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SUMMARY

The nuclear power development of selected Far Eastern countries is
presented in this paper. This paper consists of three sections. Section
I describes the current power/nuclear power status of Japan, South Korea,
Taiwan and China. The first three countries already have operating
nuclear power units, while mainland China will have a nuclear power
commissioned this year according to their schedule. The power development
plan for these countries is also presented. All of them have included
nuclear power as part of their energy sources for the future. Section 2
briefly describe the nuclear power industry in these countries which
basically covers design, manufacturing and R & D activities.Public
Acceptance programs (PAPs) will play a significant role in the future of
-nuclear power. Section 3 discusses the PAPs of these countries.
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CURRENT POWER/NUCLEAR POWER STATUS AND FORECAST

Overview

The Far East is a vast area covering countries that are at various stages
of economic development. There is the highly industrialized Japan; the
NICs that include South Korea, Taiwan, and Hongkong; the Communist giant
Mainland China and her neighbor (another communist country), North Korea;
the ASEAN countries that include Indonesia, Thailand, Malaysia, the
Philippines, Singapore, and Brunei; and three communists countries of the
Indochina Peninsula': Vietnam, Cambobia and Laos.

Since these countries are at different stages of economic development with
an uneven natural energy resource distribution, the energy supply/demand
situation vary from one country to another.

Energy, literally speaking, is the fuel for economic growth. Thus for
countries with high economic growth rate and little natural energy resource,
a tremendous amount of primary energy has to be imported..

In order to reduce the risk of over-dependence on a few types of imported
energy, energy diversification has become a national policy for these
countries.

In the last two decades, Japan, South Korea and Taiwan have had the best
performance in economic growth in the world. Currently in the Far East,
these three are the only three countries with operating nuclear power
plants. China for reasons that will be explained later, will be the fourth
country to enter the civilian nuclear age in the very near future. Nuclear
energy - an energy that can be classified as 'quasi-indigenous" - has been
adopted by these countries after careful evaluation.

As for the other countries, the Philippines had built a nuclear power unit
during Marcos' years. The plant, however, has never been put to commercial
operation due to technical and political reasons.

North Korea has showed interest in nuclear power and has asked for
assistance from the Soviets. However, the program has been delayed, most
likely due to lack of foreign reserve.

Indonesia has built research reactor to train their scientists and engineers
and is considering entering the nuclear power era in the future.

The current nuclear power generation status and future development plans
for Japan, South Korea, Taiwan and China will be briefly discussed in the
following sections.
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Jap

Among Far Eastern countries, Japan was the first to start the industrial
revolution. And today, Japan has become a world-class economic power.

Currently, the electric power industry in Japan comprises nine regional
electric utilities-each of which is privately owned and holds exclusive
rights within its service area. These nine utilities are responsible for
the generation, transmission and distribution of electric power for public
supply throughout Japan, and they produced approximately 7 tota
electricity output in Japan in 1988.

The balance of Japan's electricity output is produced by wholesale
utilities, including Electric Power Development Co. Ltd. (EPDC), the Japan
Atomic Power Co. (JAPQ, 34 public power-generating enterprises and 20 joint
venture power companies, and industrial self-generators.

By the end of 1988, the total installed generating capacity and the whole
salers was 164,822 MW. There are 36 operating nuclear units with a total
capacity of 28,701 MW, or 17% of the total installed capacity.

Both types of light water reactors, BWRs and PWRs, are being operated in
Japan. The choice of reactor type is basically divided by the utilities.
Each utility company has their own preference of the type of reactors.

In the same year, the total power produced was 672.3 billion kWh. Of the
figure, nuclear units produced 177.6 billion kWh, or 29% of the total power
produced.

Also notable was the high average capacity factor of 71.4% for nuclear power
plants in 1988, thus remaining above 70% for the sixth consecutive year.

Japan has a population of 122 million, and for 1988, the per capita power
consumption is 5227 kWh.

The major features of the operating nuclear units are listed in Table .

TABLE 
Major Features of Nuclear Power Units in Japan

Station Units Installed Reactor Type Year of
Capacity(MWe) Commissioning

Hamaoka 1 540 BWR 1976

Hamaoka 2 840 BWR 1978

Hamaoka 3 1,100 BWR 1987
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TABLE (CONTINUED)
Major Features of Nuclear Power Units in Japan

Station Units Installed Reactor Type Year of
Capacity(MWe) Commissioning

Shimane 1 460 BWR 1974

Shimane 2 820 BWR 1989

Tokai 1 166 CCR 1966

Tokai 2 1,100 BWR 1978

Tsuruga 1 357 BWR 1970

Tsuruga 2 1,160 PWR 1987

Mihama 1 340 PWR 1970

Mihama 2 500 PWR 1972

Mihama 3 826 PWR 1976

Takahama 1 826 PWR 1974

Takahama 2 826 PWR 1974

Takahama 3 870 PWR 1974

Takahama 4 870 PWR 1974

Ohi 1 1,175 PWR 1979

Ohi 2 1,175 PWR 1979

Genkai 1 559 PWR 1975

Genkai 2 559 PWR 1981

Sendai 890 PWR 1984

Sendai 2 890 PWR 1985

Ikata 1 577 PWR 1977

Ikata 2 577 PWR 1982
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TABLE (CONTINUED)
Major Features of Nuclear Power Units in Japan

