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Abstract

In Japan, 52 nuclear power reactors are operating with a total power generation capacity of 45 GWe. The cumulative
amount of spent fuel arising, as of March 1998, is about 14 700 tU. Spent fuel is reprocessed and recovered nuclear materials
are to be recycled in LWRs and FBRs. Pu utilization in LWRs will commence in 1999. In January 1997, short-term policy
measures were announced by the Atomic Energy Commission, which addressed promotion of the reprocessing programme in
Rokkasho, plutonium utilization in LWRs, spent fuel management, back-end 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. Valuable experience
was been accumulated at the Tokai Reprocessing Plant (TRP), from the start of hot operation in 1977 up to now. The role of
the TRP will be changed from an operation-oriented to a more R&D oriented facility, when PNC is reorganized into the new
organization JNC. The Rokkasho reprocessing plant is under construction and is expected to commence operation in 2003.
R&D of future recycling technologies is also continued for the establishment of a 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 the mid 1950s, by carrying out
research and development and to promote commercialization of the peaceful use of nuclear energy.
Since its initial stage, the development and utilization programme has consistently called for the
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 reviews briefly Japan's basic long- and short-term policy on nuclear energy, and
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.

2. R&D ON NUCLEAR ENERGY, BASIC POLICY AND CURRENT STATUS & FUTURE
PROSPECTS OF SPENT FUEL MANAGEMENT

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

The basic policy of nuclear energy is defined in the long-term programme (LTP) for research,
development and utilization of nuclear energy [1]. The LTP is determined by the Atomic Energy
Commission (AEC) of Japan 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.

In 1994, the AEC revised the LTP. The programme intends to guarantee future energy security
by steadily carrying forward research and development efforts aimed at future commercial
commissioning of nuclear fuel facilities, 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 preservation of resources and environment, and to improved management
of radioactive waste.

In the basic concept of LTP, the fast breeder reactor (FBR) is the kernel of nuclear power
generation in the long-term, together with light water reactors (LWRs). Research and development is
to be undertaken, in co-operation with the government and the private sector in order to establish a
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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 in LWRs is considered to be 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 a 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 "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
policy decision making process.

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 outcome 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 committed to
steady promotion of the reprocessing programme for the plant under construction in Rokkasho, as
well as to the promotion of the nuclear fuel cycle through the following policy measures in the short
term:

1) Plutonium utilization in LWRs
- Start the utilization of MOX fuel in three or four reactors 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 the 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 discussions on the social and
economic aspects;
- Put in place the institutional infrastructure necessary for decommissioning nuclear facilities;

4) Development of FBRs
- Discuss future FBR development strategies, including treatment of MONJU, by a 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 the 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 "Japan Nuclear Cycle Development Institute (JNC)" from 1 October 1998.

In June 1997, the chairman of the AEC announced a statement which reconfirmed the cabinet
consent of February 1997, i.e. the establishment of the nuclear fuel cycle should be promoted as
before.
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2.3. Current status and future prospects of spent fuel reprocessing

Reprocessing service will be provided by the Tokai reprocessing plant, the Rokkasho
reprocessing plant and foreign reprocessors (contracts with BNFL and COGEMA). The Tokai
reprocessing plant, which has an annual reprocessing capacity of around 90 t U, will shift its major
role to research and development of future reprocessing technologies after the reorganization of PNC
to JNC.

The Rokkasho reprocessing plant, Japan's first commercial reprocessing plant, will have an
annual reprocessing capacity of 800 t U, 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.

Spent fuel arisings exceeding the available reprocessing capacity will be properly stored and
managed as an energy stockpile, until reprocessed.

3. SPENT FUEL ARISING, STORAGE AND TRANSPORTATION

3.1. Spent fuel arising and transportation

At the end of August 1998, 51 commercial nuclear power units and one ATR were in operation
in Japan, and their total electric power generation capacity is about 45 GWe. According to the report
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 14 7001U (about 13 2001U from LWRs and 1500 t U from GCRs), as of March 1998.

