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Abstract – In these days of nuclear renaissance, appropriate management of 
radioactive materials arising from the nuclear fuel cycle back end is one of the 
most important issues related to the long term sustainability of nuclear energy.  
The present practice in the back end of the closed fuel cycle involves the recovery 
of uranium and plutonium from spent fuel by the aqueous based PUREX process 
for reuse in reactors and the conditioning of reprocessing waste into a form 
suitable for long term storage. The waste contains mainly fission products and 
transuranium elements immobilized in glass matrix. However, advanced fuel 
cycles incorporating partitioning of actinides along with minor actinides and their 
subsequent transmutation (P&T) in a fast neutron energy spectrum could be 
proliferation resistant and at the same time reduce the waste radiotoxicity by many 
orders of magnitude. Considering the importance of P&T on long term 
sustainability, the International Atomic Energy Agency has initiated many 
collaborative research programs in this area as part of our advanced fuel cycle 
activities. This paper presents the current and future  activities on advanced 
partitioning methods, highlighting the challenges associated with these processes, 
fuel manufacturing techniques suitable for integration with reprocessing facility and 
the IAEA’s minor actinide data base (MADB), as a part of integrated nuclear fuel 
cycle information system (iNFCIS). 

 
A. INTRODUCTION 
 
The present generation of 439 reactors with installed capacity ~ 372 GWe derive energy mainly from 
the fission of 235U and at the same time discharge spent nuclear fuel (SNF) almost at the rate of 
10 500 t HM / annum. The spent fuel contains 95 – 96% uranium, 3 – 4% fission product, ~ 1% 
plutonium and ~ 0.1% minor actinides. Table 1 shows the composition of SNF from light water 
reactors (LWRs) and associated issues. Only 15% of the SNF is presently reprocessed by aqueous 
based PUREX (Plutonium URanium EXtraction) process for recycling of reprocessed uranium and 
plutonium in LWR and / or fast reactor and the reprocessing wastes consisting mainly of fission 
products & minor actinides are conditioned into a form suitable for long term storage. For first 100 
years, fission products predominantly determine the radiotoxicity of the spent nuclear fuel and beyond 
that, it is plutonium and minor actinides. Once the plutonium is removed from SNF, the minor actinide 
determines the long term radiotoxicity. Figure 1 shows the relative radiotoxicity of different 
constituents in the spent nuclear fuel. 
 

 
Figure 1: Relative radiotoxicity of the different components in spent nuclear fuel 
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Table 1: Composition of spent fuel from thermal reactors 
 

Constituent Composition 
(%) 

Issue Remarks 

Uranium ~95 - 96 An energy resource. Reprocessed uranium 
could be recycled as 
fuel in reactors 

Plutonium ~ 1.0 An energy resource, but 
also the major contributor 
to long term radiotoxicity 
and heat load of waste. 
Separation Pu is of major 
proliferation concern. 

Separated Pu could be 
recycled as fuel in 
reactors. However 
proliferation concerns 
could be reduced by not 
separating pure Pu. 

Minor actinides, primarily 
Np, Am and Cm 

~ 0.1 Important contributors to 
long term radiotoxity of 
waste. Proliferation 
concerns exist for 
separated Np. 

Minor actinides can be 
burnt either alone or in 
combination with Pu in 
fast reactors. 

Fission products ~ 3 - 4 FPs such as Cs and Sr 
are the primarily 
contributors to short term 
radiotoxicity and heat 
source in the waste. FPs 
namely Tc and I 
contribute to the long term 
radiotoxicity of the waste. 
Other FPs e.g noble 
metals could become 
valuable. 

Storage of high level 
waste for a few hundred 
years or separation of 
Cs and Sr  for separate 
disposal after a few 
hundred years of 
storage. Separated Cs 
has industrial 
applications. 

