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Introduction. 
Nuclear reactions can be effectively used to destroy radiotoxic isotopes through 
transmutation processes transforming those isotopes into less radiotoxic or stable 
ones Spent nuclear fuel, a mixture of many isotopes with some of them being highly 
radiotoxic for many hundred thousands of years, may be effectively transmuted 
through nuclear reactions with neutrons. In a dedicated, well designed transmutation 
system one can, in principle, reduce the radiotoxicity of the spent nuclear fuel to a 
level, which will require isolation from the biosphere for the period of time for which 
engineered barriers can be constructed and licensed (not more than 1-2 thousands of 
years).  
En effective transmutation process can not be achieved without a suitable partitioning.  
Only partitioning of the spent nuclear fuel into predetermined groups of elements 
makes possible an effective use of neutrons to transmute long-lived radioactive 
isotopes into short-lived or stable one. However, most of the chemical 
separation/partitioning processes are element- not isotope-specific, therefore the 
transmutation of the elements with an existing isotope composition is a typical 
alternative for transmutation processes. Isotope-specific separation is possible but still 
very expensive and technologically not matured.   
Application of the combined Partitioning and Transmutation (P&T) processes to reduce 
the amount of radioactive isotopes in nuclear wastes was suggested already in 1964 
by Steinberg and his collaborators  [1] and then got a new momentum in the early 90’s 
when many research groups started activities on accelerator-driven transmutation of 
nuclear wastes following after cold-war openess and extensive information exchange 
on accelerator technology development and    
 
Accelerator-driven Transmutation. 
Accelerator driven Transmutation (ATW) concepts, or as it is also frequently called 
Accelerator-driven Systems (ADS) have been proposed to remediate growing 
concerns for the back-end of the nuclear fuel cycle, leaving significant amount of 
highly radiotoxic materials for geological repositories and consequently relying on the 
natural barriers beyond human control. The biggest advantage of the ADS is its 
subcritical operation. Subcriticality opens new possibilities to construct dedicated 
transmutation systems with specially designed fuels which could never be used in 
critical reactors because of criticality safety concerns.  
Many ADS systems have been proposed in last 10 years ranging from molten salt 
thermal neutron systems to gas-cooled fast neutron systems. Some projects have 
already advanced from a preconceptual stage to basic experiments with subcritical 
cores. The paper gives review of the most important experimental activities in Europe 
including a number of interesting projects conducted in Russia in close collaboration 
with western partners in the frame of the International Science and Technology 
Centre. 
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Transmutation implies nuclear fuel cycle with reprocessing. Multiple reprocessing of 
nuclear fuel is necessary to achieve required reduction of radiotoxicity and/or required 
level of the incineration of some isotopes, like 239Pu. For many countries, which 
adopted once-through nuclear fuel cycle, it will be required to reconsider their nuclear 
policy if they decide to support transmutation activities. Moreover, different countries 
may have different priorities for transmutation systems. Fore example an effective and 
fast incineration of the nuclear weapon materials may be a sufficient driver for 
development of the ADS.  
The paper gives an assessment of the possible development routes for transmutation 
systems, both subcritical and critical ones, depending on their final objectives. It 
describes also the state of the art of the partitioning technologies and required 
technological improvements for separation of some transuranic elements.  A roadmap 
for the European development of ADS  [2] is also briefly summarized. 
Cost/benefit analysis for some of the transmutation development routes will also be 
presented. 
Special attention is given to non-proliferation aspects of transmutation technologies. 
 
Conclusions 
Partitioning and Transmutation opens new possibilities for nuclear technology, 
addressing some of the major public concerns related to the nuclear waste handling. 
Moreover, there are options to develop transmutation systems in full synergy with the 
development of new nuclear power reactors 
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