The yearly production of spent fuel is currently about 900 tU/a and it is estimated, from the
projected power generation capacity, that the annual generation rate of spent fuel will be 1400 and
1900 t U/a by the years 2010 and 2030, respectively (see Table I).

TABLE I. PROJECTED ANNUAL SPENT FUEL ARISINGS IN JAPAN
(ton U)

Year

Annual Spent Fuel Arisings

1998

900

2010

1400

2030

1900

Part of the spent fuel generated in Japan has been transported to reprocessing plants. The
shipment of LWR spent fuel to British and French reprocessing plants started in 1973 and the final
shipment took place in 1998, resulting in the accumulated shipment of 5 610 tU. The shipment to the
Tokai reprocessing was 9401U up to now.

The initial shipment to the Rokkasho reprocessing plant started in October 1998 and the
scheduled amount of spent fuel shipped to Rokkasho, until the reprocessing plant will be in operation
in January 2003, will be 1600 t U.

3.2. Spent fuel management

Before reprocessing and recycling all spent fuel, spent fuel will be stored as an energy stockpile
until the time it can be reprocessed. In view of the long-term increasing amount of stored spent fuel,
MITI, STA and utilities studied the introduction of off-site storage of spent fuel and issued a report in
March 1998, which pointed out the necessity of introducing such storage facilities by around 2010
[2]. In June 1998, MITI's Subcommittee on Nuclear Energy of the Energy Council published the
report which recommended the construction of an interim storage facility for spent fuel as a future
source of fuel (i.e. for recycling). Currently, the relevant government organizations are preparing the
necessary institutional arrangements for introducing such facilities (see Table II).
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TABLE II. REQUIRED AMOUNT OF INTERIM STORAGE FOR SPENT FUEL
tU

Item

Produced spent fuel (a)

Dispatched to Rokkasho (b)

Dispatched overseas (c)

Storage at power plant site (d)

Required amount of interim storage (a-b-c-d)

Accumulated amount

F.Y. 1997-2010

15 200

7 600

70

5 200

2 300

2 300

F.Y. 2011-2020

16 000

8 000

-

4 200

3 800

6 000

F.Y. 021-2030

19 100

8 000

-

2 500

8 600

14 600

Note: F.Y. stands for Fiscal Year

4. REPROCESSING OF SPENT FUEL

4.1. Tokai reprocessing plant

4.1.1. History

The reprocessing project of PNC started in September 1956, when the Atomic Energy
Commission of Japan decided that reprocessing of spent fuel and treatment of radioactive waste
should mainly be done by the Atomic Fuel Corporation (AFC), the predecessor of PNC. In 1959, an
Advisory Committee for reprocessing was formed within the AEC to formulate a guideline for
development of the reprocessing technology. In conjunction with the recommendations put forward by
a survey team which visited overseas reprocessing plants, a decision was made to construct a pilot
reprocessing plant using the advanced technology by other countries.

In 1963, the AFC had contacted the Nuclear Chemical Plant (NCP) of UK for a preliminary
design of the plant and in 1966, the Societe Generale pour les Techniques Nouvelles (SGN) of France
started with a detailed design. Since 1968, in parallel with the ongoing detailed design, the
governmental licensing procedure had been followed and permission for plant construction was
granted by the Japanese Government in 1970.

Plant construction started in 1971 as a joint venture between SGN and JGC (Japan Gasoline
Corporation). The plant was completed in 1974 and hot testing started in September 1977 after
completing the tests with unirradiated uranium. The operational license was given after passing the
Governmental inspections by the end of 1980.

4.1.2. Amount of reprocessed fuel

From the start of hot operation on 22 of September 1977 until the end of March 1997, the total
amount of reprocessed fuel from LWRs and the ATR Fugen (Advanced Thermal Reactor using heavy
water as moderator) was 935.9 t U. Of this amount, 10.4 t MOX fuel from the ATR Fugen was
reprocessed providing valuable experience with MOX fuel reprocessing. The maximum burnup of the
spent fuel assemblies was 35 GW-d/t (see Tables III, IV).

