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Abstract
In Japan 52 commercial nuclear power units are now operated, and the total power generation capacity is

about 45 GWe. The cumulative amount of spent fuel arising is about 13,500 tU as of March 1997. Spent fuel is
reprocessed, and recovered nuclear materials are to be recycled in LWRs and FBRs. In February 1997 short-term
policy measures were announced by the Atomic Energy Commission, which addressed promotion of reprocessing
programme in Rokkasho, plutonium utilization in LWRs, spent fuel management, backend measures and FBR
development. With regard to the spent fuel management, the policy measures included expansion of spent fuel
storage capacity at reactor sites and a study on spent fuel storage away from reactor sites, considering the
increasing amount of spent fuel arising. Research and development on spent fuel storage has been carried out,
particularly on dry storage technology. Fundamental studies are also conducted to implement the burnup credit
into the criticality safety design of storage and transportation casks. Rokkasho reprocessing plant is being
constructed towards its commencement in 2003, and Pu utilization in LWRs will be started in 1999. Research
and development of future recycling technology are also continued for the establishment of nuclear fuel cycle
based on FBRs and LWRs.

1. INTRODUCTION

Japan has scarce energy resources and depends on foreign resources for most of its energy
needs. Therefore, Japan has made efforts to utilize nuclear power since mid-1950s, by carrying out
research and development, and to promote commercialization of peaceful use of nuclear energy. Since
its initial stage, the development and utilization programme has consistently called for recycling of
nuclear fuel. Today nuclear energy plays an important role as a key energy source and the nuclear
power generation accounts for about 34 % of the total electric power generation.

This report shows Japan's basic policy on nuclear energy in view of long and short terms
briefly, and then describes the current status and prospects of generation, storage and transportation of
spent fuel. Some explanation is given on the research and development of spent fuel storage
technology. Current status and future plan on reprocessing and recycling of U and Pu, and
furthermore, brief description of the progress in radioactive waste management are also given.

2. BASIC POLICY, CURRENT STATUS & FUTURE PROSPECTS ON SPENT FUEL MANAGEMENT

2.1. Long-term programme for research, development and utilization of nuclear energy

Basic policy on nuclear energy is defined in Long-Term Programme for Research,
Development and Utilization of Nuclear Energy (hereinafter referred to as Long-Term programme).
Long-Term programme is determined by Atomic Energy Commission of Japan (the AEC) and revised
approximately every five years. According to the Atomic Energy Basic Law, it is required that
research, development and utilization of nuclear energy are limited to peaceful purposes and that
assurance of safety is the foremost consideration in them.
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In 1994, the AEC revised the Long-Term Programme. The programme intends to guarantee
future energy security by steadily carrying forward research and development efforts aimed at future
commercial commissioning of nuclear fuel recycling, involving the reprocessing of spent fuel and the
recovery of plutonium and uranium to allow the reuse of these materials as nuclear fuel. Furthermore,
recycling of nuclear fuel contributes to preserving resources and the environment, and to improved
management of radioactive waste.

In the basic concept of the Long-Term Programme, the fast breeder reactor (FBR) is the kernel
of nuclear power generation in the long-term prospect, together with Light Water Reactors (LWRs).
Research and development is to be undertaken, in cooperation with the government and the private
sector each other, to establish a commercial system of nuclear fuel recycling based on FBRs by
around 2030. Also, construction of a commercial reprocessing plant and Pu utilization in LWRs are
steadily promoted. Experience with nuclear fuel recycling with LWRs is considered important in
order to establish a comprehensive technological system of plutonium utilization which is
indispensable to the above system based on FBRs.

Nuclear fuel recycling is promoted on the principle of not possessing plutonium beyond the
amount required to implement the programme, i.e. the principle of no surplus plutonium, as well as
having very strict management of nuclear materials, coupled with transparency so as to provide
assurances regarding adherence to non-proliferation of nuclear weapons.

