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Abstract

Japan has scarce energy resources and depends on foreign resources for 84 % of its energy needs. Therefore, Japan
has made efforts to utilize nuclear power as a key energy source since mid-1950's. Today, the nuclear energy produced from
49 nuclear power plants is responsible for about 31 % of Japan's total electricity supply. The cumulative amount of spent fuel
generated as of March 1995 was about 11 600 Mg U. Japan's policy of spent fuel management is to reprocess spent nuclear
fuel and recycle recovered plutonium and uranium as nuclear fuel. The Tokai reprocessing plant continues stable operation
keeping the annual treatment capacity of around 90 Mg U. A commercial reprocessing plant is under construction at
Rokkasho, northern part of Japan. Although FBR is the principal reactor to use plutonium, LWR will be a major power source
for some time and recycling of the fuel in LWRs will be promoted.

1. INTRODUCTION

Research and development, and commercialization of peaceful use of nuclear energy have been
carried out since mid-1950's. Today, nuclear energy plays an important role as a key energy source in
electricity supply. From its initial stage, Japan's nuclear energy development and utilization program has
consistently called for recycling of nuclear fuel. In 1994, the Atomic Energy Commission of Japan (AEC)
revised the Long-Term Program for Research, Development and Utilization of Nuclear Energy, which
defines Japan's fundamental policy of nuclear energy including spent fuel management, as summarized
below.

1.1. Basic policy

Japan intends to guarantee its future energy security by steadily carrying forward research and
development efforts aimed at future commercial commissioning of nuclear fuel recycling. Another reason
for doing so is that recycling of nuclear fuel is also meaningful in terms of sparing resources and the
environment and improving management of radioactive waste.

Furthermore, it is necessary to go about nuclear fuel recycling on the basis of the principle of not
having plutonium beyond the amount required to implement the program, i.e., the principle of no surplus
plutonium, as well as having very strict management of nuclear materials, and to work on the basis of
rational and consistent plans and strive for transparency so as not to give rise to any international doubts
concerning violation of non-proliferation of nuclear weapons.
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1.2. 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. The Tokai plant, which is keeping the annual
treatment capacity of around 90 Mg U/y, will shift its major role to research and development of future
reprocessing technologies after the Rokkasho plant begins operation. The Rokkasho plant, Japan's first
commercial reprocessing plant, with a reprocessing capacity 800 Mg U/y, is scheduled to go into operation
shortly after 2000. The reprocessing capacity and technology of a second private reprocessing plant should
be decided around 2010.

Regarding spent fuel exceeding the available reprocessing capacity, it will be properly stored and
managed as energy stock pile, until being reprocessed. For the time being they will, as a rule, be stored
at the nuclear power plants by current technologies, but studies will also be conducted on future storage
methods and other necessary measures.

High-level radioactive waste separated from spent fuel during reprocessing will be disposed of after
solidification in a vitrified form, followed by storage for 30 to 50 years, and finally by ultimate disposal
in a deep geological formation.

The plutonium recovered by reprocessing, will be utilized as nuclear fuel in FBRs and LWRs. The
FBR is considered to be the principal reactor to use plutonium, and R&D will be continued so as to be able
to commission fast breeders commercially around the year 2030. The LWR will be a major source for some
time in Japan's nuclear power generation program. Therefore, Japan will promote recycling plutonium in
LWRs by steadily developing its recycling technologies and infrastructures. It will be necessary to establish
commercial MOX fuel fabrication on a scale a little less than 100 Mg HM/y for LWR shortly after the year
2000.

2. GENERATION, STORAGE AND TRANSPORTATION OF SPENT FUEL

2.1. Spent fuel generation

As of the end of August 1995, 49 commercial nuclear power plants are in operation in Japan, and
the total electric power generation capacity is about 41 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 spent fuel generated was 11 600 Mg U as of March
1995. It is estimated from the projected nuclear power generation capacity that the annual generation rate
of spent fuel for the years 2000 and 2010 will be 800 to 1000 Mg U/y and 1000 to 1500 Mg U/y,
respectively (Fig. 1).

2.2. Storage

2.2.1. Current status and prospects

The total amount of spent fuel currently stored in nuclear power station pools is approximately 4600
Mg U. The spent fuel will be shipped to the Rokkasho reprocessing plant, when the spent fuel storage
facility at the plant goes into operation. The spent fuel for the other part also continues to be shipped to the
Tokai reprocessing plant and to overseas reprocessing plants, according to the existing contracts.

