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The *“Feasibility Study on Commercialized Fast Reactor (FR) Cycle Systems”
(hereinafter, “Feasibility Study”) was initiated in July, 1999 with an initial
two-year period of study (Phase I), and followed by a five-year period of study
(Phase 11) that was initiated in 2001. The Phase Il final report was recently
compiled, and the outline of the Phase Il study is as follows:

1. Progress of the Feasibility Study

Taking into consideration the recommendations on Dec., 1997 by the “Round-Table
Conference on Fast Breeder Reactor (FBR)” of the Atomic Energy Commission of
Japan and other discussion results, the Japan Atomic Energy Agency (JAEA) and
electric utilities initiated the Feasibility Study in July, 1999 in collaboration with the
Central Research Institute of Electric Power Industry (CRIEPI) and manufacturers, in
order to effectively utilize the accumulated knowledge from the demonstration fast
breeder reactor (DFBR) design, as well as the construction/operation experience from
an experimental FR, JOYO and a prototype FBR, MONJU. The objective of this study
is “to present both an appropriate picture of commercialization of the FR cycle and the
research and development (R&D) programs leading up to the commercialization in
approximately 2015.”

A wide range of technical options have been evaluated to select several promising
concepts as candidates for the commercialization in the Phase | study from July 1999 to
the Japanese fiscal year (JFY) 2000. The Phase Il study was initiated in JFY2001,
aiming “to identify the most promising candidate concept for the commercialization of
the FR cycle, as well as to draw up the future R&D program”. Based on recent progress,
it was required by the “Framework for Nuclear Energy Policy” issued in 2005 to present
“a principle for prioritizing R&D as well as R&D programs until approximately 2015,
and the potential future issues” as the outcomes of the Phase 11 study.

In this study, evaluation of conceptual design features was performed in order to select
promising FR systems and fuel cycle systems that can meet the design requirements
(listed in Table 1), established by specifying the five development goals [ i) safety; ii)
economic competitiveness; iii) reduction of environmental burden; iv) efficient
utilization of nuclear fuel resources; and v) enhancement of nuclear non-proliferation].

2. Principle for investigation and prioritization of promising candidate concepts

In creating the concepts of the FR system and the fuel cycle system, efforts were made
to set up design concepts that can demonstrate the best possible performance of each of
the system concepts, by positively employing new materials and innovative
technologies to improve economic and other performance. These design concepts were
evaluated technically from two perspectives, [ i) potential conformity to the five
development goals, ii) the pro tem technical feasibility of new materials and innovative
technologies by considering possible international cooperation], to discuss principles for
the selection and prioritization of promising candidate concepts.

In addition, some of the adopted new materials and innovative technologies have a high
level of technical difficulty; however, it was assumed that even such materials and
technologies should be applicable, as expected in this study. Therefore, it is necessary to
form a clearer view of the feasibility by conducting elemental experiments and research
on each of the materials and technologies.

2.1 Technical summary of FR systems

2.1.1 Sodium-cooled reactor (Figure 1)



To improve economy, new materials, including ODS (Oxide Dispersion Strengthened)
steel cladding and high-chromium steel, as well as innovative technologies such as the
compact reactor vessel, the integrated intermediate heat exchanger with primary pump
and a reduction in the number of heat transport loops (two loops for a 1.5GWe plant)
were adopted. In addition, an increase in the capacity of each component was employed
to establish drastically-compacted plant system concepts compared with the
conventional concepts, and, thereby, greatly reduce the amount of plant materials and its
building volume.

Reduction in the fuel costs by increasing the core fuel burnup (150GWd/t;
core-averaged value) and in the operating costs by extending the operation period
(18-26 months) resulted in the possibility of achieving the goals of power generating
costs. A high level of potential conformity to design requirements including the
reduction of environmental burden and the efficient utilization of nuclear fuel resources
was confirmed in the case of mixed oxide (MOX) fuel.

Furthermore, additional improvements were made from the perspective of enhancing
safety and reliability by the addition of a passive shutdown function, the assurance of
core cooling function by natural circulation, the application of double-walled heat
transfer tube for the steam generator, and the complete adoption of a double-walled
piping geometry.

