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Abstract

There are three reasons for wanting nuclear power: it does not produce air pollution, or add to global wanning;
and it is effectively sustainable. What priority is attached to them? Is the possibility of alternate fuels being developed
in the next 20 years large enough that mankind can afford not to develop the nuclear option as a possibility? Is the breeder
reactor really needed, and when is the earliest time? Was the NAS 1994 (Panofsky) committee right that the existence
of excess weapons plutonium present is a clear and present danger to the USA? If so how can we persuade the President
to act? Is there a clear and present danger to other countries too? If so why are they still waiting for the U.S. to act? What
are the true economic costs of reprocessing using the present PUREX process and can they be brought down? Is the extra
cost of disposing of whole fuel rods vs separated waste, more or less than this? What, if any, is the difference (such as
heat from Pu238) between the ease of using "reactor grade" plutonium and "weapons grade" plutonium to make an atomic
bomb? Can the difference be increased, and can this difference (if any) be translated into a lower cost for protection of
or greater public acceptance of reactor grade plutonium? What could be an international research effort for a better fuel
cycle? e.g: Introducing an IFR fuel cycle into Beloyarsk, Monju and/or Phoenix? Introducing a thorium cycle? Has
anyone carefully Recorded, Understood and Explained the past history of breeder reactor technology both of accidents,
and of failures and successes? If so, where is it? If not, why not? Is the report by Clarke of NRPB in UK on plutonium
toxicity that belies the claim that it is unusually toxic widely known? If not, why not? Can the MA YAK experience with
misuse of plutonium be used to help in public understanding? Since India and Pakistan will not sign NPT, can more
imaginative, quiet, talks with Indian and Pakistani leaders persuade them to come to a non-nuclear agreement on their own
which would satisfy the rest of the world?

1. INTRODUCTION

Fermi's Dream and Ford Foundation's Nightmare.

Before 1975 there were coherent and widely accepted plans for a nuclear fuel cycle in the world
which for brevity I will call Fermi's dream. One starts from uranium ore, processing it to form uranium
metal, burning the uranium 235 in an electric power producing reactor, reprocessing the fuel to separate
the uranium 235 and plutonium 239 for use in fast neutron reactors. All that would be left for subsequent
waste disposal would be fission products themselves, almost all with half lives of 30 years or less. The
fast neutron reactor of preference was cooled with liquid sodium.

In the early 1970s problems appeared in the Fermi dream. It was realized that the existence of
many tons of chemically separated plutonium might lead to a possibility of theft, or "diversion", of
enough material to make a nuclear bomb. A study sponsored by the Ford Foundation (Keeny et al.,
1977) led to a decision of President Carter on April 7th 1977 to abandon the plans in the U.S. to
reprocess spent nuclear fuel, and slow the development of the breeder reactor - a policy followed by the
present U.S. administration. On the one hand, Keeny et al. argued that by refraining from reprocessing
the U.S. was setting an example to the rest of the world and indicating that the U.S. believed that a
breeder reactor is not necessary. On the other hand there are a few in the U.S. who suggest that the US
should immediately begin to reprocess fuel again.

This subject interested Andrei Dmitreyvich Sakharov while he was alive. He was an optimist,
yet a realist. He insisted that human rights without human (technological) progress was not possible,
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since freedom from want could not be achieved. Yet technological progress without attention to human
rights and liberty leads to a failure to manage the technology, with disasters such as occurred at
Chernobyl and Bhopal. Andrei Sakharov also argued that on technological matters of public importance
scientists without a government position should discuss the issues and recommend actions.

2. WHAT ARE THE REASONS FOR WANTING NUCLEAR POWER?

There are three basic reasons why environmentalists should be strongly interested in advancing
nuclear power:

(1) The major alternate to nuclear power is the burning of coal which inevitably produces
air pollution. Many scientists believe that nuclear power in ordinary operation has no important pollutant
emissions, fine (probably acid) particles still cause premature death for 70,000 people a year in the USA
and proportionately elsewhere (Shprentz, Bryner and Shprentz 1996, Wilson and Spengler 1996).