 
To obtain public acceptance of future nuclear fuel cycle technology, new and innovative concepts 
must overcome the present concerns with respect to both environmental compliance and proliferation 
of fissile materials. Both these concerns can be effectively addressed through the multiple recycling of 
all transuranic elements (TRUs) in fast neutron reactor. This is only possible through a process known 
as partitioning and transmutation (P&T) as this scheme is expected to reduce the long-term radio-
toxicity as well as the radiogenic heat production of the nuclear waste. After the removal of both 
plutonium and minor actinides through P&T processes, the radiotoxicity falls to a level of natural 
uranium ore within ~ 500years. In addition, P&T scheme is expected to extend the nuclear fuel 
resources on earth about 100 times because of the recycle and reuse of fissile actinides.  
 
B. TRENDS IN P&T 
 
Developmental efforts in recycling plutonium along with minor actinides in the future innovative 
nuclear energy systems are underway in several Member States of the International Atomic Energy 
Agency. R&D programs have also been launched in Member States to develop alternate reprocessing 
techniques and advanced partitioning processes that might help with nuclear waste management (1, 2). 
Advanced processes aim for recovery of minor actinides and other long-lived fission products also for 
the purpose of transmuting them either in reactors or in accelerator driven systems (ADS). With 
ongoing time, the present generation of reprocessing plants has significantly improved the process 
technology in terms of flexibility for adopting high burn up and MOX fuel treatment, reduced waste 
generation, process simplification by reducing the number of cycles etc. However, the efforts are still 
in progress for further development of reprocessing technologies in order to address more challenging 
concerns, namely: 
 
a) Proliferation issues associated with separated plutonium; 
b) High level waste containing minor actinides and long lived fission products; 
c) Economic and cost; and 
d) Integration with facility for manufacturing of minor actinide bearing fuels that are being 

developed for use in future advanced nuclear reactors. 
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B.1. Developments in aqueous processes 
The development of advanced separation methods is mainly based on improved PUREX process and 
directed towards the removal of minor actinides and long lived fission products from high level liquid 
waste so that the radiotoxicity and heat load of the final waste meant for either long term storage or 
disposal are reduced. The major steps involved are recovering minor actinides and lanthanides, 
purifying minor actinides from lanthanides, separating individual minor actinides and recovering Cs 
and Sr (3, 4). 
 
The other process known as UREX (URanium EXtraction) is based on the changing the chemistry in 
the first separation step utilizing aceto-hydroxamic acid (AHA) so that only uranium is separated and 
plutonium along with minor actinides and fission products remain in the solution for further processing 
(5). In fact, the development of a set of processes known as UREX+ is of interest as a part of US 
DOE’s Avanced Fuel Cycle Initiative (AFCI).  
 

B.2. Developments in pyro-chemical processing 
 
Pyro-chemical processes exclude the use of both aqueous and organic media, and are based on 
liquid metals, molten salts or halides, usually at high temperature. Pyro-chemical process has the 
advantages over aqueous process for high chemical stability, radiation-resistance, high criticality-
barrier, process simplicity, absence of high level liquid waste and inherent proliferation-resistance. As 
of now, Pyro-chemical separation of transuranium elements has only reached a stage of pilot-plant 
experiments. These processes were first investigated in the 1950´s as an alternative to PUREX 
because organic molecules used in PUREX had limited stability in the presence of strong ionizing 
radiation. In the initial stage, a pyro-chemical process was constructed at the Experimental Breeder 
Reactor II (EBR-II) in the USA. Later many concepts for pyro-chemical partitioning were developed 
and, in some cases, pilot plants were built and operated. Presently, three methods are receiving the 
major focus of attention in different countries (6). 
 
● Molten salt electro-refining method for metallic fuels (developed by Argonne National 
Laboratory, USA)  
● Electro-winning method for oxide fuels (developed by Russian Institute of Atomic Reactors, 
Russian federation) 
● Fluoride volatility process of oxide and metallic fuels (developed by France, Russian 
Federation, Japan and USA),  
 
However, compared to aqueous processes, the major challenges associated with pyro-processing are 
the requirement of oxygen and moisture free inert atmosphere for the plant and the need to develop 
materials that will withstand the high radiation and also should have excellent resistance to high 
temperature corrosion in molten salt and molten halides.The salient features of the aqueous and pyro-
processes are shown in Table 2. 
 
