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INTRODUCTION

A comprehensive nuclear power program covers a broad range of technologies and activities.

These can include :

• licensing and regulation

• engineering design and development

• component and system manufacture

• project and construction management

• construction, commissioning and operation of the nuclear power plants

• the complete fuel cycle from uranium exploration and mining through fuel fabrication to
eventual disposal, and

• supporting research and development.

Establishing the scientific and industrial infrastructure needed to accomplish all of these
activities from firist principles today would tax the available financial and human resources of even the
most industrialized countries.

The degree to which a country intends to develops its nuclear infrastructure and the actual rate
of development will depend on its economic and industrial development strategy. Some countries look
upon a nuclear power program as an opportunity to raise the standard if its industrial capabilty as a
precursor to expanding exports. For others, the primary goal has been to simply establish a reliable
and economic source of energy as the engine for future future economic and industrial growth.

There is no simple answer but it is essential that, at the very early stages of planning for a
nuclear power program, clear goals and objectives are established for the extent of national
participation in the program and the rate at which this is expected to increase. Furthermore, a firm
commitment must be made to provide or develop the necessary human and financial resources to
ensure the success of the program. The resources which will be required to implement a nuclear
power construction program together with the investments in supporting industries are very large.
Each nuclear power plant requires an investment of well over a billion dollars and the human
resources employed in the design, manufacture, construction and operation of the plant may well
exceed 5000 at the peak.

Clearly, it is essential to build on the experience and expertise which already exists in the
world's nuclear community. Well over 100 billion US dollars have been spent in developing nuclear
technology to its present state and there is little point in re-inventing the "nuclear wheel. The aim
should be through technology transfer and other cooperative programs with already established
nuclear organizations, to acquire the required technology to the level appropriate to the designed
degree of national participation.

A POSSIBLE STRATEGY FOR NATIONAL PARTICIPATION WITH TECHNOLOGY
TRANSFER

Whatever degree of national participation is chosen, some components of a nuclear
infrastructure are necessary even for the first plant. These include a regulatory and licensing body, the
utility which will operate and maintain the nuclear power plant and, I would suggest, a competent
research and development (R&D) organization.

This was the course taken by Korea in initiating its nuclear power program. The first plants,
KORI-1 and Wolsong-1, were purchased on an essentially turnkey basis. In the case of Wolsong, the
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Korean regulatory authority began to develop its skills in licensing and regulation with the assistance
of Canada's Atomic Energy Control Board. In addition, operations and maintenance staff were trained
in Canada at AECL's and Ontario Hydro's facilities and received further training and a deeper
understanding of the system through active participation in the commissioning of the plant.

A basic nuclear R&D organization is most useful in providing preliminary experience to
professional and technical staff for future participation in the nuclear power program. This was, in fact,
one of the key factors in Canada's own nuclear power development program. Indeed, to this point in
time, all of the countries which have initiated nuclear power programs already had a nuclear R&D
organization in place. Furthermore, nuclear technology, as with any high-technology, is continually
evolving. One of the most important means of maintaining pace with future advances in other
countries throughout the world is an effective and competent research and development staff. Again
using the Korean nuclear program as an example, the Korean Atomic Energy Research Institue
(KAERI) has played a significant role in the Korean nuclear program in this way with the acquisition of
technology trough cooperative agreements and its further development.

Underpinning these early infrastructure developments its the need to expand the educational
system in the country. Even before the first nuclear power plant is built, significant numbers of high
calibre professionals, technicians and skilled workers should be available to regulate, operate and
maintain the plant. Even more trained people will be needed as the program develops because skilled
people are the essential ingredient of any successful technoolgy transfer program. While honing of the
skills of these individuals in areas related to nuclear technology can undoubtedly be achieved through
technology transfer programs, their basic training in science and engineering must be undertaken by
the country's own educational institutions.

Other areas of activity or technology can then be developed at a pace which is consistent with
the country's economic and industrial goals. In these as with the regulatory, utilitiy and R&D
organizations, it is essential to build on the experience and expertise which already exists in the
world's nuclear community. The development of Korean's nuclear power program provides a clear
example of the time taken to develop a nuclear industry with a high degree of national participation or
self-sufficiency. The Korean program, is an extensive one; already, 14 nuclear power plants, with a
combined capacitiy of over 12 G We, are in operation or under construction. The initial plants, acquired
under turnkey contracts, provided little opportunity for local participation beyond construction and the
areas of regulation and operation mentioned earlier. However, through technology transfer programs,
each succeeding group of nuclear power plants has provided and will continue to provide opportunities
for increasing levels of participation. Even so, it is expected that some three decades will have passed
before the target of near self-sufficiencey can be achieved.

The learning curve for each sector of the infrastrcture will vary. For example, in the case of
equipment or component manufacture, through the transfer of documents, the acquisition of
machinery or equipment and with appropriate training, it will be possible, initially, to reproduce the
component. There will be problems, the resolution of which will require the assistance of the vendor.
As time goes on and experience is accumulated, the abilitiy to produce components of high quality will
increase and it will be possible to start assimilating the technical background and basis of the design
of the component an to contemplate further development and improvement. Eventually, the capability
to initiate new designs without external assistance will be achieved.