2.2. Policies to promote the nuclear fuel cycle in the short term

After the sodium leak accident in the secondary system of the FBR prototype reactor
"MONJU" in December 1995, the government made efforts to build a national consensus on the
nuclear fuel cycle policy and to promote the disclosure of information and the participation of the
general public in the process of deciding on policies.

The AEC has deliberated and decided short-term concrete measures of policy concerning the
nuclear fuel cycle at the end of January 1997, taking into account the outcomes of the discussion by
the Advisory Committee for Energy which is an advisory body to the Minister of International Trade
and Industry (MITI). The measures were consented by the Cabinet in February 1997 and are
commitment to steady promotion of the reprocessing programme for the plant under construction in
Rokkasho, as well as to the promotion of nuclear fuel cycle through the following policy measures in
the short term.

1) Plutonium utilization in LWRs:
Start the utilization with three or four reactors loading MOX fuel by 2000, expanding the
use of MOX fuel to ten-odd reactors by around 2010.

2) Spent Fuel Management:
- Store spent fuel appropriately as an energy source until reprocessed. Immediate measures
are necessary in some existing nuclear power plants to expand their storage capacities with
the understanding of local public.
- Initiate a study aiming at an early conclusion on the development of necessary
environment to enable spent fuel storage at away-from-reactor sites by around 2010, in
addition to the storage at reactor sites, given the increasing quantities of stored spent fuel
in the long-term prospect.

3) Backend measures:
- Present a total vision of disposal measures aiming towards the smooth implementation of
final disposal of high-level radioactive waste, through a broad range of discussion, in the
social and economic aspects.
- Put in place the institutional infrastructure necessary for decommissioning nuclear
facilities.
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4) Development of FBRs:
- Discuss future FBR development strategies, including treatment of "MONJU" by Special
Committee on FBRs established under the AEC.

In March 1997, a fire and explosion occurred at the Bituminization Demonstration Facility of
Tokai reprocessing plant of Power Reactor and Nuclear Fuel Development Corporation (PNC).
Investigation of this accident is being intensively carried out. PNC will be reorganized and formed
into a new body. In June 1997 chairman of the AEC announced a statement of reconfirming the
Cabinet Consent in February 1997, in which establishment of nuclear fuel cycle should be promoted
as before.

2.3. Current status and future prospects of spent fuel management

Reprocessing service will be provided by the Tokai reprocessing plant, the Rokkasho
reprocessing plant and reprocessing contracted to BNFL and COGEMA. Tokai reprocessing plant,
which has an annual treatment capacity of around 90 tU, will shift its major role to research and
development of future reprocessing technologies after Rokkasho reprocessing plant begins operation.
The Rokkasho reprocessing plant, Japan's first commercial reprocessing plant, will have an annual
treatment capacity of 800 tU, and is scheduled to go into operation in 2003. The reprocessing capacity
and technology of the second commercial reprocessing plant will be decided around 2010. Regarding
spent fuel exceeding the available reprocessing capacity, it will be properly stored and managed as an
energy stockpile, until reprocessed.

3. SPENT FUEL ARISING, STORAGE AND TRANSPORTATION

3.1. Spent fuel arisings/transportation

As of the end of August 1997, 52 commercial nuclear power units are in operation in Japan,
and the total electric power generation capacity is about 45 GWe. According to the report written by
the Electric Utility Industry Council, a government advisory organization, nuclear power generation
capacity will increase to 70 GWe in 2010. The cumulative amount of generated spent fuel was about
13,500 tU (LWR: about 12,300 iU, GCR: about 1,200 tU) as of March 1997. It is estimated from the
projected power generation capacity that the annual generation rate of spent fuel for the years 2000
and 2010 will be 800 to 1,000 tU/y and 1,000 to 1,500 tU/y, respectively (see Fig. 1). In the near
future spent fuel with higher burnup up to 55,000 MWd/t and spent MOX fuel from LWRs will also
be generated.