Table 2 Salient features of aqueous and pyro-processes 

 
Process characteristics Aqueous process Pyro process 

Metallic fuel                                   Oxide fuel 
Nature of process Continuous, high 

throughput 
     Batch,                                       Batch 
Limited throughput                 limited throughput 

Solvent Organic solvent,  
Nitric acid 

LiCl-KCl, Cd, Bi                        NaCl-KCl, CsCl 
 

Operating temperature, K < 373 ~ 773                                               ~ 973 
Recovery of Pu, % > 99.9 > 99.5                                               >99.3 

Criticality Needs severe control Not severe 
Nuclear Material Accounting Continuous accounting Batch wise accounting 
Fuel manufacturing Pelletisation, Vibro-

packing 
Injection casting                         vibro-packing 

High Level Waste Nitrate solution Chloride                             . 
 -- Phosphate and chloride 

Technical maturity Industrially 
demonstrated 

Pilot scale facility 
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B.3. Transmutation of MAs and LLFPs 

 

Fast neutron reactors and Accelerator Driven Subcritical systems (ADS) play an important role by 
transmuting actinides as well as long lived fission products and contribute to environment protection 
and safe waste management. In addition, transmutation of MAs releases almost 5% of fission energy. 
Several studies have been performed for the application of ADS for minor actinide transmutation (7). 
Minor actinide transmutation in ADS has been studied primarily in the context of a double strata 
scenario, where the bulk of plutonium is recycled in commercial reactors and only small amounts of 
minor actinides are transmuted in dedicated second stratum systems. 
 

B.4. Integration with fuel manufacturing   
 
The present generation of commercial nuclear reactors use either UO2 (natural or enriched U) or 
(U,Pu)O2 in the form of “pellets” manufactured by powder metallurgy (P/M) processes. The main 
process steps are: preparation of oxide powder from nitrate solutions; pre-compaction and granulation 
of oxide powder in most cases; cold–pelletisation; and high temperature sintering in hydrogen 
atmosphere 
The major challenges in the P/M route are “radiotoxic dust hazard” associated with the generation and 
handling of large quantities of very fine powders of UO2, highly radioactive PuO2 and oxides of minor 
actinides and the poor flowability of powders. Hence, manufacturing processes, which avoid milling 
and grinding operations and deal with dust-free and free-flowing fuel materials are attractive as these 
processes would facilitate remote and automated fuel fabrication required for manufacturing of minor 
actinide bearing fuel in heavily shielded facility. Among these processes, sol-gel based “vibro-sol” or 
“gel pelletization” appears to be very promising as the sol-gel plant could be easily integrated with the 
spent fuel reprocessing plant and could be utilized for preparation of microspheres of MOX containing 
minor actinide oxides. Two or three size fractions of high density sintered microspheres are generally 
used for vibratory compaction for manufacturing fuel pins and for manufacturing fuel pellets, porous 
and easily crushable microspheres are used for cold pelletisation followed by high temperature 
sintering. Other advantages of sol-gel based processes are the absence of generation and handling of 
fine powders, amenability to automation and remotisation due to dust free and free flowability of sol 
gel derived microspheres, and high degree of micro-homogeneity of the constituent elements (8, 9). 
 
C.  IAEA ACTIVITIES 
 
Many Member States and International Organizations are involved in the development of advanced 
nuclear fuel cycles that could effectively incorporate actinide recycling to reduce inventories of 
plutonium and minor actinides. In particular, several advanced partitioning methods are being 
developed and investigated in Member States. The review meeting of TWGNFCO (Technical working 
group on fuel cycle options and spent fuel management) in 2009 also indicated high priority for the 
activity concerning partitioning and transmutation of actinides. Considering the importance of 
partitioning and transmutation on long term sustainability, the agency has initiated many collaborative 
research programs in this area as a part of advanced fuel cycle activities. 
 
