
Topical reports

Report from Japan:

Nuclear experience, prospects,
and plans
By 1995, the country expects to receive about 35% of its electricity
from nuclear plants

by Dr Takashi Mukaibo

Thirty years have passed since research and develop-
ment for the peaceful uses of nuclear energy was
initiated as a national project in Japan. The basic laws
guiding the development and application of atomic
energy were enacted in 1955, limiting the uses of
nuclear energy strictly to peaceful purposes. All nuclear
activities have since been within the framework of these
laws.

As a country with very scarce energy resources,
Japan is expecting nuclear energy to play an important
role in the future supply of energy. Also, as the sole
country to have suffered from nuclear weapons, it has
always been most important to keep nuclear safety in
mind when designing, constructing, and operating
nuclear facilities.

Uranium is among the scarce natural resources in
Japan. Accordingly, the efficient use of uranium is
another objective of this development.

Since the development of nuclear energy requires
long-term planning, the Government has set up the
Long-Term Plan for Research, Development, and Utili-
zation of Nuclear Energy, and has revised it periodically
according to developments in nuclear energy and other
factors (approximately 5 year interval). The Atomic
Energy Commission already has started to revise the
present plan.

Development of nuclear power

In 1957, the Government decided to rely on trans-
ferred technologies to accelerate the development of
nuclear power. The first commercial power station used
a British-designed Calder Hall-type graphite-moderated,
gas-cooled reactor with a 166-MWe capacity. Boiling-
water reactor (BWR) technology also was introduced
from the United States and a power demonstration reac-
tor with a capacity of 12.5 MWe was built at the Japan
Atomic Energy Research Institute (JAERI) in Tokai-
mura, about 100 kilometres north of Tokyo. It served
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mainly for training operators. Its operation ceased in
1976, and it serves now as a demonstration facility to
develop technologies for decommissioning power
reactors.

Reflecting the development of light-water reactors in
the United States, the Japan Atomic Power Company (a
joint venture of nine electric power companies) decided
to introduce a 357-MWe BWR from the United States.
This was the first commercial-scale light-water power
reactor in Japan. Since that time, all commercial nuclear
power plants built in Japan have been light-water reac-
tors (LWRs). In these 30 years, the Japanese nuclear
industries have reached the stage of self-sufficiency,
except for special components and software. A total of
32 commercial power reactors now are in operation with
a total capacity of about 25 000 MWe. This represents
about 16% of the total electric power station generating
capacity at present. Nuclear power plants supplied 26%
of the electricity and about 8% of the total energy con-
sumed in Japan in fiscal year 1985 (April 1985 to March
1986).

Plans call for growth

After the two oil crises in the 1970's, the utmost
effort has been made in Japan to lower energy consump-
tion and to develop alternative energy sources to assure
the future supply of energy, which is considered to be
unpredictable since it depends on the world economic
and political situation. According to the Government's
energy supply projections, nuclear power, mainly elec-
tric, is expected to reach a total capacity of 48 000 MWe
by 1995. It is then expected to generate 285 terawatt-
hours per annum, which will be 35 % of the total elec-
tricity generated.

In the early stage of LWR operations in Japan, many
plants suffered from serious technical troubles. These
included stress corrosion cracking of the pipes in the
primary cooling circuit and heat stress cracking of the
water supply spargers (perforated-pipe distributors) in
BWRs; and leaks in the radiator pipes in the steam

A part of Tokyo Electric Power Company's Fukushima No. 1 nuclear power station. (Credit: Japan AEC)
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Cascade centrifuge of the uranium enrichment pilot plant in Japan.
(Credit: Japan AEC).

generator and stress corrosion cracking of the control
rod support pins in PWRs.

The average load factor of Japan's nuclear plants fell
to about 40% between 1975 and 1977. But thereafter, as
a result of countermeasures such as replacement of
detective components, changes in materials, improve-
ments in welding methods, quality control of water, and
inspection technologies, among others, plant reliability
has seen a resurgence. The average load factor has
reached 70% in the last three years (76% in fiscal year
1985).

In 1979, the accident at Three Mile Island showed the
importance of human factors in nuclear safety. We also
learned that the interface between man and machine and
operational management are important.

Japan recognizes the importance of information
exchange related to incidents or accidents in nuclear
facilities. Japanese utilities have an information
exchange programme with the US Institute of Nuclear
Power Operations (INPO). Japan is also participating in
the Incident Reporting System (IRS) of the Nuclear
Energy Agency of the Organisation for Economic Co-
operation and Development.

Improving light-water reactors

Since the LWR period is considered to be longer than
had been foreseen, improvement of the LWR enjoys
greater priority than before in Japan. Following are the
major objectives at present:

• Lowering construction costs. The price of coal,
mainly imported, has fallen, so the economic advantage
of nuclear over coal-fired power generation has eroded.

Because fossil-fuel prices are predicted to rise in the
long run, it is felt that nuclear power will be able to
retain its economic superiority.

