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Abstract – Feasibility study on commercialized FR cycle systems has been carried out by a joint team 
established within JNC with the participation of all parties concerned in Japan since July, 1999.  This 
research program aims to clarify various perspectives for commercializing the FR cycle.  This also will 
suggest development strategies that correspond flexibly to diverse future social needs in the 21st century.   
After the Phase I, Phase II stage started from April, 2001 for five years. In this stage the highly feasible 
candidate concepts for FR cycle systems screened in the previous step have been intensively studied by 
both design study and elemental process tests. In this paper, results of mid-term evaluation of these 
concepts for FR cycle systems will be summarized. 

 
 

INTRODUCTION 
Instead of the old scheme of mass 

production, mass consumption and mass waste, a 
recycling-based, sustainable society must be 
sought in the 21st century, considering the 
reduction in the environmental burden. Focusing 
on these perspectives in the new century, the 
Feasibility Study on commercialized FR cycle 
system (FS) has been launched by a Japanese 
joint team with the participation of all parties 
concerned in Japan since 1999, setting up five 
development targets (ensuring safety, 
economical competitiveness, reduction of 
environmental burden, efficient utilization of 
natural resources and enhancement of nuclear 
non-proliferation.) Screening feasible candidate 
concepts for the FR cycle from 1999 to 2000 has 
been followed by the Phase II study with 
adoption of innovative technologies for five 
years up to 2005. [1-3] 

For fuel cycle processes in the Phase II study, 
the conceptual design is to be developed, 
incorporating innovative technologies on the 
candidate concepts identified in the Phase I 
study. Three candidate systems of reprocessing 
integrated with fuel fabrication process, i.e. 
advanced aqueous process, oxide electro-
winning process and metal electro-refining 
process are studied. Laboratory-scale 
experiments by using simulated materials, UOX, 
MOX and/or spent fuels have been carried out 
widely to confirm technical feasibility of the 
candidates. Technological performances and 
hurdles are evaluated for each common 
components of U recovery, U-Pu-Np co-
recovery, MA recovery for reprocessing and 

meat production and fuel stacking for fuel 
fabrication, respectively.  

Conceptual design of process, equipment and 
facility for each candidate system has been 
carried out based on the results of experiments. 

Furthermore, the evaluation of each 
concept’s compatibility with the design 
requirements for each fuel cycle element, i.e. 
fuel fabrication and reprocessing will be shown 
and the perspective for the promising candidate 
fuel cycle process will be clarified preliminary. 

 
DEVELOPMENT TARGETS AND DESIGN 
REQUIREMENT [1] 

FS is being conducted step by step taking 
five development targets into consideration, as 

shown in TABLE I. 
 
 

TABLE I. Development Targets of FR Cycle System
Safety
Risks caused by introduction of FR should be small compared with risks that already exist in society 

[Reactor]
• Enhance prevention capability against severe accidents by adopting passive safety features and 

ensure in-vessel retention without causing any challenge to the containment
[Fuel Cycle]

• Ensure criticality safety and confinement functions
Economic Competitiveness
Achieve power generation cost comparable to that of future LWRs and other energy resources
Ensure cost competitiveness in the global market
Reduction of Environmental Burden
Reduce high level radioactive waste of repository by means of burning or transmuting long-life 
nuclides (TRUs and LLFPs )
Reduce radioactive waste generated in the course of plant operation and maintenance as well as 
decommissioning
Efficient Utilization of Nuclear fuel Resources
Produce sustainable nuclear fuel through applying the advantage of the neutron economy

• Multi-recycling of TRU fuel 
• Recycling of TRU fuel of LWR

Respond to diverse needs for energy resources
• Production of hydrogen, desalination of sea water, heat supply, dispersion of power sources, etc.

Enhancement of Nuclear Non-Proliferation
Reduce burden of nuclear PP and safeguards (no pure plutonium in any FR cycle process)
Effectively operate non-proliferation system (remote process and monitoring system,etc.)

