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ABSTRACT
Accelerator Driven Systems (ADS) are hybrid systems consisting of a high-intensity proton
accelerator with beam energy in the hundreds of MeV range impinging in a target of a heavy
element and coupled to a sub-critical core. The intense (of the order of 1015 n/cm2/s) and fast
neutron fluxes produced by the spallation reactions triggered by the impinging protons in the
target can be used to induce fission reactions in the actinides and capture reactions in the long-
lived fission products in the fuel assemblies in the core of the system. ADS have been considered
during the last fifteen years as one of the promising technological solutions for the transmutation
of nuclear waste, reducing the radiotoxicity of the high-level nuclear waste and reducing the
burden to the geological repositories. The European Commission's Green Paper entitled
"Towards a European Strategy for the Security of Energy Supply" clearly pointed out the
importance of nuclear energy in Europe. With 145 operating reactors producing a total power of
125 GWe, the resulting energy generation of 850 TWh per year provides 35% of the electricity
consumption of the European Union. The Green Paper also points out that the nuclear industry
has mastered the entire nuclear fuel cycle with the exception of waste management and for this
reason, "focusing on waste management has to be continued". Amongst the several solutions
being studied in recent years, MYRRHA (concept developed at SCK-CEN, Belgium), XADS
(design studies co-funded by the European Union in the framework of the 5th Framework
Programme) and XT-ADS and EFIT (acronyms standing for an experimental machine and for the
long term transmuter to be deployed on an industrial scale, both in the EUROTRANS project of
the 6th Framework Programme) have deserved the attention of different communities of
specialists in the field of Nuclear Technology and Radioactive Waste Management. Although
these machines have been designed with different parameters, their implementation and
deployment have in common the fact that they raise cutting edge scientific and technological
problems, associated to the operation of the high-intensity proton accelerator, the high-power (in
the multi-MegaWatt range) delivered to the target and the material damage in the target and
surrounding structures. The thermal power in the core, the thermal-hydraulic aspects associated
to the heat removal in steady state and also in transient mode, the subcriticality level of the
system and the efficiency of the transmutation process, is particularly sensitive to the core design
(geometry, number of subassemblies, fuel composition, among many other aspects). Neutronic
and shielding issues and the computation and mapping of neutron fluxes and doses are important
throughout all stages of design of these systems. In this paper, i) the main characteristics and
parameters of the ADS systems previously alluded to will be reviewed ii) the neutronics and
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shielding calculations of relevance for the design of the ADS systems, for radiation damage and
for radiation protection purposes will be extensively described.
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