The amount of plutonium nitrate recovered as a final product was about 6.4 t, and most of the
Pu has already been sent to Pu conversion plant for use at the ATR Fugen, the experimental FBR
Joyo, and the proto-type FBR Monju. Part of uranium trioxide powder, recovered as final product, has
been sent to the Ningyo-touge site of PNC for conversion to UF6. From January 1995, part of the
concentrated high level radioactive waste has been sent to the Tokai Vitrification Facility (TVF) for
vitrification.
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TABLE III. AMOUNT OF REPROCESSED FUEL AT TRP

Fuel Type

BWR

PWR

ATR*

Total

No.ofFAs

3 275

814

339

4 428

tu

582.1

301.7

52.0

935.9
* including 41.5 tUO2 fuel

TABLE IV. YEARLY REPROCESSED AMOUNT OF SPENT FUEL AT TRP
tU

F.Y. 77

8.0

78

11.1

79

11 P

80

54 7

81

53 0

82

W 4

83

I 9

84

5 2

85

73 5

86

W>

87

51 4

88

1P0

89

4P 1

90

85 P

91

81 7

92

71 0

93

37 0

94

95 7

95

51 4

96

71 5

97

on

4.1.3. Major maintenance activities [3]

(1) Remote repair of dissolvers R10 and Rll
In April 1982, a small amount of radioactivity was found in the steam condensate from a

dissolver. After confirming that one of the two dissolvers (Rll) had small defects which consisted of
pin holes in the welded part on the barrel of the dissolver, operation was resumed by using the other
dissolver (R10) until February 1983, when the dissolver R10 showed the same kind of defects. The
remote repair technology had been developed and from September to November 1983 the in-situ
repair of the two dissolvers was successfully carried out for the first time in the world.

(2) Installation of a new dissolver R12
Leakage in the two dissolvers occurred rather unexpectedly and subsequently the third dissolver

was installed in a spare dissolver cell. The new dissolver R12 was fabricated with improved material
and welded lines were eliminated from the inside steam jackets. The fabrication of the dissolver was
finished in April 1984 and the dissolver was installed by the end of November 1984.

(3) Repair of acid recovery evaporator
During the final stage of hot testing in August 1978, a minor leak was detected in the acid

recovery evaporator which was caused by pin holes in the welded part of the heating tube. The whole
evaporator was exchanged after decontamination and dismantling of the leaking evaporator by the end
of December 1979. However, the new one leaked also in February 1983, caused by corrosion of the
heating tube and at that occasion only the boiler part of the evaporator was replaced with domestic
produced materials. The reparation period was seven months which was shorter compared to the
former one.

4.1.4. Scheduled shut-down of plant operation

The operation of the TRP became steady and stable since 1985, after many modifications and
improvements, however , the requirement of increasing the amount of spent fuel for reprocessing at
the TRP is stronger than before, because of the demand for more plutonium for the ATR and FBR fuel
cycle development. The design capacity of the TRP is 0.7 tons per day and the operation licence
permits the TRP to reprocess up to 210 tons per year. However, it is difficult to reach this maximum,
because of yearly regulatory inspections, the physical inventory taking (PIT) of nuclear material and
the periodical maintenance.

The total operable days per year of the TRP have been calculated as about 170 days and,
assuming an average plant efficiency of 60%, the derived yearly production of TRP would be about
70 tons.
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In order to improve the production rate, the number of operable days should be increased on
one hand and the plant efficiency improved on the other hand. The operable days per year were
increased by shortening the maintenance and regulatory inspection periods. For improving the plant
efficiency, it became clear that the fuel assembly shearing process and clarification process for
dissolved fuel solution had to be modified. In the long range, it was also obvious, to prevent any plant
outage caused by failure of the main equipment, that the acid recovery evaporator should be replaced
and that modification of the fuel assembly shearing and clarification process should be made.