Part of spent fuel generated in Japan has been transported to the reprocessing plants. This
cumulative quantity is about 7,800 tU as of March 1997. About 6,800 tU of spent fuel has already
been shipped to overseas reprocessors (LWR spent fuel: about 5600 tU, GCR: about 1200 tU) as of
March 1997, and the rest to Tokai reprocessing plant. From this year to around 2003, about 300 tU of
spent fuel is scheduled to be delivered additionally to overseas reprocessing plants.

3.2. Storage

3.2.1. Current status and prospects

The total amount of spent fuel stored in nuclear power station pools is approximately 5,800 tU
as of the end of March 1997. Part of the spent fuel will be shipped to the Rokkasho reprocessing
plant, when the pool of spent fuel in the plant goes into operation. The spent fuel also continues to be
shipped to the Tokai reprocessing plant and to overseas reprocessing plants according to the existing
contracts.

Total controlled-storage capacity (capacity available for spent fuel storage) at LWR sites is
about 9,920 tU as of March 1997. Expansion of storage capacity at reactor sites has been carried out
and is being planned by alternation of racks in existing storage pools (re-racking), common use of
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pools at the reactor site (use of a pool by two or more reactors), building additional pools or dry-cask
storage facilities. These activities will ensure sufficient storage capacities required towards 2010.
Examples of recent activities for expansion of storage capacity are shown below.

Re-racking:
Tsuruga nuclear power station (No.2), Japan Atomic Power Company
Hamaoka nuclear power station (No. 3), Chubu Electric Power Company

Common use of pools inside the reactor site:
Onagawa nuclear power station (No. 2, 3), Tohoku Electric Power Company
Kashiwazaki-Kariwa nuclear power station(No. 3, 4, 6, 7), Tokyo Electric
Power Company

Expansion of pool:
Fukushima-Dai-ichi nuclear power station (No. 1-6), Tokyo Electric Power
Company (construction of additional pool for common use)
Ohi Nuclear power station (No. 3, 4), Kansai Electric Power Company (Use
of reserve pits)

Construction of dry storage facility inside the reactor sites:
Fukushima-Dai-ichi nuclear power station (No. 4, 5, 6), Tokyo Electric
Power Company (operated since 1995)

In addition, corresponding to the Cabinet consent in February 1997, a study was initiated, by
MITI, Science and Technology Agency (STA) and Japanese electric utilities in March 1997, on
practical issues such as safety, new technologies, management of storage facility and siting, so that
spent fuel storage at away-from-reactor sites can be facilitated by around 2010, in addition to the
storage at reactor sites.

3.2.2. Research activities on spent fuel storage

Research and development on spent fuel storage has been conducted by Central Research
Institute of Electric Power Industry (CRIEPI) and Japan Atomic Energy Research Institute (JAERI).

30,000 r

Shipment to Overseas Reprocessors

2000 2005
Fiscal year

Figure 1. Prospect of LWR-spentfuel management

2010
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Dry storage
Research and development on spent fuel dry storage technology has been carried out mainly by

CRIEPI under contracts with the government. In a study programme until 1996, safety and cost
evaluations for various types of dry storage system applicable to the storage at reactor site were
carried out for spent high burnup fuel and MOX fuel. Especially, for metal cask storage technology,
the safety of the total system was confirmed. Some of the outcomes were incorporated in the safety
review guide on "Dry Cask Storage of Spent Fuel in Nuclear Power Plants" (August 1992, Nuclear
Safety Commission Japan (NSC)). They were used in the licensing process of the first dry cask
storage with a capacity of about 73 tU (9 casks) at the reactor site of Fukushima-Dai-ichi nuclear
power station of Tokyo Electric Power Company. The storage facility has been operated since 1995
and will be expanded as far as 20 casks.

