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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.

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/Nuciear Energy Agency (NEA),
and annual reports of national nuclear institutes.
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ABBREVIATIONS

AB WR Advanced Boiling Water Reactor
APWR Advanced Pressurised Water Reactor
ATR Advanced Thermal Reactor
BWR 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
VVER 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:

1. 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.

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

2.3 Uranium Resources/Production

Australia has the largest resources of uranium in the Western World. The Reasonably Assured
Resources (reserves) recoverable at less than US$80 per kilogram of uranium were 474,000t U at
31 December, 1989. Those recoverable at between US$80-130 per kilogram of uranium were
58,000t 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 1989 Australia produced 3653t U, about 10% of Western World output. 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 the ore stockpiled for processing. Processing of the
high grade ore stockpiled ceased in 1988 and in 1989 only a small quantity of low grade ore was
processed. The mill is currently held on a care and maintenance basis. 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 in 1989 was 2,790t U. Production at the Olympic Dam mine, the world's largest
combined deposit of uranium, copper, gold and silver, began in 1988. The mine's initial capacity
is about l,600t U/year and last year some 850t U were produced.

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

Regional Cooperative Agreement (RCA) member country
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TABLE1. Australia's Major Uranium Deposits
Name

Ben Lomond
Beverley
Honeymoon
Jabiluka
Kintyre
Koongarra
Lake Way
Olympic Dam
Ranger
Yeelinie

State

Qld
SA
SA
NT
WA
NT
WA
SA
NT
WA

Tonnes U*

4000
13700
2900

175900
28000
13200
2800

304000
87700
44500

* Proved and probable in-situ company announced resources

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 has been extended
until 1992. The study will provide important guidance on the possible migration of material from
high level radioactive waste repositories to the surrounding environment.

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 discussions with unspecified reactor vendors on the purchase of a
small unit (300 to 400 MWe) have been reported. Recently France expressed its willingness to
sell a nuclear power plant to Bangladesh.

* Regional Cooperative Agreement (RCA) member country
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3.2 Research Reactors

The country's first research reactor, a 3 MW Triga Mk II, was commissioned at the Savar Atomic
Energy Research Establishment, near Dhaka, in January 1987.

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

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. 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 (CNNC) 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

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. Two French 900 MWE PWRs are being built at Daya Bay, Guangdong. These units are
to be partly financed by the sale of electricity to Hong Kong, in early 1986, constrained by
limited foreign exchange, it was decided to place greater emphasis on self reliance by
constructing 300 MWe and 600 MWe PWRs of indigenous design. The revised plan calls for an
installed nuclear power capacity of 6000 MWe, representing 2.5% of total electricity, by Jhe end
of the century. The first 300 MWe PWR is being built at Qinshan near Shanghai. It was
originally scheduled to go into operation at the end of 1990. The operating date is now expected
to be late 1991. Two 600 MWe PWRs are to be built at Qinshan in the 1990s. The design contract
for these has been awarded to the Beijing Institute of Nuclear Engineering which also designs
China's nuclear submarines. Cooperation with companies from West Germany, France and
Japan is reportedly being explored for this second phase of the Qinshan project. In June
Electricite de France and the Ministry of Energy Resources signed an agreement for further
cooperation on power generation projects.

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. Negotiations with the

Regional Cooperative Agreement (RCA) member country
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USSR on the purchase of two 1000 MWe PWRs began last year. China was reportedly seeking
some sort of barter or countertrade arrangement rather than a hard currency purchase. A letter of
intent has recently been signed.

Other nuclear plans include district heating reactors and units to provide heat for industrial
processes. An indigenously-developed 5 MWt test heating reactor has begun operation at the
Institute of Nuclear Energy Technology (INET) at Tsinghua University. Construction of a 200
MWt demonstration nuclear heating reactor is now planned. Candidate sites for the
demonstration plant are four Northeastern cities - Harbin, Shenyang, Jilin and Changchun.
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.

German firms and the Chinese Nuclear Bureau for Nuclear Industry agreed in 1988 to cooperate
in the planning and construction of German modular high-temperature reactors (HTRs). It was
intended that a 10 MWt test high-temperature gas-cooled reactor would first be built at a Chinese
university followed by a 300 MWe modular HTR. No final agreement has been reached. Since
1986 a research and development program on a 600 MWe advanced PWR, the AC-600, has been
undertaken at the Southwest Institute of Reactor Engineering Research and Design (IRERD),
Chengdu, Sichuan Province.

In November 1989 China agreed to supply a 300 MWe PWR, an improved version of Qinshan 1,
and its enriched uranium fuel to Pakistan. Work is scheduled to start by December 1990. In
accordance with the terms of a nuclear cooperation agreement that the two countries have had
since 1986 the plant would come under international safeguards. Reports of a reactor order by
another unspecified Middle Eastern country have not been confirmed.

