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ABSTRACT

Countries in this part of the world are engaged in many aspects of nuclear science and
technology, often as part of a national development plan. A number of them are members of the
Regional Cooperative Agreement (RCA) for Research, Development and Training Related to
Nuclear Science and Technology which was developed under the auspices of the International
Atomic Energy Agency to provide a basis for nuclear technical assistance and cooperation in the
Asia and Pacific region.

In contrast to North America and most of western Europe, where growth in installed nuclear
generating capacity has ceased, a number of regional countries are planning, ordering and
building new power reactors to meet their increasing demands for electricity. Msjor fuel cycle
facilities, such as commercial enrichment and reprocessing plants in Japan, are also being
developed. This report describes nuclear developments from power and research reactors to
reprocessing facilities in countries of the Asia and Pacific region listed in alphabetical order.

The information was gathered from a range of sources, including relevant journals, publications
of the International Atomic Energy Agency (IAEA), the OECD/Nuclear Energy Agency (NEA),
and annual reports of national nuclear institutes.
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1. ABBREVIATIONS

AB WR Advanced Boiling Water Reactor
APWR Advanced Pressurised Water Reactor
ATR Advanced Thermal Reactor
B WR Boiling Water Reactor
CMOP Commercial Operation
FBR Fast Breeder Reactor
HM Heavy Metal
HTR High Temperature Reactor
HWR Heavy Water Reactor
IAEA International Atomic Energy Agency
kW kilowatt (one thousand watts)
LMFBR Liquid Metal Fast Breeder Reactor
LWR Light Water Reactor
MOX Mixed uranium-plutonium oxide
MW Megawatt (one million watts)
MWe Megawatt electrical
MWt Megawatt thermal
OECD Organisation for Economic Co-operation and Development
PHWR Pressurised Heavy Water Reactor
PWR Pressurised Water Reactor
SWU Separative Work Unit
t tonnes
WER Pressurised water reactor of Soviet design
WHO World Health Organisation
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2. AUSTRALIA*

2.1 Nuclear Power

Plans in the 1960s for a nuclear power reactor lapsed in 1971 and nuclear power is not currently
considered a viable option in Australia.

2.2 Research Reactors

Two research reactors are operated by the Australian Nuclear Science and Technology
Organisation at the Lucas Heights Research Laboratories near Sydney NSW:

• HIFAR is a heavy water moderated and cooled reactor which achieved initial criticality in
1958 and reached full power (10MW) for the first time in 1960. Radioisotopes are produced
for medical, scientific, industrial and agricultural use. The reactor is used for material studies
including neutron scattering, ore analysis, and neutron activation analysis. It is also used for
neutron transmutation doping (NTD) of silicon.

• MOATA is a 100 kW graphite moderated, light water cooled reactor which has operated since
1961. It has been used for nuclear physics research, safety studies, uranium ore analysis,
neutron radiography and neutron therapy studies.

23 Uranium Resources/Production

Australia has the largest resources of uranium in the Western World. The Reasonably Assured
Resources (reserves) recoverable at less than USS80 per kilogram of uranium were 462,000t U at
31 December 1992. Those recoverable at between USS80-130 per kilogram of uranium were
55,000t U. Australia's major uranium deposits are given in Table 1. They are located in the
Alligator Rivers Region of the Northern Territory, South Australia and several localities in
Western Australia and Queensland. No significant deposits of uranium are known to exist in the
remaining States, although the geology of certain parts of New South Wales holds promise of
uranium occurrence.

In 1992, Australia produced 2,334t U, a 38% decrease in production from 1991, due to reduced
output at the Ranger mine. The amount of uranium exported during 1992 was similaiiy lower -
2,512 tonnes U, down from 4,247 tonnes U in 1991. In October 1992, the owners of Ranger,
Energy Resources of Australia (ERA) announced a live year contract to purchase uranium from
Kazakhstan in the former USSR to fulfill some long-term US contracts.

It is the policy of the Australian Government to allow mining only from the Nabarlek, Ranger
and Olympic Dam mines. Nabarlek was mined during 1979 and ore-processing ceased in 1988.
The production capacity of the Ranger mill is 3,200t U/year. Under their agreement with the
Australian Government the owners are entitled to increase this to 5,100t U when it is
commercially practicable to do so. Production at Ranger in 1992 was l,145t U. Production at
the Olympic Dam mine, the world's largest combined deposit of uranium, copper, gold and
silver, began in 1988 and.in 1992, l,189t U were produced.

• Regional Cooperative Agreement (RCA) member country
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TABLE 1. Australia's Major Uranium Deposits

Name

Ben Lomond
Beveriey
Honeymoon
Jabiluka
Kintyre
Koongaira

Lake Way
Olympic Dam
Ranger
Yeelirrie

State

Qld
SA
SA
NT
WA
NT

WA
SA
NT
WA

Company

Cogema
General Atomics
MIM Holdings
ERA
Canning Resources
Cogema(70%)/
Denison Aust (30%)
Asarco Gold
Western Mining Corp.
ERA
Western Mining (90%)/
Urangesellschaft (10%)

Tonnes U*

4000
9830
2880

153900
30500
11270

3050
305000
70000
44100

* Proved and probable in-situ company announced resources

2.4 Enrichment

Research into the centrifuge enrichment of uranium and into the development of centrifuge
machines was terminated in 1983. The technology thus developed was applied until 1986 to the
development of safeguards techniques for enrichment plants under a bilateral assistance program
to the IAEA. Presently a limited program in molecular laser isotope separation is being
undertaken in order to maintain expertise and knowledge of international developments.

2-5 Waste Management

A non-radioactive demonstration plant for waste solidification has been constructed at the Lucas
Heights Research Laboratories. It has been operating since 1988 to demonstrate SYNROC, the
Australian method for immobilising high level radioactive waste. An industrial feasibility
program has been set up by four Australian companies in collaboration with the Australian
Nuclear Science and Technology Organisation (Ansto) to investigate commercial opportunities
for SYNROC internationally.

The Alligator Rivers Analogue Project (ARAP), an international project sponsored by the
Nuclear Energy Agency and managed by Ansto to study the migration of radionuclides from the
Koongarra uranium ore body in the Northern Territory, began in 1987 and was extended until
1992. The study provided important guidance on the possible migration of material from high
level radioactive waste repositories to the surrounding environment.

2.6 Other

Australia's safeguards policy requires that a country purchasing uranium concludes a bilateral
safeguards agreement, as well as being a pany to the Treaty on the Non-Proliferation of Nuclear
Weapons (NPT) in the case of non-nuclear weapons states. Fourteen agreements covering 23
countries are in place. In the region Australia has three such agreements for co-operation in the
peaceful uses of nuclear energy and transfer of nuclear material - with Japan (1982), with the
Republic of Korea (1979) and with the Philippines (1982).
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3. BANGLADESH*

3.1 Nuclear Power

Bangladesh, then East Pakistan, first began planning the introduction of nuclear power in the
early 1960s. Since that time negotiations to purchase a nuclear power plant have failed on
several occasions due to lack of finance. A site for the country's first nuclear power plant has
been selected at Roopur and discussioas with various reactor vendors on the supply of a small
power reactor (300 to 400 MWe) have been reported from time to time, most recently with China
in 1992.

3.2 Research Reactors

The Bangladesh Atomic Energy Commission, formally constituted in February 1973, operates a 3
MWt Triga Mk II research reactor, supplied by the United States, at its Savar Research
Establishment near Dhaka.

4. CHINA, PEOPLE'S REPUBLIC OF (PRO*

4.1 General

China's nuclear industry was initially created in the 1950s for defence purposes and is believed to
include a gaseous diffusion enrichment plant, up to seventeen dedicated (plutonium producing)
reactors based on Soviet design (each around 200 MWt), a small reprocessing facility, a number
of research reactors, an embryo nuclear submarine program and a large number of highly trained
nuclear engineers and technologists. In October 1964, China conducted its first successful nuclear
weapons test. In 1971, the first indigenously designed and built nuclear submarine was launched.
It is only since about 1980, when nuclear power was first included in its energy policy, that the
country has been actively seeking nuclear trade and co-operation and has been brought into the
main stream of international developments.

In September 1988, to facilitate and coordinate the transition of the nuclear industry from its
defence role to serving the economy, the China National Nuclear Corporation (CNNQ was
established. It has over 200 enterprises and institutions with a total staff of 300,000, of whom
70,000 are scientists and engineers. This conglomerate, which replaced the Ministry of Nuclear
Industry, is responsible for every aspect of the nuclear industry - all nuclear research and
development, construction and operation of nuclear power plants, exploration and mining of
radioactive minerals, the whole nuclear fuel cycle, radioisotope production, radiation protection,
education and training as well as economic and technical cooperation and trade with other
countries. The last role, which includes the export of natural and enriched uranium products, is
carried out by the China Nuclear Energy Industry Corporation.

4.2 Nuclear Power

Coal is the main energy resource in China but most reserves are located in the northern and
northwestern parts of the country, distant from the sources of demand on the coast. Faced with
the prospect of serious power shortages that could threaten development, China planned to import
five nuclear power stations by the year 2000, each with twin 1000 MWe reactors. In 1987,
construction began on the first station, two French 900 MWe PWRs at Daya Bay in Guangdong

Regional Cooperative Agreemcm (RCA) member country
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Province. Fuel was recently loaded into Unit 1 and initial criticality is expected shortly. The
reactor is scheduled to be connected to the grid by the end of 1993. Unit 2 is to begin operating
in 1994. Seventy per cent of the electricity generated by the station will be supplied to Hong
Kong Electricity demand in Guangdong is increasingly rapidly, with present demand reportedly
exceeding supply by at least 30 per cent. Further large reactors are planned for the Province and
negotiations with foreign companies for their supply have begun. Daya Bay and a site near
Yangjiang are seen as possible locations. Contenders for the supply of Guangdong's second
nuclear power station include Westinghouse, which has had discussions with Chinese authorities
on the sale of an advanced 1000 MWe PWR, and Mitsubishi Heavy Industries of Japan. In 1991,
Framatome, the French reactor supplier for Daya Bay, presented proposals for 900 MWe PWRs
but its prospects have reportedly been adversely affected by the French Government's approval of
the sale of Mirage jets to Taiwan in 1992.

In early 1986, constrained by limited foreign exchange, China decided to p'ace greater emphasis
on self reliance by constructing 300 MWe and 600 MWe PWRs of indigmous design, based on
submarine reactor technology, with only specialised imported components. The first 300 MWe
PWR has been built at Qinshan near Shanghai. About 70% of the equipment was fabricated in
China but some major components, such as the pressure vessel which was supplied by
Mitsubishi, were imported. Qinshan 1 was connected to the grid in December 1991 and reached
full power in in July 1992. The reactor was declared in commercial operation in May 1993.
Detailed design work and site preparations have begun for two 600 MWe PWRs planned to be
built nearby in the later half of the 1990s.

In November 1989, China agreed to supply a 300 MWe PWR, an improved version of Qinshan 1,
and its enriched uranium fuel to Pakistan. The main supply contract was signed in Beijing on
December 31,1991 and two subsidiary contracts in February 1992. In accordance with the terms
of a nuclear cooperation agreement that the two countries have had since 1986, the reactor, to be
built at Chashma, will come under international safeguards. In September 1992, China and Iran
announced an agreement for China to supply a 300 MWe PWR, similar to Qinshin.

A third nuclear power station is planned for Liaoning Province in the Northeast, possibly on the
coast near Jinzhou. The Province has been conducting site selection work. After lengthy
negotiations, a letter of intent for two 1000 MWe PWRs (VVERs) was signed with the then
USSR in 1990. The agreement involved counter-trade, rather than a hard currency purchase. In
December 1992, China and Russia signed a number of cooperation agreements, including the
Governmental Agreement on Nuclear Power Cooperation. Under this agreement, Russia is to
provide China with $2.5 billion in credits for the construction of the the Liaoning Nuclear Power
Station. Russian organisations are to supply the design, equipment, initial fuel supply and
engineering consulting services for the two VVER-91 reactors but the spent fuel will remain in
China. China will repay the loan with goods and services. Commercial contracts have yet to be
agreed and signed.

Five other Chinese provinces, including the southern island of Hainan, are also planning nuclear
power plants and have begun site selection programs. For new nuclear projects, the CNNC is
seeking possible foreign investment and joint venture projects. It aims to install up to 6,000
MWe of nuclear capacity by the end of the century.

Other nuclear plans include district heating reactors and units to provide heat for industrial
processes. The Institute of Nuclear Energy Technology (INET) at Tsinghua University has been
carrying out research and development on district heating reactors since 1982. An indigenously-
developed 5 MWt test heating reactor began operating there in 1989. Construction of a 200 MWt
demonstration nuclear heating reactor at Changchun in Jilin Province is now planned.
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Preliminary estimates claim that nuclear heating costs would be 20% cheaper than coal-fired. As
it would also reduce urban pollution and free coal stocks and transport facilities, China has a
large potential market for nuclear district heating. China is also in the early stages of developing
fast breeder reactor technology and plans to construct a 65 MWt pool-type sodium-cooled
experimental fast reactor.