Safety
Risks caused by introduction of FR should be small compared with risks that already exist in society 

[Reactor]
• Enhance prevention capability against severe accidents by adopting passive safety features and 

ensure in-vessel retention without causing any challenge to the containment
[Fuel Cycle]

• Ensure criticality safety and confinement functions
Economic Competitiveness
Achieve power generation cost comparable to that of future LWRs and other energy resources
Ensure cost competitiveness in the global market
Reduction of Environmental Burden
Reduce high level radioactive waste of repository by means of burning or transmuting long-life 
nuclides (TRUs and LLFPs )
Reduce radioactive waste generated in the course of plant operation and maintenance as well as 
decommissioning
Efficient Utilization of Nuclear fuel Resources
Produce sustainable nuclear fuel through applying the advantage of the neutron economy

• Multi-recycling of TRU fuel 
• Recycling of TRU fuel of LWR

Respond to diverse needs for energy resources
• Production of hydrogen, desalination of sea water, heat supply, dispersion of power sources, etc.

Enhancement of Nuclear Non-Proliferation
Reduce burden of nuclear PP and safeguards (no pure plutonium in any FR cycle process)
Effectively operate non-proliferation system (remote process and monitoring system,etc.)
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In order to achieve the development targets, 
design requirements are set up for various fuel 
cycle systems in common as shown in TABLE 
II. 

 
“Safety” is as the major premise to be 

achieved. Based on the process characteristics, 
simplified process concept is explored in which 
abnormal events are extremely suppressed to 
happen. Further, the concept should have a 
highly reliable function to prevent propagation of 
abnormality when it happens, to terminate it and 
to contain radioactive materials within the 
system in various ways depending on chemical 
forms of substance, quality and amount of 

radioactive materials included in the system.  
“Economical competitiveness” among 

future energy resources is emphasized both from 
the construction cost of the reactor system and 
from the operation costs including the fuel cycle 
cost. It was assessed that the electricity 
generation cost should be less than 4 yen/kWh, 
and the fuel cycle cost without repository and 
transportation should be less than 0.8yen/kWh. 
As for “reduction of environmental burden” and 
“efficient utilization of resources”, system has 
been designed to enhance superior characteristics 
of each concept and to achieve even higher 
goals. Namely, it is aimed to utilize uranium 
resources by recovering TRU elements and to 
pursue the possibility for downsizing the 
repository by reducing the amount of waste to be 
disposed. 
 To enhance the “nuclear non-proliferation”, not 
only safeguard and material accountability have 
been fully taken into account in the system 
design but also the concept of “No isolated 
Plutonium” in any process has been incorporated. 
 
PRESENT STATUS OF THE SYSTEMS TO 
BE STUDIED 

Fuel cycle systems to be studied in phase II 
are shown in Figure 1 together with their status 
of research and development. 

In phase II of FS, in parallel with the design 
study, basic experiments are being progressed to 
obtain quantitative data, by which feasibility of 
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Fig.1. Fuel Cycle Systems and Their R&D Status in Japan. 

Same level as that in LWR fuel cycle, probability of 
occurrence of severe leakage of radioactive materials in 
the facility should be less than 10-6/plant y (tentative)
Fuel Cycle cost should be less than 1.1 yen/kWh,
Including transport and wastes disposal fee, availability 
of facilities equal to 200 d/y
Recovery of U and TRU should be more than 99 wt % 
(tentative)
Release of radioactivity to the environment should be 
equivalent to or less than that in the present LWR 
recycling facility, loss of U and TRU into waste should 
be less than 0.1 wt % (target), reduce the amount of 
HLW by separating I, Tc, Cs, Sr, Mo, Pd etc. from waste 
stream
Propose concept of safeguard system

Adaptability for various scenarios such as introduction 
scenario of FR and burning of MA originated from LWR 
spent fuels
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Same level as that in LWR fuel cycle, probability of 
occurrence of severe leakage of radioactive materials in 
the facility should be less than 10-6/plant y (tentative)
Fuel Cycle cost should be less than 1.1 yen/kWh,
Including transport and wastes disposal fee, availability 
of facilities equal to 200 d/y
Recovery of U and TRU should be more than 99 wt % 
(tentative)
Release of radioactivity to the environment should be 
equivalent to or less than that in the present LWR 
recycling facility, loss of U and TRU into waste should 
be less than 0.1 wt % (target), reduce the amount of 
HLW by separating I, Tc, Cs, Sr, Mo, Pd etc. from waste 
stream
Propose concept of safeguard system

Adaptability for various scenarios such as introduction 
scenario of FR and burning of MA originated from LWR 
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TABLE II. Major Design Targets of Fuel Cycle 
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major technologies is foreseen and candidate 
concepts are clarified. 
 