4.3 Research Reactors

The China National Nuclear Corporation owns fifteen research organizations and six research and
design institutes. One of the most important is the multi-disciplinary Institute of Atomic Energy
(IAE) established in Beijing in 1950. There are believed to be at least eleven research reactors in
operation (Table 2).

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.

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. 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
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TABLE 2. Research Reactors in China

Name

HWRR-II
SPR
Tsinghua
ZPFR
SPRR-300
HFETR

MNSR*
MNSR*
MNSR*
LTHR

Type

Heavy Water
Swimming Pool
Swimming Pool
Zero Power Fast
Swimming Pool
Tank
Critical Assy
Tank in Pool
Tank in Pool
Tank in Pool
Low Temperature

Heating

Power

15MW
3.5MW
2.8MW
-
3MW

125MW
-

27kW
27kW
27kW

5MWt

Date of
Criticality

1958
1964
1964
1976
1979
1979
1979
1984
1988
1989

1989

Location

IAE Beijing
IAE Beijing
INET Tsinghua
IRERD Chengdu
IRERD Chengdu
IRERD Chengdu
IRERD Chengdu
IAE Beijing
Shenzhen Univ.
Shan Dong

INET Tsinghua

'* Miniature Neutron Source Reactor

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. Several small supply contracts have been
signed with Y/estern companies in Europe, Japan and the USA.

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 uranium 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. The plant's PWR
fuel manufacturing capacity is planned to be 150 tonnes of heavy metal by 1995.
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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 plant to reprocess LWR fuel (lOOkg/day) is to
be built at Lanzhou for operation in 1996. China plans to have a commercial LWR fuel
reprocessing plant on line in the early 2010s.

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. Site investigations are being conducted for the geological disposal of
high level waste. Suggested likely sites are in Zhejiang province, where the Qinshan nuclear
power station is located, and in 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.

4.10 Other

China is not a party to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). 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.

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.

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

5.1 Nuclear Power

A 1985 Intergovernmental Agreement between the USSR and the DPRK provides for Soviet
technical assistance to the DPRK in the construction of a nuclear power station of four WER-
440s (440 MWe, PWRs). Following South Korean reports earlier this year that construction of
the station had commenced, the USSR issued a statement on the status of the project. Site
selection works are presently being undertaken and are to be completed by 1992. The
development and delivery of the engineering design of the station is not planned before 1994.

5.2 Research Reactors

The country is believed to have either one or two Soviet-supplied 4 MW research reactors. One is
said to be operating at Yongbyon. A 50 MWt magnox-type gas-cooled reactor has reportedly
been in operation since 1987.

5.3 Reprocessing

There have been reports, based on satellite photographs and intelligence sources, that nuclear
facilities, including a reprocessing plant, are under construction at Yongbyon, 90 kilometres north
of Pyongyang.
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5.4 Other

Although the DPRK signed the Nuclear Nonproliferation Treaty in 1985, it has not concluded the
requisite safeguards agreement which would enable international inspections of its nuclear
facilities. Discussions between the DPRK and the International Atomic Energy Agency for a
full-scope safeguards agreement took place last year and again more recently.

6. INDIA*

India's strategy has been to gain complete independence in the nuclear fuel cycle from 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.

6.1 Nuclear Power

Apart from two early US supplied BWRs at Tarapur, 'India's nuclear power program consists of
HWRs of about 220 MWe based on the Candu design 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. Narora-1, which attained
criticality in March 1989, was India's seventh nuclear power reactor and the third such
indigenously designed and built PHWR. In 1989 nuclear power supplied 1.6% of India's
electricity, down from 3% in 1988. A 480 MWe HWR design is being developed for operation
about the year 2000. The current status of the program is shown in Appendix I.

For many years India has 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 (NPC) 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 1988, India signed an
agreement with the USSR which clears the way for Soviet industry to construct two 1000 MWe
VVER-1000 units in India on a turnkey basis. A site at Kudankulam, in southern Tamil Nadu, has
been selected for the reactors. Delays, attributed to financial disagreements, have been reported
with the project. These reactors will be subject to IAEA safeguards.

Because India's uranium reserves are insufficient to support a large program, great importance is
being placed on fast reactors and on the future use of thorium fuels. A project report is to be
submitted to the Indian government on establishing a 500 MWe prototype fast breeder at
Kalpakkam. The reactor, which is to be commissioned by the year 2000, will use mixed
uranium-plutonium carbide fuel. The site already has a fast breeder test reactor which is to be
connected to the grid. Plans envisage the introduction of commercial fast breeder reactors of
indigenous design in the early decades of the next century.

* Regional Cooperative Agreement (RCA) member country
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6.2 Research Reactors

India's leading nuclear research establishment, the Bhabha Atomic Research Centre (BARC), at
Trombay (near Bombay), operates several research reactors. The Radiation Medical Centre of
BARC is recognised by WHO and the IAEA as a regional reference centre for South East Asia.

