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Abstract 

The partitioning and transmutation (P&T) technology to reduce the burden of high-level radioactive 
waste management is recently receiving more public attention than ever before in Japan. In this context, the 
Ministry of Education, Culture, Sports, Science, and Technology (MEXT) of Japan launched a Working Party 
to review research and development (R&D) on P&T using an Accelerator Driven System (ADS), and issued 
an interim report of the Working Party in November 2013. Although P&T concept with ADS, called 
“Double-strata Fuel Cycle”, had been regarded as a backup option of that with a Fast Breeder Reactor, the 
Working Party recommended to change the R&D phase of this technology from a fundamental stage to a 
principle demonstration stage. For ADS, the Working Party recommended to promote the R&D toward the 
Transmutation Experimental Facility of J-PARC, though further technical evaluation was requested to start 
its construction. The Working Party also recommended to consistently facilitate various R&D for other 
technical areas than ADS in parallel. Such technical areas include partitioning process for minor actinides 
and fission products, and dedicated transmutation fuel and its cycle. A consolidated roadmap toward the 
realisation of this technology was also discussed in the Working Party. 

Introduction 

In Japan, research and development (R&D) on the partitioning and transmutation (P&T) technology has 
been energetically promoted under the OMEGA program since 1988 [1]. The Atomic Energy Commission 
(AEC) of Japan held two checks and reviews (C&Rs) so far: one was from 1999 to 2000 [2], and the other 
was from 2008 to 2009 [3]. In the C&R in 1999, it was recommended to facilitate R&D for two types of P&T 
technology in parallel, i.e., the homogeneous MA recycle by commercial fast breeder reactor (FBR) cycle 
and so-called Double-strata fuel cycle concept where the dedicated transmutation by accelerator driven 
system (ADS) is adopted. In the C&R in 2008, the report said that the activities for the R&D of P&T 
technologies should be undertaken as a part of the activities for the R&D of FBR and its fuel cycle 
technologies. ADS was considered as a backup option when FBR with homogeneous MA recycling would 
confront difficulty. 

Since the accident of Fukushima Daiichi Nuclear Power Plant in March 2011, the nuclear power in 
Japan has been facing various difficulties. Although the problem of radioactive waste management was not 
a newly emerging one, it has been emphasised as one of fatal defects to continue the use of nuclear power. 
The scheme to find candidate sites for the disposal of high-level radioactive waste (HLW) had been 
unsuccessful in Japan for these 10 years. Based on these contexts, technology to reduce the volume and 
harmfulness of HLW is gathering lots of attention from public. 

The Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan, launched two 
technical working parties (WPs) to discuss the way forward to facilitating the R&D on P&T. One of two 
WPs is the WP on Monju Research Plan (hereinafter called as WP-Monju), and the other is the WP to 
Review P&T Technology (hereinafter called as WP-PT). The WP-Monju was established in October 2012, 
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and issued its report in September, 2013 [4]. The scope of this WP was not limited to the waste 
management aspect, but it covered general technical aspects for FBRs including safety research. 

The WP-PT was established in July, 2013, and issued its interim report in November, 2013 [5]. 
Because discussion by WP-Monju had started, the scope of the WP-PT was limited to the P&T technology 
using ADS. The WP-PT restarted the discussion in July 2014, and will issue its view in September. 

In parallel, the Ministry of Economy, Trade and Industries (METI) of Japan had conducted the 
discussion about the energy policy, and eventually the Cabinet decided to approve the new Strategic 
Energy Plan in April, 2014 [6]. This new Strategic Energy Plan includes some mentions concerning the 
promotion of P&T technology. 

According to these movements, R&D on P&T is being accelerated in Japan. In this work, the outline 
of these political movements is reviewed, putting an emphasis on the R&D for ADS. Moreover, recent 
R&D activities based on these policies are briefly shown. 

WP-Monju 

Because of the sodium leakage accident in 1995 and other troubles so far, including the adaptation to 
the new regulation after the accident of Fukushima Daiichi Nuclear Power Plant, the prototype fast breeder 
reactor Monju has not yet been able to restart. In this period of time, the circumstances around FBR 
changed largely in Japan. The ability to deal with plutonium and MA flexibly has been emphasised rather 
than the saving of uranium resource. 

In the context of this situation, MEXT established WP-Monju to re-define the meaning of the fast 
reactor development and to make the role of Monju clear. 