On the other hand, as sodium is opaque and chemically active, it is necessary to pay
great attention to both maintainability and repairability from the design stage to assure
plant reliability. For this reason, maintenance and repair guidelines that would be
needed for a commercial FR were discussed by considering the advantages of sodium
including good compatibility with structural materials, with reference to efforts and
trends of maintainability and repairability for light water reactors (LWRS).

Design studies were performed so as to conform to the maintenance and repair
guidelines, and development of required inspection equipment was initiated. It is still
necessary to continue the development of inspection and repair technologies; however,
when considering the experiences of developing inspection devices at MONJU and the
DFBR study as well as the testing results of inspection equipment obtained in the Phase
Il study, in addition to the actual results of operation and maintenance at JOYO, it is
considered possible to assure maintainability and repairability equivalent to those of
LWRs in the future.

Issues seriously affecting technical feasibility are mainly limited to the technical
development required to achieve the economic goal. However, innovative technologies
having a high level of technical difficulty could be replaced by alternative technologies,
which are extensions of existing technologies and achieved with less significant
development risk, though with a degradation in economy. Accordingly, when
considering the development performance including that of MONJU and DFBR, it is
possible to anticipate technical feasibility with a higher degree of reliability than other
concepts.

In addition, the sodium-cooled reactor was selected as one of the candidate reactor types
in the Generation IV International Forum (GIF) project that is actively promoted in
multilateral cooperation, and the sodium-cooled reactor design concept in this Phase Il
study has become a representative candidate concept of such a reactor type within the
GIF project. Therefore, it is possible that the sodium-cooled reactor design concept in
this study may be developed as an international standard, and, furthermore, it is
expected that technical feasibility can be enhanced by an international sharing of the



research tasks to be addressed for the realization.

Moreover, applying metallic fuel for sodium-cooled reactors makes possible the design
of a core with a higher breeding ratio with less Pu inventory, in addition to an
improvement of the economy through increased average fuel burnup including blanket
fuel. For example, maintaining the equivalent fuel burnup of the future LWR(55GWd/t),
a metallic fuelled core can assure a breeding ratio of ~1.26 compared with ~1.20 of a
MOX fuelled core, as well as less fuel inventory than the MOX core by 11%. From
these results, it is expected that the sodium-cooled reactor can cope flexibly with the
possible tight supply-demand situation for uranium resources in the future which might
be caused by a more accelerated introduction of FR or an increased nuclear power
generation capacity than is presently anticipated.

2.1.2 Helium gas-cooled reactor

The helium gas-cooled reactor has the potential of meeting all the design requirements
through the application of nitride fuel; however, its fuel cycle cost is increased due to
the lower fuel burnup than that of the sodium-cooled reactor. On the other hand, since it
allows a high reactor outlet temperature of approximately 850°C, it is attractive as a
high temperature heat source that can not be realized with the sodium-cooled reactor.

Concerning the technical feasibility, the development of coated particle nitride fuel
should be an essential technical consideration that will determine the conceptual
applicability. Specific issues include the development of coating material for particle
fuel as well as a block-typed fuel subassembly that has high temperature resistance,
which would require fundamental R&D and are not likely to be replaced by alternative
technology at this stage. On the other hand, since the helium gas-cooled reactor was
selected as one of the candidate reactor types at the GIF project, it may be possible to
break through these fundamental issues in international cooperation.

2.1.3 Lead-bismuth-cooled reactor

By applying nitride fuel, the lead-bismuth-cooled reactor has the potential to achieve
core performance equivalent to the sodium-cooled reactor and meet all the design
requirements. Concerning technical feasibility, essential issues include the corrosion of
steel such as the fuel cladding in addition to the development of the nitride fuel.
Accordingly, fundamental R&D is needed to develop corrosion prevention technology
and corrosion resistant material, which will determine the conceptual applicability. It is
quite difficult to prepare alternative technologies for these issues at this stage.