1. APSARA is a 1 MW pool type reactor built in 1956. It is used for the production of
isotopes and experiments in physics.

2. CIRUS is a 40 MW natural uranium fuelled, heavy water moderated reactor which has
been in operation since 1960. Its operating power level was reduced to 20 MW in August
1989 to conserve fuel.

3. PURNIMA II is a small research reactor which began operation in 1984. It uses U233 for
fuel and is designed for studies in the thorium fuel cycle. The critical assembly,
PURNIMA III, is expected to start up soon.

4. DRHUVA is a 100 MW heavy water reactor for research and to enable large scale
production of high activity radioisotopes. It became operational in August 1985.

Liquid metal fast breeder technology is being developed at the Indira Ghandi Centre for Atomic
Research (IGCAR) at Kalpakkam, near Madras.

1. FBTR is a 40 MW fast breeder test reactor, cooled by 150t of liquid sodium, which uses a
domestically designed mixed uranium-plutonium carbide fuel. The reactor operated from
October 1985 to May 1987 before being shut down for the addition of steam generators and
other equipment to enable it to produce about 15 MW of electricity.

2. KAMINI is a 30 kW natural convection cooled neutron source reactor which is nearing
completion at Kalpakkam. It is the first reactor of its kind in the world to use uranium-233
fuel. U-233 is produced from the naturally occurring thorium-232, of which India has
abundant resources.

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.

6.3 Heavy Water

India's heavy water production facilities are shown in Table 3. Several plants are operated in
conjunction with fertilizer plants. If self-sufficiency is to be attained, India will require about
13,000t of heavy water by the end of the century to meet the proposed PHWR program.
Additional heavy water plants are therefore planned in order to increase the total annual
production capacity to around 1530t per year. 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.

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 41,140t U, as of January 1, 1989. India has only
one uranium production centre at Jadugada, Singhbhum, Bihar, consisting of two underground
mines and a mill. A second mill, also supplied by two underground mines, is scheduled to start up
at Turamidh in 1992. India has one of the world's largest thorium resources, (approximately
400000t Th) associated with monazite in beach sands at Kerala.
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TABLE 3. Heavy Water Production Facilities in India

Name

In Operation
Nangal
Talcher
Baroda
Tuticorin
Kota
Thal-Vaishet

Capacity
(t/year)

14.0
62.7
67.2
71.3
100.0
110.0

Process

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

Under Construction
Manuguru
Hazira

185.0
100.0

H2S-water
Ammonia-hydrogen

6.5 Conversion

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

6.6 Enrichment

A pilot gas centrifuge enrichment facility is believed to be operating at Trombay and there are
plans to construct a commercial scale plant at Mysore in Karnataka State. Laser techniques are
being developed. Fuel for the country's two BWRs at Tarapur is currently manufactured from
enriched UF6 supplied by France.

6.7 Fuel Fabrication

Since 1971 NFC 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 24t/year for BWR fuel and 90t (although
some sources state 200t) per year for PHWR fuel.

Some nuclear fuel is also produced at Trombay. The Trombay plant, besides being used to
produce 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.

To meet the requirements of the 10000 MWe proposed nuclear power program it is planned to
expand fuel fabrication facilities further to a total capacity of 1500t of fabricated uranium fuel per
year. The Phase-1 Expansion Scheme at NFC is expected to be completed during 1990. A second
nuclear fuel complex is planned at the south-east port of Visakhapatnam.

6.8 Reprocessing

Reprocessing of spent fuel began in India in 1964 with the commissioning of a 30t HM/year plant
at Trombay. Later the plant was shut down for modernisation and additions. It was
recommissioned in 1983 and reprocesses fuel from research reactors. The Department of Atomic
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Energy has a lOOt HM/year plant at Tarapur and a 125t HM/year plant at Kalpakkam for
reprocessing power reactor fuel. Phase 2 of the Kalpakkam, now under construction, is planned to
have a capacity of lOOOt HM/year. The production line is also designed to accept mixed carbide,
and possibly nitride, spent fuels from the breeder reactor program.

6.9 Waste Management

A pilot plant to vitrify highly radioactive waste generated by the Trombay reprocessing plant has
been operating at Tarapur since 1985. Its capacity is 120-125 kg(glass)/day. A second plant, at
Trombay, is expected to be operational in 1990. A third facility, at the fast breeder complex at
Kalpakkam, is scheduled for operation in 1993.

6.10 Other

India is not a party to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT).

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 (EOT) 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.

A final feasibility and siting study for the nation's first 600 MWe unit is to be carried out in 1990.
The site being studied for the reactor is on the Muria Peninsular in Central Java. 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.

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 recent, a 30 MW multi-purpose reactor (MPR-30, later called RSG-GAS)
at Serpong supplied by Interatom (Germany FR), which achieved criticality in 1987.

7.3 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.

