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The nuclear non-proliferation regime can be strengthened by the introduction of proliferation-resistant
features at relevant stages of the fuel cycle that would serve as intrinsic technical barriers to
proliferation. These technical barriers can be used to reinforce the existing institutional barriers to
proliferation such as treaty regimes and associated verification arrangements. This has not been a
priority to date, because institutional efforts at containing the spread of sensitive technology have been
largely effective, and because civil nuclear programs involve very little weapons-grade material.
However, the increasing use of plutonium fuels is prompting renewed interest in technical approaches
in support of non-proliferation objectives.

While there is no such thing as a fully proliferation-resistant fuel cycle, numerous concepts have been
put forward by experts of various States with the aim of developing a nuclear fuel cycle with enhanced
resistance to proliferation. At the very least, technical barriers make breakout from the non-
proliferation regime more difficult and time-consuming, thus providing enhanced deterrence and better
opportunities for the international community to intervene.

The manufacture of nuclear weapons requires either pure uranium metal at very high enrichment
levels or pure plutonium metal preferably with a very high proportion of Pu-239. Historically such
material has been produced in facilities designed and operated for this particular purpose. Weapons-
useable materials are very different to those normally produced in civil programs. The strategic value
of the materials involved in the civil fuel cycles can be reduced further by increases in the proliferation
barriers associated with the isotopic composition and chemical form of the material and also with the
radiation hazard associated with the material. These barriers affect the complexity of materials
handling at each step in the fuel cycle, the attractiveness of the material for diversion, and the
processes required to convert diverted material into a weapons-useable form. There are also intrinsic
technical elements of nuclear facilities and equipment that serve to make it difficult to gain access to
materials, or to misuse facilities to obtain weapons-useable materials. The extent to which facilities,
equipment and processes are resistant to the production of weapons-useable materials represents an
important barrier to proliferation, independent from institutional barriers.

Innovative nuclear fuel cycles should be Non-proliferating, Economic, Waste-minimised, and Safe
(NEWS fuel cycles) and these will form the basis of the so-called Generation IV systems for energy
production. Inter alia these concepts should seek to reduce the strategic value of materials involved
and to minimise the opportunities for an undetected diversion. The reactors will include advanced light
water reactors, high temperature gas-cooled reactors, liquid metal and gas-cooled fast reactors, and
possibly molten salt and accelerator driven systems.

For most of these reactor concepts, known safeguards approaches (classical approaches and integrated
approaches that are being currently developed) will be directly applicable. However, we believe, there
will also be some new safeguard-related aspects that will arise with the introduction of these new
reactor/fuel cycles. In this paper we describe some of these new issues related to proliferation resistant
fuel cycles, in particular:

• Alternative nuclear materials, including the partitioning and transmutation of minor
actinides,

• Accelerator driven systems,
• Plutonium recycle without traditional reprocessing,
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• Thorium fuel cycle,
• Plutonium burners using non-fertile plutonium alloy fuel,
• Plutonium recycle in the longer term in advanced LWRs,
• Pyro-metallurgical reprocessing,
• Small reactors deliverable in pre-assembled and pre-fuelled form,

and focus our attention on the safeguardability of the proposed concepts, and to what extent these
systems allow for current and future verification approaches and technologies.
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