Reprocessing  
Advanced Aqueous Reprocessing  

Advanced aqueous reprocessing is designed 
as a new reprocessing concept to enhance 
nuclear non-proliferation by recycling U, Pu and 
Minor Actinides (MAs) with some Fission 
Products (FPs) that are recognized as 
accompaniments in the fuel materials. Because 
of “No isolated Pu”, the proliferation resistance 
could be enhanced. By permitting dirty product, 
the system could be simplified and become 
inexpensive. [4, 5] It is also aimed at reducing 
environmental burden by decreasing the content 
of TRU elements in radioactive waste. Advanced 
aqueous reprocessing is compared with 
conventional PUREX process in Figure 2. It is 
characterized by three key steps, namely 
crystallization step to recover excess uranium, 
single-cycle co-extraction of U-Pu-Np and 
recovery step of Am and Cm. As a MA recovery 
process, SETFICS process, amine extraction 
process and ion exchange process (extraction 
chromatography) have been compared from the 
view points of economy, the amount of 
radioactive waste as shown in Table III. [6] 
From this table, extraction chromatography has 
been evaluated to be most promising among 
three candidate concepts.  

The basic research is mainly carried out at 
the JNC-TOKAI works. Hot –laboratory 
experiments in Chemical Processing Facility 
(CPF) demonstrate the co-extraction of U-Pu-Np 
by using spent fuel from the experimental fast 
reactor JOYO in JNC. Uranium recovery by 
crystallization was also demonstrated by the 
laboratory test. [7] 

In order to achieve further improvement of 
the economy of reprocessing, an innovative 
technology should be studied. Direct recovery of 
U and Pu with TBP-nitrate complex under 
supercritical carbon dioxide fluid is an example 
of such innovative extraction and separation 
process, which is illustrated in Figure 2. [8] This 
process is expected to drastically improve the 
economy of reprocessing and has been 
incorporated in the main stream to reduce the 
reprocessing cost even for a relatively small-
scale plant.  As the process could be simplified 
drastically, the secondary waste could also be 
decreased. 
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Fig.2. Aqueous Reprocessing Systems. 
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With the ample experience for aqueous 
process, technological feasibility of advanced 
aqueous reprocessing is foreseeable. 
 
Oxide Electro-winning Reprocessing 

Oxide electro-winning process is 
characterized by the feature that the product of 
reprocessing is oxide granules and they can 
directly be fed to fuel fabrication without 
changing their chemical forms.  In the system 
design, a compact and economical plant has been 
designed by utilizing the above characteristics. 
[9] 

Figure 3 illustrates its flow together with 
another pyro process which is called as metal 
electro-refining. MOX co-deposition is 
introduced as a step for Pu recovery instead of 
precipitation of plutonium dioxide as originally 
developed in Russia [10] to achieve the 
requirement for improving nuclear non-
proliferation. Anodic dissolution of UO2 and 
drawdown electrolysis for recovery of MA 
elements has been incorporated in the process as 
innovative technologies. 

Basic research for MOX co-deposition 
process has been performed based on 
collaboration with RIAR (Research Institute of 
Atomic Reactors) in Russian Federation. From 
the tests with use of U, Pu and simulated FPs, 
basic feasibility of this process has been 
demonstrated. However, further study for 
improving recovery rate and optimizing process 
operation condition must be carried out. MA 
recovery process also 
has to be intensively 
studied. 

Since this process 
utilizes molten salt at 
high temperatures, the 
long-lived crucible 
should be developed. 
Furthermore, it is also 
needed to study safety 
criteria for using 
corrosive chlorine gas at 
high temperature. 
Technology of salt waste 
treatment and its 
disposal is yet to be 
studied.  

 
Metal Electro-refining 
Reprocessing 

Metal electro-refining reprocessing concept, 
originally developed in ANL (Argonne National 
Laboratory) in USA [11], is a suitable method 
for metallic fuel cycle.  The process flow is 
shown in Figure 3. Because the fuel material can 
be collected in the metallic phase in this process, 
the each adopted equipment can be more 
downsized compared with those of aqueous 
process.  Based on these characteristics, compact 
and economical plant design has been aimed at 
in the design study. [12] Similar to oxide electro-
winning, equipment and cell design has been 
optimized by taking into account of reasonable 
mass transfer mechanisms between process steps. 

In the process of electro-refining, Pu, U and 
MA cannot be completely separated one another. 
This feature is considered to enhance the non-
proliferation of this process.  