Regional Cooperative Agreement (RCA) member country
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7.4 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

In 1989,27.8% of Japan's electricity was supplied by nuclear power, an increase of 4.4% over the
previous year. Nuclear power continues to be the lowest cost electricity generation source in
Japan. In April 1990 Japan's thirty ninth power reactor, Kashiwazaki 5, entered commercial
operation. In 1989 construction began on two units, Hamaoka-4 and Onagawa-2. The current
status of the Japanese power reactor program is shown in Appendix I.

'Current planning calls for a nuclear generating capacity of 53,000 MWe by the year 2000 and
around 100,000 MWe by the year 2030. The Electric Power Development Coordination Council
(EPDCC) stated in August 1989 that it expects power demand to grow 2.7% per year in the
1990s, the first time in eight years that the EPDCC has revised its growth estimates upwards. In
June 1990 the Ministry of International Trade and Industry (MITI) announced that Japan would
need 40 new nuclear units over the next 20 years. Their estimate was that Japan's energy
consumption would rise by 20% during the 1990s, despite a move away from heavy industry. On
the other hand, opposition to nuclear power is increasing. A recent example of this was the
election of an anti-nuclear mayor in Rokkasho-Mura, Aomori Prefecture, site of a commercial
enrichment plant under construction and of other fuel cycle facilities.

8.2 Advanced Reactors

Japanese companies and utilities have been working with'the American suppliers, General
Electric and Westmghouse, on the design and development of Advanced Light Water Reactors
(ABWRs and APWRs). The Tokyo Electric Power Company has 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. Construction of unit 6 is to begin in 1991 for operation in 1996.

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. Construction of a 606 MWe demonstration ATR is scheduled to begin in 1993 for
operation in the late 1990s.

* Regional Cooperative Agreement (RCA) member country
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Construction of the Japanese prototype fast reactor Monju (250 MWe) began in 1985 and initial
criticality is scheduled for October 1992. Japan plans to build two or three demonstration units
before introducing commercial fast reactors in 2030. Construction of the first demonstration
reactor (800-1000 MWe) is planned to start in 1996.

8.3 Research Reactors

Japanese research reactors are shown in Table 4.

TABLE 4. Research Reactors in Japan

Name

JRR-2
VHTRC-EX
UTRKINKI
R1KKYO
TTR-1
TCA
MITRR
NAIG
KUR
JRR-4
JMTRC
FCA
JMTR
DCA
YAYOI
KUCA
NSRR
JOYO
JRR-3

Power

10MW
-
-

lOOkW
lOOkW

-
lOOkW

-
5MW
3.5MW

-
2kW

50MW
IkW
2kW

-
300kW
100MW
20MW

Type

Heavy Water
Critical Assy.
Argonaut
Triga Mk II
Pool
Critical Assy.
Triga Mk II
Critical Assy.
Tank
Pool
Critical Assy.
Critical Assy.
Tank
Critical Assy.
Fast
Dual Core
Triga
LMFBR
Pool

Date of
Criticality

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

Location

Tokai
Tokai
Kinki Univ.
Yokosuka
Toshiba Corp.
Tokai
Musashi
Naig Labs.
Kyoto Univ.
Tokai
Oarai
Tokai
Oarai
Oarai
Tokyo
Kyoto Univ.
Tokai
Oarai
Tokai

Japan's latest research reactor, JRR-3, 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.

Construction is to begin this year on the first High Temperature Gas Cooled Reactor in Japan, the
30 MWt High Temperature Engineering Test Reactor (HTTR) at the Oarai Research
Establishment of the Japan Atomic Energy Research Institute (JAERI). Criticality is scheduled
for 1995.

;

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
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involved in uranium mining joint ventures overseas.

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.

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 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 and all the Corporation's
enriched uranium is now produced by the prototype gas-centrifuge enrichment plant which began
operating at the same location in 1988 and reached full capacity (200k SWU/year) last year.

•Japan Nuclear Fuel Industries (JNFI) began construction of a commercial sized gas-centrifuge
plant in 1988 at Rokkasho-Mura in Aomori prefecture. The first section will be commissioned
around 1992. The plant is to be expanded so that, by 1997, the capacity of the plant will reach
1.5 million SWU/year. Plans exist to expand this plant to 3 million SWU/year by the year 2005
and it is believed that laser enrichment could be introduced in this later phase.

JAERI is developing the Atomic Vapour Laser Isotope Separation (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 and a two-year program of experiments to confirm the feasibility of AVLIS is to begin in
July. The Laboratory, located at JAERI's Tokai Establishment, was built by LASER-J, the Laser
Atomic Separation Engineering Research Association of Japan formed in 1987 by ten electric
power companies, Japan Nuclear Fuel Industries and the Central Research Institute of Electric
Power Industry for AVLIS research and development. Molecular Laser Isotope Separation
(MLIS) techniques are being developed by the Institute of Physical and Chemical Research.