For the storage programme away from reactor site, heat removal characteristics of the cask,
vault and horizontal concrete silo storage systems have been made clear, and they are expected to cut
down excessive safety-margin included in the conventional designs. In 1997, a new study programme
of demonstrative tests has started, which is mainly related to concrete module storage technology,
such as a horizontal concrete silo and a concrete cask. The concrete cask is considered to essentially
have economical advantage. The following items are addressed in the programme.

tests on long-term performance related to carbonation and salt damage of concrete
material.
tests on dynamic strength for concrete material to evaluate the integrity of concrete
structures in case of accidents.
tests on fracture toughness and corrosion resistance for the welded lid of a stainless steel
canister installed in the cask.

Burnup credit
JAERI has conducted fundamental studies to implement the burnup credit into the critical ity

safety design of storage and transportation (S/T) casks for high burnup fuel under auspices of Science
and Technology Agency Japan. Computer codes and data which are vital to cope with the above
implementation have been developed.

Some spent fuels discharged from Japanese PWRs have been measured with nondestructive and
destructive methods so that their burnup and nuclide composition data are obtained. Subsequently,
burnup analysis computer codes are validated with these experiment data, and combination of
particular codes for criticality, shielding and thermal analyses are studied by comparing calculated
results with corresponding safety criteria in applying to the pragmatic S/T cask design by taking into
account the burnup credit concept.

In addition to the fundamental study on the burnup credit, The Nuclear Criticality Safety
Handbook of Japan was published in 1988, and its English translation was issued in 1995. The data
and information in this handbook were used for criticality safety design of Rokkasho reprocessing
plant. In particular burnup credit concept was introduced into the criticality safety design of spent fuel
storage rack of the plant. After the publication of the handbook, supplemental work has been
conducted. Assessment of criticality safety margin for chemical process taking into account burnup
credit was included, together with recommended nuclide composition values to be taken for criticality
safety evaluation by assorting data described in open literature concerning post irradiation
examination (PIE) of LWR spent fuel. The second version of the handbook will be published by
arranging these new data with the first version.

4. REPROCESSING OF SPENT FUEL

4.1. Tokai reprocessing plant

The Tokai reprocessing plant, the first reprocessing plant in an industrial scale in Japan, is
owned and operated by PNC. The plant with a capacity of 0.7 tU/day went into the hot test operation
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in September 1977 and was commissioned in January 1981. Although the plant has experienced
several troubles with long interruptions, the total amount of 936 tU of spent fuel including 10 tHM of
spent MOX fuel from Advanced Thermal Reactor (ATR) "FUGEN" has been reprocessed by the end
of March 1997 (see Fig. 2).
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Figure 2. Operating history ofTokai reprocessing plant (as of 3/31/1997)

4.2. Rokkasho reprocessing plant

Japan Nuclear Fuel Ltd. (JNFL) has started construction of a reprocessing plant with a capacity
of 800 tU/year in April 1993, in Rokkasho Village, Aomori-Prefecture. Principal facility specification
is shown below.

Reprocessing plant
Method:
Capacity:

Spent fuel storage pool
Spent fuel:
Residual enrichment
Cooling time:

Burnup

PUREX method
800 tU/year
4.8 tU/day (maximum)

3,000 tU
less than 3.5 wt.%
over 1 year before receipt
over 4 years before reprocessing
55,000 MWd/tU (max.)
45,000 MWd/tU (average)
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JNFL applied for the authorization of reprocessing business through the STA to the Prime
Minister in March 1989. The first-step review by STA for reprocessing was completed in August
1991, and the second-step review by the AEC and NSC was finished in December 1992.

JNFL intended to modify mainly the purification process in order to rationalize the plant
design. The modification required the first- and second-step reviews again. The first-step review was
finished in December 1996 and the second-step review was completed in July 1997. Figure 3 shows
construction / operation schedule presently planned. Spent fuel storage pool is planned to be operated
in October 1997. The reprocessing plant will go into operation in January 2003.

Fiscal year

Land Preparation

Reprocessing Plant

Vitrified Waste Storage

Center

1992

D

Cor

1993 1994 1995

Sp.