Station Units Installed Reactor Type Year of
Capacity(MWe) Commissioning

Onagawa 1 524 BWR 1984

Fukushima I-1 460 BWR 1971

Fukushima I-2 784 BWR 1947

Fukushima I-3 784 BWR 1976

Fukushima I-4 784 BWR 1978

Fukushima I-5 784 BWR 1978

Fukushima I-6 1,100 BWR 1979

Fukushima II-1 1,100 BWR 1982

Fukushima II-2 1,100 BWR 1984

Fukushima II-3 1,100 BWR 1985

Fukushima II-4 1,100 BWR 1987

Kashiwazaki-
Kariwa 1 1,100 BWR 1985

It is estimated that the average GNP growth rate in Japan for the next ten
years will be approximately 3. Based on this economic growth rate, it is
estimated that the average growth rate for power consumption and peak load
will be 24% and 27%, respectively.

By the year of 2000 according to the current power development plan, the
total installed cap;city will increase to 212,000 MW, including 53,000 MW
of nuclear capacity, or 25% of the total installed capacity.

The total power generated will increase to 868 billion kWh, of which 40%
or 348 billion kWh will be produced by nuclear units.

Currently, 11 nuclear units with a total capacity of 11,168 M are under
construction. Six more units with a total capacity of 6039 M is planned.
Thus an additional 7000 MW capacity has to be added to achieve the target.
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South Korea

Traditionally, the industrial base of the entire Korean peninsula is located
in the north while the south is composed mainly of farmlands. After Korea
was divided into North Korea and South Korea, the power supply from the
north was terminated abruptly which basically left South Korea in darkness.
Even as late as 1961 when Korea Electric Power Corp.(KEPCO) was formed to
supply electricity for the whole South Korea, the total installed generating
capacity of South Korea was 367 MW and the per capita power consumption was
a negligible 46 kWh.

Over the last 30 years, KEPCO has increased its installed capacity by more
than fifty folds, and by the end of 1988 the total installed power
generation capacity was 19,944 MW. Total power generated was 85.5 billion
kWh and the per capita power consumption had also increased to 1771 kWh.

Nuclear power is an important part of South Korea' s electrical power system.
The first nuclear power plant went into commercial operation in 1978 In
the ten years that followed, eight additional units were built. Thus, by
the end of 1988, the combined nuclear capacity was 6666 MW, which accounts
for 33.4% of the total installed power capacity.

Nuclear power generation in 1988 was 40. 1 billion kWh, or 46.9% of the total
power generation. It was also the single most important power source in
South Korea.

For the technology self -reliance and reduction of construction and operation
cost, KEPCO, started from Unit 13, is developing standard plant designs
which would satisfy Korean specific requirements. The standard nuclear
plant design is under development for 1,000 MW class pressurized water
reactors.

The ma .or features of the nine operating units are shown in Table 2,J

TABLE 2
Major Features of Nuclear Power Units in Korea

Stations Units Installed Reactor Year of
Capacity(MWe) Type Commissioning

Kori 1 (KNU 1) 587 PWR 1978

Kori 2 (KNU 2 650 PWR 1983

Kori 3 (KNU 5) 950 PWR 1985

Kori 4 (KNU 6 950 PWR 1986
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TABLE 2 (CONTINUED)
Major Features of Nuclear Power Units in Korea

Stations Units Installed Reactor Year of
Capacity(MWe) Type Commissioning

Uljin 1 (KNU 9 950 PWR 1988

Uljin 2 (KNU 10) 950 PWR 1989

Wolsung 1 (KNU 3 679 PHWR 1983

Yongkwang 1 (KNU 7 950 PWR 1986

Yongkwang 2 (KNU 8) 950 PWR 1987

As for te long-term power development program, KEPCO has forecasted an
annual growth rate of 77% for 1989 to 1991 and between 56% for the period
1992 to 2001.

By the year of 2001, it is estimated that the total power consumption will
amount to 160 billion kWh, while total installed capacity will be 35,725
MW, or an 18,420 MW increase from current capacity. Out of these, five
new nuclear power units will added with 4700 MW capacity, and the total
nuclear power capacity will increase to 12,316 MW.

The total generating facilities at 2001 will composed of 35 percent of
nuclear power, 35 percent of coal fired and 10 percent each for oil-fired,
LNG and bydro power.

Taiwan

Taiwan has gone through rapid economic development in the past two decades
and has been considered as an -economic miracle" by many people. The power
industry has played a major role behind this miracle.

After World War II when Taiwan was liberated after 50 years of colonization
under Japan, the total installed generating capacity was 320 MW with 90%
destroyed during the war.

By the end of 1989 the total installed power generating capacity was 16,594
MW, the power output was 76.9 billion kWh, and the per capita power
consumption was at 4070 kWh.

