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par

D.F. Torgerson*, P.G. Boczar* et G. Kugler**

RÉSUMÉ

Dans le secteur de la technologie nucléaire, le Canada et la Corée ont établi de fructueuses
relations pouvant servir de modèle pour d'autres industries de technologie avancée. Ceci
revêt une importance particulière lorsqu'on considère la complexité et la portée technique
nécessaires pour concevoir, construire et faire fonctionner un réacteur nucléaire. Dans la
présente communication, on donne un aperçu du cadre général du transfert de technologie
et de la coopération entre le Canada et la Corée et on se concentre sur la coopération en RD
nucléaire entre ces doix pays.
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ABSTRACT

In the field of nuclear technology, Canada and Korea have developed a highly successful
relationship that could serve as a model for other high-technology industries. This is
particularly significant when one considers the complexity and technical depth required to
design, build and operate a nuclear reactor. This paper will outline the overall framework
for technology transfer and cooperation between Canada and Korea, and will focus on
cooperation in nuclear R&D between the two countries.
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1. INTRODUCTION

In the field of nuclear technology, Canada and Korea have developed a highly successful
relationship that could serve as a model for other high technology industries. This is particularly
significant when one considers the technical depth required to design, build and operate a nuclear
reactor. This paper will outline the framework for technology transfer and cooperation between
Canada and Korea, and will focus on the two countries' collaboration in nuclear-related R&D.

Korea is now an advanced nuclear state, and is the- unly country in the world having both CANDU*
and pressurized water reactors (PWR). Korea has most of the technology to design, build, and
operate a CANDU nuclear reactor, and will be able to complete this technology localization through
a planned strategy of technology cooperation. Korea's position is no! fortuitous: when Korea
embarked on its nuclear program, its aims were not only to obtain a basic product (nuclear-
generated electricity), but also to acquire the ability to provide that product itself. Technology
localization was essential to the sale of the first CANDU 10 Korea (Wolsong I), and more recently
of Wolsong 2, and continued technology localization is a requirement for future CANDU sales in
Korea. The fundamental CANDU design facilitates this localization of technology, for example, the
major pressure-bearing component in CANDU is the pressure tube, which is much simpler to
manufacture than a large pressure vessel.

The continued industrialization and electrification of Korea is resulting in very high growth in
electricity demand, and the percentage increase in demand is expected to continue in the double-
digit level over the next few years. The electrical share of energy consumption in Korea has
increased from 3.7 percent in 1970 to 11 percent in 1991. Nuclear power accounts for about half
of the electricity generation today, compared to a decade ago, when oil produced 80% of the
country's electricity. The high demand for new generating facilities puts realism and constraints on
the possible rates of technology transfer, since this technology localization must not result in
increased costs or a longer schedule for building plants.

Today, there are eight PWR reactors and one CANDU reactor operating in Korea, and five units
are under construction (including Woisong 2). The construction of an additional 13 power reactors
by the year 2006 is being considered, including five CANDUs and eight PWRs. One iong-range
plan calls for 50 nuclear plants by the year 2030, of which a significant number could be
CANDUs. The Wolsong 1 CANDU reactor in Korea has performed consistently well, in both
absolute terms and in comparison with the PWRs in that country, and this excellent proven
performance has not escaped the attention of Korea's energy planners.

2 . AN OVERVIEW OF TEC HNO1OC.Y LOCALIZATION

The extent of technology exchange required in the lorali/mion of nuclear technology is significant
because of the number of different areas involved, including R&D, manufacturing capability,
project management, licensing/regulation, public/government affairs, etc. This technology transfer
is being achieved through the direct participation of Korean organizations in Korean CANDU
nuclear projects, as well as in specific mechanisms for technology transfer. The local Korean
involvement in Wolsong 1 was about 15%. In Wolsong 2, it will be greater than 70%, and the
intent is to increase (hat fraction even further with future ('ANl)l' units.