4.3 Research Reactors

The China National Nuclear Corporation owns fifteen research organizations and six research and
design institutes. Two of the most important are the multi-disciplinary Institute of Atomic Energy
(IAE) established in Beijing in 1950 and the Southwest Institute of Reactor Engineering Research
and Design (IRERD) at Chengdu, Sichuan Province. There are believed to be at least thirteen
research reactors in operation (Appendix II). A 27 kW miniature neutron source reactor, supplied
by China, has been built in Pakistan and agreements are in place for the supply of a similar
reactor to Syria and to Ghana. China is also constructing a 15 MWt heavy water research reactor
in Algeria.

4.4 Heavy Water

China possesses a heavy water production capability. Some output has been offered for sale on
the international market. Sales contracts with Japan were signed in 1980 and 1981 for 2 tonnes
and 1 tonne respectively of heavy water for the Fugen prototype reactor. Argentina was also
reportedly supplied with heavy water in the early 1980s. Ansto purchased 275 kg in 1992.

4.5 Uranium Resources/Production

Uranium has been mined since the 1950s. Until recently, no official statistics had been published
although China was believed to possess relatively large uranium resources. Resources of
approximately 50,000 tonnes U have now been reported but no information on their
recoverability was given. There appears to be a large number of small deposits. The main
deposits are in the southern provinces of Hunan, Jiangxi and Guangdong and in the Qinlong
district of Hebei province in the north. Speculative resources have been estimated at 1.77 million
tonnes U, of which 1 million tonnes U are located in the west. Exploration programs are
continuing.

China's first uranium mill was completed in the early 1960s at Hengyang, Hunan province. Its
capacity is over 1.000 tonnes U/year. Estimates of total production capability range from over
2,000 to 4,000 tonnes U/year. A Chinese official was quoted in 1987 as saying that the uranium
industry was then producing 1000 tonnes U/year. The IAEA estimated China's 1990 uranium
production as 500 tonnes U. Other sources believe that China's uranium production has remained
constant at 1,200 tonnes U/year. Several small supply contracts have been signed with
companies in Europe, Japan and the USA. In 1992, for example, the Tokyo Electric Power
Company contracted to buy 38 tonnes U a year from 1993 to 1997.

4.6 Enrichment

China is known to have built enrichment facilities for its military program. Late in 1989 it was
announced that production of enriched uranium for military purposes had ceased and that all
enrichment capacity was for commercial uses. One recent estimate of the total enrichment
capacity has been 500,000 SWU/year while another puts the figure at 700-800,000 SWU/year.
One gaseous diffusion enrichment plant, with an estimated capacity of 200,000 SWU/year, is
known to be operating at Lanzhou (Lanchow) in Gansu province. Construction of the Lanzhou
enrichment plant began in 1958 and was completed in 1962. Reports of a second, larger gaseous
diffusion plant have not been confirmed. China has a great need to increase its foreign currency



earnings from the West and has succeeded with some long term supply contracts (notably with
Finland) and some spot sales of enrichment services. It has been reported that the first deliveries
of enriched uranium were slightly contaminated with U-234 and U-236 (from the re-enrichment
of reprocessed uranium) but subsequent deliveries are said to have been of high quality. The
Bureau of Nuclear Fuel of the CNNC is undertaking research work on gas centrifuge and laser
enrichment techniques.

4.7 Fuel Fabrication

Construction of fuel fabrication plants began in the late 1950s and different types of fuel elements
have been manufactured for the various research reactors and for the power reactors of the
nuclear submarines. The capacity of the Yibin Fuel Manufacturing Plant near Chengdu in
Sichuan province is being expanded to fabricate PWR fuel assemblies for the nuclear power
program. Trial production of the fuel assemblies for Qinshan began in 1987 and the first
commercial reactor fuel for Qinshan was fabricated in 1990. The plant's PWR fuel
manufacturing capacity is planned to be 150 tonnes of heavy metal by 1995. An agreement was
signed in May 1991 between Fragema and the CNNC to allow the transfer of PWR fuel
technology. Reload fuel for the Framatome PWRs under construction will also be fabricated at
the Yibin plant

4.8 Reprocessing

The development of a nuclear weapons capability has included reprocessing technology. One or
two military reprocessing facilities of unknown capacity and location are believed to have
commenced operation in the early 1970s. A pilot Pure* reprocessing plant is in operation at the
Lanzhou Nuclear Fuel Complex and a second pilot plant is being built for operation in 1998.
China plans to build a commercial LWR fuel reprocessing plant, with a processing capacity of
400 tonnes/year, around the year 2010. A Genual Spent Fuel Storage Facility is to be built at
Lanzhou.

4.9 Waste Management

Low and medium-level radioactive wastes are stored in repositories. Compaction, incineration
and shallow land burial according to waste type are planned. Research and development is being
conducted on waste vitrification before an industrial scale facility is constructed to vitrify high-
level reprocessing wastes. Research is being carried out in collaboration with German
organisations on the German liquid-fed ceramic melter process used at the Pamela pilot plant at
Mol in Belgium. The vitrified wastes will be stored for fifty years before deep underground
disposal. Site investigations are being carried out. Suggested likely sites are in Zhejiang
province, where the Qinshan nuclear power station is located, and hi the Northwest, where the
country's nuclear weapons tests are conducted. In 1984, China made an offer to Western
countries to store irradiated fuel in a repository to be located in the Gobi desert. German utilities
were interested but safeguards issues were not resolved and the offer was withdrawn.

4.10 Other

On March 9,1992, China became the fourth official weapons state to accede to the Treaty on the
Non-Proliferation of Nuclear Weapons (NPT) when its Prime Minister deposited the articles of
accession with the UK Government. Although not an NPT party when it joined the International
Atomic Energy Agency in 1984, China announced its voluntary adherence to IAEA safeguards.
A safeguards agreement with the IAEA setting out the legal basis for the application of
safeguards at some civilian nuclear facilities was concluded in 1988.



-9-

China has bilateral nuclear cooperation agreements with many countries, including Argentina,
Belgium, Brazil, the Federal Republic of Germany, Finland, France, Italy, Japan, Pakistan,
Switzerland, the United Kingdom and the United States. A moratorium on efforts to implement
the 1985 US bilateral agreement was imposed in 1989. In 1990, the Japan Atomic Industrial
Forum and the China National Nuclear Corporation agreed on nuclear cooperation in four areas -
power reactor design and development, radioactive waste disposal, nuclear medicine and
environmental protection.

On 29 June 1991, Ansto and the CNNC signed a Memorandum of Understanding on cooperation
in the peaceful uses of nuclear energy. This cooperation involves exchanges of information and
personnel and joint research programs. In March 1992, Ansto and CNNC agreed to carry out
three specific projects:

• investigation and development of Synroc

• accelerator mass spectrometry

• radioisotope and radiopharmaceutical research and development.

5. DEMOCRATIC PEOPLE'S REPUBLIC OF KOREA (DPRK)

5.1 Nuclear Power

After years of speculation and conflicting reports, some details of North Korea's nuclear program
were revealed in May 1992, after the country ratified its Safeguards Agreement with the
International Atomic Energy Agency (IAEA) and allowed visitors from the Agency. A 5 MWe
experimental power reactor is in operation and a 50 MWe power plant under construction at
Yongbyon, 90 km north of the capital Pyongyang. A 200 MWe power reactor is being built at
Taechon. They are described as being indigenously designed, with the natural uranium fuel and
the graphite moderator also being indigenous. They are reportedly similar to the British Magnox
gas-cooled reactors. Three 635 MWe LWRs are planned and FBRs are to be introduced
eventually. Uranium ore concentration plants are located at Pakchon and Pyongsan and a fuel
fabrication plant at Yongbyon.

A 1985 Intergovernmental Agreement between the USSR and the DPRK provided for Soviet
technical assistance to the DPRK in the construction of a nuclear power station of four WER-
440s (440 MWe, PWRs). In 1990, the USSR reported that site selection works were being
undertaken. A suggested site for this station, near Sinpo on the east coast, could be used for the
planned LWRs.

5.2 Research Reactors

A Soviet-supplied ERT research reactor has been in operatirn at Pyongyang since 1965. Its power
was increased to 8 MW in the 1980s.

5.3 Reprocessing

North Korea has acknowledged that it has separated small quantities of plutonium at Yongbyon.
After inspecting the laboratory-scale "radiochemical" (reprocessing) facility in May 1992, the
IAEA Director General reported that, when completed, the facility would be capable of
separating significant quantities. The United States has alleged that further, unacknowledged,
reprocessing has taken place in North Korea. The DPRK maintains that the ability to reprocess
spent nuclear fuel is being developed and tested to recover uranium and obtain plutonium for
eventual use in an FBR or in mixed oxide fuel.
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5.4 Other

In 1991, tensions between North and South Korea began easing a little and the South announced
that there were now no nuclear weapons on its soil. Also, North and South Korea signed an
agreement which provided for separate, mutual inspections of each other's nuclear facilities. A
Joint Nuclear Control Commission was established but it had not been able to agree on a specific
inspection plan. Under their bilateral agreement, both Koreas agreed not to possess reprocessing
or enrichment facilities. These moves, and suggestions of possible aid from western countries,
prompted the DPRK, which had signed the Nuclear Nonproliferation Treaty (NPT) in 1985, to
finally conclude a Safeguards Agreement with the IAEA on 30 January 1992. This was ratified
by its Supreme People's Congress and entered into force on April 10,1992.

To verify the list of its nuclear facilities and the inventory of its nuclear materials that the DPRK
submitted to it, pursuant to the Safeguards Agreement, the IAEA conducted several safeguards
inspections in 1992. Isotopic analysis of samples obtained of plutonium and of reprocessing high
level waste revealed a history of plutonium production more extensive than that declared by
North Korea. The IAEA sought clarification of the significant inconsistencies and, during its sixth
inspection mission in February 1993, requested access to two non-declared sites at the Yongbyon
nuclear complex. These had been identified by western intelligence as connected with
reprocessing. Refusing access, North Korea claimed these were conventional military faculties
and linked the IAEA's request to the military exercises that South Korea and the United States
were then conducting. The IAEA, for the first time, requested a special inspection and, at the end
of February, gave North Korea one month to comply with its demands.

On March 12, North Korea announced its withdrawal from the NPT. Unless retracted, such a
withdrawal will take effect in 90 days. North Korea declared that the special inspections, which it
described as dictated to the IAEA by the United States and a misuse by the IAEA of alleged
intelligence information, and the "Team Spirit" joint US-South Korea military exercises, were a
threat to its national sovereignty and security. The United States, Japan and South Korea urged
the DPRK to retract its decision while China, the DPRK's only ally, expressed its opposition to
any imposition of UN sanctions. A meeting of the IAEA Board of Governors, consisting of 35
Member States, held on 31 March -1 April found that the DPRK was in non-compliance with its
obligations under its Safeguards Agreement and requested the Director General to report the
finding to the UN Security Council.

After extensive bilateral negotiations with the United States, North Korea announced on 11 June
that it would "suspend" its withdrawal from the NPT. This suspension means the relevant
comprehensive safeguards agreement with the IAEA is still in force. The issue of the IAEA
conducting special investigations at the two suspected nuclear waste sites remains unresolved.

6. INDIA*

India's strategy has been to gain complete independence in the nuclear fuel cycle from the initial
stages of uranium exploration, mining, extraction and conversion, through fuel fabrication, heavy
water production, and reactors, to reprocessing and waste management. In attaining this degree
of self-reliance, India has earned for itself a place amongst those countries most advanced in
atomic energy technology. India is now seeking export markets for its nuclear products and

Regional Cooperative Agreement (RCA) member country



- I I -

servicer.

6.1 Nuclear Power

Most of India's electricity is supplied by indigenous coal ("58%) and hydro power ("33%). Coal
resources are concentrated in the east and hydro potential in the north and north east Nuclear
power is seen as an important source of energy- diversity and of electricity supply, particularly in
regions remote from coal mines, such as the south which suffers chronic electricity shortages.
Nuclear power supplied 3.3% of India's electricity in 1992 and plans call for this to increase to
10% by the end of the decade.

India's long-term nuclear strategy consists of three phases designed to utilise the country's
abundant thorium resources. The current stage uses natural uranium fuelled reactors. The next
stage will use fast breeder reactors fuelled by plutonium recovered from the spent fuel of the first
generation reactors and the final phase will use thorium-uranium fuelled reactors.

Apart from two early US-supplied boiling water reactors (BWRs) at Tarapur, India's nuclear
power program consists of pressurized heavy water reactors (PHWRs) of about 220 MWe based
on the Candu design and equipment initially imported from Canada. The first unit at the Madras
Atomic Power Station, Kalpakkam. which began commercial operation in January 1984, was the
first reactor of Indian design built without foreign assistance. Kakrapar 1, which was connected
to the grid in November 1992 and entered commercial operation in May 1993, was the fifth such
indigenously designed and built PHWR. Construction of the reactor, located near Surat in
Gujarat, began in 1983. A .500 MWe PKWR design has been developed and construction of the
first two such units, Tarapur 3 and 4, has begun. The reactors are not scheduled to be completed
before the year 2000 and progress will depend on the finances available. An Advanced Heavy
Water Reactor design concept using a heavy water moderator, boiling light water coolant and
thorium fuel is also being developed. The current status of India's nuclear power program is
shown in Appendix I.

