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Synopsis: The management of highly radioactive waste is the main public concern hindering
the acceptance of nuclear energy. Burying nuclear waste underground in a suitable geological
medium provides long-term safe conditions for the waste because of both natural and
engineered repository configuration. Several countries envisage a nuclear fuel cycle in which
spent fuel, properly conditioned and packaged, is placed in the geologic repository. However,
less than 1 percent of spent fuel represents what can be unequivocally defined as waste. If
nuclear energy has to contribute to the fulfilment of growing energy needs and to the
diversification of energy sources (also in view of climate change concerns), an optimized use
of nuclear fuel has to be implemented. This means adopting fuel cycles in which spent fuel is
reprocessed to recycle its usable components. Moreover, different scenarios for nuclear waste
minimization are under discussion. Among others, transmutation of long-lived radiotoxic
isotopes into short-lived or stable ones, by using either accelerator-driven systems or fast
reactors, is being considered. In parallel, improved scenarios are being investigated, aiming at
reducing the amount of highly radiotoxic isotopes. Irrespective of the different alternatives
there will always be some waste that has to be safely disposed of in a repository. These
ambitious developments set challenging demands on the knowledge of the underlying
physical processes as well as the ability to develop sound engineering solutions.
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