(2) The burning of any fossil fuel produces carbon dioxide, which probably changes the
earth's greenhouse, and may induce major climate change. This has been advertised by the present Vice
President of the U.S. A. (Gore, 1990). At the Rio de Janeiro in 1991 and in Berlin in 1995 the world's
politicians agreed to cap the greenhouse gas emissions and study further reductions in emissions. Three
leading scientists with contrasting opinions on the reliability of the scientific data, nonetheless called for
use of alternates to fossil fuels when economically feasible (Singer, Revelle, and Starr 1991).

(3) One long-term requirement of any energy system is its sustainability. Fermi's dream of
a breeder reactor clearly encompassed this goal. No other energy source presently can guarantee energy
supplies at a known modest cost for a long time. Pietr Kapitza and Sakharov both discussed this
(Kapitza, 1970; Sakharov, 1978), and Sakharov discussed it again at the historic Conference on a Nuclear
Free World in Moscow in February 1987.

The first set of questions that I ask is:

How well known are these three reasons, how well are they accepted, acknowledged and what
priority is attached to them? (particularly by those opposed to expansion of nuclear electric power)

These reasons have not yet been driving forces for expansion of the role of nuclear powered
electricity. Even though the role of nuclear electric power is still expanding in some countries, it seems
that other negative thoughts about nuclear power overshadow these three reasons in many people's
minds, and in the "trade-off which each individual, organization and government must make, nuclear
electric power has suffered in many other countries. In particular, there many people seem to hope that
alternative energy sources to fossil fuel and nuclear power will become economically viable in the next
decade or two. Therefore it is vital to understand what these other negative thoughts are, and to determine
whether and how they can be made to be less significant.

3. ALTERNATIVES FOR AN ENERGY FUTURE

Before 1973 in OECD countries, and in the USSR, the cost of fuels, and electricity, was
continually declining in real terms. This led to what would now be termed wasteful practices, and what
would now seem to be an excessive demand for new electricity generating stations. Since 1973, the total
energy per capita has stayed constant or declined, although electricity use has continued to rise. This
has led many analysts to believe that more efficient end use can lead to further reductions in fuel use in
OECD countries, and can slow the rise in developing countries.
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Is the possibility of alternates being developed in the next 20 years large enough that mankind
can afford not to develop the nuclear option as a possibility?

Even if one accepts the aforementioned reasons for developing nuclear power, the increase in
availability of uranium (and for a few years the burning of plutonium released from weapons stockpiles)
can delay the need for using the full energy potential of the uranium fuel. The urgency in developing
a commercial breeder reactor that was felt by many experts in 1970 can be replaced by a sense that there
is time "to do the job right." But an urgent question still remains:

Are there reasonable scenarios that demand the development of the breeder reactor on a rapid
time scale?

A concern of many experts in the 1970s was that nuclear electric power was expanding at an
unprecedented rate for an energy technology, (as described for example in papers by Cesare Marchetti)
and that a slower, more deliberate, pace would be beneficial. We can still ask:

What is an optimum pace for development of a breeder reactor technology and does that match
reasonable scenarios for the demand?

The program for the fuel cycle then should be different from that envisaged in 1970, or even at
the International Fuel Cycle Evaluation (INFCE) in 1980. There is time - perhaps as much as 40 years -
to experiment and learn how to make the fuel cycle acceptable to a broader group of people. The
arguments that nuclear power advocates should make to their peoples and their governments are also
different. No longer should they argue an urgent need; but neither should they accept that there exists
a known alternative to breeding nuclear fuel to satisfy the environmental demands. They can be more
general: the cost of developing an option for the future that may eventually be discarded (if the
optimists are correct) is not great compared with the cost to society of not having a viable option when
the time comes. It is important to open up options for ones' grandchildren: not to close them off.
Anything else is unsustainable. This demands that the world should continue to spend money on
research and development on the breeder reactor option.

We may have 40 years to develop a nuclear power program that includes use of plutonium, that
is acceptable to the people. But we do not now have a coherent plan on how to proceed, and I do not
believe that we even have a clear statement of the problem that can be generally accepted. Thus I ask
both the politicians and the "industry":

What has been accomplished to make an acceptable nuclear program in the 20 years since the
Carter decision? Either by the "industry " or by the authors of the Ford Foundation report?