For the same year, the six nuclear units with a total installed capacity
of 5144 MW, which accounts for 31% of the total installed capacity,
produced 27.1 billion kWh or 35% of the total electricity generated.
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The peak load for 1989 is 13,422 NW, which marked an 8.8% increase over
that of 1988. However, the peak capacity was only 15,302 MW, which means a
reserved margin of only 14%, way below the 25% goal set by Taiwan Power
Company (Taipower) which supplies the electricity for the whole island of
Taiwan. This is mostly due to the rapid economic development and lack of
new installed capacity during the past years.

This situation will become worse for 1990 to 1992. Even with the 3200 W
capacity to be added the reserved margin for these three years will all be
below 10%. The situation will not improve much till the end of this
century; it is forecasted that the reserved margin will stay below 20% for
the next decade.

Taipower recognized the importance of nuclear power as far back as the
1950s. At that time Taipower had already established an Atomic Power
Committee and sent young engineers to the USA for training.

Nuclear power development is necessary in Taiwan mainly because of the
scarcity of indigenous energy resources. The highly successful nuclear
development programs in the .1970s has made a great contribution to the
economic development of Taiwan. Especially during the two major oil shocks,
nuclear power has made Taiwan less venerable to the turbulence of the world
oil market.

Currently Taiwan has a total of six nuclear units in operation. Their major
features are shown in Table 3.

TABLE 3
Major Features of Nuclear Power Units in Taiwan

Installed Reactor Type Year of
Station Units Capacity(MWe) Commissioning

Chinshan 1 636 BWR 1978

Chinshan 2 636 BWR 1979

Kuosheng 1 985 BWR 1981

Kuosheng 2 985 BWR 1983

Maanshan 1 951 PWR 1984

Maanshan 2 951 PWR 1985

Taipower's long-term power development program is based on the forecasted
national economic growth rate.
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According to the forecast of the Council of Economic Planning and
Development, the average economic growth rate between 1989 to 2000 will be
6.06%. Take into consideration of load management, Taipower estimated that
the average growth rate for power consumption and peak load will be 53% and
5.2%, respectively, between 1989 t 2000.

Taipower has planned a very ambitious power development program for the
last decade of this century. It is planned that 14,816 MW capacity will
be added, including two 1,000 MW nuclear units.

These planned two nuclear units, Units No 7 & 8 will be installed at a
coastal area in northern Taiwan. The planned site has a total area of 480
hectares and can potentially accommodate six nuclear units. These two units
will adopt light water reactors and the scheduled commercial operation dates
are 1998 and 1999, respectively.

China

The power supply situation of the People's Republic of China (PRC) is quite
different from that of Japan, South Korea and Taiwan.

China is very rich in natural energy resources. She has one sixth of the
world's coal reserve, is an exporter of crude oil, has ample production of
natural gas and possesses the world's greatest resource of hydroelectric
power.

However, China is facing a very serious power shortage problem. Many
industrial plants are forced to shut down regularly or rotationally due to
insufficient power supply.

At the end of 1988, China had 85,000 MW installed capacity, and a power
output of 543 billion kWh, and the per capita consumption was barely 400
kWh.

There are several reasons behind this paradox.

First, China is a!very populous country, thus the per capita energy reserve
ia actually quite low.

Secondly, the natural resource distribution is very uneven. Most coal mines
are located in northern China while hydro resources are found mostly in the
western part of the country.
However, most of the industrial bases are at the coastal provinces where
neither the coal nor the hydro is located. Thus the transportation of coal
and transmission of electricity have become very serious problems.

For example, 60% of the Chinese railroad cargo transportation capacity is
used for coal transportation. The current infrastructure just cannot handle
the rapid demand growth of power consumption.
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In order to resolve this problem, China has turned to nuclear power. For
them, this is not a choice, but is mandatory.

Currently, there are three nuclear power units under construction and two
more have been approved and will start construction work soon.

The basic features of the three units under construction are shown in Table
4.

TABLE 4
Major Features of Nuclear Power Units in China

Station Units Installed Reactor Year of Commissioning
Capacity(MWe) Type (Scheduled)

Qinshan 1 300 PWR 1990

Daya Bay 1 900 PWR 1992

Daya Bay 2 900 PWR 1993

China has a very ambitious power development program. Nuclear power will
play an important role in this program. Table shows the power development
program of the PRC for the years of 2000, 2015 and 2030.

TABLE 
Power Development Program of PRC

Target Year 2000 2015 2030

Total Installed Capacity (MW) 250,000 500,000 850,000

Total Power Produced
(billion kWh) 1,200 2,400 4,000

Total NPS Capacity (MW) 6,000 30,000 80,000

Power Produced by NPS
(billion kWh) 30 150 400

Nuclear Power/Total Power 2.5 6.5 10

Per Capita Power Consumption
(kWh) 960 1,800 3,700
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Table shows one of the most ambitious power development program in the
world. However, the low levels of foreign reserves will become a major
barrier for the success of this program.
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OVERVIEW OF THE NUCLEAR POWER INDUSTRY

Ja-pa

Japan has one of the largest industry base in the world. However in the
nuclear power industry, Japan definitely started much later than the United
States and European countries.