For many years India had envisaged the commissioning of 10,000 MWe of nuclear power by the
end of the century but the program has experienced considerable delays, a major constraint being
lack of finance. At the end of 1987, the Nuclear Power Board (NPB) was converted into the
Nuclear Power Corporation (NPQ in order to finance and speed the implementation of the plan.
The NPC is responsible for designing, constructing and operating nuclear power stations and is
able to borrow funds from the public and financial institutions. In its most recent Annual Report,
the Department of Atomic Energy (DAE) now predicts an installed capacity of 6,050 MWe by
the year 2000. To achieve this would require completion of all the PHWRs presently under
construction and all those firmly planned. Lack of available finance makes this unlikely to be
achieved.

In 1988, India signed an agreement with the USSR for Soviet industry to construct two 1000
MWe VVER-1000 units (PWRs) in India on a turnkey basis. A site at Kudankulam, in southern
Tamil Nadu, was selected. With the changes in the former USSR, this proposal is in abeyance.
Five southern Indian states have agreed to supply part of the funding for 1,000 MWe of nuclear
capacity at the site and Indian officials have indicated that the replacement units would be 500
MWe PHWRs. Recently, it has been reported that the project may be further scaled back - tc
either one 500 MWe or two 220 MWe PHWRs.

Because India's uranium reserves are insufficient to support a large power program, great
importance is being placed on fast reactors and on the future use of thorium fuels. A project
report has been submitted to the Indian government on establishing a 500 MWe prototype fast
breeder reactor (PFBR) at Kalpakkam. Conceptual design work on the PFBR is reported to be
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well advanced. The reactor, which is planned to be commissioned by the year 2000, was to have
used mixed uranium-pluionium carbide fuel but is now expected to use conventional mixed oxide
fuel. The site already has a fast breeder test reactor (FBTR) which is to be connected to the grid.
Problems have so far meant it has failed to produce any electricity. These difficulties could delay
the prototype fast breeder plans. Plans had envisaged the introduction of commercial fast breeder
reactors of indigenous design in the early decades of the next century.

In 1992, for the first time, thorium fuel bundles have been loaded into the initial core of a PHWR.
Thorium, instead of depleted uranium, is being used to achieve power flattening in the core of the
200MWeKakraparl.

6.2 Research Reactors

India's leading nuclear research establishment, the Bhabha Atomic Research Centre (BARC), at
Trombay (near Bombay), operates several research reactors (Appendix II). Aspara, Cirus and
Dhruva are used for radioisotope production and research. Dhruva is the national facility for
neutron beam research. The Radiation Medical Centre of BARC is recognised by the World
Health Organisation (WHO) and the International Atomic Energy Agency (IAEA) as a regional
reference centre for South East Asia.

Liquid metal fast breeder technology is being developed at the Indira Gandhi Centre for Atomic
Research (IGCAR) at Kalpakkam, near Madras. The Variable Energy Cyclotron Centre
(Calcutta) provides facilities for advanced work in nuclear physics, nuclear chemistry, and
isotope production for medical, agricultural and industrial purposes. The Centre for Advanced
Technology at Indore conducts fusion and accelerator research.

6.3 Heavy Water

India's heavy water production facilities are shown in Table 3. In 1991, the Hazira plant was
completed and commissioned and trial production began at the Manuguru plant Several plants
are operated in conjunction with fertilizer plants. India has experienced problems in the
production of heavy water due to power shortages, reduced and interrupted availability of
ammonia synthesis gas and other inputs from the fertiliser plants, and interruptions in the supply
of steam. It has been importing heavy water, mainly from the former USSR. To meet the
additional demand for heavy water required by the expansion of the nuclear power program,
preliminary work has begun on four new heavy water projects. Sites have been identified but not
publicly announced.

6.4 Nuclear Fuel Resources

Known reserves of uranium are small. Reasonably Assured Resources (reserves) recoverable at
less than US$80 per kilogram of uranium are 41,000t U, as of January 1,1989. A further 6,000t
U are recoverable at USS80-130 per kg. In 1991, the DAE announced the discovery of a major
uranium deposit at Domiasiat, 140 km south west of Shillong in the northern state of Meghalaya.
No estimates of reserves have yet been published but it has been described as the largest and
richest deposit yet discovered.

India has only one uranium production centre - Jaduguda, Singbhum, Bihar, consisting of two
underground mines and a mill. It has been in operation since the 1960s. Construction has begun
on a second mill in the same district, at Turamdih, which will also be supplied by two
underground mines. India has one of the world's largest thorium resources, (more than 360,000t
Th) associated with monazite in beach sands at Kerala.
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TABLE 2. Heavy Water Production Facilities in India

Name

Nangal
Talcher
Baroda
Tuticorin
Kota
Thal-Vaishet
Hazira
Manuguru

Capacity
(t/year)

14
62
67
71

100
110
110
185

Process

Electrolysis/Distillation
Ammonia-hydrogen
Ammonia-hydrogen
Ammonia-hydrogen
H2S-water
Ammonia-hydrogen
Ammonia-hydrogen
H2S-water

Year

1962
1987
1980
1978
1987
1987
1991
1991

6.5 Conversion

A conversion plant (U308-U02) is operating at the Nuclear Fuel Complex (NFC) at Hyderabad.

6.6 Enrichment

A pilot enrichment facility, with 100 gas centrifuges, is operating at BARC, Trombay. A second
pilot centrifuge enrichment plant is reported to have begun operating near Mysore in Karaataka
state in mid-1990. Research and development work on laser enrichment processes is also being
undertaken. Fuel for the country's two BWRs at Tarapur is currently manufactured from
enriched UF6 supplied by France under an agreement due to expire in 1993. In September 1991,
France adopted a policy of requiring full-scope safeguards for the export of nuclear materials,
making future fuel supplies for Tarapur doubtful.

6.7 Fuel Fabrication

Since 1971, the Nuclear Fuel Complex has been the main fuel fabrication facility in India and
supplies the fabricated fuel and zircaloy components required for the country's nuclear power
program. The capacity of the fuel fabrication facility at NFC is believed to be 25t/year for BWR
fuel and 50t (although some sources state 250t) per year for PHWR fuel. The Phase-1 expansion
of the plant, currently being undertaken, will increase the PHWR fuel fabrication capacity to
350t/year. To meet India's revised expectations of installed MWe, the plant's capacity is to be
further expanded, to 660 t/year in 1994. Previous plans had envisaged an increase in fuel
fabrication capacity to a total capacity of 1500t of fabricated uranium fuel per year by 1995.

Some nuclear fuel is also produced at Trombay. The 135 t/year Trombay plant, as well as
producing fuel elements for India's research reactors, is used for research and development of
new fuels. The facility has successfully developed mixed natural uranium-plutonium oxide
(MOX) fuel for BWRs and mixed uranium-plutonium carbide fuel for the fast breeder reactor
program. Thorium oxide and thorium metal pellets have also been produced for irradiation
experiments. The Advanced Fuel Fabrication Facility at Tarapur, a pilot facility for the
production of mixed oxide fuel, began operating in 1990.

6.8 Reprocessing

Reprocessing of spent fuel began in India in 1964 with the commissioning of a 50t HM/year plant
at Trombay. Later the plant was shut down for modernisation and additions. It was
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recommissioned in 1983 and reprocesses fuel from research reactors. In 1991, the Atomic
Energy Commission announced its willingness to reprocess foreign spent research reactor fuel,
subject to IAEA safeguards and the return of the reprocessing waste to its country of origin.

The Department of Atomic Energy has a lOOt HM/year Power Reactor Fuel Reprocessing Plant
(Prefre) at Tarapur. Construction of a third reprocessing plant, at Kalpakkam, is nearing
completion.

6.9 Waste Management

A Waste Immobilization Plant (WIP) to vitrify the highly radioactive waste from the reprocessing
plant is in operation at Tarapur. A second such plant is located at Trombay.

6.10 Other

India has been a member of the International Atomic Energy Agency (IAEA) since its
establishment in 1957. As well as its nuclear cooperation agreement with the USSR (now
presumably taken over by Russia), India has such an agreement with the USA, Argentina, Brazil,
Egypt and Algeria

India is not a party to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) and has
resisted all attempts to persuade it to join. In May 1974, India exploded a nuclear device which it
claimed had been developed "for peaceful purposes".

In January 1991, India and Pakistan ratified a treaty they had signed in 1988, by which they
undertook not to attack each other's nuclear facilities. Lists of nuclear sites were exchanged early
in 1992. International concern was expressed late last year when it was revealed that India and
Iran were negotiating the sale of a 10 MW research reactor. Egypt and Syria were also reported
to be potential customers for such Indian technology.

7. INDONESIA*

7.1 Nuclear Power

Indonesia is interested in introducing nuclear power despite an abundance of oil and natural gas.
With a population of 220 million expected by 2000, there will be a need for large amounts of
competitive clean energy. Early in 1987, five foreign reactor vendors were asked to examine the
technical and economic feasibility of building a 600-1000 MWe nuclear power unit under a
build-operate-transfer (BOT) scheme. Under such a scheme, the vendor would construct and
operate the plant for a specific number of years, recouping construction costs through sale of the
electricity produced by the plant to the Indonesian grid. Three proposals are believed to have
been received, from Atomic Energy of Canada Ltd, from a Westinghouse-Ansaldo-Mitsubishi
consortium, and a joint offer from Framatome and KWU (now the joint venture company,
Nuclear Power International). Talks are thought to be continuing.

In August 1991, BATAN, the National Atomic Energy Agency, signed a contract with New
Japan Engineering Consultants (NEWJEC) for a four and a half year feasibility of the
construction of the first power reactor. NEWJEC is a subsidiary of the Kansai Electric Power
Company. The site being studied for the reactor is on the Muria Peninsular in Central Java.

Regional Cooperative Agreement (RCA) member country
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Discussions on funding for the study have been held with the Japanese government. Indonesia
has tentative plans to bring into commercial operation twelve 600 MWe units between 2003 and
2015. It has recently been reported that, as part of its preparations for the first power reactor, the
Indonesian Government intends to establish a new regulatory agency to assume the regulation
and control functions presently carried out by BATAN.

7.2 Research Reactors

Indonesia has three research reactors in operation, a 1 MW Triga at Bandung, a 250 kW Triga at
Jogjakarta and the most recen', a 30 MW multi-purpose reactor (MPR-30, later called RSG-GAS)
at Serpong supplied by Interatom (Germany FR), which achieved criticality in 1987.

12 Uranium

A uranium exploration program is being conducted in the Kalimantan region.

7.4 Fuel Fabrication

A fuel fabrication facility delivered by Nukem GmbH (FRG) was inaugurated in August 1987 at
the Research Centre, near Serpong. The plant fabricates reload fuel elements for the MPR-30 at
the same site and includes a prototype plant for power reactor fuel.

7.5 Other

In March 1988, Indonesia and Japan signed a 5-year agreement covering the exchange of
personnel and technological information in the fields of reactor physics, utilisation of research
reactors, production and utilisation of radioisotopes. radioactive waste management, radiation
protection and nuclear safety engineering.

In December 1989 President Suharto inaugurated a new Nuclear Mechano Electronic Installation
at Serpong. The facility, designed, equipped and commissioned by Atomic Energy of Canada
Limited, houses a cyclotron, hot cells and a radiopharmaceutical laboratory as well as the
mechanical and electrical workshop.

8. JAPAN*

8.1 Nuclear Power

Japan lacks indigenous energy resources and has chosen nuclear power as a means of achieving
energy security and diversity. Between 1980 and 1990, Japan's installed nuclear capacity doubled
from 15,000 MWe to nearly 31,000 MWe. At the end of 1992,44 power reactors, with a total net
capacity of 34,000 MWe, were connected to the grid. They accounted for 19% of Japan's total
installed electricity capacity. The remainder is provided by oil (51,000 MWe, 28%), gas (42,000
MWe, 24%), hydro electricity (38,000 MWe, 21%) and coal (14,000 MWe, 8%). In 1992, Japan's
power reactors, which operated at an average capacity of 74%, supplied 27% of the country's
total electricity. In 1993 to date, a further three units (2,700 MWe) have been connected to the
grid. Details of Japan's power reactor program are shown in Appendix I.

With Japan's other sources of electricity supply facing increasing environmental constraints,
nuclear power is seen as the means of satisfying the projected electricity demand. Japan's

• Regional Cooperative Agreement (RCA) member country
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"Long-Term Program for the Development and Utilization of Nuclear Energy", last issued in
June 1987, is currently being revised by the Atomic Energy Commission, as it is every five years.
Except for the very early plans, the installed nuclear capacity projected has substantially
exceeded that achieved. The 1987 Plan called for a nuclear generating capacity of 50,500 MWe
by the year 2000 and 72,500 MWe by the year 2010. In June 1990, the Ministry (MJTI) of
International Trade and Industry announced that Japan would need 40 new nuclear units over the
next 20 years. However, opposition to nuclear power has increased in recent years and it has
become extremely difficult to secure sites for new nuclear power stations. The FY2000 target
requires additional capacity to that scheduled for completion this decade.