Most ol the elements of nuclear power plant design, construction and operation have now been
acquired by Kon.-a. Some of these technologies are generic lo both CANDU and PWRs.
Technology transfer in the area of fuel manufacture has resulted in Korea manufacturing their own
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CANDU fuel bundles. A Fuel Technology Transfer Agreement between KAERI and AECL
results in regular exchanges of information. Korea Heavy Industries and Construction Company
Limited (KHIC) will have major involvement in the Wolsong 2 project, as well as in future
CANDU projects. Many of the non-nuclear as well as the nuclear-specific components can now be
designed and manufactured in Korea; for example, the steam generators, pressurizer, large heat
exchangers and reactor headers. For those components whose design and construction have not yet
been localized in Korea, such as the reactor calandria, control devices, and fuel handling
equipment, technology transfer may be a part of future CANDU sales. This technology transfer
may include on-the-job training, transfer of computer codes and documentation for component
design, and manufacturing technology, from AECL and Canadian manufacturers. In the area of
waste management, there is an ongoing program between the Korea Electric Power Corporation
(KEPCO) and AECL 0:1 design and construction of dry spent-fuel facilities. Technology transfer
in the field of licensing and regulation involves an ongoing training program for Korea Institute of
Nuclear Safety (KINS) staff by the Canadian Atomic Energy Control Board (AECB).

3. COOPERATION IN R&D: TRANSFER - EXCHANGE - PARTNERSHIP
The remainder of this paper will focus on cooperation between Korea and Canada on nuclear-
related R&D. An intensive program of cooperation in nuclear R&D has taken place between the
national nuclear research institutes of both countries (Korea Atomic Energy Research Institute,
commonly known as KAERI, and AECL) for several years.

3.1 Scientific Attachment Programs

A 40 man-year attachment program has been ongoing for four years, and is nearing completion. In
this program, about ten scientists from KAERI were attached annually to ihe R&D labs at AECL
Research over a period of four years. This program is being followed by a 50 man-year
attachment program, which is currently under negotiation between KAERI and AECL. This
agreement would focus on R&D that supports CANDU, and on design technology.

3.2 Korean Multipurpose Research Reactor (KMRR)

A Korean Multipurpose Research Reactor is currently under construction at KAERI, and is to be
completed in late 1992. This is a Korean-led project with AECL participating in the nuclear core
design (using AECL's MAPLE research reactor technology) and in the supply of fuel and other
specified crilical components. This project affords ample opportunity for technology' exchange at a
basic level.

3.3 CANDU Owners Croup (COG)

This is a very important mechanism for the support of R&D among CANDU utilities and research
organizations. The CANDU Owners Group was formed to respond to the need of utilities to
acquire and exchange information about the operating characteristics of their CANDU plants. The
owners and designers of CANDU plants, as well as national research institutes, are encouraged to
participate in this organization. COG participants select topics for study and provide funding on a
cooperative basis. To avoid inequity between large and small organizations, the funding is
generally based on the number of CANDU units owned by the utility. R&D is funded and
performed by COG participants in several key areas, including safety & licensing, fuel and fuel
channel behaviour, CANDU technology, and waste management. Currently. Korea participates in
only a limited way in COG, through KEPCO participation in the COG information exchange
program. In me future, it is possible that both KEPCO and KAERI will become full members of
COG, thereby further advancing the cooperation between Canada and Korea in nuclear R&D.
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3.4 Advanced Fuel-Cycle Initiatives

The term "advanced fuel cycles" in CANDU reactors means the use of fuels other than natural
uranium. CANDU reactors using natural uranium fuel are already the most efficient users of
uranium resources of all commercially available nuclear reactors. One advantage of CANDU
reactors is their flexibility to utilize a variety of fuels, thus increasing their energy efficiency even
further. While there are many possible nuclear fuels, the one of greatest strategic interest to Korea
is spent PWR fuel. It has already been stated that Korea is in the unique position of having both
PWR and CANDU reactors. PWR fuel is enriched, and even after it has been discharged from a
PWR, the used fuel contains more of the energy-producing uranium isotope than the natural
uranium fuel in CANDU reactors. Moreover, the used fuel also contains plutonium, another
valuable energy-producing element. Therefore, the spent PWR fuel could be recycled and used as
fuel in CANDU reactors to produce additional energy. In fact, the spent PWR fuel has the
potential of producing an additional 75% more energy if used in CANDU "eactors. Hence, rather
than being "waste", spent PWR fuel could be a valuable energy source for the future.