Research and development of the chemical exchange process for uranium enrichment is being
carried out by Asahi Chemical Industry Company at Hyuga City, Miyazaki. Testing of a 2k
SWU/year facility began in 1986.

8.7 Fuel Fabrication

Light water reactor (LWR) fuel is manufactured by three companies as listed below. In addition,
PNC manufactures ATR MOX and fast breeder reactor (FBR) MOX fuel at Tokai Mura, Ibaragi
Prefecture. It is planned to expand production at the ATR MOX facility from lOt MOX/year to
40t MOX/year by 1991. The FBR MOX fuel production line at the Tokai Plutonium Fuel
Production Facility (PFPF) began in 1988 with a capacity of 5t MOX/year.

1. Japan Nuclear Fuel Company (JNFC) manufactures BWR fuel at the Kurihama Works,
Yokosuka City in Kanagawa Prefecture. It is planned to increase the output of this plant
from 490t U02/year to 750t U02/year.
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2. Mitsubishi Nuclear Fuel (MNF) manufactures PWR fuel at its facility at Tokai Mura.
Current capacity of the plant is 420t UO2/year but is to be expanded to 600-650t UO2/year.

3. Nuclear Fuel Industries (NFI) manufactures PWR fuel at its Kumatori Works, Osaka.
Current capacity is 265t U02/year. The company also manufactures BWR fuel at its Tokai
Mura works. The capacity of the plant is lOOt U02/year (some sources say 200t
U02/year).

8.8 Reprocessing

The reprocessing of spent fuel elements is considered to be an important factor in reducing
Japanese dependence on foreign uranium resources 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. The
Tokai Reprocessing Plant now handles approximately 10% of Japan's spent fuel. A test facility
(120t U/year) to reprocess FBR fuel is scheduled to be operational at the site by 1995. In
addition, an-800t U/year plant for reprocessing LWR fuel is to be built at Rokkasho-Mura for
operation in 1997. A second plant of the same size could be added by the year 2010. It is planned
that a 3,000 tonnes spent fuel storage pool will be operating nearby in 1994.

8.9 Plutonium Recycle

Japan intends to use MOX fuel assemblies for one quarter of the reload fuel in two selected
reactors (one BWR and one PWR) in the early 1990s. Eventually, towards the end of the century
after Japan's new 800t/year LWR reprocessing plant at Rokkasho-Mura comes on line, MOX fuel
could be used in twelve reactors. This would mean "lOOt HM/year if one third of the cores are
loaded with MOX fuel.

8.10 Waste Management

The-basic policy with regard to high-level radioactive waste (HLW) is solidification, interim
storage at an external facility, and final geological disposal. Hot tests on HLW vitrification were
started by PNC at Tokai Mura in 1982. The liquid-fed ceramic melter method of vitrification has
been chosen. Construction of a vitrification development facility is scheduled to be completed by
1991. The'plant will process HLW originating from the operation of the Tokai Mura reprocessing
plant.

Construction of a low-level waste storage centre at Rokkasho-Mura is now scheduled to begin
this year and operation is to begin in 1992. Hearings to reassure the public were held in April.

8.11 Nuclear Ships

Japan's only nuclear powered ship, the 10,000 shaft h.p. cargo vessel Mutsu, achieved criticality
in March for the first time since a radiation leak ended its first nuclear powered test run in 1974.
The ship is to undergo power raising tests until the end of August and then a year-long voyage
before decommissioning. For years there was controversy over a home port for Mutsu and a
special one had to be constructed at Sekinehama, Aomori Prefecture.

8.12 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
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agreement signed by Japan. The others are with the USA, the United Kingdom, France, Canada
and Australia. In May 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 addition to these Governmental level agreements,
there are also agreement? 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 March the Japan Atomic Energy Commission sponsored the First International Conference for
Nuclear Cooperation in Asia. A number of regional cooperation proposals and projects were
discussed. 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.

9. KOREA, REPUBLIC OF (ROK)*

9.1 Nuclear Power

Nuclear plants produced around 50% of the electricity generated in the ROK in 1989. A Canadian
Candu HWR is operating at Nae-Po (Wolsong) and there are eight operating PWRs at three other
sites (Appendix I). Six of the PWRs were supplied by Westinghouse (USA), four at Ko-Ri and
two at Kyema-Ri (Yonggwang), and two by Framatome (France), at Buku-Ri (Ulchin).

In 1987, 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 is said to have been the provision for PWR
technology transfer. Over a period of 15 years the ROK has moved from the turnkey contracts of
the first three PWR units 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
Kyema-Ri station, began in 1989.

In December 1988 the Ministry of Energy & Resources revised its long term energy plan to
include another Candu at Wolsong and two more 1000 MWe PWRs at Ulchin. Orders for these
units are expected to be placed in 1990/1, with discussions between KEPCO and Atomic Energy
of Canada Ltd on the purchase of the second Candu already being reported. A 1989 study,
commissioned by KEPCO and the Energy and Resources Ministry, said the nation would need to
build the equivalent of fifty five 1,000-MW nuclear plants to meet predicted demand over the
next 40 years.