4. THE PREVENTION OF CLANDESTINE NUCLEAR BOMBS

Many scientists have argued that the only real issue about nuclear power is the connection with
weapons (e.g. Cottrell, 1981; Flowers et al., 1975). While this may not be completely true, I assume for
the purposes of this discussion that if this issue could be "resolved", the other issues will fade into
insignificance.

Before 1990, when the cold war was in progress, the existence of enough weapons plutonium
for over 30,000 atomic bombs made the presence of plutonium in electricity producing reactors reactor
fuel seem a small problem to many. Yet the Keeny et al. echoed the feelings of several scientists and
others that there were inadequate plans in the world to control the plutonium in the civil sector. This
feeling has increased now that the cold war is over. The focus of a 1994 U.S. National Academy of
Sciences report (Panofsky et al., 1994) was on the disposition of excess weapons plutonium, but much
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of the concern follows through to plutonium in nuclear electric power. This was made somewhat clearer
in the 1995 report of the American Nuclear Society (Seaborg et al., 1995). The National Academy report
called the existence of the excess weapons plutonium "A clear and present danger" to the United States -
wording that, if accepted, would demand immediate action from the President. Although this urgency
has not been accepted (excess weapons plutonium is clearly less of a danger than the cold war was), most
analysts agree that coping with excess weapons plutonium is important. However, the delays in coping
with the military problem by the U.S. Administration gives time for the nuclear power community to
consider a long term plan for management of plutonium in the civilian nuclear industry. Both the NAS
and the ANS reports also emphasized the urgent importance of a secure storage of militarily usable
plutonium in an internationally verifiable way - a vital subject that is peripheral to this paper.

Was the NAS 1994 (Panofsky) committee right that there is a clear and present danger to the
USA? If so how can we persuade the President to act? Is there a clear and present danger to other
countries too? If so why are they still waiting for the U.S. to act?

One of the options for disposing of excess weapons plutonium and ensuring that it will not ever
be used for weapons is to burn it in a reactor. This is the only way of actually destroying it, and has
therefore a number of psychological advantages. While disagreements remain it is noteworthy that at
several public meetings many persons normally opposed to nuclear electric power have agreed that
burning plutonium is a good, or even the best, option. If that is decided, and it certainly seems to be the
intent of the Russian government to pursue this route, there will be a quantity of plutonium to fuel
reactors for a few years. When this is combined with the low price of uranium ore and the existence of
an excess of highly enriched uranium, there will be enough fissionable material in the next few years to
reduce the urgency for reprocessing, but there will be a shortage of fabrication facilities for mixed oxide
fuel.

This then leads to the question:

Should the immediate aims of operating and soon to be operating reprocessing plants be
redirected to development aimed at understanding how to make reprocessing cheaper, and safer? and
how to explain that to the public?

Instinctively most of us recoil at the idea of burying material that is potentially useful - such as
the plutonium with its energy content. The specter of a "plutonium mine" has been raised. After 300
years when most of the fission products will have decayed it would be possible to recover the plutonium
without the dangerous barrier of radioactivity. Thus it remains very important to have available the
alternate of destroying the plutonium and actinides. While this can be done to a considerable extent by
recycle in a slow neutron Light Water Reactor, it is easier and more complete in a fast neutron reactor.

This immediately leads to the question:

What is the cost advantage, either in direct technical costs or in public perception, of removing
the long lived material before burial of the nuclear waste?

One of the premises of the Keeny et al., report was that it was technically easy, and not very
much more expensive, to dispose of whole fuel rods including the long lived actinides, and not merely
the fission products. This leads to the questions:

Is this presumption technically true? and

Why are not the authors of the Keeny report acting to persuade the government to demonstrate
this soon by burying fuel rods now?
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Plutonium separated from spent fuel is now piling up in many countries. A significant bottleneck
is in the limited fabrication facilities that are available for plutonium or mixed oxide fuel. Now that it
has been recognized (Mark 1993, Garwin 1997) that it is possible to make an atomic bomb (even if less
reliable or low yield) with "reactor grade" plutonium with 25% of the isotope plutonium 240, this
emphasizes the importance of secure storage and makes it a problem for many more countries (such as
Japan and Germany) than those with excess weapons plutonium. This immediately raises the all
important questions:

What, if any, is the difference between the ease of using "reactor grade" plutonium and "weapons
grade"plutonium to make an atomic bomb? Can the difference be increased, andean this difference (if
any) be translated into a lower cost for protection of reactor grade plutonium?