MITI last year announced that, because of the urgent need for additional nuclear generating
capacity, it intended to incrcase the discounts on electricity prices for residents and businesses in
areas around newly constructed nuclear power stations from 15% to 30-50% or more. Progress on
some proposed new nuclear power stations remains very slow. For example, in 1976, Tohoku
Electric Power Co. proposed an 800 MWe B WR to the Maki Town Assembly. Construction was
scheduled to start in 1981 and operation in 1985. A further three power reactors were planned for
the site. After years of negotiations with the town, the Niigata Prefecture and the local fisheries
cooperative, the company obtained their agreements and in November 1981, the Electric Power
Development Coordination Council (EPDCC) authorised the construction of Maki 1. Opposition
from some of the landowners of the candidate site has, however, prevented site development and,
at last report, the utility hopes to restart its construction plan in FY1996.

There are currently no reactors scheduled to begin operating in the last years of this decade.
However, if the plans announced by Japanese utilities in April 1993 are achieved, ten power
reactors with a total net capacity of 11,000 MWe will enter commercial service between 2001 and
2005. The development plans for these reactors are to be submitted to the EPDCC for
authorisation in FY1993 and 1994. Authorisation involves the approval of the Prefecture,
obtaining an agreement for compensation for the; fishing industry and an environmental impact
assessment. The reactors planned are four BWRs (each 1067 MWe) at the Higashidori site, two
advanced BWRs at Ashihama and two at a Tokyo Electric Power Company (TEPCO) site
(expected to be Fukushima 1), a third BWR at Onagawa and the first power reactor (796 MWe,
BWR) in an area between Namie Town and Odaka Town in Fukushima Prefecture. Higashidori is
a site jointly owned by Tokyo Electric ar.d Tohoku Electric, 30 km from the Rokkasho-Mura
nuclear fuel cycle complex. Construction is scheduled to begin there in FY1998. Negotiations
with fisheries cooperatives were successfully concluded last year, but local residents subsequently
demanded an additional one-year environmental impact assessment. The size of the site could
ultimately accommodate ten or more large BWRs but transmission distances and costs may be a
problem. Chubu Electric has had plans to build the Ashihama Nuclear Power Plant since 1963.
The previously strong opposition of local residents to the project is reported to have decreased in
recent years. The Miyagi Prefecture has consented to the construction of Onagawa 3, which was
requested by the two local town assemblies.

More recently, plans for further power reactors have been announced. In May, Hokuriku Electric
made a proposal to the local communities, the Prefecture and the fisheries associations to build
Shika 2, a 1315 MWe Advanced BWR. Construction is scheduled to begin in FY1999. In early
July, the Japanese Government's "energy cabinet" approved the development of a new nuclear
power plant at Suzu. The tv/o unit plant, one ABWR'and Japan's first Advanced PWR, is a joint
venture between the Hokuriku, Chubu and Kansai electric power companies. Construction is
scheduled to begin in the year 2000 and operation in 2006. Kansai's previous attempts to acquire
a site at Suzu in Ishikawa Prefecture were thwarted by public opposition. However, the re-
election in April of the pro-nuclear mayor of Suzu City is seen as indicative of a change in local
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attitudes.

In all, the electric power companies plan to increase Japan's total installed electricity capacity by
about 84,000 MWe in the ten year period from FY1993 to FY2002. Electricity demand is
estimated to increase at an average annual rate of 2.3% during this period, with consumer demand
offsetting slow industrial demand. Because of the current difficulties in securing nuclear power
plant sites, the major increases in capacity will be for gas- and coal-fired facilities. If the plans are
achieved, Japan's electricity capacity at the end of FY2002 (262,000 MWej will be 27% gas-
fired, 19% oil-fired, 15% coal-fired, 18% hydro electricity and 21% nuclear power.

8.2 Advanced Reactors

Japanese companies and utilities have been working with the American suppliers. General
Electric and Westinghouse, on the design and development of Advanced Light Water Reactors
(ABWRs and APWRs). In 1991, TEPCO ordered the first two ABWRs (1356 MWe) for
Kashiwazaki 6 and 7 from a joint venture of General Electric, Hitachi Limited and the Toshiba
Corporation. GE will supply the nuclear steam supply systems, turbine generators and initial fuel
load. Toshiba and Hitachi will manufacture the pressure vessels and the rest of the components.
Construction of Unit 6 began in September 1991 and is already some 35% complete. Commercial
operation is scheduled for 1996. Construction of Unit 7 began, as planned, in February 1992. Its
commercial operation is due in July 1997. The ABWR has a simplified design, improved
reliability and safety features and reduced construction, fuel and operating costs.

The Advanced Thermal Reactor (ATR) is seen as a transition between the present LWRs and the
intended ultimate introduction of FBRs. The ATR is a heavy water moderated light water cooled
reactor which can use both uranium and plutonium fuel. The indigenously developed prototype,
Fugen, has operated commercially since 1979. In 1988, uranium-plutonium mixed oxide (MOX)
fuel reprocessed from Fugen's own spent fuel was loaded into its core, closing the nuclear fuel
cycle. In July 1992, it was announced that the proportion of MOX fuel used in Fugen is to be
gradually increased. Construction of a 606 MWe demonstration ATR, Ohma 1, originally
planned for July 1988, has been postponed several times, mainly due to continuing negotiations
with local fisheries cooperatives over compensation. The plan for Ohma is now to be submitted
to the EPDCC in December 1993, construction to begin in April 1996 and operation is scheduled
for March 2002.

Construction of the Japanese prototype fast reactor Monju (250 MWe) began in 1985. A
ceremony celebrating the completion of equipment ifistallation took place in May 1991. Initial
criticality was scheduled for October 1992, but a problem was discovered in the secondary
cooling system piping. This was repaired and functional testing was resumed. Subsequent
problems in fabricating the MOX fuel for the reactor have postponed the expected criticality date
several times and it is not now expected before Spring 1994.

Japan has long planned to build two or three demonstration units before introducing commercial
fast reactors, which are expected to become the chief source of nuclear power after the year 2030.
Construction of the first demonstration reactor (600-800 MWe) is planned to start later this
decade. As with Japan's other prototype reactors, the Demonstration Fast Breeder Reactor
(DFBR) will be built and operated by the Japan Atomic Power Company, a consortium including
the country's main utilities. In 1990, Japanese utilities decided to focus their demonstration
conceptual design studies on a top-entry loop-type fast reactor. The design, patented by
Westinghouse, is being developed by Mitsubishi Heavy Industries. Its advantage over the lower
capital cost pool-type design chosen for the European Fast Reactor is easier inspection,
maintenance and repair. The preliminary conceptual studies, completed in March 1992,
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confinned that the design was technically feasible. Further detailed studies are now taking place.

8J Research Reactors

Japan's research reactors are operated by the Japan Atomic Energy Research Institute (JAERI),
universities and industry. Details arc in Appendix II. The Power Reactor and Nuclear Futl
Development Corporation (PNC) also operates one, the experimental fast reactor, Joyo, as part of
its key role to develop plutonium utilisation technologies. The nuclear fuel cycle at Joyo was first
closed in 1984. The reactor's core has been replaced once and installation of a third core (140
MWt) is planned later this decade.

Japan's latest research reactor, JRR-3M, attained criticality in March 1990. It replaced, in the
same building, the original JRR-3 which operated from 1962 to 1983. The new reactor is
equipped with the first large cold neutron source in Japan.

In 1990, JAERI received a licence to construct a 30 MWt High Temperature Engineering Test
Reactor (HTTR) at Oarai. Construction, the cost of which is estimated at 80 billion yen, began in
March 1991. Initial criticality of the graphite-moderated, helium-gas cooled reactor is expected in
FY1998.

8.4 Uranium Resources/Production

One of the roles of the Power Reactor and Nuclear Fuel Development Corporation (PNC) is to
carry out overseas exploration activities to find economic uranium deposits. PNC is undertaking
uranium exploration in Australia, Canada, China, Niger, the United States and Zimbabwe, mostly
in joint ventures with companies or governments in those countries. Japanese companies are also
involved in uranium mining joint ventures overseas. In 1990 PNC transferred its 15% interest in
the Midwest deposit in Saskatchewan to the privately owned Overseas Uranium Resources
Development Corporation which will undertake the commercial production phases of the project
OURD also has a 25% share in the Akouta uranium mine in Niger.

In 1989, the Metal Mining Agency of Japan ended its long-term research project to recover
uranium from seawater. The technical feasibility of the process was demonstrated with the
production of 15 kg U3O8 at the Nio Institute for Uranium Recovery from Seawater model plant
built in the first half of the 1980s and operated for two years. The process is not economically
viable as minimum recovery costs would be ten times the current price of imported uranium.

In September 1992, for the first time, a Japanese utility concluded a contract to buy uranium from
China. The Tokyo Electric Power Company is to receive 38 tonnes U each year from 1993 to
1997, as a trial.

8.5 Conversion

A small conversion facility (U308-UF6) with a capacity of 200t U/year was operated by PNC at
Ningyo Toge, Okayama from 1982 to 1988. There are no known plans to establish domestic
commercial conversion facilities; Japanese utilities are expected to continue to rely on overseas
conversion facilities for the foreseeable future.

8.6 Japan Nuclear Fuel Limited (JNFL)

On July 1, 1992, Japan Nuclear Fuel Industries (JNFI), the commercial uranium enrichment and
low-level radioactive waste burial company, and Japan Nuclear Fuel Service (JNFS), responsible
for spent fuel reprocessing, merged to form the integrated nuclear fuel cycle company, Japan
Nuclear Fuel Ltd (JNFL). The company, located in Aomori City, is owned by Japanese utilities
(71%), industrial companies such as Hitachi, Toshiba and Mitsubishi (16%) and banks and
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insurance companies (13%). All its fuel cycle facilities - a centrifuge enrichment plant,
commercial reprocessing plant, nuclear fuel development centre, interim storage facility for high
level radioactive waste (HLW) and low-level radioactive waste (LLW) burial site, are located at
Rokkasho-Mura in the Aomori Prefecture, about 600 km north of Tokyo on the island of Honshu.
The port of Mutsu-Ogawa has been constructed to serve these facilities.

8.7 Enrichment

A pilot gas-centrifuge uranium enrichment plant at Ningyo Toge achieved full-scale operation
(50 thousand (k) SWU/year) in 1982. PNC closed this plant in April 1990 and all the
Corporation's enriched uranium is now produced by the demonstration gas-centrifuge enrichment
plant which began operating at the same location in 1988 and reached full capacity (200,000
SWU/year) the following year. PNC intends to restore the pilot plant as a new enrichment
facility to test newly developed high performance centrifuges. PNC has also announced plans to
begin the re-enrichment of reprocessed uranium at the end of 1995.

Japan's first industrial uranium enrichment plant began commercial operation on March 27,1992.
JNFI began construction of the gas centrifuge plant at Rokkasho-Mura in October 1988. It was
formally completed in May 1991. The first shipment of uranium hexafluoride, imported from the
USA, arrived at the plant at the end of September. There were public protests. Problems found
during the final stage of pre-operational testing delayed slightly the plant's commercial operation,
originally scheduled for January 1992. The plant had an initial capacity of 150,000 SWU/year. As
planned, this has been increased with the entry into commercial service of two further units of the
same capacity, the second in December 1992 and the third in May 1993. Centrifuges for the
fourth operational unit are currently being installed and the plant is scheduled to reach its full first
stage capacity of 600,000 SWU/year by April 1994.

In July 1993, JNFL received government approval for the second stage of the Rokkasho
enrichment plant, an increase in capacity of 450,000 SWU/year by 1998. Subject to further
regulatory approvals, construction work will begin later this year. It will be again be in 150,000
SWU/year units, with ons being brought into commercial operation annually. JNFL plans to add
a third stage using advanced centrifuge machines, to give the plant eventually a total capacity of
1.5 million SWU/year. The timing will depend on the demand for enriched uranium.

In July 1992, Uranium Enrichment Machinery Ltd. concluded an-agreement with local authorities
to construct an assembly factory for centrifuges on a site adjacent to the Rokkasho Uranium
Enrichment Plant.

In August 1992, the Atomic Energy Commission adopted a new enrichment policy. This
affirmed that, while recognising the current world oversupply of enrichment capacity, Japan
remains committed to having a certain level of domestic supply capacity and technology. High
performance centrifuges, made of advanced materials, are to be developed and introduced into the
Rokkasho Enrichment Plant to reduce enrichment costs. The next stage is to be the development
of advanced centrifuges. Research and development of the laser processes, AVLIS (Atomic
Vapour Laser Isotope Separation) and MLIS (Molecular Laser Isotope Separation), is to continue.
Neither has yet achieved its teclinical targets and a decision on their further development beyond
R&D will be made after 1997.

JAERI is developing the AVLIS process and an experimental scale (5k SWU/year) facility is in
operation. Construction of the Tokai Enrichment Laboratory, a new Ik SWU/year experimental
facility using the AVLIS process, was completed in May 1990 and a two-year program of
experiments to confirm the feasibility of AVLIS. began in July. The Laboratory, located at
JAERI's Tokai Establishment, was built by LASER-J, the Laser Atomic Separation Engineering
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Research Association of Japan formed in 1987 by ten electric power companies, Japan Nuclear
Fuel Industries and the Central Research Institute of Electric Power Indusf" for AVLIS research
and development.