Regional Cooperative Agreement (RCA) member country
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Some public opposition to nuclear energy and radioactive waste disposal has been reported in
recent times.

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:

1. Triga Mk II, a 250 kW research reactor supplied by General Atomics (USA), has been
operating since 1962.

2. Triga Mk III is a 2 MW reactor which achieved initial criticality in 1972.

3. AGN-201 is a zero power training reactor which has been operating since 1982.

In 1986, it was announced that a 30 MW research reactor would be built to replace the two Triga
reactors. The new reactor, designated Maple (for Multi-Purpose Applied Physics Lattice
Experiment) is said to be 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.

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 - Dawn Lake and Cigar
Lake in Canada, Crow Butte in the USA and Nord Leyou in Gabon.

9.4 Conversion

A conversion (UF6-U02) facility is associated with the PWR fuel fabrication plant at Taejon,
200km south of Seoul. Also at Taejon is a demonstration 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. It
is also to purchase up to 40 tonnes of enriched uranium from the USSR annually for the next ten
years at what are 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. The Korea Nuclear Fuel Company has
recently taken over operation of a new fuel fabrication plant at Taejon. The plant, which was
supplied by Siemens AG (Germany FR), will fabricate fuel assemblies for Korea's PWRs. Initial
production will be 140 t/year, which maybe increased to 200 t/year depending on the
requirements of KEPCO. The design of the plant is such that it can be expanded later to 400
t/year. The capacity of a small HWR fuel fabrication facility, also at Taejon, is being expanded
to 100 t/year.

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
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storage facility for spent fuels should be available by the end of 1997. Preliminary studies on the
siting of such facilities on an uninhabited island have begun. In 1990 Societe Generale pour les
Techniques Nouvelles (SON) won the contract for the conceptual design of an away-from-reactor
interim spent fuel storage facility with a capacity of 3,000 tonnes. The Korea Atomic Energy
Research Institute (KAERI) is responsible for tN>. construction and operation of the disposal and
storage facilities.

9.8 Other

In May 1990 Japan and the Republic of Korea signed a nuclear cooperative agreement, covering
the exchange of information and personnel 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.

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, hydropower, 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.

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 Rangooa Departments include prospecting, nucleonic instrumentation, a
radiation measurement laboratory, and isotope applications. Myanmar is not a party 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 137 MWe natural uranium fuelled PHWR located
near Karachi, began operating in 1971. It produces less than 1% of the country's electricity.
Canada imposed an embargo on the supply of fuel and spare parts for Kanupp in 1974.

* Regional Cooperative Agreement (RCA) member country
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bribery and fraud. Plans for a second reactor at the same site were cancelled in 1981. Recent
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 have led to renewed
opposition calls for the plant to be commissioned.

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.

15. SINGAPORE*

Singapore has no research reactors and no nuclear power plans.

16. SRI LANKA*

Although the grid is too small to accommodate even a small nuclear power plant at this time,
nuclear energy is considered an option for future electric power generation. The country is
planning to purchase a research reactor.

17. TAIWAN

Taiwan has very limited natural resources and imports over 90% of its primary energy, mainly in
the form of oil. Coal was originally the main source of energy. High costs and limited reserves
mean that only 7% of the coal supply is now mined locally. In 1988 hydro electricity supplied 8%
of power generation, coal-fired 30%, oil-fired 21% and nuclear power the remaining 41%.

The Atomic Energy Council (AEC) 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.

17.1 Nuclear Power

Six nuclear power reactors, four General Electric BWRs and two Westinghouse PWRs, are in
operation. The state-owned electricity supplier, the Taiwan Power Company (Taipower),
deferred negotiations to purchase its seventh and eighth reactors in 1982 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. The plans were revived
several times during the 1980s but withdrawn, mainly because of public opposition to nuclear
power projects following the Chernoby] accident and a fire in the turbine generator at Maanshan 1
in July 1985. In 1989 Taipower announced that it intended to begin construction of the new
station at Yenliao in 1990. No order for the two reactors has yet been placed. At the 1982 deferral
Taipower was negotiating with Combustion Engineering. Earlier this year both the Premier and
the Economics Minister urged public support for the project. Details of Taiwan's power reactor
program are given in Appendix I. Electricity demand has resumed growing and electricity sales
are forecast to increase by an average 5.9% a year to the year 2000.

Regional Cooperative Agreement (RCA) member country
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17.2 Research Reactors

Taiwan has five research reactors in operation. THOR, a 1 MW Triga reactor which achieved
initial criticality hi 1961; THAR, a 10 kW Argonaut reactor; 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, 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.