1996

snt fue

1997

I stora

T

1998

gepoc

1999

>l oper

2000

ation

2001

Construction

I ' '
•—""i . I Operation

istruction I ^

I I

2002

Ope
T

2003

'ation

Figure 3. Construction/operation schedule for Rokkasho reprocessing plant
and Vitrified Waste Storage Center

4 3 . R&D activities in fuel reprocessing

4.3.1. LWRfuel reprocessing

The Tokai reprocessing plant has a role as the pilot plant for establishing reprocessing
technology. Two kinds of R&D programmes in PNC are carried out: short- and medium-term
programmes to improve plant operation, and long-term programmes to pursue advanced technology of
reprocessing.

JNFL promoted various R&D works, in order to ensure stable and reliable operation of the
Rokkasho reprocessing plant. Recently, JNFL is working on the development of operation and
maintenance technologies.

JAERI has promoted researches for safety criteria and evaluation, advanced reprocessing and
waste treatment. In order to support these research activities, NUCEF (Nuclear Fuel Cycle Safety
Engineering Research Facility) commissioned in 1994 the hot operation of STACY (Static
Experiment Critical Facility) and TRACY (Transient Experiment Critical Facility) for criticality
safety experiments, and of alpha and gamma cells for reprocessing studies.

4.3.2. FBR fuel reprocessing

For the FBR fuel reprocessing, PNC has developed its own process and equipment as well as
remote handling technology through large scale cold mock-up tests and laboratory scale hot tests. The
Chemical Processing Facility (CPF) has been used for hot process tests since 1982. The Recycle
Equipment Test Facility (RETF) is for hot engineering-scale equipment test and is under construction.

5. RECYCLING OFTLUTONIUM AND URANIUM RECOVERED FROM SPENT FUEL

5.1. Future nuclear fuel recycling programmes

For a certain period, LWRs continue to be a major source in Japan's nuclear power generation
programme and some of them will use recovered plutonium as stated in section 2. FBRs will play in
the future a central role in the nuclear fuel recycling system and will be the principal reactors to use
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recovered plutonium in combination with LWRs. Rokkasho reprocessing plant will be the main
source to supply plutonium to the LWRs and FBRs in the future. The reprocessing capacity and
technology of the second commercial reprocessing plant will be decided. Recovered plutonium in
overseas reprocessing plants will be fabricated in overseas fuel manufacturer and utilized as MOX
fuel in LWRs of Japan. It is necessary to construct a domestic commercial MOX fabrication plant for
LWRs, taking account of the operation plan of Rokkasho reprocessing plant.

5.2. Project of fast breeder reactor

The construction of MONJU, a loop type LMFBR of 280 MWe output, was completed late in
April 1991. The pre-operational test started in May in the same year. The test consisted of a function
test and a start-up test. The function test was finished in 1992. The reactor had reached initial
criticality in April 1994 and started the generation of electricity in August 1995. With regard to the
sodium leak accident occurred in December 1995, STA announced the final report in February 1997.
And PNC completed the investigations of the cause of the accident in March 1997. A total safety
evaluation of the MONJU plant is now being performed in order to improve its safety. As the Cabinet
consent in February 1997 showed, further strategies for development of fast breeder reactor, including
future management of "MONJU," are under discussion of the Special Committee on FBRs established
under the AEC.

5.3. Programme for utilization of MOX fuel in LWR

Utilization of MOX fuel in LWR is important from the view point of utilizing the recovered
plutonium before commercialization of FBRs. Corresponding to the Cabinet Consent shown in 2.2,
the Federation of Electric Power Companies of Japan announced a programme for the MOX
utilization in LWRs in February 1997 as listed in Table I.

TABLE I. JAPANESE UTILITIES' MOX UTILIZATION PROGRAMME

Year

Cumulative number of
reactors

1999

2

2000

4

Shortly after
2000

9

2010

16-18

5.4. MOX fuel fabrication

Development of MOX fuel fabrication by PNC started at the Plutonium Fuel Development
Facility (PFDF) in 1965. To fabricate fuels for FBRs and ATR, PNC has been operating the
Plutonium Fuel Fabrication Facility (PFFF) and the Plutonium Fuel Production Facility (PFPF). A
domestic LWR MOX fuel fabrication plant for commercial operation will have a capacity of around
1001 of MOX fuel per year.