PNC has completed a MLJS demonstration facility at its Tokai Works. MLIS techniques were
developed by the Institute of Physical and Chemical Research which demonstrated the process in
1988.

Research and development of the chemical exchange process for uranium enrichment has been
carried out by Asahi Chemical Industry Company at Hyuga City, Miyazaki. Testing of a 2k
SWU/year facility began in 1986. In July 1991, the Company announced the suspension of this
research. Asahi believes the uranium enrichment market will continue to be oversuppiied until
about 2010 and that therefore there would be no early opportunity for its process to be
commercially applied.

hi 1992, the European enrichment company, Urenco, obtained its first Japanese enrichment
contract, with the Tokyo Electric Power Company. The contract, reportedly valued at $300
million over its ten year period, is for the delivery of enriched uranium for the Kashiwazaki 3 and
6 BWRs between 1996 and 2005. It is not yet known at which of Urenco's three centrifuge plant
sites the enrichment will take place. Japan has a bilateral nuclear cooperation agreement with the
UK, but not yet with Germany cr the Netherlands.

Urenco also obtained a contract to enrich a quantity of reprocessed uranium (REPU) on a trial
basis for Kansai Electric. As a pan of Japan's nuclear fuel recycling program, it will test the
feasibility of having uranium recovered from reprocessing in the UK and France re-enriched in
Europe. Concurrently, Urenco, Kansai and four other Japanese PWR utilities are carrying out a
technical program to evaluate the behaviour of REPU during each processing stage. As part of
this program, 150 tonnes of Kansai's RJEPU have been delivered to Urenco's gas centrifuge plant
at Almelo in the Netherlands. About 26 tonnes of enriched uranium is expected to be produced
from this processing in 1993 and the intention is to transport it to Japan and fabricate it into fuel
for Mihama 3 (780 MWe, PWR). The REPU contract is covered by an exchange of notes
between the Governments of Japan and the Netherlands.

8.8 Fuel Fabrication

Light water reactor (LWR) fuel is manufactured by three companies listed below.

1. Japan Nuclear Fuel Company (JNFC) manufactures BWR fuel at the Kurihama Works,
Yokosuka City in Krjiagawa Prefecture. The plant has a capacity of 640t heavy metal
(HM)/year.

2. Mitsubishi Nuclear Fuel (MNF) manufactures PWR fuel at its facility at Tokai-Mura.
Current capacity of the plant is 420 HM/year.

3. Nuclear Fuel Industries (NFI) manufactures PWR fuel at its Kumatori Works, Osaka.
Current capacity is 265t HM/year. The company also manufactures EWR fuel at its 200t
HM/year Tokai-Mura works.

In addition, PNC manufactures ATR uranium-plutonium mixed oxide (MOX) fuel and FBR
MOX fuel at Tokai-Mura, Ibaragi Prefecture. The Tokai Plutonium Fuel Fabrication Facility
began producing fuel in 1972 and has supplied the experimental FBR Joyo and the ATR
prototype Fugen. The FBR MOX fuel production line at the Tokai Plutonium Fuel Production
Facility (PFPF) began in 1988 with a capacity cf 5t MOX/year. Another production line, now
under construction at the PFPF, will supply 40t of MOX fuel per year to the demonstration ATR
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and other plants. Its operation is scheduled to start in 1997.

Japan's Nuclear Fuel Recycling policy, adopted by the Atomic Energy Commission in August
1991, incorporated a domestic commercial MOX fuel fabrication facility with a capacity of 100
tonnes/year to be developed in association with the Rokkasho Reprocessing Plant and to be in
operation around the year 2000. A definitive date for its construction has yet to be announced.

8.9 Reprocessing

The reprocessing of spent fuel is an important aspect of Japan's policy to reduce dependence on
foreign energy supplies by making effective use of uranium and facilitating the transition to
FBRs after 2030.

A 210t U/year PUREX plant for reprocessing LWR fuel is operating at Tokai-Mura. Operation
of the plant has been limited since it began operations in 1977 due to restrictions on the
reprocessing of US supplied or enriched nuclear fuel and also due to initial technical problems.
The plant reprocessed 392.4 tons of spent fuel from 1981 to June 1988 when it was closed for
modifications. It resumed operation in September 1989. In 1990, the plant reprocessed 99 tonnes
of spent fuel. It is planned that 90 tonnes will be reprocessed annually. The Tokai Reprocessing
Plant now handles approximately 12% of Japan's spent fuel. A test facility to reprocess FBR fuel
is scheduled to be operational by 1995 and a pilot FBR reprocessing plant early next century.

Japanese spent fuel is also reprocessed in France and the United Kingdom, with over 4,000
tonnes of LWR and 1,000 tonnes of OCR spent fuel having been sent to these countries.

On April 28, 1993, construction began on JNFL's commercial reprocessing plant at Rokkasho-
Mura. The application for the 800 tonnes/year plant, which uses the Purex process, was originally
made by JNFS in March 1989. It was then expected that construction would begin in 1991 and
operation would start in 1997. Lengthy Government safety examinations and authorisations,
however, meant that it was not until December 1992 that the Prime Minister authorised the plant,
by designating JNFL as a reprocessing operator. Completion of the whole reprocessing plant, a
complex of more than 20 buildings on a 3.8 million square metre site, is scheduled for January
2000. JNFL plans to complete a 3,000 tonnes spent fuel storage facility and to begin receiving
spent fuel in 1996. Nearly 1,000 billion yen will be invested in the reprocessing plant, Japan's
largest nuclear fuel cycle project.

In May 1992, construction began on a nuclear fuel technical development centre, adjacent to the
reprocessing plant site. The centre, to be completed in 1995, will simulate the operation of the
reprocessing plant and facilitate research and development.

As a result of the delays to the Rokkasho Reprocessing Plant, the Tokyo Electric Power Company
(TEPCO) applied in April 1993 to expand spent fuel storage capacity at its Fukushima 1 nuclear
power plant site by constructing a 1,000 tonnes spent fuel pool.

8.10 Plutonium Recycle

The reprocessing of spent fuel and recycling of the nuclear materials recovered has been an
essential part of Japan's nuclear policy since the 1950s. In August 1991, the Atomic Energy
Commission approved a nuclear fuel recycling plan for the next 20 years. The plan reaffirms
Japan's commitment to domestic reprocessing and the recycling of the recovered plutonium in
fast breeder and advanced reactors. It attaches much greater importance than previously to the
utilization of MOX fuel in LWRs. The plan calls for two LWRs (one BWR and one PWR) to be
loaded with MOX fuel by the mid-1990s and the program increased until 1/3 of the reactor cores
of 12 x 1,000 MWe LWRs are MOX shortly after 2000. By the year 2000, it is envisaged that the
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private sector will be commercially fabricating about 100 tonnes/year of MOX fuel for LWRs.
Until domestic fabrication is available, the AEC has approved overseas fuel fabrication of the
plutonium recovered from reprocessing in France and Britain.

The increased use of MOX fuel in LWRs will bring Japan's plutonium stock of about 85 tonnes
by 2010 into balance with planned consumption in FBRs ("22-35 tonnes), ATRs ("8 tonnes) and
LWRs f50 tonnes).

At the end of 1992, one tonne of fissile plutonium, recovered from the reprocessing of Japanese
spent fuel at La Hague in France, was transported by sea to Tokai. It is to be fabricated into fuel
later this year for the first reload for the prototype FBR, Monju. A vessel, purpose-built for spent
fuel shipments, accompanied by a specially constructed armed escort ship, was used. The
international concern occasioned by the shipment led the Japanese Government and utilities to
announce that a number of future plutonium shipments would be in the form of mixed uranium-
plutonium (MOX) fuel. It has recently been reported that TEPCO intends using MOX fuel, to be
fabricated in Germany and Belgium, in its Fukuskiina I nuclear power station. Although
negotiations between Japanese utilities and European LWR MOX fabricators have been reported
on several occasions, no firm contracts have yet been announced. The shipment has revived
international interest in the concept of storing national plutonium stocks under an international
management regime. Japan's Science and Technology Agency recently formed an expert
committee to study this concept.

8.11 Waste Management

JNFL's Rokkasho Low-Level Radioactive Waste Disposal Centre, located adjacent to its
enrichment plant, began operating in December 1992. Construction of the first unit of the Centre,
with an initial capacity for 50,000 LLW drums in ten reinforced concrete pits, commenced in
November 1990. Excavation work began in April 1993 on a second unit of the same design and
capacity. When it is completed, by December 1994, the Centre will have a total capacity of
100,000 LLW drums. JNFL plans to bury 200,000 drums of LLW from all Japan's nuclear power
plants by FY1998 and the Centre is ultimately intended to hold 3 million LLW drums.

Japan's basic policy with regard to high-level radioactive waste (HLW) is solidification, interim
storage, for up to 50 years, and final deep geological disposal. The liquid-fed ceramic melter
(LFCM) method of HLW vitrification was chosen and has been developed by PNC. Construction
of the Tokai Vitrification Facility (TVF) started in June 1988 and cold tests began there in May
1992. Such tests will be conducted for two years before "hot" testing begins. The TVF has a
capacity of 0.35 cubic metres of concentrated high-level liquid radioactive waste (HLLW) per
day and will process HLLW from the Tokai reprocessing plant.

Also in May 1992, construction began on the interim storage facility at Rokkasho-Mura for the
vitrified high level radioactive waste to be returned from reprocessing of spent fuel in Europe.
The facility, to be completed in February 1995, will store the vitrified solids, which are to be
encapsulated in stainless steel canisters, for 30 to 50 years before their final disposal. The storage
capacity is 1,440 canisters initially, but this can be expanded as required. A similar storage
facility is to be constructed for the vitrified HLW from the Rokkasho Reprocessing Plant Its
proposed initial capacity is 8,200 canisters.

In August 1992, the Atomic Energy Commission adopted an HLW disposal program. A new
implementing organisation, responsible for site selection and repository design and operation, is
to be established by the year 2000 and an HLW repository is to begin operation between 2030
and the mid-2040. A government/nuclear industry body, the High-Level Radioactive Waste
Promotion Council, was set up. This Council has recently inaugurated a Steering Committee to
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address a range of HLW issues, notably public understanding and the form of the implementing
organisation.

8.12 Nuclear Ships

Japan's only nuclear powered ship, the 10,000 shaft h.p. cargo vessel Mutsu, achieved criticality
in March 1990 for the first time since a radiation leak ended its first nuclear powered test run in
1974. In October 1990, Mutsu reached 100% power (36 MWt). It completed four planned
voyages in a year before being shut down for the last time on January 25, 1992. The announced
decommissioning plan is to remove the reactor room in one piece in 1995 to be displayed in a
museum, replace it with diesel engines and recommission the ship as an oceanographic research
vessel. In May 1993, JAERI began removing the spent fuel.

Although Japan has no current plans for a commercial nuclear ship, it does expect them to be
needed in the future. JAERI has announced that it is carrying out design studies on two advanced
marine reactors - a 100 MWt MRX (marine reactor X) for icebreakers and an 0.75 MWt DRX
(deep-sea reactor X) for a deep sea scientific research submarine.

8.13 International Cooperation

In 1986 the Agreement between Japan and the People's Republic of China for Cooperation in the
Peaceful Uses of Nuclear Energy entered into effect This was sixth bilateral nuclear cooperation
agreement signed by Japan. The others are with the USA, the United Kingdom, France, Canada
and Australia. In May 1990 Japan and the Republic of Korea signed a nuclear cooperative
arrangement. The arrangement provides for exchanges of information and personnel and joint
research in the fields of nuclear power plant safety, radiation protection, environmental
monitoring, the study and application of radioisotopes and radiation, and other fields relating to
nuclear energy. Annual nuclear energy consultations are to be held. In April 1991 a nuclear
energy agreement and memorandum was signed with the USSR. It provides for cooperation in the
peaceful use of nuclear energy, especially in nuclear power plant safety, radiation protection, and
environmental monitoring.

In addition to these Governmental level agreements, there are also agreements between Japanese
organisations and those in other countries. In 1988 JAERI and BATAN, the national atomic
energy agency of Indonesia, signed a five-year agreement covering the exchange of personnel and
technological information in the fields of reactor physics, utilisation of research reactors,
production and utilisation of radioisotopes, radioactive waste management, radiation protection
and nuclear safety engineering. This followed a 1984 agreement between the two organisations
on radiation processing. In 1990 the Japan Atomic Industrial Forum and the China National
Nuclear Corporation agreed on nuclear cooperation in four areas - power reactor design and
development, radioactive waste disposal, nuclear medicine and environmental protection.

The Japan Atomic Energy Commission has sponsored four International Conferences for Nuclear
Cooperation in Asia, held annually since 1990. Tokyo is one of the four regional centres of the
World Association of Nuclear Operators (WANO), an organisation of nuclear power plant owners
established to enhance the safety and reliability of nuclear power plants by the exchange of
information. The International Atomic Energy Agency also has its Regional Office in Tokyo.
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9. KOREA, Republic of (ROK)*

9.1 Nuciear Power

In 1992, nuclear power plants supplied 43% of the total electricity generated in the Republic of
Korea. A Canadian Candu heavy water reactor (HWR) is operating at Wolsong and there are
eight pressurised water reactors (PWRs) operating at three other sites. Six of the PWRs were
supplied by Westinghouse (USA), four at Kori and two at Yonggwang, and two by Framatome of
France at Ulchin. Appendix I shows the ROK's power reactor program.