The heat generation in Pu238 (540 Watts/kg) suggests that when there is high burn up fuel with
2% Pu238, there would be enough heat (100 Watts in a 10 kg assembly) to melt any bomb assembly of
present design or at least its high explosive trigger. This leads to a set of questions.

// it true that ALL bomb designs in the arsenals of weapons states would fail with 2% Pu238?

Is it true, as one scientist states, "It would not be my preference, of course, but I would have no
difficulty in making a highly reliable weapon with 100 Watts of decay heat"?

Would it be helpful to artificially increase Pu2*8 by adding Am2" to the fuel rods? (Am241 + n -
Am242

p-Cu242
a~Pu238).

This leads to another question:

How does one define secure storage? what are the criteria?

One used to define it as being sufficiently secure that a terrorist, or agent of a "rogue" country,
would find it easier to steal from a military complex. But now there is a real possibility of disarmament,
that seems inadequate.

Can one compare usefully possible terrorism with nuclear bombs and terrorism with other
material?

It is relatively easy to obtain even large quantities of other explosives. A billion tons a year of
ammonium nitrate is used in the U.S., about half as easily available fertilizer. While terrorists used
about a ton to try to blow up the World Trade Center and the federal office building in Oklahoma City,
it may be worth noting that a string of barges carries 10 kilotons (with the explosive power of a
Hiroshima bomb, and a supertanker could carry 300 kilotons (the explosive power of a hydrogen bomb).
The accidental explosions at Oppau in Germany and in Texas City, were larger than the Hiroshima

explosion, and are examples of what a terrorist might do with ammonium nitrate in the future.

If plutonium is separated from spent fuel the volume is reduced and storage facilities can be
smaller. This leads to the question:

Is there an appreciable advantage in storing separated plutonium in a central facility over
storing unreprocessed fuel rods in many, dispersed, locations?

5. PROLIFERATION RESISTANT FUEL CYCLES

It has been claimed, and it seems reasonable, that facilities for chemically purifying small
amounts of spent fuel are simple and cheap //environmental and occupational safety rules are not

283



followed - and terrorist groups are unlikely to feel a need to follow them. It is therefore important that
all spent fuel be accounted for - presumably by counting of, and measuring fuel rods. While not
suggesting that the issue be forgotten, I note that this must be done even for present nuclear power plants,
and therefore is not an additional issue for expanding the fuel chain into a fuel cycle. Moreover, over
the long term the world must decide what to do about the increasing inventory of plutonium in the spent
fuel rods.

It is generally agreed that the most important danger is chemically separated plutonium. Since
the most important item for the long term (>50 years) future is breeding fissile fuel from the uranium
238, and not merely using the fissile material in light water reactor spent fuel, I will simplify the
discussion below by considering a breeder reactor. This must use fast neutrons, and the usual heat
transfer medium discussed is liquid metal (sodium).

The Ford Foundation study raised the scepter of the "plutonium economy", a naive parody of the
plans of the time. A world was envisaged with hundreds of breeder reactors, all plutonium fueled, and
many in small unstable countries. Chemically pure plutonium, separated from the spent fuel would
become an article of commerce and perhaps traded on the commodities exchanges (maybe restricted to
the signatories of the non-proliferation treaty). It would then be all to easy for a terrorist to obtain a little
plutonium to make a bomb. This image never materialized, and it remains important to describe a viable
nuclear fuel cycle which is much safer. Such a cycle might include restriction of the use of a breeder
reactor or recycled plutonium, to a relatively small number of industrialized countries with international
inspection

A principal task of the designer of a breeder reactor cycle must therefore be to prevent the
plutonium being easily diverted to uses as a terrorist or military use. Unless this can be done to public
satisfaction, the reactor system is unlikely to achieve public acceptance.

Although a fast neutron reactor does not by itself create a plutonium economy, there seems little
point in developing reactors which are probably more expensive if breeding is not to be accomplished.
Therefore the fast neutron reactor has become synonymous with the plutonium economy in many minds.
It is a useful thought for professionals in the nuclear industry to bear in mind when thinking about the
future.