The International Atomic Energy Agency (IAEA) has recently finalized a Coordinated Research 
Project (CRP) on “Study of process losses in separation process of partitioning and transmutation 
systems in view of minimizing long-term environmental impact” (2002-2008). One of the key-issues 
addressed in the CRP is the immense role of partitioning processes in actinide recycling that reduces 
long-term radio-toxicity considerably. The CRP involved experts from different organisations and 
institutes actively involved in developing P&T scheme. The scientific objectives of the CRP were: 

• To minimize the environmental impact of actinides in the waste stream ; 

• To develop element-specific, highly durable, materials for solidification and final disposal of 
residual actinides; 

• To develop advanced characterisation methods for measurement of actinide hold-up in plants 
for the purpose of fissile material tracking as needed for nuclear material safeguards and 
criticality control; 
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• To establish element specific partitioning criteria to achieve a radiotoxicity reduction of about a 
factor of 100; 

• To define proliferation resistance attributes for the processes and products; 

• To compare advantages and disadvantages of aqueous and pyro- partitioning processes; and 

• To assess the benefits of partitioning processes by reducing public radiation exposure, 
decreasing final repository capacity, reducing necessity of uranium mining and, consequently, 
diminishing the impact of uranium mill tailings. 

A team of research scientists and experts had a several meetings between 2003 and 2008 and 
completed the document which is being published by the Agency (10). The major findings and 
conclusions of the report are summarized as follows: 
 
• Technological assessment  

 Compared to aqueous processes, pyro-processes are more compact, capable of processing 
of spent nuclear fuel with shorter cooling times as fused salts offer better radiation 
resistance; 

 Metal electro-refining has better potential for recovering minor actinides, while other pyro-
processes require innovative technique to recover the same 

 The technical feasibility for a glass-bonded sodalite waste form using zeolite A as the waste 
matrix for chloride salt wastes from pyro-processes has only been demonstrated presently. 
However, the sodalite form has relatively low waste loading limit in comparison to 
borosilicate glass suitable for liquid high-level wastes from the aqueous processes; 

 While it is imperative to combine optimal options to make P&T efforts effective, the current 
assessment technologies for repository performance still remain at a scoping-study level; 

 Secondary wastes resulting from the various partitioning processes have also to be taken 
into account and due consideration should be given to their treatment and conditioning.  

• Proliferation resistance 

 Implementation of any partitioning process supports non-proliferation of fissionable material. 
In planning and developing the process, special attention should be paid to minor actinides 
namely neptunium and americium; 

 The actinide mix with low U content exhibits properties that prohibit the use for a nuclear 
explosive because it will emit enough neutrons by spontaneous fission so hat a fission chain 
reaction occurs immediately when a critical mass is reached. 

• Environmental compliance 

 The pyro-process has not yet been developed to minimize the process waste in order to 
achieve more than 99% of recovery efficiency on an engineering scale of deployment, as 
compared to more than 99.5% in the extraction process of the PUREX (Plutonium Uranium 
Extraction) process; 

 By P&T deployment, masses of major heat emitting radio-nuclides such as Sr-90, Cs-137, 
Pu-238, and Am-241, will be significantly reduced. This should be of potential benefits 
resulting from the simplification in the design of both containers and repository. 

Very recently, the Agency organized a meeting on “Status and Trends in Advanced Partitioning 
Methods: Development in Pyro-chemical Processes” and the major objectives of the meeting were to 
review the recent developments in pyro-chemical processing and their impact in improving processing 
efficiency, reduction of radiotoxic losses, adoptability to remote fuel fabrication etc. In this meeting, 
significant progresses in pyro-chemical processes were reported in the following areas: 
 
• Implementation plan in national nuclear fuel cycles,  
• Process R&D and materials accounting,  
• Engineering scale development and 
• Shortening of the institutional control period (ICP) of the final waste. 



Proceedings of the First ACSEPT International Workshop 
Lisbon, Portugal, 31 March – 2 April 2010 

 
 

 
ACSEPT (Actinide reCycling by SEParation and Transmutation) 
CP FP7-EURATOM 211267 

 
Issues related to nuclear materials safeguards in pyroprocessing were also presented and discussed. 
Importance of nuclear materials accountancy including in-process nuclear materials measurement 
techniques for pyroprocessing was emphasized. Concept of “proliferation-resistance” for 
pyroprocessing was elaborated in various presentations. The Agency has plans to prepare a technical 
document on “Status and Trends in Advanced Partitioning Methods” during 2010 - 12 focusing the 
above areas. 
 