In 1987, the state-owned Korea Electric Power Company (KEPCO) signed contracts with
Combustion Engineering of the USA for two 950 MWe PWRs. Ordering of these two units had
been postponed since 1982 because of financial difficulties and lower electrical demand growth.
An important factor in the selection of the tender was the provision for PWR technology transfer.
Over a period of 15 years, the ROK has moved from the turnkey contracts of the first three
reactors to over 40% self-sufficiency in both design and equipment manufacture. Preparations are
being made for the final phase of technology transfer leading to a Korean designed standardised
PWR plant and complete self-reliance in construction after 1996. Construction of the
Combustion Engineering reactors, which will be the 3rd and 4th units at the Yonggwang station,
began in 1989 and commercial operation of Unit 3 is scheduled for 1995.

On July 22, 1991, ABB Combustion Engineering was awarded the contract to supply two 1000
MWe System 80 PWRs for Ulchin 3 and 4. Construction began in May 1992 and commercial
operation is scheduled for 1998 and 1999. Korea Heavy Industries & Construction Co. will
manufacture most of the heavy components and the Korea Atomic Energy Research Institute will
contribute to the design work. Both are ABB Combustion Engineering licencees.

In December 1990, a contract was signed for the sale of a second Candu by Atomic Energy of
Canada Limited (AECL) for the Wolsong site. Excavation work began there in October 1991.
Fuel loading is scheduled for October 1996 and commercial operation for June 1997. In
September 1992, having been invited by KEPCO to bid to supply two additional 629 MWe
Candu 6 units for the Wolsong site, AECL announced the sale of Wolsong 3 and 4. Construction
of the reactors began officially in November 1992 and their operation is scheduled for 1998 and
1999. Korean companies are expected to receive about 50% of the total contract and to supply
equipment and engineering services.

In September 1991, a revised long-term electric power development plan was released by the
Energy and Resources Ministry and KEPCO. It included the addition of 18 new power reactors
(16,000 MWe) to the electricity system by 2006. In addition to those under construction, a further
eight PWRs and five Candus are planned. The problems in obtaining public acceptance for new
sites and possible funding difficulties may prevent the achievement of so ambitious a program but
the ROK's commitment to it was reaffirmed last year. Improved energy security is a major policy
objective. Korea's energy demand is currently growing by 9% per annum. The country lacks
indigenous energy resources and in 1991 imported 91% of total energy supplies. The government
is also committed to providing low cost energy to sustain the country's economic growth,
presently some 8.5% a year. Nuclear power has proven to be a significantly lower cost generator
of electricity than coal, oil or liquid natural gas, the other major sources of supply. Therefore,

Regional Cooperative Agreement (RCA) member country
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although new fossil fuel and hydro electric plants are included in the long-term electricity plan,
nuclear power is intended to be the dominant means of electricity production. The 23,000 MWe
of nuclear capacity to be installed by 2006 will be nearly 40% of total capacity and are expected
to produce 55% of electricity generated.

9.2 Research Reactors

There are two research reactors operating at the Korea Atomic Energy Research Institute
(KAERI), Seoul, and a training facility at Suwon. In 1986, it was announced that a 30 MW
research reactor would be built to replace the two Triga reactors. The new reactor, Korea
Multipurpose Research Reactor (KMRR), is a Maple (Multi-Purpose Applied Physics Lattice
Experiment) design. This is a combination of two Canadian designs, the Slowpoke and the NRX.
Slowpoke is a light water, pool type reactor and the NRX is a heavy water, vessel type reactor.
Major construction of the reactor began in February 1989 and commissioning, originally
scheduled for 1992, is now expected in 1994.

9.3 Uranium Resources

There are no economically mineable natural uranium reserves in Korea, although low-grade
deposits (0.035%) with a total uranium content of 24,000t have been found. KEPCO is involved
in joint venture development of a number of overseas uranium projects including Dawn Lake and
Cigar Lake in Canada and Crow Butte in the USA. .

9.4 Conversion

A conversion (UF6-U02) facility began operating in 1990 at the PWR fuel fabrication plant at
Taejon, 200km south of Seoul. Also at Taejon is a conversion plant (U308-U02) with a capacity
of lOOt U/year.

9.5 Enrichment

KEPCO has long-term enrichment contracts with the US Department of Energy and Cogema. In
1990, it signed a contract to purchase up to 40 tonnes of enriched uranium from the USSR
annually for the next ten years at what were described as significantly lower prices than it is
presently paying. Present contracts for natural uranium and enrichment services are unaffected as
the Soviet material is to be stockpiled for nuclear power plants built after 1995.

9.6 Fuel Fabrication

In March 1990 the ROK became self-sufficient in nuclear fuel fabrication. It now has the capacity
to produce both Candu and PWR fuel assemblies. In 1989, the Korea Nuclear Fuel Company
(KNFC) took over operation of a 200t U/year PWR fuel fabrication plant at Taejon from its
supplier, Siemens/KWU of Germany. The design of the plant is such that it can be expanded later
to 400 t/year. KAERI has had a lOOt U/year Candu fuel fabrication plant in commercial operation
since 1988, supplying the fuel for Wolsong. In 1991, AECL and KAERI signed an agreement to
develop the Canflex advanced fuel bundle which will use slightly enriched uranium. Under a
second agreement, AECL and KAERI arc also to collaborate on research and development for the
Direct Use of Spent PWR Fuel in Candus (DUPIC). The goal is a tandem fuel cycle enabling
Korea to recycle spent fuel from its LWRs in its Candus.

In 1992, it was announced that KNFC is to build a new fuel fabrication plant at Kongju, 170 km
from Seoul. After an environmental assessment, construction is to begin in 1993 and to be
completed by June 1997. The plant's planned capacity is 200 tonnes U/year of PWR fuel and
400t U/year of Candu fuel.
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9.7 Waste Management

In July 1988, the Atomic Energy Commission decided that a final disposal repository for low and
intermediate level radioactive wastes should be available by the end of 1995 and an interim
storage facility for spent fuels should be available by the end of 1997. The program was to be
managed by KAERI.

Rioting by thousands of residents against the possible use of Anmyon Island as a disposal site for
low and intermediate level waste led to the cancellation of such plans and the dismissal of the
Minister of Science and Technology in November 1990. Similar protests by local residents had
caused the government to withdraw plans for a waste disposal facility in the Ulchin area the year
before.

In 1992, the Ministry of Science and Technology announced plans to introduce legislation to
provide financial and institutional support for communities willing to accept radioactive waste
facilities. When the Government in 1991 offered its radioactive waste Voluntary Site Application
Program, 44 areas volunteered. The Nuclear Environment Management Center (NEMAC),
established by KAERI in 1991 to be solely responsible for spent fuel management and
radioactive waste disposal, has announced that six locations meet the geological and other siting
criteria.

A decision has not yet been made as to the ultimate back-end of the fuel cycle option - spent fuel
reprocessing or direct disposal. In 1990 Societe Generale pour les Techniques Nouvelles (SGN)
won the contract for the conceptual design of an away-from-reactor interim spent fuel storage
facility with a capacity of 3,000 tonnes.

Under a bilateral agreement signed at the end of 1991, both North and South Korea agreed not to
operate reprocessing or enrichment plants. The mutual inspections the agreement provided for
have not been conducted and there is speculation that the revelations about North Korea's
reprocessing activities may have renewed the South's interest in the technology. In November
1991, the United Kingdom and the ROK signed a nuclear cooperation agreement. It provided for
the transfer of nuclear material, equipment and technology between the two countries in a number
of areas, including the management, storage and final disposal of irradiated fuel and radioactive
waste, which was seen as allowing the reprocessing of South Korean spent fuel in the UK, South
Korea was also reported last year to be interested in collaborating with Russian Minatom to
finance the completion of Russia's second reprocessing plant in exchange for its spent fuel being
reprocessed there. The United States reportedly opposed the idea and it also rejected South
Korean requests for transfer of the fuel cycle technology including reprocessing associated with
the Integral Fast Reactor.

9.8 Other

In May 1990 Japan and the Republic of Korea signed a nuclear cooperative agreement, covering
the exchange of information and personnel and joint research in the fields of nuclear safety,
radiation protection, environmental monitoring, study and application of radioisotopes and
radiation and other fields as may be approved by the two governments. The cooperation will be
between the competent authorities, enterprises and research institutes of the two countries. An
agreement on exchange of information on nuclear power plant safety was signed in December
1991 by the Science and Technology Agency of Japan (STA) and Korea's Ministry of Science
and Technology.

The Republic of Korea has had a bilateral nuclear cooperation agreement with Australia since
1979. It also has Atomic Energy Cooperation Agreements with the United States, Spain, Canada,
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Belgium and Germany and the nuclear cooperation agreement with the United Kingdom
mentioned above.

In May 1993, the Republic of Korea became the 24th member of the Nuclear Energy Agency
(NEA) of the Organisation for Economic Co-operation and Development (OECD). Although not
a member of the OECD itself. South Korea participates in a number of its Committees and
activities. The NEA membership reflects its commitment to the use of nuclear power to meet
rapidly increasing electricity demand. Australia and Japan are other regional members of the
NEA.

10. MALAYSIA*

10.1 Nuclear Power

Plans in the early 1970s, to build a nuclear power plant in Malaysia, were officially deferred in
1980. Malaysia is trying to diversify its primary energy sources, from the present heavy
dependence on oil to an energy mix of natural gas, hydropcwer, coal and oil. Although nuclear
power is not considered an option before the year 2000, studies are examining its possible role.

10.2 Research Reactors

A 1 MW Triga Mk II research reactor has been operating at the Tun Ismail Atomic Research
Centre at Bangi (PUSPATI), Selangor since 1982. It is used for research, training and
radioisotope production.

11. MYANMAR (formerly the Union of Burma)

Myanmar's small electric power grid is considered unsuitable for the inclusion of even a small
nuclear power plant at present and the country has no research reactors. The Atomic Energy
Centre is located at Rangoon. Departments include prospecting, nucleonic instrumentation, a
radiation measurement laboratory, and isotope applications. On 2 December 1992, Myanmar
acceded to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT).

12. NEW ZEALAND

New Zealand has no research reactors and no plans to introduce nuclear power in the foreseeable
future.

13. PAKISTAN*

13.1 Nuclear Power

Pakistan's only power reactor, Kanupp, a small 125 MWe natural uranium fuelled PHWR located
near Karachi, began operating in 1971. It produces about 1% of the country's electricity.
Canadian General Electric supplied the reactor, based on the Canadian Candu design, and Atomic
Energy of Canada provided technical assistance for the project. In 1976, Canada imposed an
embargo on the supply of spare parts, fuel and technical assistance. Replacement parts have since
been made locally and Pakistan has developed the capability of fabricating fuel for die plant.

Regional Cooperative Agreement (RCA) member country
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Eariier attempts to obtain a second power reactor had not reached fruition because of political and
financial difficulties, but, late in 1989, it was announced that China had agreed to supply a 300
MWe PWR to Pakistan. The contract for the reactor, an improved version of Qinshan 1, was
signed on 31 December 1991 by the China National Nuclear Corporation and the Pakistan
Atomic Energy Commission (PAEC). Subsidiary agreements were concluded in February 1992.
In December 1992, the Bank of China approved a loan for the project which will provide finance
to its contractors, the China Zhongyuan Engineering Company, and excavation work began at a
site near Chashma in northern Punjab. It is the largest international project involving Chinese
companies. The PAEC has announced that the first concrete for the reactor will be poured in
August Construction is expected to take 68 months after this. The enriched uranium fuel will be
supplied by China. In accordance with undertakings given by China and Pakistan at the time of
the signing of the contract for the reactor, the Government of Pakistan and the International
Atomic Energy Agency signed a safeguards agreement in February 1993 in connection with its
supply.

13.2 Research Reactors

A 5 MWt pool-type research reactor, supplied by the USA, achieved first criticality in 1965. The
reactor, PARR, at the Pakistan Institute of Nuclear Science and Technology (PINSTECH), at
Islamabad, has been upgraded from 5 to 10 MWt and its core converted from 90% enriched
uranium to 20% enrichment In late 1989 a second research factor, Pakistan Research Reactor-n,
was inaugurated. The 27 kWt miniature neutron soured reactor was built by the PAEC in
collaboration with China and is under IAEA safeguards. After the upgraded PARR 1 had
achieved criticality on October 31, 1991, Pakistan announced that it would use the experience
gained with Hiat project to upgrade and extend the life of its 20 year old Kanupp power reactor.

13.3 Uranium

Pakistan is developing new solution mining methods to recover the country's low-grade uranium.
A pilot plant has been built in the northwest. The extent of Pakistan's uranium resources is not
known.

13.4 Enrichment

It is widely believed that a gas-centrifuge enrichment facility is operating at Kahuta.