For applying this process to oxide fuel, 
concept incorporating reduction of oxide to 
metal and oxidation of metal product into oxide 
has also been studied. 

To improve the treatment speed, new 
concept of a large electro-refiner with multiple 
electrodes and continuous cathode processor has 
been introduced in the design study. 

Basic research has been continued mainly 
by Central Research Institute of Electric Power 
Industries (CRIEPI) in Japan. JNC is also 
preparing a series of experiments with using Pu 
from reduction of oxide to metal to injection 
casting in CPF under collaboration with CRIEPI. 
[13] 

 
Fuel Fabrication 
Simplified Pellet Fuel 

Oxide Electro-winning

Spent FuelSpent Fuel

Decladding

U /N p U /Pu

Fuel dissolution 
+ Recovery of UO2

Chlorination 
Dissolution

FP

MOX 
Electro co-deposition

NM removal

U /A m /C m FP

Recovered URecovered U U-Pu-MAU-Pu-MA W aste salt

U-TRU 
recovery

Recycled salt

Recovered URecovered U

U
FP

Metal Electro-refining

Decladding

U-Pu-MAU-Pu-MA

Spent FuelSpent Fuel

U-TRU Recovery 
(Liquid Cd Cathode)

U /TRU /FP

Recycled salt

U /TRU

Na removal

U Recovery 
(Solid Cathode)

W aste salt

U-TRU 
recovery

Oxide Electro-winning

Spent FuelSpent Fuel

Decladding

U /N p U /Pu

Fuel dissolution 
+ Recovery of UO2

Chlorination 
Dissolution

FP

MOX 
Electro co-deposition

NM removalNM removal

U /A m /C m FP

Recovered URecovered U U-Pu-MAU-Pu-MA W aste salt

U-TRU 
recovery

Recycled salt

Recovered URecovered U

U
FP

Metal Electro-refining

Decladding

U-Pu-MAU-Pu-MA

Spent FuelSpent Fuel

U-TRU Recovery 
(Liquid Cd Cathode)

U /TRU /FP

Recycled salt

U /TRU

Na removal

U Recovery 
(Solid Cathode)

W aste salt

U-TRU 
recovery
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Fabrication 
Pellet fabrication process has been 

simplified by employing so called “short 
process,” in which the number of complicated 
powder-handling steps for adjusting Pu content 
is highly reduced.  Further, processes of pressing 
and sintering are also simplified. In the design of 
equipment and facilities, highest priority is put 
on the quality assurance, operability and easiness 
of maintenance/repair. [14] Preliminary 
experiments of short process indicated that MOX 
pellet made by this process would show the 
properties which are equal to the conventional 
pellet. Apart from this, Am-containing MOX 
pellets were fabricated by a remote 
manufacturing system in a cell, which confirmed 
the feasibility of remote operation of pellet 
fabrication system. Irradiation tests of Am-MOX 
and Np-Am-MOX pellets are planed in JOYO. 
Process flow diagram is depicted in Figure 4. 
 
Sphere and Vibro-packing Fuel Fabrication 

Sphere packing fuel fabrication is 
compatible with aqueous reprocessing. In this 
process, pelletizing and stacking processes are 
replaced by gelation and vibro-compacting 
fabrication. Since particles with high sphericity 
can be obtained by the gelation process, required 
packing density in the fuel pin will be achievable 
with comparatively moderate vibration 
conditions. In our concept, spheres with two 
different diameters will be produced and they are 
packed in a fuel pin by infiltration method in 
order to show the performance equal to the pellet 
fuel. 

Since no fine powders are generated in 
gelation and fluidity of obtained spheres is high, 
this method would be preferable from the 

viewpoint of fuel manufacturing in a hot cell. 

Fundamental experiments are being carried out 
to clarify the adaptability of this process to low-
decontaminated and TRU fuels.  Production and 
irradiation of MOX sphere packed fuels 
including Np-MOX have been progressed with 
an international collaboration. [15] 

For the product of pyrochemical 
reprocessing such as oxide electro-winning, 
vibro-packing can be applied as already 
demonstrated in Russia. In this case, obtained 
granules have indeterminate form, so that they 
should be well mixed before compaction 
together with the oxygen getters made by U 
metal powder. 
 