Thus in the early years, Japan basically imported nuclear power technology
from the nited States. Since light water reactor is the predominant type
of reactors, Mitsubishi cooperated with Westinghouse for PWR technology,
while Hitachi/Toshiba cooperated with General Electric for BWR technology.

During the last decade, the nuclear industry in the United States has
somewhat slowed down and Japan has managed to quicker her pace in developing
her own nuclear industry. Today the Japanese nuclear industry has the
capabilities to cover the whole range of nuclear technical activities
including design, manufacturing, installation, construction and maintenance
of nuclear power plants.

Currently the nuclear industry has focused on the following programs that
were considered vital to the future of the nuclear power industrial in
Japan.

(1) Light Water Reactors

In Japan, light water reactors WRs) are expected to contribute to
the generation of nuclear power until fast breeder reactors (FBRs)
come into use. For that reason, it is necessary to further upgrade
their WRs. The electric utilities will continue developing
technologies to increase plant reliability, such as improvement of
plant performance and prevention of incidents.

The technologies are also being developed to increase economic
efficiency by giving priority to the increase of plant capacity
factors, extension of the plant service life and the development of
highperformance fuels.

At the same time as the improvement and standardization program for
LWRs take places, advanced-LWRs have been developed, too. The first
advanced-BWR is planned to start operation in the late 1990s.
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(2) Fast Breeder Reactors

The government is strongly committed to the eventual introduction
of FBRs to meet Japan's long-term nuclear power needs. Towards this
policy, the Power Reactor and Nuclear Fuel Corporation (PNC is
constructing "Monju," a prototype reactor, planned to reach
criticality in fiscal 1992, and JAPC is planning to build and operate
its first demonstration reactor ' Long-term strategies for putting
the FBR to practical use are expected to be finalized around 1990.
A three-year investigation which began in fiscal 1987 is now being
conducted into the basic technical specifications for the
demonstration reactor.

(3) Nuclear Fuel Cycle Technology

As part of continued development activities on fuel cycle
technologies, the electric utilities will continue to focus on
uranium enrichment, disposal and transportation of low-level
radioactive waste and reprocessing.

They are supporting commercialization of two facilities. One is a
uranium enrichment plant, under construction by Japan Nuclear Fuel
Industries Company, Inc. (JNFI) and intended to start commercial
operation in the early 1990s. The other is a reprocessing plant, now
being designed by Japan Nuclear Fuel Service Company, Ltd. (JNFS) and
targeted to start operation in the late 1990s.

The electric utilities are now developing centrifuge uranium
enrichment technologies using carbon fiber reinforced plastics (CFRP)
for the equipment, and laser enrichment technologies.

Joint demonstration tests with PNC are being continued and pilot
plant studies will begin in fiscal 1989.

As part of reprocessing technologies, the development of corrosion-
resisting materials and long-stable operation technology is being
continued, and studies on the mixed-oxide (MOX) fuels are being
promoted.

Japan has around 70,000 professional and technical personnel working in the
nuclear power industry and this number is expected to increase to 130,000
by the year of 2030. The R & D budget for the next decade is close to 
trillion Yen.

With her large industrial base, many devoted technical personnel, and the
Government's commitment to the future of nuclear power development, Japan
will definitely become a leader in nuclear technology in the next century.
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South Korea

By the year of 2001, South Korea will have thirteen operating nuclear power
units and there will be more units to be added.

With this perspective, South Korea has determined to build up her own
nuclear power industry. There are several affiliated companies and
subsidized institutes of KEPCO that are responsible for the different
aspects of nuclear power technologies.

Korea Power Engineering Co (KOPEC) is the only company in the field of
nuclear power engineering in Korea. Since its establishment, KOPEC has
designed many power plants including several nuclear power units. In 1987,
the main contract for integrated engineering design of nuclear units 11 and
12 were awarded to KOPEC in consideration of its accumulated technologies
and experiences.

Korea Heavy Industries and Construction Co. Ltd (KHIC) is one of the leading
international heavy industry companies. KHIC has the capability to
manufacture major equipments for power plants. This company has been
awarded 11 ASME Stamps qualifying it for Quality Assurance Certificate in
the manufacture of facilities and materials for power plants.

Korea Nuclear Fuel Co (KNFC) has the exclusive responsibility to design and
fabricate PWR fuel. It has a PWR fuel fabrication plant with an annual
production capacity of 200 tons at the end of 1988.

Korea Electrotechnology - Research Institute (KERI) is responsible for
scientific and economic research related to electric works and industry.

South Korea has already had a strong network of nuclear power technology
organizations. The future of her nuclear industry certainly looks very
promising.

Taiwan

With the development of nuclear power during the past two decades, the
nuclear power related technology has also developed rapidly in Taiwan.

Taipower has carried out a very successful technology training program for
their employees. Currently there are more than 2000 engineers working in
the nuclear power field. In addition to operating and maintenance personnel,
various R & D programs are carried out continuously to enhance the technical
capability of the company.

In 1968, the ROC government set up the Institute for Nuclear Energy Research
(INER). Currently INER has more than 2000 employees engaged in various
nuclear related research and projects.
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The major facilities of INER include research reactors, nuclear fuel
production laboratory, low-level waste treatment plant, hot cell laboratory,
irradiation plant etc. Since its establishment, INER has maintained close
cooperation with Taipower and provided numerous technical services.

