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The authors are discussing these questions, and others that may arise, with scientists and
others in developing countries and members of Non-Governmental Organizations (NGOs).

A closed nuclear fuel cycle as once envisioned by Enrico Fermi would repeatedly
generate plutonium 239 from natural uranium, separate the plutonium for burning as fuel, and
ultimately leave only fission fragments for waste disposal. Particularly since a Ford Foundation
study in 1977 questions relating to the hazards of plutonium usage in weapons by terrorists or
rogue states, have cast some doubts on the desirability of plutonium breeding and reprocessing.
This paper raises the issues as a number of questions that will require attention, as identified
below.

It has been argued that nuclear power does not produce air pollution, or "greenhouse
gases," and provides a long-term sustainability of energy supply. Are these arguments
sufficiently well known and widely accepted?

Since 1973 there has been increasing attention to renewable energy sources as alternatives
to both nuclear and fossil fuels. Are these sufficiently promising to permit elimination of the
breeder reactor as an option for the future?

Some have argued that recent developments justify a go-slow approach on the breeder
option. Are there nevertheless situations that demand early development of breeders? In any
event, what is an optimum pace for such development? . .

It is clearly desirable to maintain as many options as possible for the future. But at present
there is no coherent plan for keeping the breeder option available. What has been accomplished,
since curtailing the U.S. breeder program, to develop an acceptable program?

The 1994 National Academy of Sciences report on excess weapons plutonium disposition
identified the existence of such material as a "clear and present danger." Is this an accurate
characterization? If so, what action needs to be taken in this and other countries?

One option for weapons plutonium disposition is to bum it in a power reactor. That
option could temporarily reduce the demand for reprocessing nuclear fuel. Should we spend the
time to develop technology for safer and less expensive reprocessing? What are the true
economic costs of reprocessing using present processes, and can they be brought down?

It is now recognized that weapons can be constructed from "reactor-grade" plutonium
from spent fuel. What is the difference, if any, between reactor- and weapons-grade plutonium in
weapons use? Can reactor grade plutonium be protected in less costly ways? What are the
criteria, in each case, for sufficiently secure storage?

The entire question of possible terrorist use of nuclear explosives demands further
exploration, especially given the possibility of very serious non-nuclear threats. How do terrorist

14



threats change when there is a possibility of a nuclear component?
The storage of spent fuel presents different problems from that of separated plutonium. Is

there an appreciable advantage in storing separated plutonium in a central facility, vs. storing
unreprocessed fuel in dispersed locations?

Considerable attention has been given to the possibility of alternative fuel cycles that are
less susceptible to diversion of separated plutonium. While preparing for reprocessing in the
future, do we need to modify the fuel cycle to make it more proliferation-resistant?

An interesting approach studied at Argonne National Laboratory was for an Integrated
Fast Reactor cycle featuring pyroprocessing to eliminate the presence of separated plutonium that
might be more easily diverted. Are the potential advantages oflFR great enough to warrant
demonstration of the cycle's engineering feasibility, in this country or elsewhere?

Progress in post-cold-war relations makes possible international cooperation feasible on a
scale not previously envisioned. What are the possible ways of using existing or planned
international facilities in safeguard and in fuel cycle research efforts?

It is certainly desirable for nonproliferation and environmental reasons to remove
plutonium and other long-lived actinides from spent fuel. What are the cost advantages (either
economic or in terms of public perceptions) of such removal?

Waste disposal issues remain unsettled world-wide in the absence of a permanent
repository. Many cost issues remain: How does the IFRfuel cycle compare inmost? Is it
preferable to store excess plutonium, or to burn it as MOX now and make it again when needed?
What would be the cost of ensuring sufficient capacity for burning plutonium as soon as it is
separated?

A thorium fuel cycle, generating uranium 233 instead of plutonium, has much attraction.
Can a thorium be used instead of, or in addition to, a plutonium cycle? Does it have significant
advantages?

Sub-critical assemblies, driven by spallation neutrons from a particle accelerator, have
been proposed to enhance safety. Does the extra flexibility obtained by avoiding criticality
enable us to use a more proliferation resistant cycle?

Breeder reactors are often criticized because of their use of liquid sodium coolant,
perceived as dangerous. How do we convince ourselves and the public that the sodium danger,is
under control?

Power reactor accidents, even minor ones, have created a public image of extreme danger.
Has the history of nuclear accidents (failures and successes) been adequately recorded,
understood, and explained?

The toxicity of plutonium has also raised safety issues. These have been thoroughly
discussed in Clarke et al., of NCRP in the UK. Has this study been widely accepted?

The worldwide threat of nuclear proliferation remains the overwhelming one that
dominates rational consideration of nuclear fuel cycles. This is especially the case in South Asia.
Can more imaginative, quite talks with India and Pakistan persuade them to come to a non-
nuclear agreement on their own which would satisfy the rest of the world?

The full paper will include a preliminary discussion of Third World and NGO responses.
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