2.2.2. Research activities on spent fuel storage

R&D on storage technology has been conducted by Central Research Institute of Electric Power
Industry (CRIEPI) and Japan Atomic Energy Research Institute (JAERI).
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FIG. 1. Projected spent fuel management.

2010

CRIEPI has been carrying out an advanced research program on spent fuel storage technology after
the demonstrative tests on the dry cask storage method, under contracts with the Japanese Government.
Major activities of the new program are evaluation and related tests of dry storage methods suitable for the
spent, high bum-up, fuel and MOX fuel in terms of safety and economy, which include application of the
burn-up credit method, temperature analysis and tests of BWR fuel cladding with a channel box, and safety
test of a lid structure, on long term containment of the gasket, and on corrosion resistance. The activities
also include various design and development works for advanced dry storage technologies, such as a new
type of fuel basket with efficient heat removal and subcriticality, an advanced concrete cask with unproved
economy and safety, and the application of natural convection for the heat removal of various dry storage
facilities.

JAERI has conducted fundamental studies to implement the burn-up credit into the design of storage
facility of spent high burn-up fuel, i.e., advanced analytical methods with related database for criticality
design and burn-up calculation.

2.3. Transportation

A part of spent fuel generated in Japan has been transported to the reprocessing plants. This
cumulative quantity up to now is about 7100 Mg U. Spent fuel amounting to 6400 Mg U has already been
shipped to overseas reprocessors, and the rest to the Tokai Reprocessing plant. From this year to around
1998, 750 Mg U of spent fuel is scheduled to be delivered additionally to overseas reprocessing plants.
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3. REPROCESSING

3.1. Tokai Reprocessing Plant

The Tokai plant, which is the first reprocessing plant in an industrial scale in Japan, is owned and
operated by the Power Reactor and Nuclear Fuel Development Corporation (PNC). The plant, with a
capacity of 0.7 Mg/d went into the hot test operation in September 1977 and was commissioned in January
1981. Although the plant has experienced several troubles with long interruptions, the total amount of 848
Mg of spent fuel including 5 Mg of MOX fuel from Advanced Thermal Reactor (ATR) "FUGEN" has been
reprocessed by the end of June 1995 (Fig.2).

The major troubles encountered in the Tokai plant were due to the corrosion of process equipments,
such as an acid recovery evaporator and two dissolvers. Through the development of new corrosion
resistant material, the modification of procedures for fabrication and welding and the development of a
remote controlled device for repairing, the plant operation became satisfactory with annual processing of
50 to 70 Mg in 1985.

The following large scale maintenance work was carried out in the scheduled intervention period
from 1988 to 1989, aiming at more steady operation and improvement of plant efficiency:

(1) The acid recovery evaporator was replaced with a new, made of Ti-alloy which has excellent
corrosion resistance

(2) The Plutonium solution evaporator tower was replaced with new made of Ti- alloy and welded to the
boiler made of titanium

(3) Another pulse-filter was additionally installed in the clarification process to make a dual system, for
improvement of the plant efficiency

(4) Major internal parts of the shearing machine were renewed for prevention of powder deposition and
for easiness of remote maintenance

(5) The acid recovery distillator was modified on the boiler portion so that the periodic inspection and
necessary repair can be conducted more easily

FISCAL YEAR(MTU)
100

30 June t995

90

80

70

60

50

40

30

20

10

I
ES3 FISCAL YEAR(MTU)

—— TOTAL(MTU)

11.1 11.9

54.7
i

X

53.0

33.4

1.9
S.2

73.5
™

?l
69.2

51.4

848.3t
85.9

81.7

8xl
n.c

37.0

95.7
TOTAL(MTU)

1000

>

35.5

P
;

900

800

700

600

500

400

300

200

100

77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

FIG. 2. Operating history of Tokai Reprocessing Plant.
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The plant resumed operation in the end of September 1989. The plant processed about 96 Mg U of
spent fuel in 1994.

3.2. Commercial reprocessing plant and radioactive waste management facility

Japan Nuclear Fuel Ltd. (JNFL) has started construction of a reprocessing plant with a capacity of
800 Mg U/year in April 1993, in Rokkasho Village, Aomori-Prefecture. Construction of a radioactive
waste management facility has also started from May 1992. This will store the vitrified waste to be returned
from France and U.K. under the reprocessing contracts with Japanese electric companies.