After about one-year discussion, WP issued the Monju Research Plan, where Monju is positioned as a 
core field of R&D for three items: (1) Compilation of R&D results including verification of technical 
feasibility for FBR plants, (2) R&D aiming at reduction of volume and radiological toxicity of wastes 
using FBR/FR system, and (3) R&D aiming at establishment of safety technology system for FBR/FR as a 
nuclear power plant. 

WP-PT 

As mentioned in the above, the Double-strata fuel cycle concept including a dedicated transmutation 
system such as ADS has been recognised as the backup of the homogeneous MA recycling in commercial 
FBR cycle. Considering the present situation around nuclear power in Japan, however, the incentive to 
promote R&D on ADS has been increasing because it is meaningful to secure flexible options for the 
future. This was a motivation to launch this WP. The discussion in the WP-PT included the current P&T 
research activities, construction of the Transmutation Experimental Facility (TEF) in J-PARC, and 
collaboration with the MYRRHA project proposed by the Belgian Nuclear Research Centre(SCK•CEN). 

TEF consists of two facilities [7]: the ADS Target Test Facility (TEF-T) and the Transmutation 
Physics Experimental Facility (TEF-P). TEF-T is a material irradiation facility with a 400-MeV 250-kW 
proton beam delivered by a proton LINAC of J-PARC. A lead-bismuth spallation target will be installed, 
and various candidate materials for beam window of ADS will be irradiated with protons and spallation 
neutrons. TEF-P is a critical / subcritical facility where a 400-MeV 10-W proton beam is available to 
conduct subcritical experiment. A certain amount of minor actinides will be used as well as the nuclear fuel 
to simulate transmutation systems. 
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The Interim Report summarised the evaluation results on the progress of R&D issues and the future 
plans as: 

• TEF-T is being proposed under J-PARC to verify the feasibility of the beam window which is a 
big challenge for ADS. It is appropriate to shift the R&D of the facility to the next stage. It is 
required to make a detailed plan of irradiation and test including the maintenance and 
improvement of infrastructure for post irradiation tests. 

• TEF-P is being proposed under J-PARC to overcome difficulties in reactor physics issues such as 
for a subcritical core and an MA-loaded one. Since this facility is proposed as a nuclear reactor, 
the safety review based on the new regulation is to be applied. With taking care of this point, it is 
appropriate to shift the R&D of the facility to the next stage. Since TEF-P is required to assure the 
safety, non-proliferation, physical protection, and nuclear security as a nuclear reactor facility, the 
R&D plan, the facility plan and the management system of TEF-P should be established so as to 
meet these conditions. 

• Before the construction of TEF, review is required on the status of the achievement for R&D 
subjects. 

• For MYRRHA Programme, it is appropriate to proceed with negotiation about JAEA’s 
participation at a reasonable level and mutual collaboration with Belgium and other relevant 
countries. 

• The evaluation of technical readiness levels of the technical fields (partitioning, ADS, fuel cycle, 
and fuel) showed that we are approximately on the stage to move up R&D from “conceptual 
study” to “principle demonstration”, and it is appropriate to shift the R&D to the next stage of 
engineering scale. 

As for the Roadmap to realise this technology: 

• It is important to promote the R&D of P&T technology with keeping consistency among various 
fields of technology. The roadmap proposed by JAEA (Figures 1 and 2) is regarded as appropriate. 

• The plan of further future in the roadmap should be reviewed in appropriate timing, taking 
account of the re-consideration of the nuclear policy and progress of R&D including other types 
of P&T such as the FBR cycle. 

• Issues to be continuously discussed were verified as: Although it is considered appropriate to 
promote J-PARC TEF to the next stage, further check and review is required on the status of the 
achievement for underlying R&D, technical feasibility including operation and maintenance, 
consistency to regulations, etc. 

New strategic energy plan 

The Government of Japan periodically formulates the Basic Energy Plan in accordance with an article in 
the Basic Act on Energy Policy that entered into force in 2002. So far, three versions were issued in 2003, 
2007 and 2010, respectively, and the fourth one, called the Strategic Energy Plan, was issued in April 2014. 