Although the lead-bismuth-cooled reactor was also selected as one of the candidate
reactor types at the GIF project, no country has taken leadership in its development thus
far, and, hence, a breakthrough in the fundamental issues by international cooperation is
unlikely.

2.1.4 Water-cooled reactor

As for the efficient utilization of nuclear fuel resources in the design requirements, the
lower breeding ratio and larger fuel inventory of the water-cooled reactor require more
time for the transition into the FR era and consequently reduce the introduction effect as
FR from the viewpoint of saving natural uranium resources. In addition, the
water-cooled reactor has lower performance in accepting and burning minor actinides
(MAGs) that are recovered by the reprocessing of spent LWR fuel, compared with other
reactor concepts. It has the potential of meeting the other design requirements such as
safety, economy, and nuclear proliferation resistance.



In order to anticipate the technical feasibility, the water-cooled reactor has difficulties,
which are, however, limited to the core fuel related issues. It is necessary to develop
cladding material and to discuss countermeasures for the mitigation of the consequences
of core damage. In addition, since boiling water reactor (BWR)-typed FR, which was
discussed in this study, was not selected as a candidate reactor type at the GIF project,
international cooperation is limited to basic research topics at this time.

2.1.5 Promising concepts for the FR system

Promising concepts for the FR system have been identified based on the technical
summary results of candidate concepts for the FR system as shown in Table 2. The
sodium-cooled reactor is superior to other reactor types from the perspective of both
potential conformity to the design requirements and technical feasibility. Furthermore,
since it has the potential to be adopted as an international standard concept, which may
help to enhance technical feasibility, it is evaluated as the most promising FR system
concept.

The helium gas-cooled reactor has the potential to meet all the design requirements, and
also has the potential to accommodate the various needs as a high temperature heat
source, which makes the helium gas-cooled reactor different from all other reactor types.
Although it has fundamental problems that will determine conceptual applicability,
several countries, including the USA and France, have shown eagerness for its
development, and there is a good possibility of solving difficulties through international
cooperation.

The other FR concepts cannot become superior to the above-mentioned promising ones
from the perspective of either the potential conformity to design requirements or
technical feasibility.

2.2 Technical summary of fuel cycle systems

2.2.1 Combination of the advanced aqueous reprocessing system and the simplified
pelletizing fuel fabrication system (Figure 2)

The advanced aqueous system can eliminate “the purification process of U product and
Pu product,” which is one of the main processes in the conventional technology
(PUREX process), because a certain amount of fission products (FPs) in recycled fuel
(low decontamination) can be accepted into the FR cycle. In addition, the introduction
of crystallization technology, which will recover approximately 70% of the uranium
dominating (approximately 80%) the heavy metal (HM) mass in the solution of spent
fuel beforehand, allows a drastic reduction in the throughput in the following processes,
leading to a streamlining of installations.

The powder mixing process dominating a large part of the conventional pelletizing
process can be eliminated by making it possible to control Pu content through the
mixture of U and Pu in the nitric acid solution stage. An integrated layout of a
reprocessing system and a fuel fabrication system also results in a rational facility
design. On the other hand, when compared with the conventional concepts, this concept
has cost increase factors, including the addition of the MA recovery process in the
reprocessing system as well as the necessity of a hot cell in the fuel fabrication system
where the low decontaminated fuel can be handled.

As described above, this concept has both advantageous and disadvantageous impacts
on economy; however, the advanced aqueous reprocessing system can greatly affect



streamlining, such as almost halving the construction costs compared with the
conventional technology through process elimination and the streamlining of
installations that are realized by the lowered decontamination. Accordingly, there is a
possibility of meeting the design requirement on economy. The possibility of meeting
the design requirements, including efficient utilization of nuclear fuel resources,
reduction of environmental burden and enhancement of nuclear non-proliferation is
evident as well.