There is an increased R&D effort among the Member States of the Agency to develop a technology 
that could be effectively utilized for reducing the amount of minor actinides and long lived fission 
products through transmutation in dedicated fast reactors or accelerators driven sub-critical system 
(ADS). As a part of information exchange, the Agency, in collaboration with the International Centre 
for Theoretical Physics (ICTP), Trieste organized the School on “Physics, Technology and 
Applications of Innovative Fast reactor Systems” in November, 2009. The Agency also organized two 
major international conferences related to utilization of ADS (AccApp ’09) and Fast Reactors and 
Related Fuel Cycles (FR09) in 2009. As a part of collaborative R& D, the Agency has completed the 
Coordinated Research project on “Studies of Advanced Reactor Technology Options for Effective 
Incineration of Radioactive Waste ”(11). 
 
 Integrated Nuclear Fuel Cycle Information System (iNFCIS) 
 
The iNFCIS web site (http://www-nfcis.iaea.org) is designed as a "one stop" resource for technical and 
statistical information about nuclear fuel cycle activities worldwide, as reported to the IAEA. The 
system includes four databases and one computer simulation system published by the IAEA's Nuclear 
Fuel Cycle and Materials Section in the Division of Nuclear Fuel Cycle and Waste Technology. These 
are:  
● Nuclear Fuel Cycle Information System (NFCIS); 
● World Distribution of Uranium Deposits Database (UDEPO); 
● Post Irradiation Examination Facilities Database (PIE) ; 
● Nuclear Fuel Cycle Simulation System (NFCSS); 
● Minor Actinide Property Database 
 
Among these data bases, NFCSS and MADB are more relevant to researchers involved in P&T. 
NFCSS is a scenario-based simulation system to estimate long-term nuclear fuel cycle material and 
service requirements as well as material raisings. The code uses simplified approaches to make 
estimation. NFCSS calculations can cover the period ranging from the beginning of nuclear energy 
production to 2050 or 2100. In order to support estimations for the future term, NFCSS stores 
historical data in its database (IAEA-TECDOC-1535). 
Fresh fuel requirements and spent fuel isotopic composition are automatically calculated from a set of 
internal parameters that have been selected by experts and introduced in the program. The user may 
then choose to use spent fuel stockpiles to develop a recycling strategy. The estimation of 
accumulation of actinides including minor actinides is one of the capabilities of the simulation. Those 
accumulation estimations might be used to compare any future fuel cycle options for transmutation of 
minor actinides. 
MADB is a bibliographic database on physico-chemical properties of selected Minor Actinide 
compounds and alloys. The materials and properties are selected based on their importance in the 
advanced nuclear fuel cycle options. Recently, the scope of R&D activities is increasing among 
Member States on several facets of Minor Actinide (MA) elements (namely Am, Np, and Cm) and their 
compounds owing to their accumulation in significant quantities due to enhanced use of nuclear 
energy. As these elements pose a very long-term radiological toxic burden to the environment, this 
has become a limiting factor for the growth of nuclear energy.  
 
The issue of mitigation of radiological toxicity of actinides by advanced P&T methods has been 
addressed by the IAEA in its several meetings and TECDOCs. Since 1976, the IAEA has played a 
groundbreaking role in influencing the evolution of P&T technologies amongst all its Member States. 
In this context, the IAEA conducted a comprehensive review of thermodynamic data of all actinides 
elements and compounds and published a series of 14 reports (IAEA/STI/PUB/424) for a period 
between 1976 and 1992. These database series have become the de facto internal standard for 
chemical thermodynamic data of actinides and its compounds. Recent global R&D efforts on 
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advanced P&T methods in the last two decades have generated considerable information/data on 
MAs and its compounds encompassing various aspects of advanced nuclear fuel cycles. 
 
The main idea behind the database initiative is to assemble information from the existing published 
literature on MAs especially thermo-physical as well as thermo-chemical properties pertinent and 
applicable to advanced partitioning methods as well as fuel/target fabrication subjects. The collection 
of bibliographic and technical information on MA data in selective areas and its review as well as 
assessment are divided into certain tasks. The present web-based database illustrates only 
bibliographic information together with technical data wherever available. The property database 
intends to cover thermodynamic, electro-chemical, phase-diagram and physical properties for the 
respective distinct unary and binary as well as multi-component oxide / nitride / halide / alloy MAs 
systems in molten as well as solid phases. In the first phase of this task, the scope of the database 
encompasses only the bibliographic information for pertinent properties to advanced pyro-chemical 
processing methods and fuel / target fabrication issues. In this context covering advanced aqueous 
partitioning methods was not considered in the present task. 
 