In the case of nuclear power generation, the capital
costs share 70% of the generation costs; therefore the
reduction of construction costs is a key issue for the
improvement of economic performance. Efforts have
been made, therefore, to reduce the construction costs
through.the following means: (1) standardization and
improvement of plant designs; (2) shortening of the con-
struction period; (3) improvement of procurement
methods; and (4) scale-up of plant capacity.

• Shortening of routine inspection period. Presently,
a 1100-MW class power plant requires about 90 days to
complete routine inspections. The inspection period will
be reduced by the use of automated remote-control
instruments for the inspection work and the streamlining
of the inspection process. The goal of the routine inspec-
tion period is 60 to 70 days for existing plants and 45 to
60 days for newly designed plants.

• Extension of annual operating cycle. The annual
operating cycle of existing plans has been extended from
9 to 12 months; studies are being carried out to extend
this period to between 15 and 18 months through, an
increase in the fuel burnup by the introduction of high-
performance fuel and an improvement in its reliability.
Based on these measures, an improvement of the aver-
age load factor to between 80% and 85% is expected.

• Improvement in fuel. Due to improvements of fuel
design, fabrication, and operational management fuel-
rod damage has been reduced to one fuel rod out of
every 100 000. The zirconium, internal-lining fuel will
be used for the further reduction of the damage and the
improvement of load following operation. The increase
in the number of water rods, or the use of large diameter
water rods, also is planned to raise the fuel burning
efficiency.

• Other objectives. From the economic point of view,
it is also important to increase the total electricity

japan's commercial nuclear power plants

Power generation
Number capacity

(MWe)

Operating

Gas-cooled reactor 1
Boiling-water reactor 16
Pressurized-water reactor 15

Total 32

Current and future installation

Boiling-water reactor . 8
Pressurized-water reactor 8

Total 16

170
12 910
11 440
24 520

8 240
7 930
16 170

Source: Japan AEC
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production throughout the plant's lifetime. Therefore,
technologies for prediction and extension of plant life-
time should be developed.

Nuclear safety

In every facet of the development of nuclear energy,
the top priority has been placed on the assurance of
safety. This policy is clearly stated in the Atomic Energy
Basic Law. Safety has been assured basically through
these six main ways: (1) nuclear facility safety mea-
sures; (2) an environmental monitoring system for early
detection of abnormal radiation increase; (3) extensive
research and testing for safety assurance; (4) training of
personnel; (5) a regulatory system administered by the
central and local governments; and (6) safety awareness
of management and operators.

To strengthen the regulatory system, the Nuclear
Safety Commission was established in 1978. It was sepa-
rated from the Atomic Energy Commission and is quite
independent from other government organizations
engaged in the promotion of the development of nuclear
energy. The experience in Japan has shown an excellent
safety record, and there has not been a single case in
which the public has experienced danger from the radia-
tion of nuclear facilities. Whenever any major nuclear
accident has occurred abroad, the Nuclear Safety Com-
mission has immediately established a study committee
to use the experience of the accident to improve the
safety system in Japan.

Chernobyl response

The recent Chernobyl nuclear power plant accident
shocked the Japanese people. A few days after the acci-
dent, radioactive fallout was detected by monitoring sys-
tems in Japan. Because the level of the radioactivity was
so low, there were no harmful effects to human health
or to the environment. The accident reminded us,
however, that a reactor accident may have global
environmental implications.

Because of the difference in reactor types, the
Japanese regulatory authorities considered that no
immediate action was necesaary for safety plant opera-
tion in Japan. For long-term action, the special commit-
tee for investigating the Chernobyl nuclear accident was
set up under the Nuclear Safety Commission. This spe-
cial committee now is investigating the report which was
made by the Soviet Union and submitted to IAEA.

Japan basically agrees with the conclusions of the
Tokyo Summit Meeting (May 1986) and the IAEA
Experts' Meeting (August 1986) concerning interna-
tional co-operation for improving nuclear safety through
IAEA activities. But in the respect of budget and man-
power, more discussions are needed.

Nuclear fuel cycle

It is important to assure the stable supply of nuclear
fuel, as well as to further improve the reliability and cost
performance of reactors. (See the accompanying table

Japan's natural uranium demand
and future prospects

Fiscal year 1984 1985 1990

Nuclear power
capacity
(MWe)

Uranium
demand*

Annual

Cumulative

21 000

6 400

55 000

25 000

5 900

61 000

33 000

11 000

100 000

* Expressed in short tons U3O3. One short ton U3OB equals 0.7693 metric tonnes
uranium.

for current demands and prospects to 1990.) The ura-
nium necessary for operation has been secured from
abroad through long-term contracts and is secured until
the late 1990s. Furthermore, to keep supply stable for as
long as possible, the Power Reactor and Nuclear Fuel
Development Corporation (PNC) and private enterprises
have been engaged in surveying for uranium deposits
abroad.

Contracts for uranium enrichment services were
signed between Japanese utilities and the United States
and Eurodif. Development of domestic enrichment tech-
nology is underway. A pilot plant using the centrifuge
process was constructed and has been operated success-
fully for several years. An enlarged plant is under con-
struction by the PNC. Another large plant, expected to
be commercially operated, will be constructed by pri-
vate enterprise, based on an improved design developed
by the PNC.