13.5 Fuel Fabrication

A small fuel manufacturing facility, believed to have a capacity of around 20t U/year, is
operating at Chashma. The first fuel was manufactured in 1978 and full scale production began
in 1980. In 1990 Pakistan announced that the last Canadian fuel bundle in the Kanupp core had
been replaced by a totally indigenous fuel bundle.

13.6 Reprocessing

In 1976 France agreed to sell a lOOt U/year reprocessing plant to Pakistan, to be built at Kahuta,
but withdrew from the project in 1979. Pakistan is reported to have completed a pilot
reprocessing plant.

13.7 Other

Pakistan is not a party to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). In
1990 US President Bush failed to supply Congress with the certification that Pakistan does not
possess a nuclear weapon. This certification is mandatory by October 1 each year for the
continuation of US military and economic aid. Reported resumption of uranium enrichment to
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weapons-grade level at Kahuta and the modification of F16 aircraft to allow the potential
deployment of nuclear bombs led to its non-supply.

In January 1991 Pakistan ratified the treaty it had signed in 1988 with India by which they
undertook not to attack each other's nuclear facilities.

14. PHILIPPINES*

14.1 Nuclear Power

Construction of a Westinghouse PWR (PNPP-1, 600 MWe) near Morong (Bagac) in Bataan
Province was completed in 1985. However, in spite of a favourable safety study by the IAEA,
President Aquino stated that the reactor would not be allowed to start-up. The contracts for the
construction of the station were the subject of a court case in the United States over allegations of
bribery and fraud. Plans for a second reactor at the same site were cancelled in 1981. Government
attempts to sell the fabricated fuel intended for PNPP-1 have been unsuccessful. At the same time
severe power shortages in Manila and the rest of Luzon led to renewed opposition calls for the
plant to be commissioned.

In 1992, a settlement was announced to the lawsuit brought by the Philippines Government
against Westinghouse Electric Corporation and Bums and Roe over PNPP-1. This involved
completion and operation of the reactor, which would helped to alleviate Manila's chronic
electricity shortages. It has since been rejected by the Philippines and the case, over allegations of
bribery and safety deficiences, returned to a US court earlier this year. On 19 May, the jury
cleared the American companies of allegations of bribery and rejected the Philippines' demand
for USS26.5 million in damages. Earlier, the court had decided that the claims of deficiencies
should be resolved by arbitration. A task force, established by the Government to consider the
plant's future, has been directed to concentrate on non-nuclear options. The plant is expected to
be converted to coal or oil.

14.2 Research Reactors

A 3 MW Triga reactor is located at the Philippines Nuclear Research Institute at Quezon City.
The reactor, which first achieved criticality in 1963, was upgraded from 1 to 3 MW in 1988 to
meet a growing demand for radioisotopes for use in medicine, industry and agriculture.

14.3 Other

Australia and the Philippines signed a bilateral agreement on co-operation in the peaceful uses of
nuclear energy and the transfer of nuclear material in 1982.

15. SINGAPORE*

Singapore has no research reactors and no nuclear power plans.

16. SRI LANKA*

Sri Lanka has no research reactors and no nuclear power plants.
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17. TAIWAN

17.1 Nuclear Power

Taiwan has very limited natural resources and imports over 90% of its primary energy, mainly in
the form of oil. In 1992, nuclear power supplied 35.4% of the country's total electricity. Taiwan
has one of the fastest growing economies in the world and electricity sales are forecast to increase
by an average 5.9% a year to the year 2000. The state-owned electricity utility, the Taiwan Power
Company (Taipower), plans to add 19,000 MWe of installed generating capacity over the next ten
years. Of this new capacity, only 10% is intended to be nuclear, with fossil fuels, particularly
liquid natural gas, supplying the remainder. This is both to ensure continued diversity of supply
and because opposition to nuclear power has made obtaining public acceptance for new sites
difficult Nuclear power in 2000 should, however, provide 30% of total electricity.

The Atomic Energy Council (AEQ is essentially a separate government department reporting to
the Prime Minister. It is responsible for licensing and regulating the nuclear power plants, for the
Institute of Nuclear Energy Research, the Radiation Monitoring Centre and the Radwaste
Administration.

Six nuclear power reactors, four General Electric BWRs and two Westinghouse PWRs, are in
operation (Appendix I). In 1982, Taipower deferred negotiations with Combustion Engineering
to purchase its seventh and eighth reactors because of reduced growth in electricity demand.
Those units were intended to be the first of six 1000 MWe reactors, four of which were to be
commissioned before the year 2000. As electricity demand growth restarted, the plans were
revived several times during the 1980s, but withdrawn, mainly because of public opposition to
nuclear power projects following the Chernobyl accident and a fire in the turbine generator at
Maanshan 1 in July 1985.

In May 1991, Taipower had to introduce electricity rationing as supply could not meet demand
and the Government called for public support for the fourth nuclear power station. The process of
obtaining government approval for the station began in 1991 when Taipower submitted a
feasibility study. In 1992, this study was endorsed by the Ministry of Economic Affairs and later
the Environmental Impact Assessment was approved by the Atomic Energy Council. The
Executive Yuan (Cabinet) approved plans for the construction of the two power reactors. They
are to be located at a new northeastern site on the Yenliao peninsular, near Kungliao in Taipei
county and are also known as the Lungmen project. In June 1992, a budget review committee of
the Legislative Yuan (Parliament) lifted the funding freeze on their construction.

In January 1993, Taipower formally invited tenders for the station. The utility sought two
evolutionary, advanced LWRs of 950-1350 MWe each. Bids have been made by General
Electric, ABB Atom, Nuclear Power International and, for the first time, a consortium of
Westinghouse and the English utility, Nuclear Electric. The last is tendering replicas of Britain's
first PWR, Sizewell B, with improved turbine generators. The deadline for the bids has recently
been postponed indefinitely. There is speculation that a call for new bids, with revised terms, may
be made. The project has become a focus for protests by the environmental movement and
parliamentary debates have been accompanied by public demonstrations opposing the reactors.
Delays to the project, on which construction was to have begun in 1995, are expected.

17.2 Research Reactors

Taiwan has four research reactors in operation. THOR, a 1 MW Triga reactor which achieved
initial criticality in 1961 and THMER, a mobile educational reactor, are at the National Tsing
Hua University. ZPRL, a 10 kW pool reactor, and WBRL, a 100 kW homogeneous liquid reactor,
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are at the Institute of Nuclear Energy Research, Taipei. A 40 MW heavy water reactor, TRR,
operated at that Institute from 1973 until it was permanently shut down in 1987, reportedly after
pressure from the United States. It is to be remodelled to a light water moderated reactor and
returned to service as TRR-n after 1997. Decommissioning of the Tsing-Hua Argonaut Reactor
(THAR) began in February 1993. The 10 kWt reactor had been given to Taiwan in 1973 by the
Argonne National Laboratory.

173 Fuel Cycle Faculties

Taiwan has no domestic uranium resouitcs and obtains uranium mainly on long-term contracts
with Cogema and Rossing Uranium of Namibia with occasional spot market purchases. In March
1993, it obtained access to a new source of uranium supply when Canada and the United States
signed an agreement permitting Canadian uranium, enriched and fabricated into fuel in the US, to
be shipped to Taiwan. The material will be subject to safeguards under the bilateral US-Taiwan
agreement. Canada, like Australia, has a "one China" policy, officially recognising only the
People's Republic of China, and therefore no bilateral agreement of its own. This has prevented
uranium sales in the past

Taiwan plans to establish a fuel fabrication plant when it becomes economically justified i.e. after
the quantity of fuel required reaches 200t/year (when eight units are in operation). At present, all
Taiwan's nuclear fuel needs are supplied from overseas sources. Taiwan has no plans for
commercial enrichment facilities, spent fuel reprocessing or plutonium recycling but has some
research activities in these technologies.

17.4 Waste Management

In 1981 the Radwaste Administration (RWA), a subsidiary organisation of the Atomic Energy
Council, was established with two functions - one, to be the regulatory body for radioactive waste
management and the other, to operate the Lan-Yu low-level radioactive waste (LLW) storage
facility. In 1989, it became a regulatory body only and the Lan-Yu storage facility was
transferred to Taipowen which is responsible for the waste disposal program. In 1986 a levy on
electricity sales was introduced to finance nuclear waste management activities, a "Nuclear
Backend Fund".

Pending final disposal, LLW is sent by ship to the storage facility at Lan-Yu, a 46 square
kilometre island 75 km off the south-east coast. Planning the LLW storage site there began in
1974 and the first phase was completed in 1982. Sea dumping, if internationally acceptable, has
long been considered an attractive LLW disposal alternative for Taiwan and three candidate sites
have been researched. Sevend land disposal alternatives are being considered.

Spent fuel is held in on-site pools at each nuclear power-plant. The pools are being reracked to
extend their holding capacity i..:iil 1999 at Chinshan, 2004 at Kuosheng and 2016 at Maanshan.
When the pools are full, interim dry storage will be on site. In January 1993, the AEC
commissioned consultants to evaluate the different technologies developed overseas for interim
dry storage of spent fuel.

Natural uranium oxide spent fuel from the 40 MW research reactor TRR has been shipped to the
US for reprocessing at Savannah River. In mid-1990, Taiwan reported an offer from the People's
Republic of China that it might provide disposal sites for Taiwan's radioactive waste.
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17.5 Other

Taiwan has ratified the Nuclear Non-Proliferation Treaty (NPT) and, although it is no longer a
member of the International Atomic Energy Agency, all of its nuclear facilities are subject to
IAEA safeguards.

18. THAILAND*

18.1 Nuclear Power

An interest in nuclear power has been maintained since the early 1970s. Six sites near Bangkok
were examined in 1977 and the first phase of a study of the role of nuclear power in Thailand's
overall energy strategy was carried out in 1983 by CESEN, the energy study division of Ansaldo
(Italy). Recent reports suggest that interest in nuclear power is being revived by the growth in
electricity demand which is forecast to increase at a rate of not less than 1% per year for the next
20 years. The rate of electricity demand is currently rising at 14% per year. A government-
organised conference on nuclear power held in early July 1992 recognised the importance of
nuclear power as an energy option but stressed the need to establish a national consensus on its
introduction.

18.2 Research Reactors

Thailand has one research reactor, a 2 MW Triga Mk III situated at Bangkok. The reactor, which
achieved initial criticality in 1962, is operated by the Office of Atomic Energy for Peace (OAEP).
In December 1989, the government decide to relocate this reactor, which is near Bangkok airport.
A new nuclear research centre with a new research reactor of about 5 MWt is to be built north of
the capital at a cost of US$100 million. When this is fully operational, later this decade, the
TRR-1/M1 reactor will be decommissioned.

18.3 Uranium Resources/Production

Uranium has been found in the north-east of the country.

19. VIETNAM*

19.1 Nuclear Power

Viet Nam intends, ultimately, to embark on a nuclear power program. A possible installed
nuclear capacity of 800-1200 MWe by around the year 2010 is being studied by the National
Atomic Energy Commission. The Commission has reported that Viet Nam has large uranium
deposits.

19.2 Research Reactors

Before evacuating Viet Nam in 1975 the US removed the ftiel and reactor internal equipment
from the country's only research reactor, a 250 kW Triga Mk II located at Da Lat. The reactor
was rebuilt, with help from the USSR, and achieved criticality with its new 500 kW core in
November 1983. It is said to use 36% enriched foe! supplied by the USSR.