(1) Replacement of the acid recovery evaporator
The first acid recovery evaporator leaked after 6 000 hours of operation and leakage of the

second one occurred after 13 000 hours. The material of the evaporators was 25% chromium and 20%
nickel alloy of stainless steel and a conservative estimation was that the third evaporator would leak
again after 13 000 hours of operation, which was expected around the middle of 1988. On the other
hand, the development of corrosion resistant material was continuously carried as of the day the leak
of the first evaporator occurred and it became evident that the 95% titanium and 5% tantalum alloy
material showed a good corrosion resistance behavior in this corrosive environment.

The decision was taken to replace the third evaporator with a new one made of Ti-5%Ta alloy.
This work was started in June 1988 and was performed smoothly within the scheduled 11 months
period, based on the experience of the two earlier replacements.

(2) Replacement of plutonium solution evaporator
The design of the original plutonium evaporator was to connect the washing column to the

boiler part with the flange and the material of the former one was stainless steel and of the latter one
was corrosion resistant titanium. A pin hole defect appeared in the column part during 1982 after
10 000 hours of operation and in-situ repair was done. In year 1984, the replacement of the whole
evaporator was done after 12 000 hours of operation.

A decision was made to replace this evaporator because of its 9 000 hours of operation and the
material of the column part chosen was Ti-5%Ta alloy in order to prolong the operational life. The
improvement was made to remove the flange connection by welding the titanium and the Ti-5%Ta
alloy. The replacement was done in the cell within 3 months.

(3) Modification of boiler part of acid recovery distillator
The acid recovery distillator was fabricated from stainless steel and in February 1981, a

corrosion leakage occurred in the part of the heating coil after 13 000 hours of operation and repair
work was done within 1.5 months. In 1984, the boiler part of the distillator was replaced within 4
months. A new distillator was installed to replace the old one and has separable heating tubes in the
boiler part of the distillator for easy maintenance.

(4) Modification of fuel assembly shearing machine
Many modifications for internal parts of the shearing machine were done to improve the

operability and maintenance ability.

(5) The addition of a second pulsed filter
The clarification method of the TRP was done through a pulsed filter. The filtration of the

dissolver solution clogs the sintered stainless filter gradually and finally it will necessitate the
replacement of the filter cartridge affecting the plant. To improve the plant efficiency, a second pulsed
filter was added in the clarification process. A new type of valve for changing the use of one filter to
the other was developed and installed inside the cell for easy maintenance and high fidelity.

The modifications inside the cell were done after tedious decontamination of the equipment and
piping and the permissible working time was limited because of the still rather high radiation dose.
The total installation work took more than one year after a delay of 4 months for final modifications.
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4.1.5. Evaluation of major modifications on plant performance

The scheduled shut-down of plant operation for the modifications lasted 15 months. Around
500 persons of PNC were involved in this work and the number of contracted workers of constructor
and engineering firms were about 1 600 (100 000 man-day). The accumulated radiation dose was
5 man-Sv (500 manrem).

The original intention of the plant improvement was to increase the yearly amount of processed
fuel from 70 tonnes to 90 tonnes. At the end of September 1989, operation recommenced after the
major modifications were done and after one year, in September 1990, the reprocessed amount was 83
tonnes of spent fuel and during the period from January to the end of November 1990, 99 tons of fuel
were reprocessed.

4.1.6. Radiation exposure control of plant personnel

To minimize exposure and avoid excessive exposure of an individual in the plant, the
investigation levels for exposure are set over three months, e.g. 3mSv for effective dose equivalent.
Measurements of radiation fields are conducted for the purpose of avoiding excessive exposure of
personnel and confirming that working environment is satisfactory of operations. Exposure rates and
concentrations of airborne radioactive materials are measured continuously by the automated
monitoring system, signals of detectors are centralized into the health physics panels in the safety
control room. The annual collective dose equivalent was around 1 man-Sv during normal TRP
operation.

4.1.7. Activity discharge from the plant

Under normal operation of the TRP, low level radioactive effluents are discharged to the
atmosphere and the ocean under rigid control. The radiation exposure to the public around the plant
has been estimated for the potential pathways with the site specific parameters such as food
consumption, concentration factors of marine organism and meteorological condition. External
exposure, due to gamma ray from K.r-85, and internal exposure, via inhalation and oral intake of
radionuclides, are evaluated for the airborne effluent. External exposures to contaminated fishing net
and fishing boat are considered as pathways for fisherman. External exposure to contaminated beach
and internal exposure via oral intake of marine products are evaluated for the liquid effluent.