Reprocessing

In order to utilize imported uranium to the fullest
extent, it has been the national policy to reprocess spent
fuel and to use the recovered plutonium and uranium as
reactor fuel.

Although the related basic research was carried out at
JAERI, reprocessing technology was introduced from
France to accelerate the programme towards a commer-
cial scale. Japan's first reprocessing plant with a capa-
city to treat 0.7 tons per day was built in Tokai-mura and
started trial operation in 1977. Through the end of 1985,
a total of 253 tons of spent fuel had been reprocessed.

To meet increasing demands for reprocessing, a pri-
vate enterprise was established, aiming to construct a
commercial-scale plant. It is planned to build a plant
capable of processing 800 tons per year on the northern
part of Honshu, the main Japanese island. It is scheduled
to start operation in 1995.

Development of advanced power reactors

In the long run, advanced reactors will play a major
role in power generation. An experimental 100-MW
(thermal) fast-breeder reactor (FBR) named "Joyo"
was constructed and has been successfully operated by
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In Tokyo on 29 October, Japan's Prime Minister Yasuhiro Nakasone (right), Minister of State Mr Mitsubayashi (left), and IAEA Director General
Blix met to discuss international co-operation and the peaceful development of nuclear energy. During talks, Mr Nakasone personally assured
Dr Blix of his country's support for the Agency's work, particularly the expanded nuclear safety programme developed in response to the
Chernobyl accident. They also discussed Japan's co-operation in safeguards measures and technical assistance programmes. Dr Blix visited
Japan in connection with the country's 30th anniversary of its peaceful development of nuclear energy. In a speech in Tokyo on 31 October
to help mark the occasion, Dr Blix commended Japan for its achievements and long-standing support of international co-operation in the field.
He specifically cited the country's "excellent results" in improving the operating performance of its nuclear power plants since 1980 and the
importance the Government places on safety. (Credit: Japan, Office of Prime Minister)

the PNC. Another FBR of 280 MWe capacity called
"Monju" is under construction. It is scheduled to go
critical in 1992.

A new type of reactor, called the advanced thermal
reactor (ATR), which is moderated by heavy water and
cooled by light water, was developed as a national
project and constructed by the PNC. The reactor is envi-
sioned to use plutonium, as well as depleted uranium, as
fuel. A 165-MWe ATR named "Fugen" was con-
structed by the PNC. Since it started operation in 1979,
it has been operating successfully.

Based on the experience of Fugen, a larger ATR with
a capacity of 600 MWe was designed and will be con-
structed in the northern part of Japan. The aim is to start
operation early in the 1990s.

Since the development of commercial FBRs is behind
schedule in Japan and elsewhere in the world, it is
national policy to recycle accumulated plutonium into
other types of reactors as much as possible. To this end,
two projects are being developed. One is to recycle
accumulated plutonium in the ATR, and the other in
light-water reactors.
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Forthcoming IAEA conferences
Date

1987

30 March-
3 April

11-15 May

29 June-
3 July

31 August-
4 September

28 September-
2 October

19-23 October

1987

2-6 March

30 March-
3 April

22-26 June

13-17 July

28 September-
2 October

Subject

IAEA/UNESCO International Symposium on the Use of
Isotope Techniques in Water Resources Development

IAEA/NEA International Symposium on the Back-End
of the Nuclear Fuel Cycle — Strategies and Options

International Symposium on Safety Aspects of the Ageing
and Maintenance of Nuclear Power Plants

International Symposium on Dosimetry in Radiotherapy

International Conference on Nuclear Power Performance
and Safety

International Symposium on the Utilization of Multi-Purpose
Research Reactors and Related International Co-operation

• • •

Place

Vienna

Vienna

Vienna

Vienna

Vienna

Grenoble
France

...and seminars
FAO/IAEA Seminar for Latin America for Improving the
Reproductive Efficiency and Health of Livestock through
Radioimmunoassay and Related Techniques

Seminar on Operational Safety Experience in
Two-Loop Pressurized Water Reactors

Seminar on the Application of Computer Technology to
Radiation Protection

Seminar for Asia and the Pacific on Calibration Procedures
in Secondary Standard Dosimetry Laboratories (SSDLs)

Seminar for Latin America on the Application of
Isotope Techniques in Hydrology

Caracas •

Krsko
Yugoslavia

Bled
Yugoslavia

Kuala
Lumpur

Mexico City

Further information on these meetings can be obtained from the IAEA Conference Service Section,
P.O. Box 100, A-1400 Vienna, or the appropriate body in each Member State: the authority respon-
sible for nuclear matters, or the Ministry of Foreign Affairs as the case may be. A comprehensive
worldwide list of conferences, exhibitions, and training courses appears regularly in the IAEA's
quarterly publication Meetings on Atomic Energy. See the Keep Abreast section for information on how
to order this and other Agency publications.
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