Regional Cooperative Agreement (RCA) member country
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APPENDIX I - Power Reactor Programs in the Region

Total for all countries listed below
(Power Reactors > 30 MWeN)

In Commercial Operation 69 Units 47287 MWeN

Under Construction 29 Units 20225 MWeN

On Order 1 Unit 300 MWeN

Planned 46 Units 37521 MWeN

Unit

In Commercial Operation

Qinshan 1

Under Construction
2 Units 1800 MWeN

Guangdong 1

Firm Plans
4 Units 3106 MWeN

Liaoning 1
LiaoningZ

PWR

PWR
PWR

CHINA

Type MWeN CMOP Unit

PWR 288 1993

900

953
953

0
0

Qinshan 2
Qinshan 3

Type MWeN CMOP

1993 Guangdong 2 PWR

PWR
PWR

900

600
600

1994

2000
2001

Under Construction
2 Units 250 MWeN

North Korea 1

Firm Plans
3 Units 1905 MWeN

North Korea 3
North Korea 4

DPR KOREA

GCR 50 1995 North Korea 2 GCR 200 1996

LWR 635
LWR 635

0 North Korea 5 LWR 635 0
0



Unit

In Commercial Operation
9 Units 1593 MWeN

Kakrapar 1
Kalpakkam 1
Kalpakkam2
Narora 1
Nerora2

Under Construction
7 Units 1910 MWeN

Kaiga 1
Kaiga2
Kakrapar2
Rajasthan 3

Finn Plans
10 Units 3508 MWeN

Kaiga 3
Kaiga 4
Kaiga 5
Kaiga 6
Kudankulam 1

Type
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INDIA

MWeN CMOP Unit Type MWeN CMOP

HWR
HWR
HWR
HWR
HWR

202
205
205
202
202

1993
1984
1986
1991
1992

Rajasthan 1
Rajasthan 2
Tarapur 1
Tarapur2

HWR
HWR
BWR
BWR

90
187
150
150

1973
1981
1969
1969

HWR
HWR
HWR
HWR

202
202
202
202

1996
1997
1994
1997

Rajasthan 4
Tarapur 3
Tarapur 4

HWR
HWR
HWR

202
450
450

1997
0
0

HWR
HWR
HWR
HWR
HWR

202
202
202
202
450

0
0
0
0
0

Kudankulam 2
Rajasthan 5
Rajasthan 6
Rajasthan 7
Rajasthan 8

HWR
HWR
HWR
HWR
HWR

450
450
450
450
450

0
0
0
0
0

INDONESIA

Firm Plans

Indonesia (Java) 1 600 2003
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JAPAN

Unit

In Commercial Operation
43 Units 33171 MWeN

Fugen
Fukushima 1
Fukushima 2
Fukushima 3
Fukushima 4
Fukushima 5
Fukushima 6
Fukushima II1
Fukushima II2
Fukushima II3
Fukushima II4
Genkai 1
Genkai2
Hamaoka 1
Hamaoka2
Hamaoka3
Bcatal
Dcata2
Kashiwazaki 1
Kashiwazaki2
Kashiwazaki 5
Mihama 1

Under Construction
11 Units 10515 MWeN

Genkai 3*
Genkai 4
Hamaoka 4*
Dcata3
Kashiwazaki 3*
Kashiwazaki 4

T>pe MWeN CMOP Unit Type MWeN CMOP

ATR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
BWR
BWR
BWR
PWR
PWR
BWR
BWR
BWR
PWR

148
439
760
760
760
760

1067
1067
1067
1067
1067
529
529
515
806

1056
538
538

1067
1067
1067
320

1979
1971
1974
1976
1978
1978
1979
1982
1984
1985
1987
1975
1981
1976
1978
1987
1977
1982
1985
1990
1990
1970

Mihama 2
Mihama 3
Ohil
Ohi2
Ohi3
Ohi4
Onagawa 1
Sendai 1
Sendai2
Shimane 1
Shimane2
Takahama 1
Takahama2
Takahama 3
Takahama 4
Tokail
Tokai2
Tomari 1
Tomari2
Tsuruga 1
Tsuniga 2

PWR
PWR
PWR
PWR
PWR
PWR
BWR
PWR
PWR
BWR
BWR
PWR
PWR
PWR
PWR
GCR
BWR
PWR
PWR
BWR
PWR

470
780

1120
1120
1127
1127
497
846
846
439
790
780
780
830
830
159

1080
550
550
341

1115

1972
1976
1979
1979
1991
1993
1984
1984
1985
1974
1989
1974
1975
1985
1985
1966
1978
1989
1991
1970
1987

PWR
PWR
BWR
PWR
BWR
BWR

1127
M27
1092
846

1067
1067

1994
1997
1993
1995
1993
1994

Kashiwazaki 6
Kasniwazaki?
Monju
Onagawa 2
Shikal*

BWR
BWR
FBR
BWR
BWR

1315
1315
250
796
513

1996
1997
1995
1995
1993

' These reactors have been connected to the grid



-36-

Unit

Firm Plans
15 Units 16402 MWeN

Ashihama 1
Ashihama2
Higashidori 1
Higashidori 2
Higashidori 3
Higashidori 4
Makil
Namie-Odaka

Type

JAPAN (cont.)

MWeN CMOP Unit Type MWeN CMOP

BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR

1315
1315
1067
1067
1067
1067
796
796

2002
2002
2004
2004
2005
2005
2001
2002

N1(TEPCO)
N2(TEPCO)
Ohma
Onagawa3
Shika2
Suzul
Suzu2

BWR
BWR
ATR
BWR
BWR
BWR
PWR

1315
1315
556
796

1315
1315
1300

2001
2002
2002
2002
2005
2006
2006

Unit Type

In Commercial Operation
9 Units 7220 MWeN

Koril PWR
Kori2 PWR
Kori3 PWR
Kori4 PWR
Ulchin 1 PWR

Under Construction
7 Units 5750 MWeN

Ulchin 3 PWR
Ulchin 4 PWR
Wolsong2 HWR
Wolsong 3 HWR

Firm Plans
11 Units 10100 MWeN

Ulchin 5 PWR
Ulchin 6 PWR
Wolsong 5 HWR
Woisong6 HWR
Wolsong 7 HWR
Yonggwang 5 PWR

KOREA RO

MWeN CMOP

950
950
650
650

1000
1000
700
700
700

1000

Unit Type MWeN CMOP

1978
1983
1985
1986
1988

1998
1999
1997
1998

2002
2003
2002
2003
2006
2000

Ulchin2
Wolsong 1
Yonggwang 1
Yonggwang 2

Wolsong 4
Yonggwang 3
Yonggwang 4

Yonggwang 6
KMJ23
KNU24
KNU25
KNU26

PWR
HWR
PWR
PWR

HWR
PWR
PWR

PWR
PWR
PWR
PWR
PWR

650
950
950

1999
1995
1996

1000
1000
1000
1000
1000

2001
2003
2004
2005
2006
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PAKISTAN

Unit Type MWeN CMOP

In Commercial Operation

Kanupp HWR 125 1972

On Order

Chashmal PWR 300 1999

TAIWAN

Unit

In Commercial Operation
6 Units 4890 MWeN

Chinshan 1
Chinshan 2
Kuosheng 1

Firm Plans
2 Units 1900 MWeN

Taipower 7

Type MWeN CMOP Unit Type MWeN CMOP

BWR 604 1978 Kuosheng 2 BWR 951 1983
BWR 604 1979 Maanshan 1 PWR 890 1984
BWR 951 1981 Maanshan 2 PWR 890 1985

950 2000 Taipower 8 950 2001

POWER REACTOR SUMMARY

POWER REACTORS > 30 MWeN
Status at 30.6. 93

In Commercial Operation
Under Construction
On Order
Planned
Total

REGION
Units

69
29

1
46

145

MWeN
47287
20225

300
37521

105333

WORLD
Units
415
56
2

67
540

MWeN
325121
44332

1750
54101

425304
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APPENDK n - Research Reactors in the Region

Name

HIFAR
MOATA

Type

Heavy Water
Argonaut

Thermal
Power

Initial
Criticality

AUSTRALIA

10 MW
100 kW

1958
1961

Location

ANSTO Menai
ANSTO Menai

TRIGA II Triga Mkn

BANGLADESH

3 MW 1986 BAEC Dhaka

CHINA

HWRR-H
SPR
Tsinghua
ZPFR
SPRR-300
HFETR

MNSR*
MNSR*
MNSR*
LTHR
PPR
LPR

Heavy Water
Pool
Pool
Zero Power Fast
Pool
Tank
Critical Assembly
Tank in Pool
Tank in Pool
Tank in Pool
Heating
Pulsing
Low Power

15 MW
3.5 MW
2.8 MW

3MW
125 MW

27 kW
27 kW
27 kW
5MW
1MW
5MW

1958 IAE Beijing
1964 IAE Beijing
1964 INETTsinghua
1976 IRERD Chengdu
1979 IRERD Chengdu
1979 IRERD Chengdu
1979 IRERD Chengdu
1984 IAE Beijing
1988 Shenzhen Univ.
1989 Shan Dong
1989 INETTsinghua
1990 IRERD Chengdu
1992 IRERD Chengdu

* Miniature Neutron Source Reactor
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Name Type Thermal Initial
Power Critically

Location

DEMOCRATIC PEOPLE'S REPUBLIC OF KOREA

IRT-DPRK Pool 8MW 1965 Pyongyang

INDIA

ASPARA
CIRUS
DRHUVA
FBTR
PURNIMAEI

KAMINI

Pool
Heavy Water
Heavy Water
Fast Breeder
Neutron Source

Neutron Source 30 kW

1MW
40 MW
100 MW
*40MW

-

1956
1960
1985
1985
1990

**

BARC Trombay
BARC Trombay
BARC Trombay
IGCAR Kalpakkam
BARC Trombay

IGCAR Kalpakkam

TRIGAH
KARTINI
RSG-GAS

TrigaMkH
TrigaMMI
Pool MPR***

INDONESIA

1MW
100 kW
30 MW

1964
1979
1987

Bandung
Yogyakarta
Serpong

* Design output; power level reached to date - 8 MW in April 1993

** Under construction; scheduled to be commissioned in 1993

*** Multipurpose Reactor
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Name Type

JRR-2
VHTRC-EX
UTRKINKI
RRR
TTR-1
TCA
MTTRR
NAIG
KUR
JRR-4
JMTRC
FCA
JMTR
DCA
YAYOI
KUCA
NSRR
JOYO
JRR-3M

HTTR

Heavy Water
Critical Assembly
Argonaut
TrigaMkH
Pool
Critical Assembly
TrigaMkn
Critical Assembly
Tank
Pool
Critical Assembly
Critical Assembly
Tank
Critical Assembly
Fast
Dual Core
Triga
Fast Breeder
Pool

High Temp.

Thermal
Power

JAPAN

10 MW
-
-

100 kW
100 kW

-
100 kW

-
5MW
3.5 MW

-
2kW

50 MW
IkW
2kW

-
300 kW
100 MW
20 MW

Initial
Criticality

1960
1961
1961
1961
1962
1962
1963
1963
1964
1965
1965
1967
1968
1969
1971
1974
1975
1977
1990

Location

Tokai
Tokai
KinkiUniv.
Rikkyo Univ.
Toshiba Corp.
Tokai
Musashi IT
Naig Labs.
Kyoto Univ.
Tokai
Oarai
Tokai
Oarai
Oarai
Tokyo Univ.
Kyoto Univ.
Tokai
Oarai
Tokai

30 MW Oarai

KOREA RO

AGN-201

KMRR

Triga MkJI
Triga MkIII
Homogeneous

Open-Tank-in-Pool

250 kW
2MW

30 MW

1962
1972
1982

**

Seoul
Seoul
Suwon

Daedui

* Under construction - initial criticality scheduled for 1998
** Under construction - initial criticality scheduled for 1994



-41-

Name Type Thermal Initial
Power Crincality

Location

MALAYSIA

TRIGA PUSPATI Triga MM 1 MW 1982 Bangi

PARR-1
PARR-2

Pool
MNSR

PAKISTAN

10 MW
27 kW

1965
1989

Islamabad
Islamabad

PRR-1 Triga

PHILIPPINES

3 MW 1963 Quezon City

TAIWAN

THOR
THMER
ZPLR
WBRL

Triga
Mobile
Pool
Homogeneous

1MW

10 kW
100 kW

1961
1973
1971
1976

Hsinchu
Hsinchu
Taipei
Taipei

TRR-1/M1

TRR-2

THAILAND

Triga MkHI 2 MW

Planned

1962 Bangkok

VIETNAM

DALATRR Pool 500 kW 1963 Dalat
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APPENDK HI - Regional Countries with Irradiation Facilities

(For sterilization of medical supplies or treating food on a commercial scale
- either in operation, being built or planned)

Australia Bangladesh
China, People's Republic of India
Indonesia Japan
Korea, Republic of Malaysia
New Zealand Pakistan
Philippines Thailand
Viet Nam

APPENDIX IV - Regional Members of the IAEA

Australia Bangladesh
China, People's Republic of Democratic Kampuchea
Democratic People's Republic of Korea India
Indonesia Japan
Korea, Republic of Malaysia
Mongolia Myanmar
New Zealand Pakistan
Philippines Singapore
Sri Lanka Thailand
Viet Nam
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APPENDIX V - Regional Members of the NPT

(Treaty on the Non-ProHferation of Nuclear Weapons)

Australia
Brunei
Democratic Kampuchea
Fiji
Japan
Korea, Republic of
Malaysia
Myanmar
Nepal
Papua New Guinea
Samoa
Solomon Islands
Taiwan
Tonga
Viet Nam

Bangladesh
China, PRC
Democratic People's Republic of Korea
Indonesia
Kiribati
Lao People's Democratic Republic
Mongolia
Nauru
New Zealand
Philippines
Singapore
Sri Lanka
Thailand
Tuvalu

APPENDIX VI - Regional Signatory Members of the Treaty of Rarotonga

(South Pacific Nuclear Free Zone Treaty)

Australia
Fiji
Nauru
Niue
Soloiron Islands
Western Samoa

Cook Islands
Kiribati
New Zealand
Papua New Guinea
Tuvalu
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APPENDIX VH - Regional Signatories to CENNA

Convention on Early Notification of a Nuclear Accident

Australia
Bangladesh
China, People's Republic of
Democratic People's Republic of Korea
India
Indonesia
Japan

Korea, Republic of
Malaysia
New Zealand
Pakistan
Sri Lanka
Thailand
Viet Nam

APPENDIX Vin - Regional Signatories to CANAKE

Convention on Assistance in the Case of a Nuclear Accident
or Radiological Emergency

Australia
Bangladesh
China, People's Republic of
Democratic People's Republic of Korea
India
Indonesia
Japan

Korea, Republic of
Malaysia
New Zealand
Pakistan
Sri Lanka
Thailand
Viet Nam