The estimated annual effective dose equivalents are less than 0.1 percent of the annual effective
dose equivalents limit for the public recommended by the International Commission on Radiological
Protection (ICRP) since the operation of the TRP was started in 1977.

The amount of 6 discharged to the sea was reduced by additional installation of liquid treatment
evaporators and atmospheric 1-129 discharge is adequately controlled by installation of silver
impregnated filters for trapping iodine.

The results of environmental monitoring, including the values of effluent discharge, are
submitted to "Central Evaluation Advisory Committee for Environmental Radiation Monitoring",
which is the advisory group of the Nuclear Safety Commission (NSC), for assessment of the
monitoring results. The assessment results are reported to the NSC and are published in NSC's
periodical. In 1991, the monitoring of C-14 atmospheric discharge was included in the monitoring
programme of the TRP, because of it's not negligible effects compared with other nuclides, after the
licensing procedure of installation of a new marine discharge pipe line and evaluation of the C-14
discharge.
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4.1.8. Recent major incident at the TRP

4.1.8.1. Failure of highly active waste evaporator

On 19 October 1995, a small amount of radioactivity was found in the steam condensate from
the highly active waste evaporator. After confirming that one of heating tubes had a small defect,
operation was resumed using the stand-by evaporator.

4.1.8.2. The fire and explosion incident of the bituminization facility [4]

A fire and explosion incident occurred at the bituminization demonstration facility (BDF) of the
Tokai reprocessing plant on 11 March 1997. The BDF, which was designed in 1976-1977, started with
hot tests in 1982. The operation of the BDF was stable and produced about 30 000 drums of products
until the incident.

(l)The process of BDF
The waste in the receiving tank is transferred to the reactor vessel for every batch. Chemicals

are added to the reactor vessel as a pretreatment of the waste. Sodium carbonate and barium
hydroxide are added for the coprecipitation of strontium. Nickel sulfate and potassium ferrocyanoid
are added to the reactor for the coprecipitation of cesium. To decrease the volatilization of iodine,
sodium iodate, sodium sulfite and silver nitrate are added to the reactor. The waste is transferred to
the feeding vessel and fed into the extruder via a double air lift. The feed rate of liquid waste is
normally 200 1/hr.

In the extruder where fresh bitumen is fed, the waste is dehydrated and the mixture of waste
and bitumen is kneaded. The resulting mixture is poured into a drum on the turntable. One drum is
produced in about two hours. About ten drums of bituminized waste are produced in a batch.

(2) Incident Sequence
The sequence of the incident was as follows:

10:06 An operator noticed a flash in the filling room and observed a 2 m high pillar of fire from a
drum. After several tens of second, all the drums seen through a shielding window emitted the
pillar of fire. Hence, the fire and temperature detectors gave alarm.

10:08 The fire and temperature detectors gave alarm again.
10:10 An auto fire alarm was given. The operator did not see the fire because the inside of the cell

was filled with smoke.
10:12 Water spray started to extinguish the fire. After 1 minute, the operator stopped the water spray

since he did not see the fire in the cell. He saw the smoke leaked from the penetration of the
manipulator.

10:13 The beta dust monitor of the conveyer room gave alarm. In the control room, ventilation alarm
was given. An operator pushed the emergency stop button of the extruder.

10:14 (to 10:18) The beta dust monitors in the maintenance operation and cask storage room gave
alarm.

10:18 The indicator of the cell ventilation blower in the control room showed that the air flow had
stopped and that only an air-supply blower and an exhaust blower for the building ventilation
operated.

10:23 All the blowers were put off.
20:04 An explosion occurred. The gamma area monitor in the maintenance operation room gave

alarm. After the explosion, the thermocouples for the pouring tube indicated a doubling in
temperature during two and half hour.