The advanced aqueous reprocessing system requires the development of processes and
components for new technologies such as the crystallization and the MA recovery;
however, since abundant technical knowledge obtained through experiences at the Tokai
Reprocessing Plant in JAEA and at the Rokkasho reprocessing plant in the Japan
Nuclear Fuel Limited can be utilized, it is possible to anticipate the technical feasibility
with a high degree of reliability. Furthermore, as the advanced aqueous reprocessing
system is the focus of development in France, enhancement of the technical feasibility
is expected through international cooperation.

It becomes necessary to develop components with consideration given to remote
maintainability and repairability to address the fuel fabrication in a hot cell; however, as
basic processes of the simplified pelletizing fuel fabrication system are common to
those of the conventional processes, it is possible to anticipate the feasibility with a high
degree of reliability.

Besides, the fundamental research of the supercritical direct extraction process, which
can simultaneously perform both the dissolution of spent fuel and the extraction of U
and Pu, continues, because it has the potential to further simplify the system
configuration, and to allow better streamlining in aspects of economy and the amount of
waste generation of the advanced aqueous reprocessing.

2.2.2 Combination of the metal electrorefining reprocessing system and the
injection casting fuel fabrication system

Fuel reprocessing by the metal electrorefining recovers U and TRU from spent metallic
fuel using the principle of the electrolytic refining, and fuel fabrication by the injection
casting process casts fuel by melting the recovered U and TRU, and both systems allow
more simplified processes compared with the other fuel cycle systems. It has been
confirmed through the results of previous investigations that the combination system
creates the potential of meeting all the design requirements. Especially in the case of a
small-scale cycle facility, it is anticipated to have better potential conformity to the
economy requirement than the other systems. However, it is anticipated that the
economy of a large-scale facility will be inferior to that of the “combination of the
advanced aqueous reprocessing system and the simplified pelletizing fuel fabrication
system” because the batch process mode of both the reprocessing and fuel fabrication
systems can not obtain a good scale factor.

Moreover, the volume of high-level radioactive solidified waste (HLW) per unit
electricity output becomes larger than the other fuel cycle system concepts because of
the limited amount of FPs that can be mixed in HLW, which is generated through the
metal electrorefining reprocessing and processed into glass-bonded sodalite (the raw
material is zeolite).

Since it is considered that the applicability of the main processes has almost been
confirmed when considering the development performance in the USA, it is possible to
anticipate technical feasibility.



The remaining considerations include confirmation of process applicability by using
spent fuel, the reduction in the amount of HLW, and the development of components
with consideration given to remote maintainability and repairability. Although the
technical difficulties of those considerations are not high, development is anticipated to
take a considerable amount of time because domestic infrastructure for the development
is insufficient. For this reason, international cooperation with the USA, a country that
has development performance, and other countries, should be important.

2.2.3 Combination of the advanced aqueous reprocessing system and the vibration
packing fuel fabrication system

When the vibration packing fuel fabrication system is coupled with the advanced
aqueous reprocessing system, spherical fuel particles are manufactured by the “gelation
process”, which produces good results in the manufacture of fuel of the
high-temperature gas-cooled reactor (HTTR, etc.), and packed in cladding. Accordingly,
it can eliminate the powder mixing process which dominates a large part of the
conventional pelletizing fuel fabrication system. Furthermore, it has additional
advantages such as fine powder not being generated and better suitability for remote
maintainability and repairability compared with the simplified pelletizing fuel
fabrication system.

Achieving superior economy was once expected through the utilization of these
advantages; however, inferior economy to the simplified pelletizing fuel fabrication
system has been anticipated because it becomes essential to be equipped with large and
small particle manufacturing lines in order to realize the packing density of fuel.
Although the vibration packing fuel fabrication system has the potential of meeting all
the design requirements, a system superior to the simplified pelletizing fuel fabrication
system is unlikely.

Concerns include the development of components with consideration given to remote
maintainability and repairability, and the inspection technique for axial distribution of
the packing density of fuel. Less technical knowledge has been obtained compared with
the simplified pelletizing fuel fabrication system; however, since the applicability of the
system was confirmed by the manufacture performance of MA-bearing fuel, feasibility
can be anticipated.