The "ordinary" reprocessing facilities used by COGEMA and British Nuclear Fuels Services
(BNFS) follow the PUREX scheme which was designed for the military purpose of producing pure
plutonium for bombs. Inevitably there is chemically pure plutonium available in the fuel cycle, although
a modification called CIVEX would reduce this. This the raises the all important question:

Are the facilities at COGEMA and BNFS adequately secure?

Can the time available before more reprocessing is needed be used either to modify the existing
cycle (e.g. by adding Pu23" as suggested above), or to demonstrate more clearly that it is already
adequately secure?

6. THE IFR FUEL CYCLE

The success of the group at the Argonne National Laboratory in obtaining a high burn up with
metal fuel suggested that a pyroprocessing scheme could be used. The key step in the reprocessing is
electrorefining. The disassembled and dissolved fuel elements are first electrorefined to separate bulk
uranium on a solid cathode. The remaining uranium along with plutonium and other actinides, minor
in quantity but major in proliferation resistance, are electrorefined by deposition onto a liquid cadmium
cathode. The cathodes are removed from the refiner cell, the cadmium and occluded salts are removed
by retorting, and the uranium and uranium-plutonium actinide product is consolidated by melting.
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In this process the minor actinides (neptunium, americium, and curium) and a little uranium
accompany the plutonium product stream. Because these elements have similar electro potentials, the
process cannot be simply modified to separate them. Moreover the product carries enough radioactive
fission products to necessitate remote handling of even refabricated fuel. Unauthorized access is almost
impossible and any attempt would be easy to detect. Moreover the process is compact and seems to be
favorable in modest sizes. Therefore the fuel facility can be located at the reactor site, reducing the risk
(albeit small) of transporting the spent fuel and refabricated fuel.

Technological feasibility of the pyroprocessing and fuel fabrication has been demonstrated and
a data base established to ensure its practicality. The EBR-II fuel cycle facility is being refurbished.
It is now (summer 1996) processing spent fuel from EBR-II. It had been proposed, and accepted by DOE
in previous administrations, to start a prototype demonstration of the entire fuel cycle. However, under
rather firm, non technical, instructions from DOE, it is now planned to close EBR-II, and make its restart
difficult by removing the sodium. Many technologies proceed without such an integrated demonstration
of the complete fuel cycle. But as any engineer knows, a practical demonstration is often worth a
thousand good calculations.

This then raises the important question:

Are the potential advantages of the IFRfuel cycle great enough to demand an international effort
to demonstrate engineering feasibility of the full cycle?

If the answer to this is yes:

Can the U.S. program be revived, or will the leadership go elsewhere?

7. INTERNATIONAL COOPERATION

The issues that are being discussed at this conference are not the parochial issues of one country,
even one as large as the USA or Russia. They are issues that affect the whole world. It is therefore
appropriate that the whole world consider them together. The research and development has turned out
to be very costly and even the U.S. is reducing its outlays in this direction. It is therefore important to
use all available facilities in the world in a cooperative manner.

Fortunately the end of the cold war makes cooperation between Russia and the USA easier.
There has been progress. In summer 1994 fast neutron reactor experts from the Argonne National
Laboratory were actively discouraged (again by the U.S. Administration) from discussing problems with
their counterparts at Obninsk. This has changed. Now Argonne scientists are being informed, for
example, of the detail of the fuel loadings at Beloyarsk.

This raises then the following question:

What are the possible ways of using existing internationally available, (or planned) facilities in
such a research effort? e.g: Introducing an IFRfuel cycle into Beloyarsk, Monju and/or Phoenix?
Modifying Le Hague or Sellafield to become even more proliferation resistant and/or cheaper to
operate?

8. ECONOMIC ISSUES

It is clear from the public reaction to terrorist activities on aeroplanes that the public is willing
to spend a lot more money to combat terrorist activities than the economists suggest. The economists
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suggest a Willingness to Pay of about $4,000,000 per statistical life saved. This puts pressure on nuclear
energy to be cost effective in other ways.

Therefore we must ask:

What are the true economic costs of reprocessing using the present PUREXprocess andean they
be brought down?