In order to upgrade the local design capability, two consultant engineering
firms were established to promote technology transfer in the nuclear power
design field. Pacific Engineers Constructors Ltd. (PECL) was formed as
a joint venture between Bechtel and Sinotech, and Ebasco-CTCI was also
formed similarly by Ebasco and CTCI.

During the last 10 years, these two companies participated in the
construction and betterment work of Taipower' s nuclear power plants. Highly
successful technology transfer programs were carried out and PECL with close
to 1000 employees and Ebasco-CTCI with 400 employees have both grown into
mature consultant firms capable handling most of the design work of the
nuclear power plants.

Several heavy industry companies such as China Steel Corp., China
Shipbuilding Corp., and Taiwan Machinery Co. have provided various nuclear
grade equipment to Taipower' s uclear power plants such as pressure vessels,
piping, steel structures, etc. Thus a strong domestic industry is also
available to support future nuclear power development.

China

Unlike other Far Eastern countries, the Chinese nuclear industry was
developed originally for military use. Started more than 30 years ago.
China has developed by herself a rather complete nuclear technology
including fuel cycle system.

Through the nuclear submarine program, Cfiina has accumulated valuable
experience i reactor design, fabrication, construction and operation.

During the years of isolation, China was also able to build a conventional
power industry base all by herself. Thus aside from nuclear reactors,
turbine and BOP parts are also quite mature for up to medium size power
plants.

China has built the basic structures for a nuclear power industry. With
her valuable professional scientists and engineers, China has the potential
to build a formidable nuclear power industry in the next century.
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CURRENT PUBLIC ACCEPTANCE STRATEGY

General

Nuclear power has been perceived as technically safe, economically
competitive and environmentally clean by most people when it was first
introduced to the world. Few people challenged these at that time. Thus
when utility companies of Far Eastern countries started to build nuclear
power stations during the golden years of the 1960s and 1970s, there was
very little resistance.

Units after units were ordered, manufactured and installed. People
regarded nuclear power as the most promising alternative to conventional
form of energy.

All these good points for nuclear power did not change, but it was the
attitude of many people toward nuclear power that did. Since then,
nuclear power development has faced a lot of resistance all over the
world.

The anti-nuclear movement started in the United States and Europe. No
single unit has been ordered in the United States since 1978. Swedish
has voted to phase out all her nuclear power by early next century. And
the troubles caused by the Green Party to West Germany utilities are well
known to everybody.

The anti-nuclear movement spreaded to the Far East during the last
decade. Many utilities in this region have therefore faced similar
difficult situations as the western utilities. This has become the
single most important barrier for the continued development of nuclear
power in the Far East.

We believe that the public acceptance issue merits special attention
whenever the future of nuclear power is discussed. In this section, the
public acceptance strategies of Japan, South Korea, and Taiwan are
briefly discussed.

Japa

The anti-nuclear movement in Japan became a very serious problem for the
nuclear power industry especially after 1988.

This doesn't mean that there was no anti-nuclear movement before that
year, rather that the situations were quite different.
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Before 1988, the anti-nuclear movement was basically concentrated in
local areas (ie, villages or countryside) usually involving fishermen or
farmer's organizations near a nuclear plant site. Siting was therefore a
problem during those years. However, Japan has passed several laws to
compensate the sacrifices of the local people. Problems with local anti-
nuclear movements were familiar and are usually handled by utility
companies with success.

However, this situation has changed drastically since 1988. With the
coincidence of several factors, the anti-nuclear movement is now on a
national scale involving a wide spectrum of the society. On the
forefront are housewives who are very sensitive to the invisible threat
of nuclear radiation.

Both the Government and the nuclear industry have increased their budgets
for the public acceptance program almost ten-fold in the past two years.
After these drastic changes, public acceptance program has also been
expanded from the local areas to a nationwide level.

Nuclear power is a very important factor for the continued prosperity of
Japan. That is why the Japanese Government and those in the nuclear
industry have determined to exert all their efforts in reversing anti-
nuclear sentiments in their country.

South Korea

The social and political situation of South Korea has changed rapidly
during the last few years. Many new social groups have formed and
emerged recently. With the joint forces of the environmental
protectionists, te liberal press and the opposition parties, it is
possible that an anti-nuclear coalition will be formed.

In response to this situation, the Korea Atomic Industry Forum (KAIF) has
set up a special committee responsible for the nuclear power public
acceptance (P.A.) program.

Funds for these P.A. programs come from the Ministry of Science and
Technology (MOST), Ministry of Energy and Resources (MER), and the
nuclear industry.

Currently the major strategies can be summarized as follows:

(1) In addition to special target groups, the P.A. program will be
enlarged to cover the general public.

(2) The program will change from passive defensive actions to active
communication with the public.
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The South Korean Government considers the nuclear power program as the
backbone of the overall national economic development strategy. Thus the
P.A. program has the full support of the overnment.