Concerning the “nitride coated particle fuel” that is compatible with the helium
gas-cooled reactor, the addition of appropriate processes, including decladding, nitriding
and coating, makes it possible to apply the advanced aqueous reprocessing as well as
the “gelation process”(a part of the vibration packing fuel fabrication system) for
manufacturing fuel. In this manner, a fuel cycle system suitable for the nitride coated
particle fuel has a number of technical features in common with the “combination of the
advanced aqueous reprocessing system and the vibration packing fuel fabrication
system”, and, consequently, it is efficient to initiate the technology development on the
basis of progress in FR system development such as the development of the nitride fuel
subassembly.

Problems concerning the nitride coated particle fuel include decladding technology in
reprocessing and coating technology in manufacturing fuel, as well as the development
of the above-mentioned coating material and the fuel subassembly In addition, for the
nitride fuel, it is necessary to enrich (targeting on 99.9%) and applly >N, which has less
natural abundance (0.37%), in order to suppress the generation of *C, which has a long
half-life, in the fuel. For this reason, it will become necessary to develop a less
expensive "N enrichment technology, as well as a *°N recycling technology.



2.2.4 Combination of the oxide electrowinning reprocessing system and the
vibration packing fuel fabrication system

Fuel reprocessing by the oxide electrowinnig recovers UO, and MOX from spent MOX
fuel using the principle of electrolysis, and fuel fabrication by the vibration packing
process packs fuel granules, that are obtained by crashing the fuel recovered on the
cathodes, in the cladding, and the combination of the two allows a simple system, as
well as cases applying the metal electrorefining system.

Investigations show the potential of its meeting all the design requirements including
economy. However, the MOX and MA recovery technologies are still undergoing a
verification of principles, and there remain a number of technical issues, such as
countermeasures against material corrosion arising from the application of chlorine gas
and oxygen gas, development of remote maintainability and repairability, and quality
control of the fuel granules. Therefore, technical feasibility is inferior to the other
concepts. Moreover, since it would require a domestic development infrastructure,
development is anticipated to take a considerable amount of time.

2.2.5 Promising concepts for the fuel cycle system

Promising concepts for the fuel cycle system have been identified based on the technical
summary results of candidate concepts for the fuel cycle system (Table 3).
“Combination of the advanced aqueous reprocessing system and the simplified
pelletizing fuel fabrication system,” which can cope with either MOX or nitride fuel,
has potential conformity to the design requirements, as well as a high level of technical
feasibility because it can be developed with an extension of the existing technologies. In
addition, since it is expected to be developed through international cooperation, it is
evaluated as the most promising fuel cycle system concept.

“Combination of the metal electrorefining reprocessing system and the injection casting
fuel fabrication system” applied to metallic fuel that can improve core performance has
the potential of meeting design requirements and is likely to have better small-scale
cycle facility economy than the other concepts, in particular. Concerning technical
feasibility, long-term development may be required; however, since international
cooperation with the USA and other countries can be expected, it is suggested to be a
promising fuel cycle concept.

The other fuel cycle concepts cannot achieve superiority over the above-mentioned
promising concepts from the perspective of either potential conformity to the design
requirements or technical feasibility.

2.3 Discussion on the principle for prioritization
2.3.1 Evaluation of the entire FR cycle system

In selecting promising FR cycle concepts, it is appropriate to evaluate potential
conformity to the development goals, technical feasibility and other factors of not only
the FR system and the fuel cycle system, respectively, but also the entire FR cycle
system that is the combination of the two systems.

In the above-mentioned technical summary, it is concluded, for the FR system, that the
“sodium-cooled reactor” is the most promising concept and the “helium gas-cooled
reactor” is a promising concept. On the other hand, it is concluded, for the fuel cycle
system, that the “combination of the advanced aqueous reprocessing system and the
simplified pelletizing fuel fabrication system” is the most promising concept and the



“combination of the metal electrorefining reprocessing system and the injection casting
fuel fabrication system” is a promising concept.