Studies from OECD suggest that it is now more expensive to fabricate free plutonium fuel than
to both buy and fabricate uranium fuel. Any cost advantage for reprocessing would therefore seem to
come from a lower cost to dispose of reprocessed waste without transuranics than for ordinary waste.
Technical estimates of this cost advantage suggest that it is small. But this is an issue where

psychological reasons dominate over technical ones. This leads to another question:

What are the advantages (expressed in $$$) of final disposal of fuel from which the plutonium
and transuranics have been removed? including the advantages in public perception?

Until a waste policy exists this has to be a technical calculation only leaving out factors of public
perception. This would probably give a very small advantage. But somehow we must figure out what
advantages there may be in public perception, or leave this as a variable to be inserted at the last moment.

In this connection it is worth noting that Keeny et al. (Ford Foundation study) argued that spent
fuel rods could be placed in a permanent repository almost as easily as the fuel without the recyclable
transuranics. While this may be technically correct, in the intervening 20 years there has been no political
progress in the U.S. in establishing such a repository.

Other economic questions include:

Is the IFRfuel cycle likely to be as cheap? cheaper? more expensive?

Is it economically preferable to store the excess pure plutonium waiting the 40+ years till a
breeder reactor is needed (as the Russians presently plan), or to burn it in MOXfuel in present reactors,
and make it again when needed? (bearing in mind the cost of storage)

What would be the economic cost of ensuring that fuel fabrication and utilization facilities have
a greater capacity than fuel reprocessing so that plutonium can be burned up as soon as it is separated?

9. OTHER FUEL CYCLES

It seems that everyone who begins to study the future of nuclear power, recognizes very soon
the advantages of a thorium fuel cycle if it can be made to work. A thorium fuel cycle does not produce
plutonium, and although it produces uranium 233 from which one can also make a bomb, the uranium
233 can be quickly diluted with natural uranium for use in light water reactors. However, as soon as it
is reused in reactors, plutonium is produced from the natural uranium. Twenty-five years ago, when
making a breeder reactor was a national priority in many countries, the projected expansion in the need
for nuclear electricity, and a smaller expectation of world uranium reserves, led to a demand for high
breeding ratios so that the expansion could be rapid. A breeding ratio less than 1.4 was considered too
low. This ruled out the thorium cycle. Since rapid expansion of a breeder reactor program seems not
(yet) to be necessary, it is worth asking once again:

Can the thorium cycle be used instead of, or in addition to, the plutonium cycle? Does it possess
the advantages that many people claim?
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10. ACCELERATOR DRIVEN SUB-CRITICAL ASSEMBLIES

Several authors have begun consideration of sub-critical assemblies driven by spallation neutrons
from a particle accelerator (Petrov 1992a, 1992b; Bowman et al., 1992; Carminate et al., 1993)
Amplifications by the assembly of 50 are suggested. These ideas are not new, dating back at least to
Lewis (1975). At first sight these subcritical assemblies will only solve a problem not considered here -
that the public fear of nuclear reactor accidents may be related to criticality. All the fuel cycle problems
would seem to be the same. However, the authors propose in addition to using a subcritical assembly
to use a thorium cycle. Although not clearly stated, the design turns the safety advantage into a better
assembly from the breeding point of view. Thus we should be asking:

Does the extra flexibility obtained by avoiding criticality enable us to use a more proliferation
resistant cycle?

11. THE PREVIOUS ACCIDENTS

It has been said that anyone who does not learn from history is condemned to repeat it. Many
people still remember the accident in the FERMI-I reactor at Laguna Beach Michigan and the famous
(or infamous), but careless, statement "We almost Lost Detroit" (we were far from losing Detroit). The
problems with SuperPhoenix at Creys-Malville, where the reactivity dropped suddenly without apparent
reason, is a cause of concern. It seems important to be very clear what the reasons for these incidents
were, and why they will not occur in any design under consideration. Therefore an important need is to:

Has anyone carefully Recorded, Understood and Explained the past history of breeder reactor
technology both of accidents, and of failures and successes? If so, where is it? If not, why not?