17.3 Fuel Cycle Facilities

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. Last year the government issued new Radwaste Management Guidelines (RWMG)
which make the producers responsible for the conditioning, transport, storage and disposal of
their own wastes and makes the RWA a regulatory body only. The Lan-Yu storage facility was
transferred to the Taiwan Power Company which is responsible for the waste disposal program.
The RWMG has set 1996 as the target date for the final LLW disposal plan.

About fifteen thousand 220 litre drums of LLW are produced in Taiwan annually. The 5% of
these from hospitals, industries and research institutes are sent to the Institute of Nuclear Energy
Research (INER) for treatment and conditioning. The remaining 95% are the operating wastes
from Taipower's six nuclear reactors which will generate over a lifetime of thirty years an
estimated 500,000 drums of LLW. Taipower is undertaking LLW volume reduction programs.
An' incinerator with a capacity of 100 kg/hour and a supercompactor are currently being installed
at;the Kuosheng Nuclear Power Station for commissioning this year. An on-site interim waste
storage facility is also being constructed there. Tho LLW solidified in cement or asphalt by
Taipower or the INER is sent to the Lan-Yu storage facility by ship, pending final disposal.
Lan-Yu is 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. Total construction
work at Lan-Yu is in five phases to provide ultimately the storage capacity for the 500,000 drums
expected up to the year 2020. The first phase includes 23 trenches. All the other phases will use
underground storage.

'Spent fuel is held in on-site pools at each nuclear power-plant. The pools are being reracked to
extend their holding capacity until 1999 at Chinshan, 2004 at Kuosheng and 2016 at Maanshan.
When the pools are full, interim dry storage will be on site. The storage method is under study. A
comprehensive research and development program for the final disposal of spent fuel is to be
drawn up by Taipower and submitted to the government. In 1986 a levy on electricity sales was
introduced to finance nuclear waste management activities, a "Nuclear Backend Fund".

Natural uranium oxide spent fuel from the 40 MW research reactor TRR is being shipped to the
US for reprocessing at Savannah River.
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17.5 Othsr

Although Taiwan 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 7% per year for the next
20 years.

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.

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 based on Soviet technology.
A site has been chosen near Da Lat for the first VVER-440 station, although no definitive plans
have been announced.

19.2 Research Reactors

Before evacuating Viet Nam in 1975 the US removed the fuel 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 fuel supplied by the USSR.

* Regional Cooperative Agreement (RCA) member country
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Unit

Under Construction
3 Units 2100 MWeN

Guangdong 1
Guangdong 2

Firm Plans
4 Units 3106 MWeN

Liaoning 1
Liaoning 2

APPENDIX I - Power Reactor Programs in the Region

CHINA

Type MWe CMOP Unit

PWR
PWR

PWR
PWR

900
900

1992
1993

953
953

Qinshan 1

Type

PWR

MWe CMOP

300 1991

0 Qinshan 2
0 Qinshan 3

PWR
PWR

600 0
600 0

DPR KOREA

Firm Plans
4 Units 1640 MWeN

North Korea 1
North Korea 2

PWR
PWR

410
410

0
0

North Korea 3
North Korea 4

PWR
PWR

410
410

0
0

INDIA

In Commercial Operation
6 Units 1224 MWeN

Kalpakkam 1
Kalpakkam2
Rajasthan 1

Under Construction
8 Units 1760 MWeN

Kaiga 1
Kaiga2
Kakrapar 1
Kakrapar2

HWR
HWR
HWR

220
220
202

1984
1986
1973

Rajasthan 2
Tarapur 1
.Tarapur 2

HWR
BWR
BWR

202
190
190

1981
1969
1969

HWR
HWR
HWR
HWR

220
220
220
220

1995
1996

' 1991
1992

Narora 1*
Narora2
Rajasthan 3
Rajasthan 4

HWR
HWR
HWR
HWR

220
220
220
220

1990
1991
1995
1996

* Connected to the grid
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Unit

Firm Plans
12 Units 5786 MWeN

KaigaS
Kaiga4
Kaiga5
Kaiga6
Kudankulam 1
Kudankulam 2

INDIA (Continued)

Type MWe CMOP Unit Type MWe CMOP

HWR
HWR
HWR
HWR
PWR
PWR

220
220
220
220
953
953

1996
1997
1997
1998
1998
1999

Rajasthan 5
Rajasthan 6
Rajasthan 7
Rajasthan 8
Tarapur 3
Tarapur 4

HWR
HWR
HWR
HWR
.HWR
HWR

500
500
500
500
500
500

0
0
0
0
0
0

Firm Plans

Indonesia (Java) 1

INDONESIA

600 1998

In Commercial Operation
39 Units 29318 MWeN

Fugen
Fukushima 1
Fukushima 2
Fukushima 3
Fukushima 4
Fukushima 5
Fukushima 6
Fukushima II1
Fukushima II2
Fukushima II3
Fukusihma II4
Genkai 1
Genkai2
Hamaokal
Hamaoka2
Hamaoka3
Dcatal
Ikata2
Kashiwazaki 1
Kashiwazaki 5