3.2.7. Principal facility specification

3.2.1.1. Reprocessing plant

Method: PUREX method
Capacity: 800 Mg U/year

4.8 Mg U/day (max)

3.2.1.2. Spent fuel storage pool

Spent fuel: 3000 Mg U
Residual enrichment: less than 3.5 wt. %
Cooling time: over 1 year before receiving

over 4 years before reprocessing
Burn-up: 55 000 MWd/tU (max)

45 000 Mwd/tU (average)

3.2.1.3. Radioactive waste management facility

Waste: vitrified waste
Capacity: 1440 canisters

(three thousand and several hundred canisters in future)
Cooling method: natural ventilation

3.2.2. Technology of reprocessing plant

To adopt the best technology, JNFL made efforts to review and analyze various reprocessing
techniques available in Japan and abroad. JNFL finally decided to adopt the major technologies for the
reprocessing plant as follows:

Main reprocessing process: SON (France)
Reduced pressure process evaporation: BNFL (U.K.)
Iodine removal process: KEWA (Germany)
U & Pu mixed denitration: PNC (Japan)
Spent fuel storage pool: HITACHI et al. (Japan)
High-level radioactive waste vitrification: PNC (Japan)

3.2.3. Site

The site of the reprocessing plant and the radioactive waste management facilities is 380 ha in area
and is located to the south of a site for a uranium enrichment plant and low-level radioactive waste disposal
center, both being operated by JNFL.
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3.2.4. Schedule

JNFL applied for the authorization of reprocessing and radioactive waste management businesses
through the Science and Technology Agency (STA) to the Prime Minister in March 1989. The first-step
review by STA of the application for radioactive waste management finished in May 1991, and the
second-step review by AEC and Nuclear Safety Commission (NSC) finished in April 1992. The first-step
review by STA for reprocessing was completed in August 1991, and the second-step review by AEC and
NSC finished in December 1992.

The schedule for construction and operation of the facilities presently planned as shown in Fig. 3.:

Reprocessing plant: the plant is scheduled to receive spent fuel from June 1997 and
to go into operation in January 2000,

Radioactive waste management facility: the operation of the facility with the capacity of 1440 canisters
started in April 1995.

3.3. R&D activities in LWR fuel reprocessing

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

JNFL has promoted various R&D works, in order to ensure stable and reliable operation of the
Rokkasho reprocessing plant.

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
Facility) in 1994 commissioned the hot operation of STAC Y for critical safety experiment and of BECKY
for process study in the alpha and gamma cell.
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FIG. 3 Construction and operation schedule of the reprocessing plant and radioactive waste
management facility at Rokkasho.
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3.4. R&D activities in FBR fuel reprocessing

hi 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 under construction and the operation will be initiated around the year 2000.

4. RECYCLING OF RECOVERED PLUTONIUM AND URANIUM

4.1. Future nuclear fuel recycling programs

4.1.1. Demand side

4.1.1.1. FBR

FBR will assume in the future a central role in the nuclear fuel recycling system. Eventually they
should be made the mainstream of nuclear power generation reactors after a long period of use in
combination with light water reactors. The FBR is considered to be the principal reactor to use plutonium.

4.1.1.2. LWR

LWR will be a major source for some time to come in Japan's nuclear power generation program.
Therefore, Japan will promote the recycling of recovered plutonium and uranium in LWRs with the
objectives of steadily establishing its recycling technologies.

4.1.2. Supply Side

4.1.2.1. Rokkasho Reprocessing Plant

The annual designed reprocessing capacity of the Rokkasho reprocessing plant is 800 Mg U/y. The
plant will be the main source to supply plutonium in future.

4.1.2.2. Overseas reprocessing

The total amount of spent fuel reprocessed until 2003 under contracts with BNFL and COGEMA will
be 7100 Mg U. Therefore, reprocessing will be a major source at present for supplying the plutonium
required for promoting nuclear fuel recycling.

4.1.2.3. Tokai reprocessing Plant

The Tokai reprocessing plant will continue to cover a part of the reprocessing demand until the
commencement of the Rokkasho reprocessing plant. After that, it will shift the major role to the
development of future reprocessing technologies such as for spent MOX fuel.