12. THE EVILS OF PLUTONIUM

Plutonium is regarded by some of the US public as the embodiment of evil, and the breeder
reactor has become a symbol for some public concern about nuclear power. Therefore it is important
to understand this concern and how it might be allayed in the future. Plutonium has been called "the
most toxic substance known to man" and while this is an untrue statement plutonium is toxic in small
amounts. While it can, and should, be kept out of the environment, I note that a ton of plutonium has
been evaporated into atmosphere (world wide) from bomb tests and there has been no obvious effect on
health. A report written for the ANS study (Clarke et al., 1995) discusses the data in some detail.

Is the Clarke Report on plutonium toxicity widely accepted and if not, why not?

Some MA YAK workers had over 1 uCurie of plutonium in their skeletons - over 10,000 the
normal amount. Although adverse effects on health were seen, they were comparable to cigarette
smoking.

Can the MAYAK experience be used to help in public understanding?

13. NUCLEAR PROLIFERATION

It is likely that public perception will still depend on our ability to control nuclear weapons
proliferation among countries. Those that espouse nuclear power and in particular a breeder reactor
program which closes the fuel cycle cannot afford to ignore this issue. This is of course a major concern
of IAEA and is discussed elsewhere.
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On the first count I suggest that it is instructive to understand the reasons why a country decided
to make nuclear weapons. Even more important why a country decided NOT to and whether we can
reinforce these reasons. A major reason why a country decided to make them was prestige. England
and France did so to be taken seriously by the USA. In this the USA was at fault, and continued to be
at fault for some time, in only taking seriously these countries after they had a bomb. South Africa has
dismantled its few weapons, not wanting them to be controlled by the ANC. Brazil and Argentine,
stimulated I am glad to say by the Physical Societies of both countries, realized that a bomb program no
longer gave prestige and have abandoned their programs. It is vital for scientists to go out and talk to
the potential proliferators, understand their concerns and try to address them. Alas few US scientists and
diplomats do this, but instead lecture to them from Washington or academia. Iyengar (1995) noted that
"as long as nuclear non-proliferation initiatives restrict their attention to the spread of nuclear materials
and 'know-how' from the 'haves' to the 'have nots', without taking into account the needs, fears and
capabilities of the non-nuclear states they are doomed to failure." We must consider the developing
countries. I do not think the rest of the world will persuade India away from its position that NPT is a
discriminatory (colonialist) treaty.

Can more imaginative, quiet, talks with India and Pakistani leaders persuade them to come to
a non-nuclear agreement on their own which would satisfy the rest of the world?

I would like to see answers to these questions in various (coupled) ways. A detailed technical
paper on each one; a technical survey (with reference to the detailed papers) suitable for a weekend read
by any physical scientist, and a mere elementary summary for high school students. All on the World
Wide Web with links to everyones' papers. Nothing less will do.

I end this part of the paper with a plea similar to that made by Andrei Dmitreyvich Sakharov to
the German "Greens" at the "Congress on a Nuclear Free World" in Moscow in 1987. Rather than spend
all their energies opposing nuclear electric power, Andrei challenged them to spend their energies
making it safer and more secure. That seems to me to be the challenge for a forward looking scientist
or politician.

14. WHAT CAN WE DO?

There are few people actively pushing nuclear energy right now. In the early 1980s, a group
from the Kennedy School of Government pointed out the "Director's Dilemma" explaining why no
electricity company director would propose a nuclear power plant under the conditions of the time
(which have got worse). Only a few lonely academics seemed to be in favor. Many of us deserted the
Democratic party in the 1988 presidential election because we could not abide Michael Dukakis' anti-
nuclear actions.

Now even the academics have lost hope. I have not heard the subject even mentioned in the
recent elections. I cannot get anyone in the MIT Nuclear Engineering Department concerned about the
fate of Northeast Utilities. It may only be the older dreamers like those of us here who have any interest
left. I suggest a number of possible steps:

Suing the NRC to make them abide by their own guidelines (a public interest law foundation
might help).

Asking each and every candidate for any political office his views on the subject and making the
issue a deciding one in any and all elections.

Trying to ensure that our disease is not caught by other countries. This one might do by actively
explaining the situation to other countries, such as France, Japan and Russia. In this connection the
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letter, just made public, by Professor Glenn Seaborg to the former French President, Valery Gisgard
D'Estaing is of great importance.

Maybe meetings such as this might have a press conference and present a resolution on the
subject.

I was educated in Oxford University, known as the home of lost causes. May be this is just
another lost cause.
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