5.5. Utilization of recovered uranium

Recovered uranium can be converted to uranium hexafluoride followed by re-enrichment and
re-conversion, can be mixed with enriched uranium, or can be mixed with plutonium to be recycled as
MOX fuel. Re-enrichment is considered to be the best method of recycling uranium in terms of the
economy and the amount of usable uranium recovered. About 240 t of recovered uranium will be
converted to uranium hexafluoride by PNC under a contract with Japanese utilities.

5.6. R&D for advanced nuclear recycling technology

For the future nuclear recycling system, it is important not only to strive for improvement of
safety, reliability and economy but also to pursue the possibilities of reduction of environmental
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impact and the assurance of nuclear non-proliferation. Long-term research and development will be
conducted on advanced nuclear fuel recycling technology based on FBR, such as recycling of new
types of fuel and recycling plutonium together with actinide elements. R&D programmes on the
advanced nuclear fuel recycling technology are being discussed in the AEC's Advisory Committee on
Nuclear Fuel Recycling Programme.

6. MANAGEMENT OF RADIOACTIVE WASTES

6.1. High-level radioactive wastes

High-level radioactive waste (HLW) that results from the reprocessing of spent fuel is
solidified into a stable form, known as vitrification, and after storage for a period of 30 to 50 years to
allow cooling, and it is to be disposed of deep in the ground. With regard to the development of
technology for treatment of HLW, at PNC's Tokai Vitrification Facility (TVF) , PNC started its
operation after receiving its full operational license from the government in December 1995. By the
end of July 1997, 62 vitrified wastes have been produced.

The Vitrified Waste Storage Center was constructed by JNFL, where high-level radioactive
waste in glass form returned from overseas reprocessing plants is stored, after the necessary license
was obtained from the government in April 1992. Operation was started in April 1995, as indicated in
Fig. 3, with a capacity of 1,440 canisters. In March 1997 the second returned shipment of 40 canisters
of vitrified HLW from France was completed. As of the end of August 1997, the number of
cumulative vitrified HLW returned from overseas reprocessing plant in the Vitrified Waste Storage
Center are 68 canisters.

In regard to the HLW final disposal, the Special Committee on High-Level Radioactive Waste
Disposal of the AEC is discussing social and economic aspect of the disposal, in order to promote the
public understanding and acceptance. Technical aspect and the R&D programmes for the disposal are
discussed by the Advisory Committee on Nuclear Fuel Cycle Backend Policy of the AEC. In addition,
Steering Committee on High-Level Radioactive Waste Project (SHP), under the Council for
Promoting High-Level Waste Disposal, was established in May 1993. The purpose of SHP is to
promote the preparation for the project for the safe and environmentally acceptable disposal of high-
level radioactive waste, with public understanding and cooperation, by conducting research and
investigation.

7. CONCLUSIONS

Japan intends to guarantee future energy security by steadily carrying forward research and
development efforts aimed at future commercial commissioning of nuclear fuel recycling, involving
the reprocessing of spent fuel and the recovery of Pu and U to allow the reuse of these materials as
nuclear fuel in LWRs and FBRs.

The AEC announced the short-term policy measures with regard to the promotion of nuclear
fuel cycle. Concerning spent fuel management, the policy measures included the expansion of storage
capacity at reactor sites and the study on the option of storage in the facilities at away-from-reactor
sites in addition to the storage at reactor sites.

Research and development on reprocessing technology have been conducted. Also, research
and development on dry storage technology and fundamental study to implement the burnup credit
into the criticality safety design have respectively been carried out. Outcomes of those studies were
incorporated in safety review guide and safety design.

Based on the Long-Term Programme and the short-term policy measures, Japan will steadily
promote the reprocessing programme for the plant under construction in Rokkasho and make efforts
to establish nuclear fuel cycle.
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