Drastic change of domestic and international circumstances around the energy was taken into account to 
formulate this Plan. The largest change must be the accident of the Fukushima Daiichi Nuclear Power Plant. 
In spite of the accident, the Plan defines the nuclear power as an important base-load power source as a low 
carbon and quasi-domestic energy source, contributing to stability of energy supply-demand structure, on 
major premise of ensuring of its safety. This isdue to its superiority in stability of energy supply and 
efficiency, its low and stable operational cost, and is free from green-house effect gas emission during 
operation. 
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Figure 1: Roadmap for partitioning and ADS fuel cycle 

 

Figure 2: Roadmap for ADS plant 
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The Plan puts emphasis on the importance of activities to resolve the challenge of how to manage and 
dispose of spent fuel, as well as the Fukushima restoration, safety operation of nuclear plants, and public 
acceptance. 

As for the P&T technology, the Government will promote technology development on volume 
reduction and mitigation of degree of harmfulness of radioactive waste. Specifically, development of 
technologies for decreasing the radiation dose remaining in radioactive waste over a long period of time 
and enhancing the safety of processing and disposal of radioactive waste, including nuclear transmutation 
technology using fast reactors and accelerators, will be promoted by utilising global networks for 
cooperation. Also, while the Government examines the situation of study and progress in terms of final 
disposal, it studies the feasibility of integrated implementation of the R&D for final disposal and reduction 
of volume, international research cooperation and a researcher resource development related to them. 

Based on this new Strategic Energy Plan, a subcommittee to discuss the specific actions for the 
nuclear policy was launched in June, 2014, and wide range of discussion is being conducted. 

Recent R&D on ADS and its fuel cycle 

Based on the descriptions in the interim report of WP-PT, the R&D on ADS and its related fuel cycle 
technology have been promoted. 

For ADS, preparation to construct TEF is being conducted [7]. Considering the increased regulation 
after the accident of the Fukushima Daiichi Nuclear Power Plant, it will take longer time to obtain the 
licence of TEF-P which is defined as a nuclear reactor facility. We, therefore, intend to start construction 
of TEF-T at first around the fiscal year of 2016. 

Before the construction of TEF-T, various developments are necessary. One of those is the technology 
for a lead-bismuth spallation target. We are installing loop facilities to verify the oxygen control technique, 
a flow meter, and so on. Another is the remote handling technique to deal with irradiated target vessel and 
activated samples. 

For TEF-P, safety analysis under the new nuclear regulation is being conducted. The feasibility to 
deal with MA-bearing fuel in the facility is also to be verified. 

International collaboration is also very important. Figure 3 shows the relation of TEF with the 
MYRRHA Programme. TEF-T will contribute to the upgrade of MYRRHA from a viewpoint of the 
material of the beam window. TEF-P will provide valuable information for the physics of MA 
transmutation system using a certain amount of minor actinides. On the other hand MYRRHA is a rather 
demonstrative facility where a high-power subcritical reactor is driven by a proton accelerator. MYRRHA 
is also relevant for the accumulation of experiences on lead-bismuth coolant system. Both projects, 
therefore, complement each other to realise the ADS for MA transmutation. 

R&D for partitioning of high-level liquid waste (HLLW) is also being conducted. A new separation 
process to separate minor actinides and lanthanides together from HLLW using the extractant called 
TDdDGA was developed and its satisfactory performance was verified [8]. The process to separate minor 
actinides from lanthanides is, however, still under investigation. 

For the MA-bearing fuel for ADS and its fuel cycle are also being developed. The first candidate of the 
ADS fuel is uranium-free nitride with inert matrix of ZrN. The dry process will be applied for the reprocessing 
of this nitride fuel. Fuel property database is being prepared, and an analysis code for fuel behaviour 
simulation is to be developed. The fabrication method of nitride fuel is also under investigation. For the dry 
process, a method to enhance the recovery ratio of actinides from spent ADS fuel is being developed. 
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Figure 3: International collaboration with MYRRHA 

 

 

This is being carried out at the existing facilities in JAEA. In order to proceed to the next step of the 
demonstrative stage, a new hot-cell facility should be build where kg-order of minor actinide handled. 

Conclusion 

Recently in Japan, P&T technology is getting more public attention than ever before. In this context, 
national review activities for Monju and ADS were conducted. Moreover, the Government of Japan 
determined the new Strategic Energy Plan, where the importance of the R&D on P&T is clearly pointed out. 
Based on these recent situations, various R&D on ADS and its fuel cycle are being promoted. The technical 
development for TEF of J-PARC is also being conducted to start its construction from the fiscal year of 2016. 
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