In the evaluation of the FR cycle, promising FR cycle concepts have been established
based on the technical summary results on respective FR and fuel cycle systems. The
established concepts are described in the following:

(1) “Combination system of the sodium-cooled reactor, advanced aqueous
reprocessing and simplified pelletizing fuel fabrication” (MOX fuel)

As this concept has the greatest potential conformity to the development goals,
including economy (power generating costs), and as it is possible to anticipate its
technical feasibility, it can be judged the most superior concept.

(2) “Combination system of the sodium-cooled reactor, metal electrorefining
reprocessing and injection casting fuel fabrication” (metallic fuel)

This concept is not considered to be superior to the concept (a) in the comprehensive
evaluation concerning the potential conformity to the development goals and technical
feasibility; however, since it can improve the core performance by employing metallic
fuel, it can be judged as being more attractive in terms of flexibly coping with possible
future situations, such as tighter supply-demand for uranium resources than presently
expected.

(3) “Combination system of the helium gas-cooled reactor, advanced aqueous
reprocessing and coated particle fuel fabrication” (nitride fuel)

This concept is not considered to be superior to the concept (a) in the comprehensive
evaluation concerning the potential conformity to the development goals and technical
feasibility; however, since it can realize high reactor outlet temperature, it can be judged
as being more attractive than (a) in terms of accommaodating the various needs as a high
temperature heat source.

2.3.2 Principle for prioritization

In order to prioritize R&D, the above-mentioned concept (a) is selected as “the concept
to be developed with a focus on (principal concept)” because it is judged to be the most
comprehensively superior concept by the technical summary. In addition, it is decided to
designate those concepts having more attractiveness than the principal concept as
“concepts to be developed in a complementary manner (complementary concept)” from
the perspective of assuring diverse alternatives to uncertainties, including future needs,
and the above-mentioned concepts (b) and (c) are selected as the complementary
concepts.

In the future, the main R&D investment should be focused on the principal concept in
consideration of efficient utilization of the limited research resources. In parallel,
concerning the complementary concepts, R&D should be conducted with a focus on
concerns that are judged as essential for technical feasibility and other aspects.

3. R&D Strategy in Phase 111 and beyond

3.1 R&D Prospects until approximately 2015 (Figure 3)

In the Phase Il study, selection of promising candidate concepts for commercialization,
establishment of the principle for prioritizing R&D concerns and development of the



R&D program until approximately 2015 have been conducted. In parallel, concerning
the prioritized concepts, perspectives on fundamental applicability have been obtained
by elemental experiments and research on each of innovative technologies.

In the Phase 11l study and beyond, by approximately 2015, technical schemes will be
developed, including preparation of data that will determine the applicability of
commercial plants based on elemental test results and the presentation of technical
specifications of commercial plants, with the aim of the “presentation of the
commercialization picture and the R&D program required for realization”.

Throughout the duration of the timeframe, R&D will be conducted efficiently with
repeated check & review at each interim summary (every 2-3 years) as well as at the
end of each Phase. Further, the strategy for developing the principle and complementary
concepts will be reviewed in each Phase by taking into account various situations,
including trends in international development as well as the energy supply and demand
conditions.

In the Phase 11 study, elemental experiments and research will be conducted in order to
evaluate the applicability of innovative technologies, and a conceptual design study of a
total system of innovative plants will be conducted. Based on results of these, it will be
decided which innovative technologies should be adopted; and it may become necessary
to substitute more applicable technologies (e.g., alternative technologies) for any
innovative technologies presenting applicability concerns.

In the Phase IV study, elemental experiments and research on the applicability of the
adopted innovative technologies as well as an optimization study of the innovative plant
to be conceptually-designed in the Phase Ill study will be conducted to present the
commercialization picture and R&D program for realization.

3.2 R&D program for FR systems
3.2.1 Sodium-cooled reactor

At the end of the Phase Il study (~2010), innovative technologies to be adopted in the
FR system will be decided by judging the applicability of new materials, including the
ODS steel cladding and high-chromium steel, as well as of innovative components, such
as an integrated intermediate heat exchanger with primary pump, a compact reactor
vessel and a steam generator with double-walled heat transfer tube, and also from
inspection technology prospects for components under sodium and double-walled heat
transfer tubes as well as maintenance technologies, including in-service inspection (ISI)
and maintenance standards, to establish a concept of a commercial reactor that excels in
economy, maintainability and repairability, and other features.