D. CONCLUSION 
 
Significant experience in the industrial plant scale reprocessing of spent fuels exists from thermal 
neutron reactors using the PUREX technology. While the PUREX process or its advanced versions 
may be used for aqueous reprocessing of fast reactor oxide fuels as well, a number of additional 
requirements come into picture due to the high Pu content of the fuel as well as the high levels of 
radioactivity associated with the irradiated fast reactor fuel. Considering the need for further reducing 
the cooling periods and increasing the burnup from economy and sustainability considerations, 
pyroprocessing technologies based on inorganic molten salts are being developed as alternatives for 
future fast reactors. Pyroprocessing technology is also ideally suited for metallic fuels besides being 
intrinsically more proliferation resistant. While waste management technologies for the fast reactor 
fuel based on aqueous reprocessing will be similar to those used for thermal reactor fuels, the 
treatment of pyroprocessed waste and its ultimate disposal would require further development. Thus, 
the development of fuel cycle technologies would continue to be a challenging area of activity. IAEA in 
collaboration with NEA / OECD organized several meetings and published technical reports in the 
recent years in this area of nuclear fuel cycle technology. 
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Water -cooled nuclear power reactors Magnox all operating reactors 
use use “Uranium Oxide Fuel Pellets ” and to a limited extent and to a limited extent “mixed uranium plutonium ” pellets.pellets.
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LWRs & PHWRs account for more than 90% of operating nuclear power reactors. They use low 
enriched uranium (<5% U235) and natural uranium respectively as fuel in the form of uranium oxide 

pellets encapsulated in zirconium alloy cladding tubes

Natural Uranium : 
99.3% U238 (fertile)+
0. 7% U235(fissile)
U238� Reactor � Pu239 (fissile)
~ 30% nuclear energy is from in-
situ fission of Pu239 in reactor
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~ 3 - 4Fission products

~ 0.1Minor Actinides
(Np, Am and Cm)

~ 1.0Plutonium
~ 95 - 96Uranium

Composition
(%)

Constituent

Composition of Spent Fuel from Thermal Reactors

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Relative Radio-toxicity of Different Components in Spent Nuclear Fuel 

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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► Proliferation issues associated with separated Pu
► HLW containing MAs and other LLRNs
► Economic and cost
► Integration with facility for manufacturing of MAs 
bearing fuels

But CHALLENGES still remains………

Flexibility for adopting high 
BU & MOX fuel, reduced 
waste generation, process 
simplification etc

Present generation of Reprocessing Technology has improved 
significantly

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Sphere-Pac
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Impregnation Technique 

Internal Gelation Process for Preparation of MOX Microspheres
First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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[Pu(NO3)4+
]               

External Gelation Process for Preparation of UO2 Microspheres

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Advantages of Sol-Gel Processes

► Sol-gel facility could be easily integrated with spent fuel reprocessing 
plant and could be utilized for manufacturing of MOX containing minor 
actinide oxides

► High degree of micro-homogeneity

► No handling of fine powders. Hence the problem of radiotoxic dust 
hazards associated with conventional powder – pellet route is significantly 
minimized

► Dust free and free-flowing microspheres facilitate remote and automated 
manufacturing of fuel pins by vibro-sol or  SGMP processes

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Sphere – pac or Vibro sol & SGMP  processes are 
similar to oxide fuel manufacturing , only carbon is 
added to the sol prior to gelation in order to obtain 
oxide microspheres containing carbon . These 
microspheres are used as feed material for the 
subsequent processes involving synthesis of mixed 
carbide or mixed nitride

