is
of decisive importance for the effective implementation of
technology transfer. The code of conduct envisaged by the
United Nations, as shown in the last figure, can serve as a

guideline for a successful nuclear cooperation.

The principle statement of these guidelines is the mutual

recognition of national independence of both partners. The

keywords are:

Protection of sovereignty

- mutual benefits and

- no discrimination, of the other partner,

These are supplemented by

- respect for economic independence

- willingness to provide complete information and open exchange
of technology

- adaptation to individual needs and

- no interference in internal affairs

The objective of these principles is, above all, to facilitate
the exchange of technical information in order to enhance the
growth of the scientific and technological capabilities of the

countries involved.
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International cooperation in this form will pave the way
towards the goal and prospects of nuclear energy development

for the 21lst century.
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Code of Conduct
of the
United Nations

© Protection of sovereignty
Benetits for both partners
No discrimination

Mwmmm -

Adaptation to
individual needs

@ Respect for economic
independence

No interference in
internal affairs

© Willingness to provide
complete information
and open exchange
of goods

® Facilitation of the exchange of ® Reduction in the number of economic
technological information problems

@ Promotion of scientific and technical @ Paving the way for a new international
development economic system

) Improvement of multilateral relations

The Good Will of Both Partners is of Decisive Importance
for the Implementation of Technology Transfer
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Nuclear Power Construction in China and
International Cooperation

Lu De Xian
President
Beijing Institute of Nuclear Engineering

At the moment of celebrating the 30th Anniversary of Japan Atomic
Industrial Forum, on behalf of the Ministry of Nuclear Industry and the
Chinese Nuclear Society, 1'd like to express warm congratulations to JAIF
friends, and sincere greetings to all of the attendants here. Today I am
very pleased to have the honor to take the opportunity to talk about the

nuclear power construction in China and international cooperation.

As it is known, China is carrying out a large scale economic const-
ruction and has an increasing demand on energy supply. As a second
ministry of energy in China, the obligation of the Ministry of Nuclear
Industry is to supply energy to meet the national demand. China's
hydropower resources and coal are abundant, but they are not evenly
distributed. Coal resources are mostly found in the north-west area and
hydropower resources concentrate in the west-south area. There is the
lack of energy in the south-east and other coastal areas of China where
the population is dense, industry is well developed and the construction
of nuclear power plants are urgently needed to supplement the additional

energy demand.

During the period of Seventh Five-Year Plan, while developing fossil
power plants and hydropower plants, the State will build nuclear power
plants in an orderly fashion according to the priority. At present, China
is paying more attention to small and medium sized nuclear power plants.
Construction of large-sized nuclear power plant being imported in Daya
Bay, Guangdong Province; assimilation of nuclear fechnology to be trans-
fered; improvement of home-designed 300 MWe PWR nuclear power plant;
and construction of 600MWe nuclear power plants--this way will be suitable

for China's special case.

First, it is allowed to make full use of the local scientific and technical

advantages and the infrastructure of local industry in nuclear field and



develop China's nuclear power mainly through our own efforts and also
through cooperation with the foreign countries. China has established
its own nuclear industry for 30 years and a relatively complete nuclear
industry system. We have experience in design, construction and opera-
tion of more than ten nuclear reactors. In the South~West Nuclear Power
Research Institute there have been installed High Neutron Flux Testing
Reactor, experimental coolant loops, some facilities for nuclear fuel re-
search work, and so forth. A lot of research and design work has been
done there on the small-sized PWRs. Besides, the other engineering and
research institutes of the Ministry of Nuclear Industry also have a com-
petent technical capability. The construction of home-designed Qinshan
Nuclear Power Plant, 300MWe PWR, is well under way. The containment
has been already erected up to 8m high above the ground. The plant
construction will be finished and put into power generation in 1989, We
believe that the construction of Qinshan Nuclear Power Plant will build

up experience for developing the national nuclear power.