This CANDU-PWR synergism is therefore of keen inlerest to Korea. Some advanced fuel cycles
are economic now, such as the use of uranium recovered from spent LWR fuel. Others are of
longer-term strategic interest, and not currently economical.

The amount of spent fuel from Korean PWRs by the turn of the century could fuel more than six
CANDU reactors. These resource considerations are particularly important for a country such as
Korea, which is relatively poor in energy resources, importing over 80% of its energy
requirements. Hence, there may be considerable incentive to extract the maximum amount of
energy from a given amount of uranium. As a consequence, it is possible that the introduction of
advanced fuel cycles will take place in Korea before they are introduced in Canada. However,
much work, including studies related to safeguards, remains to be done.

There has been in the past, and continues to be, considerable R&D collaboration between KAERI
and AECL on various advanced fuel cycles. This collaboration has been in the form of paper
studies to date, with no experimentation involved.

3.5 The CANFLEX Advanced Fuel Bundle

Another fuel area serves as an example of how bilateral cooperation in high-lech R&D can be
accomplished to the mutual benefit of both parties. The CANFLEX advanced fuel bundle was
conceived by AECL as the optimal vehicle for introducing advanced fuel cycles into CANDU. One
feature common to most of these fuel cycles is that a larger amount of energy is extracted from the
bundle. Hence, the fuel stays in the reactor longer, and is thus subjected to more demanding
conditions. The CANFLEX bundle is designed to run cooler than other conventional CANDU
bundles and, therefore, advanced fuel cycles are more easily accommodated. This is achieved by
having a greater number of fuel pins (43) than in the other CANDU fuel designs, as well as two
pin sizes. CANFLEX represents a logical evolution in CANDU fuel design: from 7-elements in
the original NPD design, to 19- (Douglas Point), 28- (Pickering), 37- (CANDU 6, Bruce and
Darlington reactors), and finally, 43-elements.

AECL has recently joined forces with KAERI in the development of this bundle. This partnership
reflects ihe way of the future in accomplishing high-tech R&D: a pooling of resources-people,
technical, and financial-to the mutual benefit of both parties. This partnership reflects a maturation
of the rclationslv p between AF.CL and KAERI, in which both parties make substantial and
important contributions, both technically and financially. In the joint AECL-KAERI CANFLEX
program, AECL is currently fabricating several bundles for irradiation testing in the NRU reactor,
as well us for thermalhydraulic testing ard optimization. KAERI will manufacture 40 bundles,
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which will be used for flow and endurance testing (to ensure the bundles will withstand the full
range of flows and coolant conditions possible in the reactor).

4. STRATEGIC ALLIANCES: THE WAY OF THE FUTURE

Let us conclude by looking briefly at how collaboration between Korea and Canada in the area of
nuclear R&D can serve as a model for the strategic alliances of the future.

Wolsong 1 was a model for technology transfer, enabling the base of Korean CANDU expertise to
be built. Our current collaboration in areas of R&D, such as the CANFLEX program, reflects a
maturation of this relationship to one of partnership, in which both parties bring technical expertise
and financial resources to the project. This will no doubt be the way of the future: a pooling of
resources in order to become more competitive and to advance technology at a greater rate. A
logical evolution of this alliance is that Canadian and Korean companies may eventually participate
as joint-venture partners in designing and building CANDU reactors in third countries.

The strategic alliances of the future will not only be bilateral, but multi-national. For example, a
program to recycle spent PWR fuel in CANDU reactors would benefit from such a multi-national
alliance. Such a program could conceivably include countries that could provide uranium
recovered from spent PWR fuel, and Canada and Korea could participate by developing the
CANFLEX fuel bundle for this advanced fuel. Tests could be done in both Canada and in Korea
on the suitability of this fuel for CANDU. CANFLEX fuel bundles containing recovered uranium
could be manufactured in Korea, for irradiation testing in the NRU research reactor at AECL.
Following successful testing of this fuel, a demonstration irradiation of several bundles could take
place in a power reactor in Korea, or in Canada.

Such alliances will be essential to ensure future success in an ever-increasing competitive and
world-wide marketplace.
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