Taiwan

Due to rapid political, social and economic changes of the past decade,
the anti-nuclear group in connection with the environmental protection
groups have grown into quite a formidable force in Taiwan.

The planned nuclear units 7 & 8 which were originally scheduled to start
ten years ago were delayed first due to slower economic growth at that
time and then delayed again due to protests from a few but loud anti-
nuclear groups after the Chernobyl accident of 1986.

The overnment has instructed Taipower to postpone the project until the
public was convinced. In the past years, Taipower has launched several
public acceptance programs, notably a 15-parts, 30-minute each
documentary showns on TV, an inter-collegiate debate regarding nuclear
power and a series of speeches targeted at the student community.

In order to reduce local opposition, the overnment has approved Taipower
to earmark 1% of the total plant construction cost and 045% of the power
sale revenue for local community improvement.

Recently Taipower has also formed a top management task force to lead the
public acceptance program. If successful, the Government may grant the
go ahead signal for the construction of nuclear power units 7 & 8 in the
very near future.
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CONCLUSION

The nuclear power development process of the Far Eastern countries is a
very important chapter in their remarkable success stories.

The Japanese used to say that the only natural resources they have were
air and rocks. This description can fit both South Korea and Taiwan as
well.

Japan has been an industrialized country for sometime now. However, South
Korea and Taiwan became NICs just recently.

There are many factors behind the success story of the latter two
countries. The process of nuclear power development of both countries
provides a good example or analyzing their success.
Nuclear power was a new technology when it was first introduced to these
countries. The main reason for adopting nuclear power was to meet the
increasing power demand. However, it was soon realized that to make the
nuclear power program a success, domestic technical capability must first
be established.

This goal cannot be achieved overnight. A long-term development program
has to be planned beforehand to meet this target.

The enhancement of domestic technical capability usually involved many
parties, most important of which are the utility companies, the
consultant engineers, the manufacturing companies and the construction
companies.

Technical capability can be enhanced through classroom training and on-
the-job training. Usually, the latter is much more effective. The speed
of technology enhancement can always be increased through Technology
Transfer.

In most cases long before the project is started, the relevant capability
has to be acquired. For example the construction of Taipower's First
Nuclear Power Project started in 1969, but the training of nuclear
engineers and the introduction of nuclear power technology were started
as far back as 1955.

It is also common that when the first nuclear unit is ordered, the
contract is on a turnkey basis with the contractors being all foreign
companies.

Through careful planning, the participation of nationals may be increased
project after project, as was the case in both South Korea and Taiwan.
Technical capability was developed using this process with the percentage
of local participation increased significantly for each new project.
Through a closely monitored technology transfer program, an extensive
participation by local personnel can thus be achieved.
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The nuclear power industry has faced some setbacks recently in Far East.
However, it is believed that nuclear power will definitely be revived in
the long run. The successful implementation of nuclear power by Far
Eastern countries can certainly set a good example for the other
developing countries to follow in the future.
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WANO

A NEW ORGANISATION TO IMPROVE THE SAFETY
AND RELIABILITY OF NPPs

Let me introduce this subject by quoting two thoughts (of which I do
not know the authors) which seem to me well adapted to the
presentation of WANO.

"Human progress owes a great deal to our ability to pass on
experience. "

"Most human erors can be attributed in part to failure in learning
from past experience."

There are now 500 nuclear power reactors operating around the world.
They have accumulated over 6000 reactor-years of experience. The
overall safety record is very good but the public requires better.

Can we achieve a better overall safety? Can we do more to prevent
accident from happening anywhere in the world? Certainly if all nuclear
utilities are brought to the level of the best performers.



WHO IS RESPONSIBLE FOR.-THE -SAFETY OF NPPs?

Designer and builders of NPPs contribute greatly to safety by
maintaining the highest standards of quality control over their work but
the operating rganisation has the overall responsibility for assurance of
that quality at all levels in the design and construction process.

All operators of nuclear power plants must satisfy regulatory bodies
that they are fulfilling their obligations to safety but this can in no way
shift the responsibility for day to day safety to the regulatory body.

Human performance can be crucial for the safe operation of a NPP but
that performance is only as good as the procedures, the practices and
training implemented by the management of the operating rganisation.

Me ultimate responsibility for safety rests with the operators and first
and foremost with the Corporate Body which owns a Nuclear Power
Station.



WHAT IS THE ORIGIN OF WANO?

A global warning!

The 1986 Chernobyl accident demonstrated the need for a new type of
international cooperation and exchange of information and created
amongst nuclear utilities throughout the world a determination to work
together in a way that crosses all political and cultural boundaries.

This is the reason why all Nuclear Utilities decided to join and to create
the WORLD ASSOCIATION OF NUCLEAR OPERATORS (WANO).

The creation of WANO, the definition of its mission and the principle of
its structure were decided at the October 1987 Paris Conference which
was attended by 130 CEO representing the Nuclear Utilities.

The Charter of WANO, its Articles of Association and its working
Methods were elaborated during the year 1988 and its official set up
took place in May 1989 in Moscow. .At this first General Assembly, 144
electric utilities signed the WANO Charter thus making their
commitment to freely exchange operating information to improve plant
safety and reliability.