4.2. 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. The test consist of a function test and a start-up test. The
purpose of the functional test was to prepare for the start-up test after the initial fuel loading. The function
tests were finished in different atmospheres (air at room temperature, argon and sodium) in 1992. The
reactor had reached initial criticaliry in April 1994 and started the generation of electricity in August 1995.

The full power operation is scheduled for 1996.
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The first demonstration FBR will be top-entry, loop type, with the output capacity of about 660
MWe. The start of construction is planned to begin soon after the turn of the century.

4.3. Program for utilization of MOX fuel in LWR

Utilization of MOX fuel in LWR is important from the viewpoint of establishment of the technology
and the system needed for nuclear fuel recycling. It will be appropriate to start using it in a few pressurized
water reactors (PWR) and boiling water reactors (BWR) in the second half of nineties and to increase the
number of such reactors in a planned fashion, allowing flexibility, to about ten by the year 2000 and to
another ten by 2010.

4.4. MOX Fuel fabrication

The development of MOX fuel fabrication by PNC started at the Plutonium Fuel Development
Facility (PFDF) in 1965. To fabricate fuels for FBR and ATR, PNC has been operating the Plutonium Fuel
Fabrication Facility (PFFF) and the Plutonium Fuel Production Facility (PFPF). Corresponding to the
operation of the Rokkasho reprocessing plant, a domestic MOX fuel fabrication plant for LWRs is planned
for commercial operation with a capacity of around 100 Mg of MOX fuel per year.

4.5. Utilization of recovered uranium

Recovered uranium can be converted to uranium hexa-fluoride followed by re-enrichment and
reconversion, 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 recovered usable uranium. About 360 tons of recovered uranium will be converted to
uranium hexa-fluoride by PNC under a contract with Japanese utilities.

4.6. R&D for advanced nuclear fuel recycling technology

In the development and utilization of nuclear energy, it is important not only to strive for
improvement of safety, reliability and economic efficiency but also to pursue possibilities of reduction of
environment impact and 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 of actinide elements. R&D programs on the advanced nuclear fuel recycling
technology will be discussed in the AEC's advisory committee on nuclear fuel recycling program.

5. MANAGEMENT OF RADIOACTIVE WASTES

5.1. High-level Radioactive Wastes

High-level radioactive wastes (HLW) separated during reprocessing are to be vitrified and stored for
cooling for a period of 30 to 50 years at a storage facility. The HLW then will be finally disposed of into
deep geological formations with a multi-barrier system.

With regard to the development of technology for the treatment of HLW, the construction of a
research facility for the vitrification (TVF) was completed in the Tokai reprocessing plant in April 1992
and began the hot test with high-level liquid waste in 1994.

The council for promoting the HLW disposal, members of which consist of representatives from the
Government, electric power companies and the Power Reactor and Nuclear Fuel Development Corporation,
will set up a preparatory organization as early as possible, in order to examine the form and other aspects
of the implementing organization, that should be established for implementing the HLW disposal in Japan.
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The general procedures for implementing the HLW disposal are as follows:

(a) The implementing organization will conduct the preliminary investigation at potentially suitable
locations and subsequently confirm the results of site selection as the designated site(s)

(b) Prior to Government confirmation, the implementing organization will obtain the acceptance of local
communities in the siting region(s) by clearly explaining the aim and the results of the selection
process

(c) The implementing organization will conduct site characterization studies and will demonstrate
disposal technologies in underground facility at the designated site(s). The implementing organization
will design a repository and apply for the relevant license.

5.2. Wastes Containing TRU Nuclides

Regarding the radioactive wastes containing TRU nuclides, a provisional value of approximately 1
GBq/ton will be set up as a threshold value for the classification. The wastes in which all alpha nuclides
have a radioactive concentration below the threshold, and the beta/gamma nuclides have a comparatively
low radioactive concentration can be disposed of at a shallow depth in the ground with an engineered
barrier. The wastes in which the alpha radioactive intensity is higher than that threshold are considered to
be appropriate for disposal in the ground but not at shallow depth.

There will be clear definition, among reprocessing plant operators, MOX fuel fabrication operators
and the electrical power companies, to whom the wastes belong to and with whom the responsibility lies
for disposing of it. Technical studies will be carried out with a view to obtain a clear outlook regarding the
specific disposal concepts by the end of the nineties, considering the period when the private reprocessing
operation will be getting started and bearing in mind the need for compatibility with measures for the HLW
disposal.
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