Casting Fuel Fabrication  

For metallic fuel production, injection 
casting, one of the casting methods, is adopted in 
the design study as illustrated in Figure 5. In this 
system, the metal slug is formed into the quartz-
made mold by controlling the pressure in a 
casting vessel. Since it is a simple concept in 
principle, it will be possible to downsize 
equipment and to design a compact facility. In 
this design study, process has been devised so 
that the amount of radioactive waste coming 
from used casting mold could be reduced by 
adding it into the salt waste treatment process in 
reprocessing.  The performance of equipment 
was confirmed in the engineering-scale 
experiment with Cu-Zr and U-Zr by CRIEPI.   
Basic study for the injection casting of U-Pu-Zr 
ternary alloy is being planned by CRIEPI and 
JAERI. 

Fig. 5. Metal Fuel Fabrication System. 

Injecting Casting Method

Slug InspectionSlug Inspection

PackingPacking

Welding of End CapsWelding of End Caps

Pin InspectionPin Inspection

Assembly of BundlesAssembly of Bundles

Fresh Fuel

Injection CastingInjection Casting

Cutting-off of Slug EndsCutting-off of Slug Ends
Casting Mold 
(Glass Mold)

Molten Metal 
Fuel

Breaking of 
Molds

Injecting Casting Method

Slug InspectionSlug Inspection

PackingPacking

Welding of End CapsWelding of End Caps

Pin InspectionPin Inspection

Assembly of BundlesAssembly of Bundles

Fresh Fuel

Injection CastingInjection Casting

Cutting-off of Slug EndsCutting-off of Slug Ends
Casting Mold 
(Glass Mold)

Molten Metal 
Fuel

Breaking of 
Molds

Fig. 4. Oxide Fuel Fabrication Systems. 
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CONFORMANCE TO DESIGN 
REQUIREMENT 

Table IV summarizes the current evaluation 
of conformance of each reprocessing and fuel 
fabrication system to design requirement. In the 
table the items to be studied further are also 
explained. 

 
Safety 

Regarding the ”advanced aqueous reprocess-
ing and fabrication system”, it is possible to 
design the plant to fit the current safety criteria.  
Although there are specific items to be resolved 
such as treatment of high temperature liquid 
and/or chlorine gas for pyrochemical 
reprocessing based systems, it is prospected that 
system can be designed to secure the safety from 
the assessment of anticipated abnormal events 
extracted in the design study,. 
 
Economic Competitiveness  

For the “advanced aqueous reprocessing + 
simplified pelletizing system”, fuel cycle cost is 
evaluated to fulfill the required criteria in the 
case of a relatively large facility, e.g. about 
200tHM/y. For a smaller scale plant, e.g. about 
50tHM/y, fuel cycle cost became higher than the 
requirement.  From the rough estimate for the 
influence of plant size, it is evaluated that 
conformance to the requirement can be 
achievable for the plant with the scale larger than 
about 100tHM/y. By introducing the direct 
extraction process, cycle cost is evaluated to 

decrease by about 15% compared with solvent 
extraction system in 50tHM/y plant. In order to 
reduce the fuel cycle cost further for a smaller 
plant, rationalization of the plant system will be 
needed including integration of fuel fabrication 
lines and review of guideline for the plant design 
etc. 

For the “advanced aqueous + sphere 
packing fuel fabrication”, fuel cycle cost is 
evaluated to fulfill the requirement in the case of 
a large plant, although the cost is a little higher 
than that for the combination of advanced 
aqueous and simplified pellet process.  

Fuel cycle cost for “oxide electro-winning 
+ vibro-packing system” is a little higher than 
criteria for a small plant. It should be noted, 
however, that the technological uncertainty of 
this system is relatively high compared to other 
systems. 

For the “metal electro-refining + vibro-
packing”, cost is higher than that of oxide 
electro-winning system for a small plant due to 
the additional equipment needed for chemical 
and physical conversion of the fuel forms. 

As for the metallic fuel, cycle cost is 
evaluated to fulfill the requirement even for a 
smaller plant.  
 