This self-mandated drive is a recognition that regulations alone cannot
guarantee safety. As the Kemeny Commission pointed out after the
Three Mile Island accident: "more regulations do not mean more safety"
and further improvements will only be obtained by sharing good
operation and management practices.



THE MISSION OF WANO

The mission of WANO is stated in its Charter as "to maximise the safety

and reliability in the operation of nuclear power plants by exchanging

information, encouraging comparison, emulation and communication

amongst its members".

In carrying out its mission WANO will strive to:

- promote the bilateral and multilateral exchange of operating
information,

- collect and maintain data concerning the operation of NPPs and
make this data available to WANO members,

- provide members with early ntification of significant events,

- screen and analyse events that occur at NPPs worldwide to
identify possible precursors of more significant events and
disseminate the lessons learned,

- encourage the sharing of methodologies and standards amongst
members through sponsorship of workshops and technical
exchange visits,

- maintain close co-operation with other international organisations
such as IAEA, working to promote safety and reliability of NPPs.



WANO PROGRAMMES

The above mission is performed by the implementation of 4 main
programmes:

1 An OPERATING EXPERIENCE EXCHANGE PROGRAMME based
on the communication of event reports. The criteria for issuing
event reports are the following:

- severe or unusual plant transients,

- safety system malfunctions or improper operations,

- major equipment damages,

- excessive radiation exposure or severe personnel injuries,

- excessive discharge of radioactivity,

- fuel handling or storage events,

- design, analysis, fabrication, construction, installation,
operation, testing, maintenance, procedure or training
deficiencies,

- more generally, events involving plant safety which are
useful information for other operators.



2 An OPERATOR TO OPERATOR EXCHANGE PROGRAMME
carried out by any of the following means:

question and answers through a specialized network,

plant technical exchange visits or workshops covering topics
such as operation, management rganisation, maintenance,
chemistry, health physics, technical support or emergency
preparedness,

seminars or workshops to present and discuss the most
significant events and propose preventive or corrective
actions.

3 A GOOD PRACTICE EXCHANGE PROGRAMME aimed to detect
and make available (to all operators) good organisational. and
practical methods. Good Practices will normally be identified
during plant visits but also during documentation reviews.



4 A PLANT PERFORMANCE INDICATOR PROGRAMME:

A set of WANO performances indicators have -been adopted to
provide with a quantitative indication of nuclear plant
performance in the area of nuclear plant safety and reliability,
plant efficiency, and personnel safety.

These indicators are intended principally for use by nuclear
operating organisations to monitor performance and progress, to
set challenging goals for improvement, to gain additional
perspective on performance relative to that of other plants, and to
provide an indication of the possible need to adjust priorities and
resources to achieve improved overall performance.

WANO performance indicators are intended to support the
exchange of operating experience information and to allow
consistent comparisons of nuclear plant performance. It is
expected that WANO performance indicators will encourage
emulation of the best industry performance and further motivate
the identification and exchange of good practices in nuclear plant
operation.

These Performance Indicators are:

- Unit Capability Factor.

- Unplanned Capability Loss Factor.

- Industrial Safety: Lost-Time Accident Rate.

- Thermal Performance.

- Safety System Performance.

- Unplanned Automatic Scrams per 1,000 Hours Critical.

- Fuel Reliability.

- Chemistry Index.

- Collective Radiation Exposure.

- Volume of Low-Level Solid Radioactive Waste.



WANO ORGANISATION

WANO is organised in four Regional Centres located in Tokyo, Moscow,

Paris and Atlanta. The activities of the Regional Centres are

coordinated by a Coordination Centre located in London:

Moscow Tokyo
Centre Centre

Coordinating
Centre

Atlanta Paris
Centre Centre



The Regional Gentres - are - expected to play - an active role in these
programmes, in particular:

I They receive the event reports from their members; verify their
contents and format, and make them available to other regional
centres and those of their members particularly concerned, due to
same plant design or similar rganisation.

In addition, they introduce the information into the WANO
databank. They also have to be attentive to any event similarity
and/or recurrence which may, in some cases, increase their
significance and justify the establishment of special reports.

2 Through the observation of problems encountered by operators,
they may propose and organise plant technical exchange visits or
workshops.

3 Following plant visits and operator interviews, according to
observed plant performances, good practices in plant operation or
Organisation may be detected. In such cases, their applicability to
other plants will be examined by the Regional Centre and the
relevant information made available to other operators.



MEMBERSHIP TO WANO

The members of WANO are the nuclear utilities, or utility organisations
representing them. In this way, all the nuclear power plant (NPP) from
all over the world participate in WANO.

