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Abstract 

Partitioning and transmutation is considered as a potential route for improved management of spent 
nuclear fuel through the reduction of long lived radionuclides. Many countries are conducting R&D 
programmes dedicated to developing the necessary technologies. 

Through international collaboration, the OECD Nuclear Energy Agency is coordinating a series of 
projects related to transmutation and partitioning covering both strategic and scientific issues. The activity 
is carried out by expert groups of the NSC Working Party on Scientific Issues of the Fuel Cycle (WPFC) 
whose programme of work covers existing and advanced nuclear fuel cycles, including fuel cycle 
scenarios, separation chemistry, innovative fuels and materials, and waste management. Outputs include 
reports on the advances and progresses of R&D in P&T which help identify gaps and needs in this field. 

Introduction 

Partitioning and transmutation (P&T) is considered as a potential route for the long-term management 
of spent nuclear fuel (SNF), to help reduce the radiological hazard, decrease the decay heat load in waste 
and reduce the quantities of fissile/fertile radionuclides that pose proliferation concerns [1]. Several 
countries have now recognised the need for investigating P&T strategies as part of advanced fuel cycles to 
address waste management and economic issues. 

The NEA is involved in a number of activities related to P&T covering both strategic and scientific 
issues. These are mainly conducted under the guidance of the Nuclear Science Committee (NSC). The 
work is carried out by expert groups of the NSC Working Party on Scientific Issues of the Fuel Cycle 
(WPFC) who deal with issues arising from various existing and advanced nuclear fuel cycles, including 
fuel cycle scenarios, separation chemistry and flowsheets, innovative fuels and materials, and waste 
management. The WPFC also interacts with other relevant NSC Working Parties and NEA Standing 
Technical Committees, to ensure that the respective work programmes are complementary and to support 
common work where appropriate. 

A series of reports covering these topics have been published or are in the process of being finalised. 
This paper describes the latest NEA activities, developments and findings in the field of partitioning and 
transmutation. 

Minor actinides separation chemistry 

Recycling is recognised as an important step to minimise the quantity and residual heat of long-lived 
nuclear waste and alleviate the burden on future deep geological repositories. The first step in recycling 
technology considers the separation of actinides through chemical separation methods based on either 
solvent extraction or pyroprocessing. An efficient and selective recovery of key elements from spent 
nuclear fuel (SNF) is essential for a successful sustainable fuel cycle concept. 
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The Expert Group on Fuel Recycling Chemistry is currently preparing a state-of-the-art report to assess 
the status of current technologies for the separation of minor actinides (MA). It mainly reviews current and 
advanced processes using aqueous (PUREX, advanced PUREX, GANEX, NEXT, etc.) or pyroprocessing 
technology to achieve either recovery of U and Pu alone or co-processing of U, Pu, Np. Processes for 
separation of Am and Cu are also reviewed. Comparison of chemical process and technical maturity is 
achieved through Technology Readiness Levels (TRL). As of today, only the PUREX process is well-
established and used at commercial scale. Other aqueous processes technologies are established but need to 
be industrially demonstrated. Pyroprocessing, however, is still at an early stage of development but appears as 
a promising technology to treat advanced spent fuels such as metal, nitride, etc. 

Recycling transuranics 

A general international consensus shows that recycling of transuranics (TRU) through their 
transmutation in fast reactors is necessary to ensure the sustainable development of nuclear energy. 
Generally, two different route are being explored: homogeneous mode (recycling of grouped TRU) and 
heterogeneous (separation of MA from U and Pu) modes. A comparison of different studies performed in 
several international laboratories was carried out where the criteria for a choice between both recycling 
modes was defined and compared [2]. The specific scenarios for implementation, potential non-
proliferation issues, and strategies for Cm management were considered. In this study, the impact on fuels 
fabrication and behaviour under irradiation as well as on both the reactor core and the power plant was 
highlighted. The multi-criteria analysis showed no large discrepancies between the two modes of minor 
actinides transmutation. Both are feasible and the final choice will depend on the importance given by 
decision-makers to different criteria. 

Minor actinides burning in LWRs 

Although fast reactors are considered as the preferred option for TRU transmutation, studies have 
nevertheless demonstrated that it was possible to achieve MA transmutation in thermal reactors. The Expert 
Group on Reactor Physics and Advanced Nuclear Systems (EGRPANS) (under the guidance of the Working 
Party on Scientific Issues of Reactor Systems) has prepared a report [3] to determine if thermal reactors could 
be a viable alternative to fast reactors by reviewing past experiments published in the literature. The 
outcomes of this study are that thermal reactors can burn MA and could play a role in reducing radiotoxicity 
of waste awaiting the deployment of fast reactors. In addition, they could be used to demonstrate technologies 
on existing reactors. MA burning R&D is however, still at a conceptual stage and design, fuel performance 
and waste management need further development to be demonstrated at commercial scales. 

Minor actinides bearing fuels  

Over the last decade, minor actinides fuels have been the subjects of numerous studies through 
different national and international R&D programmes. The Expert Group on Innovative Fuels has initiated 
a review of those programmes to assess the most recent advancements in the field in the form of a State-of-
the-art report on Innovative Fuels [4] focusing, in particular, on fuel containing minor actinides (MA) to be 
irradiated in advanced nuclear systems. 

Different fuel types were reviewed (metal, oxide, nitrides, dispersions fuels and special mechanical 
fuel forms) mainly for fast neutron reactors examining different technical issues associated with their 
fabrication, characterisation, irradiation performance, design and safety criteria. The technical maturity of 
each fuel was also assessed. 