Efficient Utilization of Nuclear Fuel 
Resources 

For advanced aqueous system, recovery 
rate of U and TRU more than 99% can be 
expected based on the chemical behavior of the 

TABLE IV. Summary of mid-term evaluation for conformance with design requirements 

HLW: will be 
satisfied
(Artificial Zeorite)

Prospected to be 
achieved if another 
process step added

HLW: will be 
satisfied
(Artificial Zeorite)

Prospected to be 
achieved if another 
process step added

HLW: will be fully 
satisfied
(Phosphate glass)

MA recovery 
process uncertain

HLW: will be fully 
satisfied
(Borosilicate glass)

Prospected to be 
achieved

HLW: will be fully 
satisfied
(Borosilicate glass)

Prospected to be 
achieved

Environmental 
Burden
Waste < That of 
LWR cycle 
(Electric 
generation basis)

TRU loss rate  
<0.1 wt% (Not 
requirement but 
further goal)

Possibly satisfiedPossibly satisfiesPossibly satisfied 
when drawdown 
electrolysis is 
successful

Possibly satisfiedPossibly satisfiedUtilization of 
Resources
U/TRU Recovery  
Rate �99%

(Small plant)
- will be satisfied

(Small plant)
-Unsatisfied, 

higher than oxide 
electro-winning

(Small plant)
- Unsatisfied

(Large plant)
-will be satisfied, 

but higher than 
pellet system

(Large plant) 
- will be satisfied 
(Small plant)
- Unsatisfied
(Small plant, S-Direx)
-Lower than above

Cycle Cost*
(yen/kWh)
�0.8yen/kWh
(Reprocessing +
Fabrication)

Metal Electro-
refining     +

Injection Casting

Metal Electro-
refining    +

Vibro Packing

Oxide Electro-
winning   +

Vibro Packing

Advanced Aq.
+

Sphere Packing

Advanced Aq.
+

Simplified Pellet

Design 
Requirement

HLW: will be 
satisfied
(Artificial Zeorite)

Prospected to be 
achieved if another 
process step added

HLW: will be 
satisfied
(Artificial Zeorite)

Prospected to be 
achieved if another 
process step added

HLW: will be fully 
satisfied
(Phosphate glass)

MA recovery 
process uncertain

HLW: will be fully 
satisfied
(Borosilicate glass)

Prospected to be 
achieved

HLW: will be fully 
satisfied
(Borosilicate glass)

Prospected to be 
achieved

Environmental 
Burden
Waste < That of 
LWR cycle 
(Electric 
generation basis)

TRU loss rate  
<0.1 wt% (Not 
requirement but 
further goal)

Possibly satisfiedPossibly satisfiesPossibly satisfied 
when drawdown 
electrolysis is 
successful

Possibly satisfiedPossibly satisfiedUtilization of 
Resources
U/TRU Recovery  
Rate �99%

(Small plant)
- will be satisfied

(Small plant)
-Unsatisfied, 

higher than oxide 
electro-winning

(Small plant)
- Unsatisfied

(Large plant)
-will be satisfied, 

but higher than 
pellet system

(Large plant) 
- will be satisfied 
(Small plant)
- Unsatisfied
(Small plant, S-Direx)
-Lower than above

Cycle Cost*
(yen/kWh)
�0.8yen/kWh
(Reprocessing +
Fabrication)

Metal Electro-
refining     +

Injection Casting

Metal Electro-
refining    +

Vibro Packing

Oxide Electro-
winning   +

Vibro Packing

Advanced Aq.
+

Sphere Packing

Advanced Aq.
+

Simplified Pellet

Design 
Requirement

* It is assumed that BR equals to 1.2, and average burn-up is 63GWd/t for oxide and 94GWd/t for metal, respectively. 
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elements. For oxide electro-winning, it is 
evaluated to fulfill the criteria when MA 
recovery process is feasible, which is 
incorporated in the design only based on the 
theoretical estimation. As for metal electro-
refining system, based on the results of 
experiment using TRU, it is possible to design to 
recover more than 99% of TRU. 
 
Reduction of Environmental Burden 

The content of FPs in vitrified waste would 
not be controlled by the heating criteria when 
Cm is removed from high level waste (HLW). 
Therefore, the “advanced aqueous system” is 
evaluated to meet the criteria that require less 
amount of HLW than that for current LWR 
reprocessing system as a basis of the same 
electricity generation. Content of U and TRU in 
the waste is evaluated to meet the goal (less than 
0.1 wt %). Amount of HLW for oxide electro-
winning is evaluated to meet the criteria. 
Regarding the content of TRU in the waste, it is 
uncertain because drawdown electrolysis is quite 
a challenge and alternative technology such as 
precipitation by sodium carbonate should be 
studied. 