23:30 According to the monitoring camera outside the building, smoke stopped flowing from the
window.
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(3) Environmental effect
The radioactivity released from the BDF was studied based on the two methods: one being the

migration behavior from the fired drum through the building, the other the environmental monitoring.
The released activity to the environment was estimated to be in the order of 10"3 GBq for alpha
nuclides and several GBq for beta nuclides. The committed dose equivalent was 10~3 to 10~2 mSv of
magnitude.

(4) Cause of incident
The chemical analysis of liquid waste and the bitumen mixture made during the course of the

investigation so far,, did not show that the material was the cause of the fire. The findings related to
the cause of the fire were the identification of fire in the 29th and 30th batch, functional group due to
the oxidation reaction of bitumen observed in the 29th batch product and pouring the bitumen mixture
into a drum with temperature higher than at normal operation. The experimental result, that the
bitumen mixture caught fire after emission of the mist of high-boiling-point hydrocarbon, was useful
for the explosion study.

According to the study on the cause of the fire and the explosion, possible causes of fire are the
followings: (i) temperature rise in the bitumen mixture due to friction heat generated in the extruder,
(ii) temperature rise in a filled drum by decrease in thermal conductivity and by exothermic oxidation
reaction due to involving air in the extruder operated at a feed rate 20% lower than the normal
condition, (iii) acceleration of oxidation/reduction due to the catalytic effect of the sludge. As for the
cause of the explosion, it is estimated that several tens of species of high-boiling-point-hydrocarbon
mist were generated from the drum on the turntable, the filling room was filled with the mist and
exploded.

(5) Lessons learned from the incident
There was a problem in operation associated with the fire extinguishing and the ventilation

system. It took 6 minutes after detecting the fire to extinguish the fire by an operator with the water
spray, subject to an order of the manager. When spraying water, the air supply to the cell ventilation
system was not stopped against the operation manual of the water spray. The spray was stopped after
a minute because no fire was observed through the shielding window. This operation lead to the
insufficient fire fighting.

No countermeasure was considered in the design of ventilation system in case of plugging of
the filter and air supply to the ventilation system. The ventilation system was stopped for a long time.
These were possibly attributed to the explosion and personnel dose.

(6) Items to be modified in the facility
To prevent fire, the following is required:

- since the differential thermal analysis can not measure the heat generation of the waste
sample, a differential scanning calorimeter is necessary;

- the temperature monitoring system of the extruder should be modified to control and
measure the temperature of the bitumen mixture;

- the monitoring system for the drum after filling the bitumen mixture should be
modified.

To detect and extinguish fire, the following equipment is necessary:
- a recorder for the fire detection system;
- a display and continuous monitoring system for the temperature in the cell;
- an auto fire extinguishing system;
- an auto shut-off of air supply to the ventilation system when the water spray operates;
- a sufficient number of series of filter systems.
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(7) Management of operation and education/training
To avoid the problems identified in the study of the incident, the following should be improved

from the viewpoint of management:
- modification of assignment of operation as a contract;
- attaching importance to operational division;
- clarifying the judgment and action in an abnormal event;
- thorough and prudent review of the operation plan;
- a well prepared education system, multi-event training and checking system.

4.1.9. Future of TRP

PNC will be reorganized and formed into a new body "Japan Nuclear Fuel Cycle Development
Institute (JNC)" from 1 October 1998. The role of the TRP will be changed form an operation
oriented to a more R&D oriented facility on this occasion. The main role of the TRP was to provide
reprocessing services to utilities, but making the establishment of JNC as a turning point, the TRP will
be used in the future as a hot test field for the R&D of MOX fuel reprocessing and FBR fuel
reprocessing technology. Initially, the reprocessing of small amounts of high burnup fuel will be done
at the TRP to obtain data, with supplementary data from a small laboratory (Operational Test
Laboratory) at TRP. The improvement of the maintenance technique will also be done. For these R&D
activities, the research plan will be reviewed externally and the R&D result will be disclosed based on
information disclosure criteria with due regards to non-proliferation concerns.