Concerning oxide fuel, the irradiation of fuel pins and TRU fuel pins using the ODS
cladding will be continued to reach 40-60% of the targeted fluence (250GWad/t: pin
peak value) so as to confirm integrity in the initial irradiation period. While, considering
metallic fuel, irradiation of TRU fuel pins under high temperature condition (650°C)
will be conducted to confirm integrity in the initial irradiation period.

In the Phase 1V study, based on the commercial reactor concept to be established in the
Phase Il study, elemental experiments on the adopted innovative technologies
(including maintenance and repair technologies) will be conducted to confirm
applicability, and the conceptual design will be optimized by reflecting those
confirmation results.



Concerning oxide fuel, irradiation of fuel pins and TRU fuel pins using the ODS
cladding will be continued to confirm integrity at the targeted fluence, and, in parallel,
irradiation data will be developed for experimental data required for the
commercialization. While, considering metallic fuel, irradiation integrity will be
confirmed up to a high burnup, and the validity of measures to avoid recriticality will be
verified by experimental research.

In the sodium-cooled reactor R&D of the GIF project, the estimated completion of the
conceptual design is approximately 2010, to select a sodium-cooled reactor concept
which should be subsequently developed. Aiming for this selection, efforts will be
devoted to steady progress in design study as well as in elemental experiments and
research, and to further cooperation with the GIF project, so as to allow the
sodium-cooled reactor concept discussed in this study to be developed as an
international standard.

3.2.2 Gas-cooled reactor

As the gas-cooled reactor is a complementary concept, investigation will be focused on
the nitride coated particle fuel, key to the conceptual applicability. For this purpose, in
the Phase Il study, investigation of innovative concepts of core and fuel consisting of
ceramic material will be performed by utilizing information exchange through
international cooperation such as the GIF project followed by a discussion of R&D
strategy based on the results. In addition, the strategy of the Phase 1V study and beyond
will be decided at the end of Phase Il1I.

3.3 R&D program for fuel cycle systems

3.3.1 Combination of the advanced aqueous reprocessing system and the simplified
pelletizing fuel fabrication system

In the Phase 11 study, innovative technologies to be adopted will be decided by judging
the applicability of the crystallization process, the MA recovery, and other technologies
based on small-scale hot test results. In addition, commercial component concepts will
be presented in consideration of remote maintainability and repairability in the main
processes. Based on these elemental experiment and research results, the commercial
fuel cycle concept will be established. In parallel, the applicability of the supercritical
direct extraction process, an alternative technology for the advanced aqueous
reprocessing, will be carefully studied, and a judgment will be made as to whether or
not it will be adopted.

In the Phase 1V study, elemental experiments and research, including process tests and
component development relating to innovative technologies, will be performed to
develop data that will determine the technical feasibility (including remote
maintainability and repairability). Using these results, an optimization study will be
carried out on the conceptual design of the commercial fuel cycle facility so as to
present the technical specification by the development of technical schemes (by
approximately 2015). Furthermore, the concept and test program of a test facility for
technology demonstration will be concretely specified, and an R&D program to achieve
commercialization will be presented.

3.3.2 Combination of the metal electrorefining reprocessing system and the
injection casting fuel fabrication system

As the “combination of the metal electrorefining reprocessing system and the injection
casting fuel fabrication system” is a complementary concept, R&D will be conducted on
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an appropriate scale, with efforts to build a cooperative relationship with the USA and
others. In the Phase Ill study, establishment of component concepts of the main
processes, planning of small-scale hot tests and establishment of the commercial fuel
cycle facility concept will be carried out. In addition, R&D will be conducted with a
higher priority given to those problems which have less potential conformity to design
requirements, including the reduction in the amount of HLW.