The amount of HLW such as artificial 
zeolite waste for metal electro-refining system is 
larger than those for advanced aqueous and oxide 
electro-winning, but almost the same level to the 
criteria.  In order to achieve the higher goal for 
the recovery rate of U and TRU, another process 
step should be added.  
 
Nuclear Non-Proliferation 

For any systems, system design was made 
not to extract directly the pure plutonium, which 
implies that the nuclear non-proliferation 
potential is high for any systems. 

As for the accountancy, it is difficult to 
account nuclear materials easily for pyro systems 
because there exists mixed phase of solid and 
liquid in molten salt. Safeguard system that can 
fit the pyrochemical systems should be examined. 

 
TECHNOLOGICAL SUMMARY 

From the results of design study and 
elemental tests, the current status of the 
combined systems of reprocessing and fuel 
fabrication will be summarized as follows. 
 
Oxide Fuel 

“Advanced aqueous + simplified 
pellet/sphere-packing” system has been 
evaluated to have a high adaptability for 
development targets. Commercialization of this 

process in a shorter period will be prospected 
with relatively high reliability, because the 
development subjects are cleared based on a lot 
of experiences in PUREX and clean MOX fuel 
fabrication. 

It should be noted that unit cost depends 
strongly on the plant capacity, relation between 
cost and plant size should be carefully examined 
with the consideration of the nuclear fuel cycle 
schemes and scenarios. In order to pursue further 
improvement for the economy of a smaller scale 
plant, feasibility of system simplification such as 
direct extraction should be studied for the 
installation of FR cycle. 

As for “Oxide electro-winning”, there are 
uncertainties of the feasibility of main processes 
such as MOX co-deposition and MA recovery 
more than originally expected. In order to 
foresee the commercial scale feasibility, 
relatively longer term and investment will be 
required including infrastructure building in 
Japan. 

“Metal electro-refining + vibro-pack fuel 
fabrication” system has deficit in economical 
competitiveness because of economical burden 
accompanying the introduction of reduction and 
re-oxidation processes.   
 
Metallic Fuel 

“Metal electro-refining + injection casting” 
system is the almost only process suitable for 
metal fuel. This process is evaluated to have 
economical competitiveness even for a smaller 
scale facility. In order to give the prospect for 
practical application of this process, the data for 
the design of engineering-scale equipment and 
the hot data of TRU recovery will be needed. In 
Japan, however, because of the lack of either the 
infrastructure or ample experience in this field, a 
relatively longer term will be required to develop 
this system.  

 
Others 

Basically both the “advanced aqueous 
reprocessing” for oxide fuel and the “metal 
electro-refining” for metal fuel can be applied to 
nitride fuel, by adding the process specific to 
nitride. As for N-15 enrichment and recycling, 
the economical technology should be needed.  
 
R&D PLAN FOR NEXT STEP 

It is important to utilize international frame 
work such as GEN-IV etc. for promoting 
effective development of fuel cycle systems. In 
the latter half of phase II period of this project, 
each process will be developed as follows. 
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Regarding “Advanced aqueous + simplified 
pellet/sphere-packing”, the process development 
of crystallization, single cycle co-extraction and 
MA recovery by extraction chromatography will 
be continued. Furthermore, the direct extraction 
process will also be developed by hot 
experiments to seek further improvement of 
economy for a smaller scale plant. For two fuel 
fabrication methods compatible with aqueous 
process, not only fuel fabrication characteristics 
but also the performance of irradiation will be 
taken into account to identify promising concept. 

Additionally, by considering collaboration 
with France and other countries, the development 
plan will be accelerated. 

For “Oxide electro-winning + vibro- 
packing” system, experiment to judge the 
feasibility of main processes such as MOX co-
deposition and MA recovery will be proceeded 
under  the collaboration with foreign facilities, in 
parallel with  evaluation of satisfaction at the 
development goals. 

As for “Metal electro-refining + injection 
casting” system, the electro-refining experiment 
using Pu will be carried out in CPF in JNC, and 
the fuel pins for irradiation test will be fabricated 
by CRIEPI/JAERI. Further, collaboration with 
USA and others will be sought to proceed 
efficient development of metallic fuel cycle. 

Beside consideration of international 
collaboration to promote nitride fuel cycle 
system, evaluation of basic technologies such as 
N-15 enrichment will be carried out and 
technological feasibility and the term needed to 
realize the concept will be judged. 
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