SOME LESSONS LEARNED

Our own experience in nuclear technology transfer has provided some insight in the factors
which contribute to a successful transfer of technolgy. Perhaps some of the more pertinent ones for
ensuring a successful program are the importance of people, the need for a flexible approach and,
above all, a long-lasting commitment by all participants.

Importance of People. While the physical form on any technology resides in documentation,
e.g. drawings, manuals, computer codes, etc., people are the principal vehicle for technology transfer.
Without the availability or trained personnel to interpret the documentation and implement the
technology, the technology is worthless.

283



Training, or at least extensive consultation, is a necessary ingredient for not all the technology
resides in document form. Much of the technology, particularly that related to its application, can only
be transferred through personal communication.

A Flexible Approach Needed. Each participant has its own needs and priorities and, therefore,
the technology program must be tailored to meet these needs and to be compatible with existing and
planned industrial development strategies. Even within one country there may be differences in
priorities. For example, the owner of the plant is primarily interested in the supply of electricity
generating plants to as short as schedule and at as low a cost as is consistent with safe, economic
and reliable operation. In this respect, the goals of the owner and the supplier are the same. The
national goals, however, may have different priorities.

National governments, particularly those of developing countries, look toward technology
transfer as a means of industrial and economic development and, eventually, a means of assuring a
high degree of autonomy and security in the provision of a major energy source. Such goals are
necessarily long term and attempts to accelerate the process can have significant impacts on both the
schedule and the cost of the initial nuclear power devlepment.

The industrial sector, while seeking additional business opportunities, is concerned with the
return on its investment and the potential market for its new products in both the domestic and foreign
market.

Canada has follwed a flexible approach in transferring nuclear technology. Each program has
been different and each has reflected the needs of the client.

Long-term Commitment Essential. In the transfer of nuclear technology, a basic government
to-government agreement normally provides the framework within which all other transactions and
arrangements are established. Subsequent agreements will provide for the exchange of staff,
licensing arrangements, the formation of joint ventures and so on. However, one overriding facet must
be recognized. The success of the transfer of technology and its assimilation will depend on the will of
the parties involved and their individual commitment to ensuring the success.

One of the important ingredients for success is building a firm base of mutual respect and
confidence between the parties within which continued cooperation can flourish.

A FRAMEWORK FOR SUCCESSFUL NUCLEAR TECHNOLOGY TRANSFER

Experience has shown that the development and transfer of technology are very demanding
tasks requiring large commitments of both financial and human resources. Success in such a large
undertaking can be achieved if it the right framework or environment is put into place. This framework
will have several essential components.

Adequate Planning. The receiver of the technology must carry out a thorough review of the the
objectives it sees for the technology transfer program, the present capabilities which can be applied to
the development of a nuclear power program and more importantly the gaps which exist. Throught the
planning process, care should be taken to include the impact of the nuclear program with its
requirements for human and financial resources or the other sectors of the national economic and
development plan.

An important factor in taking the decision to proceed with the program will be the forecast
demand for energy, particularly electricity in the country. Without sufficient demand and a clear
recognition of the role of nuclear power in satisfying the demand, the technolgy transfer program will
stall.

Develop Infrastructure. It is essential that the complete infrastructure necessary to support a
nuclear program be eventually put in place. The infrastructure will include such sectors as the
regulatory body, financial community, manufacturing, engineering, research and development and
education. Experience shows that establishing a lead egency, a utility or research-based organization
or a combination of both, to act as the champion for the program enhances the chances of succès. It
will be important for this agency to ensure that no gaps exist in any area of the program and that
sufficient dept in design, manufacturing and operating capability is maintained. If several agencies are
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involved then it is essential that their golas and objectives are consistent and that there is a good
relationship between them.

Commit Resources. Within the scope of the technology transfer program decided upon, it is
essential to make a firm commitment of both financial and human resources. The capital expenditures
involved, not only for the nuclear power plants themselves but also for the supporting industry and
institutions, will be huge, particularly if it is planned to achieve a high degree of autonomy in nuclear
power plant construction. Human resource requirements are extensive and the number of skilled and
professional individuals required is likely to far exceed the capabilities of the educational system in
place at the start of the program. A commitment to expand the educational system, therefore is
required.

Firm Management. Because of the high cost of a complete technology transfer program in
terms of resources, the program is a project in its own right which may equal and even exceed the
nuclear power plant project in terms of complexity and importance. Dedicated, efficient and effective
project management by both the receiver and supplier is imperative to success of the program.

Develop Relationships. The success of the program will depend on the will of both parties to
succeed. In this respect, the development of relationship between the parties which are based on
mutual trust and respect is most important. These relationship will provide the essential ramework
within ongoing cooperation can flourish.

SUMMARY

Nuclear technology is complex and diverse and yet it can be assimilated by a nation given a
firm commitment of both suppliers and recipients of technology to achieve success. Canada has
reaped large benefits from its nuclear program and we believe this has been instrumental^ linked to
the sharing of goals and opportunity for participation over extended periods of time by many interests
within the Canadian infrastructure. While Canada has accumulated considerable expertise in nuclear
technology transfer, we believe there is still much for us to learn.

Achieving proficiency in any of the many kinds of nuclear ralated technologies will place a heavy
burden on the financial and human resources of a nation. Care must be taken to plan carefully the
total program, including the technology transfer, while observing those criteria which will assure
national benefits in industrial and economic development.

Above all, effective transfer of nuclear technology requires a long term commitment by both
parties.
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