In the Phase IV study, it is planned that development of the main process components
and preparation for small-scale hot tests will be addressed to confirm conformity to the
development goals and a subsequent comparative evaluation will be performed with the
principle concept at the end of the Phase IV. However, concerning the R&D strategy in
the Phase 1V study and beyond, review should be made by the end of the Phase IlI, by
taking into account situations both domestically and internationally, including the
establishment of cooperative relationships with the USA and other countries.

3.4 Discussion on transition into the FR cycle

In order to facilitate the smooth transition from LWRs to FRs in approximately the year
2050 and beyond, when the introduction of FRs on a commercial basis is anticipated, a
long-term mass flow analysis concerning the mass balance of U, Pu, etc., has been
performed to calculate the required reprocessing amount and the spent fuel stockpile
from the perspective of fuel supply. In addition, in order to discuss a strategy for the
achievement of the transition in a reasonable manner, the applicability of FR
reprocessing technology to LWR reprocessing was discussed to identify future
concerns.

The mass flow analysis was performed by assuming the fixed nuclear power capacity
(58GWe) beyond 2030 and the initial deployment of a FR fleet in 2050, to obtain such
conclusions as that the transition from LWRs to FRs can be achieved in approximately
60 years, and that the achievement of the transition will require the reprocessing of not
only FR fuel but also LWR fuel in order to supply Pu (TRU fuel) for FRs. In such a
LWR fuel reprocessing, it will be effective to employ reprocessing technology for FR
fuel (the advanced aqueous reprocessing system) that can streamline the LWR
reprocessing system.

As it is possible to cope with the LWR fuel reprocessing by employing the reprocessing
technologies for FR fuel, it is not necessary for the moment to reexamine the R&D
program described in 3.(3). However, since a discussion on a new reprocessing plant to
follow the Rokkasho reprocessing plant is planned to begin in approximately 2010, it is
considered effective to investigate the applicability of FR reprocessing technologies to
LWR fuel reprocessing more specifically by that time.

4. Issues concerning the strategy beyond approximately 2015

In order to obtain a clearer view of whether or not the development of the technical
schemes as planned by approximately 2015 would definitely lead to the introduction of
a FR fleet in approximately 2050, a case study was conducted on R&D strategies
beyond approximately 2015. In parallel, issues concerning R&D beyond approximately
2015 were identified.

4.1 Staged R&D of the FR cycle beyond approximately 2015 (Figure 4)
As it is extremely risky and difficult to immediately aim at the construction and

operation of middle or large-scale commercial plants employing numbers of innovative
technologies toward the introduction of a FR cycle fleet on a commercial basis, it is
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necessary to step by step increase the scale of facilities and components, and to verify
conformity to the development goals as well as the feasibility and reliability of the
innovative technologies. For this purpose, it is considered desirable that the entire
development process be divided into three stages, i.e.: the 1% staqe to develop the
technical schemes of the FR cycle until approximately 2015; the 2™ stage, to have a
clear view of the commercialization by demonstratin ng the FR cycle technologies using a
test facility for technology demonstration; and the 3" stage, to confirm economy and the
reliability as well as to accumulate operating experience by using a commercialization
promotion facility aiming at the introduction of a FR fleet on a commercial basis.

4.2 Issues beyond approximately 2015

As the Government plans to begin discussions in approximately 2015 on a staged R&D
program leading to FR introduction on a commercial basis in approximately 2050,
discussions are required to give more concrete form to the following subjects. In
particular, on the strategy in the second stage, discussions are required to be advanced
by the next revision of the Framework for Nuclear Energy Policy, in which discussion
of the strategy is anticipated.

i) How R&D (FR system, fuel cycle system) should be carried out in each stage

Contents, executlon period, scale, required funds, and international sharing of R&D
tasks in the 2" stage (demonstratlon of innovative technologies) and the 3™ stage
(promotion of commercialization).

i) Sharing of roles for the development and retention of technologies after the
demonstration stage

Development of an organization that considers the sharing of roles between public and
private sectors (Ministry of Education, Culture, Sports, Science and Technology;
Ministry of Econom my, Trade and Industry, private sectors) and the retention of
technologies in the 2" and the 3" stages.
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