Metal and oxide fuels containing minor actinides have been widely investigated and irradiations tests 
and PIE have been performed. Additional results, however, are needed to gain further insights on He gas 
release and fuel cladding chemical interactions (FCCI). Nitrides fuels have numerous advantages for use in 
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ADS compared to other types of fuels due to their higher density. However, more fundamental research is 
needed to determine their safety performance. 

On the other hand, dispersion fuels and special mechanical fuel forms (particles, namely Vipac and 
Spherepac) are new concepts. The first irradiation tests on inert matrix fuel containing MA started in the 
mid-90s.Three types of dispersion fuel have now been subjected to safety tests. Some irradiation experiments 
have marked important milestones in the R&D of transmutation fuels. However, the examination of the 
behaviour and safety issues of transuranic bearing fuels are limited to laboratory scale (grams quantities of 
TRU) and irradiation tests have been limited to small samples or rodlets. More experimental data coupled to 
modelling are needed to gain better understanding of fuel behaviour under operating conditions. 

Advanced fuel cycle scenarios 

Through the development of computer codes, many countries are currently evaluating potential future 
nuclear energy, employing fuel cycle scenario studies as a mechanism to inform decisions on future reactor 
types, fuel types, and other fuel cycle facilities. To meet the demand from member countries, the NEA is 
conducting various projects related to fuel cycle transition scenarios in particular through the Expert Group 
on Advanced Fuel Cycle Scenarios. 

After reviewing national, regional and worldwide transition scenarios,[5] the Expert Group performed 
a benchmark study on different selected scenarios to compare existing codes in term of capabilities, 
modeling and results [6]. A study to evaluate the effects of the uncertainties of input parameters on the 
outcomes of fuel cycle scenario studies is currently ongoing with the objectives to provide guidance on the 
importance of each input parameters. t. A reference fuel cycle scenario (transition from a fleet of UOX 
fuelled PWRs to a fleet of MOX fuelled FRs under a constant nuclear energy demand) was employed to 
ensure that all codes performed comparable analyses of the scenario, and to identify any differences 
attributable to the modeling approaches between the codes The results showed that difference between 
codes can be considered as acceptable. 

The sensitivities of output metrics such as resource consumption, enrichment requirements, plutonium 
and spent fuel inventories, and reprocessing capacity to the various parameters are being evaluated. Varied 
input parameters include: nuclear energy demand and energy demand profile, spent nuclear fuel cooling 
time, fresh fuel fabrication time, date and rate of introduction of the fast reactors, fuel burnup, fuel 
composition (including the minor actinide content of the fast reactor fuel in case of MA transmutation), 
fast reactor breeding ratio, reactor lifetime, and introduction date, capacity, and losses of the reprocessing 
plant. The results show the relative impact of each parameter on each output metric. 

Waste management 

Separation of the actinides americium and curium is an important concept in advanced nuclear fuel 
cycles to reduce the amount of transuranic in waste. However, their similar chemistry makes their 
separation quite challenging. In this context, some countries have investigated the best ways to manage 
these isotopes. A recent report reviewed the methods used in France, Japan and the US to control the 
production and handling of curium [7]. Three different way are possible: 1) the separation of curium from 
americium and the storage of curium to allow decay to 240Pu; 2) recycling curium and americium without 
separation; 3) waiting several decades before reprocessing to allow minimisation of curium decay 
emissions and to reduce the specific requirements for its separation from americium. French studies 
compare the recycle of all minor actinides with the recycle of only neptunium and americium for sodium-
cooled fast reactors. In the latter, after being separated from americium, 244Cm is stored for a long period to 
allow decay to 240Pu which can then be recycled. In Japan, scenarios compare the production of MA using 
different fuels or reactors: low enriched uranium in LWR used fuel, U-Pu MOX used fuel, FBR MOX used 
fuel and FBR U-transuranium (TRU) used MOX fuel. Studies have shown the effects of increasing decay 
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time following irradiation on decay heat generation from both fission products and actinide isotopes. 
Research in the US compared curium inventories in LWR used fuel as a function of decay time and its 
impact on reprocessing technologies. 

Minor actinide management 

Due to the difficulties in material handling, sample preparation and post-treatment, integral 
experiments for MA have been limited resulting in a lack of accuracy of nuclear data. In this context, an 
Expert Group on Integral Experiment for Minor Actinide Management (EGIEMAM) was established to 
review integral experiments for validating MA nuclear data, as well as to recommend additional integral 
experiments needed for validating MA nuclear data and to investigate the possibility to establish an 
international framework to facilitate integral experiments for MA management. The report “Review on 
existing integral data” [8] reviews the state of the art of nuclear data, relevant activities in international 
organisations, and existing integral data for MA. It concluded that further integral measurements are 
needed for 237Np, 241Am, 242mAm, 243Am, 242Cm, 243Cm, 244Cm, 245Cm. In addition, international 
collaboration such as joint design of reactor physics MA measurements in selected facilities and an 
international collaboration of irradiation programme for MA were suggested. 

Conclusions 

While P&T will never replace the need for waste repositories, it has the potential to reduce the level 
of radiotoxicity and residual heat in the waste streams. For this reason, P&T is active at national level in 
many countries and through international collaboration. The current focus of several R&D programmes is 
the separation of americium and its transmutation in fast reactors or ADS systems. 

Through the work conducted within its numerous expert groups, the OECD Nuclear Energy Agency 
supports various activities related partitioning and transmutation covering all areas of the fuel cycle (fuel 
fabrications, systems and infrastructures, reprocessing and waste disposal and continues to help its member 
countries consolidating international knowledge. In addition the biennial Information Exchange meeting on 
Actinide and Fission Product Partitioning and Transmutation give experts the opportunity to present, share 
and discuss state-of-the-art developments in the field of P&T. 
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