4.2. Rokkasho reprocessing plant

Japan Nuclear Fuel Ltd. (JNFL) has started the construction of a reprocessing plant with a
capacity of 800 t U/year in April 1993, in Rokkasho Village, Aomori-Prefecture. The principal facility
specifications are shown in Table V. JNFL applied for the authorization of reprocessing business
through the STA to the Prime Minister in March 1989. The first step in the review by STA for
reprocessing was completed in August 1991, and the second step by AEC and NSC was finished in
December 1996.

TABLE V. PRINCIPLE SPECIFICATIONS OF THE ROKKASHO FACILITY

Reprocessing plant

Spent fuel storage pool

Method
Capacity

Capacity
SF residual enrichment
SF cooling time
SF burnup

PUREX method
800 t U/year (average)
4.8 t U/day (maximum)

3 0001U
less than 3.5 wt.%
over 1 year before receipt
45 000 MW-d/t U (average)
55 000 MW-d/t U (maximum)

JNFL intended to modify mainly the purification process in order to rationalize the plant
design. The modification required to do both review steps again. The first step was finished in
December 1996 and the second step was completed in July 1997. The reprocessing plant will go into
operation in January 2003.

4.3. FBR fuel reprocessing

For the FBR fuel reprocessing, PNC had 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.
Based on the recent change in the situation, the plan for the RFTF will be reconsidered.
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5. RECYCLING OF PLUTONIUM AND URANIUM RECOVERED FROM SPENT FUEL

5.1. Future nuclear fuel recycling programmes

For a certain period, LWRs will continue to be a major source in Japan's nuclear power
generation programme and some of them will recycle plutonium. FBRs will play a central role in the
nuclear fuel recycling system in the future and will be the principal reactors to recycle plutonium in
combination with LWRs.

The 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 in due course. Recovered plutonium in overseas reprocessing plants will be used
to fabricate MOX fuel by overseas fuel manufacturers and then utilized in Japanese LWRs. It is
necessary to construct a domestic commercial MOX fabrication plant for LWRs, taking into account
the operation plan of the Rokkasho reprocessing plant.

5.2. Project of fast breeder reactor

The construction of MONJU, a loop type liquid metal FBR of 280 MWe output, was completed
late in April 1991. The pre-operational test started in May of 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 generation of electricity in August 1995.

With regard to the sodium leak accident that occurred in December 1995, STA announced a
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 were discussed in the Special Committee on FBRs established under the AEC. The
committee recommended the promotion of development of fast breeder reactors as one of the
promising non-fossil energy sources for the future under a flexible programme while pursuing safety
and economy.

5.3. Programme for utilization of MOX fuel in LWRs

Utilization of MOX fuel in LWRs is important from the view point of recycling plutonium
before commercialization of FBRs. Corresponding to the Cabinet Consent, the Federation of Electric
Power Companies of Japan announced a programme for the MOX utilization in LWRs in February
1997.

5.4. MOX fuel fabrication

Development of MOX fuel fabrication by PNC started at the plutonium fuel development
facility (PFDF) in 1965. To fabricate fuel 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 100 t/y.

5.5. Utilization of recovered uranium

Recovered uranium can be converted to uranium hexa-fluoride followed by re-enrichment and
re-conversion and can be mixed with enriched uranium or with plutonium to be recycled as MOX
fuel. Re-enrichment is considered to be the best method of recycling uranium in terms of economy
and the amount of usable uranium recovered. About 240 t of recovered uranium will be converted to
uranium hexa-fluoride by PNC under a contract with Japanese utilities.
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5.6. R&D for advanced nuclear recycling technology

For any future nuclear recycling system, it is not only important to strive for improvement of
safety, reliability and economy, but also to pursue the possibilities of reducing the environmental
impact and assuring nuclear non-proliferation. Long-term research and development will be
conducted on advanced nuclear fuel recycling technology based on the FBR, such as recycling of new
types of fuel and recycling plutonium together with actinides. 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. 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.

Concerning spent fuel management, the policy measures included the expansion of storage
capacity at reactor sites and to study the option of storage in facilities at away-from-reactor sites in
addition to storage at-reactor sites.
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