Sol-Gel based processes for MC & MN

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010



IAEA

Pyro-processing of SNF

Pyro-processing  is a method used for treatment of SNF primarily based on 
liquid metals , molten salts at high temperature and exclude the use of both 
aqueous and organic media 
#  Molten salt electro-refining method for metallic fuels (ANL , USA)
#  Oxide electro-winning method for oxide fuels (RIAR , Russia)
#  Fluoride Volatility process of oxide and metallic fuels ( France , Russia ,    
Japan and USA)

Republic of Korea is also developing electrochemical reduction process for 
actinide oxide apart from electro-refining for metallic fuels

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Advantages of Pyro-processing Methods

• High chemical and radiation stability
• Ability to handle high concentration of 

fissile materials
• Absence of neutron moderators
• Adaptability to carry out all the processes 

in a single apparatus irrespective of the 
type of fuels (metals , oxides , nitrides etc.)

• Absence of high level liquid waste
• Inherent proliferation resistance

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010



IAEA

Challenges in Pyro- processes

► Inert atmosphere environment for the plant
► Materials for high radiation and high temperature    
corrosion resistant
►Induustrial demonstration

• Economic competitiveness,
• Management of secondary waste,
• Efficiency of actinide recovery 

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010



IAEA Pilot scale facilityIndustrially 
demonstrated

Technical Maturity
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IAEA Activities

Meeting on Status and Trends in Advanced Partitioning 
Methods : Development in Pyro-chemical Processes
Significant progresses were reported in the following areas:
Implementation plan in National Nuclear Fuel Cycle
Process R&D and Material Accounting
Engineering Scale Development 
Institutional Control period of the Final Waste

Information Exchange

Collaborative R&D

Future Plans : Technical Document on “Status and Trends in 
Advanced Partitioning Methods” during 2010-2012

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Coordinated Research project (CRP)
On

Study of Processes Losses in Separation Process of Partitioning and 
Transmutation Systems in view of Minimizing Long Term Environmental 

Impact

CRP involved 
Experts from 
Organizations 
and Institutes 
involved in 
Developing P&T 
Scheme

Techonological Assessment
Proliferation Resistance
Environmental Compliance

Major Findings Include :

Document entitled “Assessment of Partitioning Processes for Transmutation of 
Actinides” is presently under printing 

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Technological 
Assessment

1. Compared to aqueous processes, pyro-processes are more 
compact, capable of processing of spent nuclear fuel with shorter 
cooling times as fused salts offer better radiation resistance;
2. Metal electro-refining has better potential for recovering minor 
actinides, while other pyro-processes require innovative technique to 
recover the same;
3. The technical feasibility for a glass-bonded sodalite waste form 
using zeolite as the waste matrix for chloride salt wastes from pyro-
processes has only been demonstrated presently. However, the 
sodalite form has relatively low waste loading limit in comparison to 
borosilicate glass suitable for liquid high-level wastes from the 
aqueous processes;
4. While it is imperative to combine optimal options to make P&T 
efforts effective, the current assessment technologies for repository 
performance still remain at a study level;
5. Secondary wastes resulting from the various partitioning 
processes have also to be taken into account and due consideration 
should be given to their treatment and conditioning. 

Co-ordinated Research Project

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Proliferation Resistance

Implementation of advanced partitioning processes 
involving separation of Pu along with minor actinides 
support non-proliferation of fissionable materials 

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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1. The pyro-process has not yet been developed to minimize the process waste
in order to achieve more than 99% of recovery efficiency on an engineering 
scale of deployment, as compared to more than 99.5% in the extraction 
process of the PUREX process;

2. By P&T deployment, masses of major heat emitting radio-nuclides such as 
Sr-90, Cs-137, Pu-238, and Am-241, will be significantly reduced. This 
should be of potential benefits resulting from the simplification in the 
design of both containers and repository.