The Regional Centres have the following members:

ATLANTA CENTRE: MOSCOW CENTRE:

The United States NPPs The Soviet Union NPPs
The Canadian NPPs IVO for Finland
The Mexican NPPs The Bulgarian NPPs

The Yugoslavian NPPs The Hungarian NPP

The Czechoslovakian NPPs
The Polish NPPs

The Cuban NPPs

The East German NPPs

PARIS CENTRE: TOKYO CENTRE:

The French NPPs The Japanese NPPs
The Belgian NPPs The South Korean NPPs
TVO for Finland The Taiwanese NPPs
The Spanish NPPs The Indian NPPs

The Swiss NPPs The Pakistani NPPs

The Brazilian NPPs The Chinese utilities are
The Argentinian NPPs observers
The South African NPPs

The Italian NPPs

The Dutch NPPs
The German NPPs
The British NPPs
The Swedish NPP



WANO

THE RESULT OF ONE YEAR OF OPERATION

At the WANO Inaugural Meeting on 15 May 1989, the WANO President
requested the Regional Centers to set quantitative goals and objectives
to identify the progress of the Association.

The following objectives are to be reached in a first two year period
ending in April 1991:

- All ordinary and associate members will have access to and
participate in the WANO communication system.

- Each Regional Center will identify and publish at least two good
practices.

- All member sites will achieve reporting of performance indicators.

- The 24 Moscow Center sites will visit at least one plant site in
another WANO Region with a reciprocal visit by the end of 1990.

- Each Regional Center will conduct at least one workshop in its
region with the participation of its members.

- A joint Regional Center workshop will be conducted.

- The Coordinating Center will arrange at least one meeting per year
at Chairman level and at least two meetings per year at staff level
with the IAEA.

Similar contacts will be arrange with other international
organisations located at the regional level.

A work plan for 1991-1992 will be proposed by the end of 1990.



PRESENT RESULTS

Although the quality of the telephone lines in the Eastern Region
does not permit all utilities in this region to be connected to the
WANO network, the Moscow Center manages to introduce in the
WANO database the event reports it receives by mail or telex from
the eastern plants.

The same problem exists in the Tokyo Center for utilities in India
and Pakistan which is temporarily solved by the use of telefax or
telex.

No particular problem exists for the Atlanta and Paris Centers
since all their members were already members of INPO or COG
and are quite used to working with electronic mail systems.
However some utilities are issuing more event reports than others
and I would like to encourage those who report very little to make
an effort and to better participate to the WANO exchange process.

In order to give you some figures, I can tell you that the WANO
database was filled with 180 event reports from the beginning of
1989

- 35 from members of WANO-AC

- 27 from members of WANO-MC

- 29 from members of WANO-TC

- 89 from members of WANO-PC

This represents an average of 0.5 event/reactor year. This is not
bad for the first year of operation but we hope this reporting rate
will be increased to help a better analysis and detect trends.

2 A certain number of good practices have already been submitted
to the Coordinating Center for review from Atlanta and Moscow.
Several are in preparation in the Paris Center. Here also I ask you
to send us information on what you consider as good operating
methods.

3 The set of performance indicators and their definitions have been
sent to all WANO members and they agreed to start reporting this
year.



4 27 of the 48 exchange visits planned between MC plants and
plants of other regions have already taken place. Among those I
am glad to underline that one took place last week when a team
from JURAGUA visited ATUCHA and to mention that the same
type of exchange is scheduled with ANGRA, LAGUNA VERDE and
VANDELLOS.

A second phase visit programme is under preparation. We also
consider and envisage these visits to be followed up by deeper
contacts such as exchange of staff and specialists between plants.

5 Each Regional Center has already planned or conducted regional
exchange visits or workshops on specific topics. For those vists
that concern the Paris Center, the following subjects were
addressed:

- Emergency Preparedness at Ringhals (Sweden)

- Waste Volume Reduction at Cruas (France)

- Outage Planning and Organisation at Tricastin (France)

- Computer Aided Outage Planning at Cattenom (France)

- Experience Feedback Organisation at Dungeness (UK)

- Plant Decommissioning at Latina (Italy)

- Periodic Testing at Trillo (Spain)

Similar exchanges are also scheduled this year, in particular an
exchange on Plant Modification at Agra in December.

This is not necessary to underline that although the above or
future regional activities are organised to respond to special
requests from regional members, they can be opened, if needed, to
members of other regions.

6 The topics for an interregional workshop have not been defined
yet.

7 Several meetings with IAEA representatives have already taken
place where IAEA and WANO programmes were discussed. It was
generally agreed that there was no duplication in the mission of
the two Organisations, that workplans would be systematically
exchanged and that IAEA would continue to invite WANO to most
of its seminars and workshops.



CONCLUSION:

Despite its recent creation, WANO is already fully in operation through
its main activities:

- Exchange of Event Reports amongst all members;

- Exchange Visits between the Moscow Centre NPPs and NPPs of all
other Centres;

- Technical Exchange Visits in defined topics amongst the members
of Regional Centres;

- Detection of Good Practices in NPPs;

- Collection and analysis of Plant Performance Indicators.

Being so, WANO shall reach its objectives, which are the increase of
safety and reliability of NPPs. In this way, the utilities can all learn from
one another and they can raise the performance of all the standards of
the best.

---------------------------------

WANO result's from the free will of all operators to work together.

It is certainly the explanation of this quick start up.

Now that the tool exists, it is important to use it. and this is up to all
utility managements to convince their staff that they have to participate

to the operating experience exchange process.

There is always something to learn from others.

There is always something to teach to others.