Second, as for building small and medium sized nuclear power plants,
the equipment and instrumentation can be localized easily. China's machine
building industry fits well in with the construction of small and medium
sized nuclear power plants. After being reformed to a certain degree,
some local manufacturing factories can produce most of the equipment for
the small and medium sized nuclear power plants. Nowadays China has
manufacturing experiences with two 600MWe turbine generators for fossil
plant. As a result, in the anticipated construction of 600MWe nuclear

power plants, the localization rates of the equipment will be increased.

Third, the small and medium sized nuclear power plants have more
flexibility to match with electric power grids. Only a few grids out of
more than ten power grids today in China can accommodate the nuclear
power plant with 1000MWe capacity. The others are rather small. So the
600 MWe nuclear power plants can well fit in with most of the recent power

grids in the east and northeast of China.

Finally 1 would like to emphasize that it is much easier to finance small
and medium sized nuclear power plants. Even though the investment cost
per KWe for 600MWe nuclear power plant is higher than the one for 1000MWe,

the total investment is less. Due to the increasing localization rates, the
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total cost of such a nuclear power plant will become less than the one for
which the whole set of the equipment is to be purchased abroad. Besides,
the construction period is rather shorter and easily controlied that is in

favor of generating power and regaining investment earlier.

Nowadays many countries, especially developing countries, pay more
and more attention to small and medium sized nuclear power plants. Even
in the U.S.A. the concept of the nuclear power plants with smaller capa-
cities is under consideration. China also pays more attention to small and
medium sized nuclear power plants, because in this way we can fully use
the existing competent technical capability and let the existing infrastruc-

ture of industry play an important role,

While implementing the nuclear power plant construction program,
we also pay attention to the nuclear power research and development work.
We will develop advanced thermal reactors and fast breeder reactors in
order to make full and rational use of nuclear fuel resources. Recently
the Westinghouse of the U.S.A. and the Mitsubishi Heavy Industries of
Japan are cooperating in the design and development of an advanced PWR
(APWR) that causes great interest in China, such as design objects, design
simplification of the fluid systems, improvement of instrumentation and
control as well as improvement in piping analysis methodology are all
attractive. In China research works on FBR have been already started
and it is believed that in the next ten to twenty years FBRs will take a

significant position in China's nuclear industry.

As China's commercial nuclear power is still in the beginning phase,
it is necessary for us to learn the advanced technology and management
experiences from abroad, and enhance international cooperation and tech-
nical exchanges. The Chinese government has signed governmental and
ministerial nuclear cooperation agreements with many countries, The
Ministry of Nuclear Industry of China and the Japan Atomic Industrial
Forum signed the "Memorandum on Cooperation in the Field of Peaceful
Uses of Nuclear Energy" in September 1981. Since then, the visiting and
technical exchange between Sino-Japanese nuclear industry personnel has
been increased. Japan has accepted Chinese professional persons as
visiting scholars or trainees in Japanese nuclear power plants and

research centers. Japan's Power Reactor and Nuclear Fuel Development



Corporation has provided cooperation in surveying China's uranium mineral
resources in broad areas of China. Mitsubishi Heavy Industries has received
an order on manufacturing a reactor pressure vessel for the Qinshan Nuclear

Power Plant.

With the development of China's nuclear power, the localization rates
in nuclear power plant construction will be increased further, the inter-
national cooperation and technical exchanges will be expanded as well.
Currently, during the construction of small and medium sized nuclear
power reactors, mainly based on self-reliance, however; technical consul-
tation and co-production of nuclear power equipment with foreign companies;
introduction of some key equipments and components from abroad; and
personnel training for nuclear power plant operation are still needed. On
the other hand, we are willing to cooperate with foreign countries in various
ways. China is a developing country, and has her own experiences in
nuclear energy utilization and her own infrastructure of nuclear technology
and industry. We have the desire to cooperate with foreign countries
based on equality and mutual benefit, to exchange experiences, and to
learn from the advanced countries. Japan is a neighbor of China. |
believe nuclear power cooperation between China and Japan will have very

broad prospects.
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