JAPAN

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

150
439
760
760
760
760

1067
1067
1067
1067
1067
529
529
515
815

1066
538;

538'
1067
1067

1979
1971
1974
1976
1978
1978

. 1979
1982

: 1984
1985

, 1987
1975
1981
1976
1978
1987
1977
1982
1985
1990

Mihama 1
Mihama2
Mihama 3
Ohil
Ohi2
Onagawa 1
Sendail
Sendai2
Shimane 1
Shimane 2
Takahama 1
Takahama2
Takahama 3
Takahama 4
Tokail
Tokai2
Tomaril
Tsuruga 1
Tsuruga 2

PWR
PWR
PWR
PWR
PWR
BWR
PWR
PWR
BWR
BWR
PWR
PWR
PWR
PWR
OCR
BWR
PWR
BWR
PWR

320
470
780

1120
1120
497
846
846
439
787
780
780
830
830
159

1080
550
341

1115

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

Under Construction
13 Units 11752 MWeN

GenkaiS
Genkai4
Hamaoka4
DcataS
Kashiwazaki 2
Kashiwazaki 3
Kashiwazaki 4

Firm Plans
15 Units 15435 MWeN

Ashihama 1
Ashihama 2
Higashi-Dori 1
Higashi-Dori 2
Higashi-Dori 3
Higashi-Dori 4
Kashiwazaki 6
Kashiwazaki 7

JAPAN (Continued)

Type MWe CMOP Unit Type MWe CMOP

PWR
PWR
BWR
PWR
BWR
BWR
BWR

1127
1127
1100
846

1067
1067
1067

1993
1997
1993
1996
1990
1993
1994

Monju
Ohi3
Ohi4
Onagawa 2
Shika (Noto)
Tomari2

FBR
PWR
PWR
BWR
BWR
PWR

250
1120
1120
796
515
550

1992
1992
1994
1996
1993
1991

PWR
PWR
BWR

BWR
BWR

1067
1067
1067
1100
1100
1100
1356
1356

1996
1997
1997

0
0
0

1996
1998

KansaiNl
Ohma-Machi
Hohoku 1
Hohoku 2
Maki
Odakal
Onagawa 3

PWR
ATR

BWR
BWR
BWR

1120
580

1067
1067
796
796
796

1996
1998
1997
1999
1999
1997

0

In Commercial Operation
9 Units 7334 MWeN

Koril
Kori2
Kori3
Kori4
Ulchinl

Under Construction
2 Units 1900 MWeN

Yonggwang 3

Firm Plans
3 Units 3000 MWeN

UlchinS
Ulchin4

KOREA RO

PWR
PWR
PWR
PWR
PWR

564
605
930
930

'900

1978
1983
1985
1986
1988

Ulchin2
Wolsong 1
Yonggwang 1
Yonggwang 2

PWR
HWR
PWR
PWR

900
629
938
938

1989
1983
1986
1987

PWR 950 1995 Yonggwang 4 PWR 950 1996

PWR
PWR

1200
1200

1998
1999

Wolsong 2 HWR 600 1997
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Unit

In Commercial Operation

Kanupp

Firm Plans

Chashma 1

PAKISTAN

Type MWe CMOP Unit

HWR 125 1972

PWR 300 1996

TAIWAN

In Commercial Operation
6 Units 4960 MWeN

Type MWe CMOP

Chinshan 1
Chinshan 2
Kuoshcng 1

BWR
BWR
BWR

604
604
951

1978
1979
1981

Kuosheng 2
Maanshan 1
Maanshan2

BWR
PWR
PWR

951
925
925

1983
1984
1985

Firm Plans
2 Units 2000 MWeN

Taipower 7 1000 1998 Taipower 8 1000 1999

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

In Operation 61 Units 42961 MWeN

Under Construction 26 Units 17512 MWeN

Planned 42 Units 31867 MWeN
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APPENDIX n - 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 HI - 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 IV - Regional Members of the NPT

(Treaty on the Non-Proliferation of Nuclear Weapons)

Australia
Brunei
Democratic People's Republic of Korea
Indonesia
Kiribati
Lao People's Democratic Republic
Mongolia
Nepal
Papua New Guinea
Samoa
Solomon Islands
Thailand
Tuvalu

Bangladesh
Democratic Kampuchea
Fiji
Japan
Korea, Republic of
Malaysia
Nauru
New Zealand
Philippines
Singapore
Sri Lanka
Tonga
Viet Nam

APPENDIX V • Regional Signatory Members of the Treaty of Rarotonga

(South Pacific Nuclear Free Zone Treaty)

Australia
Fiji
Nauru
Niue
Solomon Islands
Western Samoa

Cook Islands
Kiribati
New Zealand
Papua New Guinea
Tuvalu