Environmental Compliance

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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Transmutation of MAs & Long Lived Fission Products

• Dedicated Fast Reactors
• Accelerators Driven Sub-

critical Systems (ADS)

(a)    School on “Physics, Technology and 
Application of Innovative Fast Reactor 
System” at ICTP, Trieste

(b)   Two major International Conferences:

(i)     Meeting on Nuclear Research Applications 
and Utilization of Accelerators (AccApp
‘09)

(ii)    Fast Reactors and Related Fuel Cycles: 
Challenges and Opportunities (FR09) 

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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•Member States
(Contact Points)
• Consultants
• IAEA Meetings
• Reliable 
Publications

Information 
Sources

http://www-nfcis.iaea.org

• Navigation through 
facilities/deposits/records
• Search capabilities
• Summary reports for country specific 
or worldwide
• Country nuclear fuel cycle profiles
• Long term nuclear fuel cycle 
requirements for different scenariosI nte r ne t

iN FC I S

• Nuclear power 
projections
• Nuclear fuel 
cycle options
• Reactor physics 
calculations

Inputs

NFCIS : Nuclear Fuel Cycle Information System
UDEPO : World Distribution of Uranium Deposits
PIE : Post Irradiation Examination Facilities Database
NFCSS : Nuclear Fuel Cycle Simulation System
MADB : Minor Actinide Property Database

integrated Nuclear Fuel Cycle Information System (iNFCIS) –
A database of IAEA related to the Nuclear Fuel Cycle
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NFCISNFCIS
• Nuclear Fuel Cycle Information 

System
• Directory of Civilian Nuclear 

Fuel Cycle Facilities Worldwide
• Facilities from under planning 

stage to the decommissioned 
stage

• Facilities from uranium milling 
to reprocessing, spent fuel 
storage and heavy water 
production

• Available online since 2001
• 689 facilities in 55 countries 

(Apr 2009)
• TECDOC published in 2009

(TECDOC-1613)

NFCSS NFCSS 
Nuclear Fuel Cycle Simulation  

System
• Scenario based simulation 

system
• Estimates nuclear fuel cycle 

material and service 
requirements

• Calculates spent fuel arisings 
and actinide contents

• TECDOC Published in 2007 
(TECDOC-1535)

• The simple web version is 
online since 2005

• Full web version is available 
since June 2008.

UDEPOUDEPO
• World Distribution of Uranium 

Deposits
• Technical and geological 

information on uranium 
deposits

• Country level maps of the 
deposits will be displayed on 
the web site

• Available online since 2004
• Currently 1107 deposits in 67 

countries (Apr 2009)
• TECDOC to be published in 

2009

MADBMADB
• Minor Actinide Property 

Database
• Bibliographical database on 

physico-chemical properties of 
materials containing minor 
actinides

• Carbides, Nitrides, Alloys, 
Oxides, Halides, Elements and 
other forms are covered

• More than 1000 data records 
from 159 publications (Apr 
2009)

• Online since May 2009

PIEPIE
• Post Irradiation Examination 

Facilities Database
• Catalogue of PIE facilities 

worldwide
• General information about the 

facilities
• Technical capabilities of the 

facilities
• Available online since 2004
• 45 facilities in 21 countries 

(Apr 2009)

www-nfcis.iaea.org

Properties of LMFR fuel and 
fuel assembly structurals.
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Many Member States and International Organizations are involved in the 
development of advanced nuclear fuel cycles that could effectively incorporate actinide 
recycling to reduce inventories of plutonium and minor actinides.

IAEA  has plans to prepare a Technical Document  on “Status and Trends in 
Advanced Partitioning Methods” during 2010 - 12. The review meeting of TWGNFCO 
(Technical working group on fuel cycle options and spent fuel management) in 2009 
indicated high priority for this activity. 

IAEA has recently finalized a Coordinated Research Project (CRP) on “Study of 
process losses in separation process of partitioning and transmutation systems in view of 
minimizing long-term environmental impact”. One of the key-issues addressed in the CRP 
is the immense role of pyro-chemical processing in actinide recycling that reduces long-
term radio-toxicity considerably. 

The experience with pyro-chemical reprocessing so far has been at a very small 
scale as compared to aqueous reprocessing. It can be expected that there could arise many 
more areas of R&D as the pyro-chemical reprocessing enters into the commercial domain. 
However, considering their promise with regard to proliferation resistance and their ability 
to handle high burn up short cooled fuel, R&D in this area is bound to provide 
breakthroughs for the development of innovative and advanced fuel cycle. 

Conclusions

First ACSEPT International Workshop, Lisbon, Portugal, 31 March – 2 April 2010
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