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Abstract

The paper presents the successful Canadian experience in developing a nuclear power
technology - CANDU - and exporting it. Consideration is paid to technology that has to be
transferred, receiver country objectives and mechanisms and organizational framework.

1. INTRODUCTION

The flow of technology between trading partners is a significant feature of
contemporary international trade. This occurs within the industrialized world and, more
importantly, between developed and developing nations. Nuclear power projects are by their
nature technology intensive and embody the latest developments in engineering, construction,
materials, manufacturing and information. With few exceptions, such as the United
Kingdom's Sizewell B project, nuclear projects are being implemented in newly industrialized
and developing countries by or with the assistance of developed countries.

It is not surprising, therefore, that the implementation of nuclear power programs often
includes transfer of related technologies. While the primary purpose of a nuclear power
project is the generation of electricity, the benefits of a carefully planned program can extend
beyond supplying reliable and inexpensive power and can have a significant positive impact
on the economy. Typically, the economic sectors affected are not only related to engineering,
manufacturing and constructing the plant but extend to research and development programs,
with spin-off into commercial and industrial sectors only marginally linked to nuclear energy.
New skills and methods learned in the nuclear program can be applied to other sectors and
provide benefits to the social and economic fabric of the nation.

Over the decades, Canada developed an autonomous nuclear industry even without an
established large-scale industrial base at the beginning of its program. The end product, the
CANDU reactor system, has an impressive record of performance and is competitive with the
best power reactors of the world's industrial giants. There are now many developed countries
with indigenous nuclear power systems, therefore, it is ineffective use of resources for
countries considering a nuclear power program to expend the same effort to develop nuclear
power on their own. Technology transfer provides a sound basis for creating an indigenous
nuclear industry. The experience in establishing its own nuclear industry puts Canada in a
favorable position to understand and develop the scope and processes of technology transfer
essential to a successful nuclear program and, as shown later in this paper, facilitates
absorption of this technology by host nations.
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The available technology includes the complete fuel cycle from uranium exploration
through fuel fabrication to eventual disposal; engineering design and development; heavy
water production; construction, commissioning and operation of nuclear plants; project and
construction management techniques; supporting research and development and, of course,
the manufacture of CANDU components and systems.

In this paper we make observations on the technology, particularly CANDU
technology, look at experiences in Romania, Korea and Argentina and consider appropriate
measures for a developing country.

2. NUCLEAR TECHNOLOGY

CANDU nuclear power plants have performed extremely well and are consistently
ranked among the world's best in terms of both annual and lifetime performance. Such an
achievement does not occur by chance; it is the result of a system design reflecting ease of
component manufacture, simple operation and maintenance and careful attention to detail and
quality in all phases of the design, construction and operation of the plants.

Nuclear technology in Canada goes beyond the power plant itself. It encompasses the
total infrastructure appropriate to the CANDU heavy water moderated, natural uranium
fuelled reactor system. Thus, these essential components are well established in Canada:

- the complete CANDU fuel cycle from uranium exploration, mining and refining,
through fuel fabrication to eventual disposal,

- plant siting, engineering design and development,
- component design and manufacture,
- heavy water production,
- project and construction management techniques,
- construction, commissioning and operation of the nuclear power plant,
- supporting research and development, and
- licensing and regulation.

Some of these components, particularly those required by conventional power
industries, are already well established in some form in developing host countries.
Nevertheless, it may be worth looking further at four particular aspects.

2.1. Fuel cycle

Technology for the complete natural uranium fuel cycle is available in Canada, one of
the few countries which, by itself, can cover the total fuel cycle. As one of the world's
principal uranium producers, Canada has developed exploration techniques and the methods
required in mining and refining. Two independent Canadian commercial fuel fabricators
provide fuel for CANDU nuclear power plants both in Canada and abroad. Storage techniques
for spent CANDU fuel are simple and well established and, as related later, the technology for
safe disposal of spent fuel or reprocessing wastes is well in hand.
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2.2. CANDU manufacturing

CANDU manufacturing technology is very adaptable. It is possible, as was the case in
Canada, to introduce the manufacture of CANDU components to existing industries, taking
advantage of and enhancing existing manufacturing skills. In Canada today, more than one
hundred individual companies are involved in the manufacture of CANDU components and,
for most, the nuclear business represents less than 20 percent of their total output. These
companies are from diverse segments of industry: automotive parts, shipbuilding, general
machining, aerospace and electronics, and others. Thus, new technology and employment
opportunities have benefited and continue to benefit a large segment of the industrial
economy.

2.3. Research and development

A major factor in the continuing success of the CANDU system is the strong research
and development component (R&D) existing within the Canadian nuclear industry. The
nuclear R&D laboratories of Atomic Energy of Canada Limited (AECL) actively participated
both in the initial and ongoing development and responded quickly and effectively to
problems which arose in the operation of the CANDU plants. Such response capability is
invaluable, for unforeseen problems arise even with the best systems. Further, an established
R&D program ensures continued development and advancement of CANDU nuclear
technology.

2.4. Operation and maintenance support

A principal reason for the outstanding performance of CANDU plants is the emphasis
placed on operation and maintenance. Special attention is given to simplifying the man-
machine interface, to operator training and retraining and to providing readily accessible
maintenance through the design of the plant. Expertise in operation and maintenance
technology, developed in partnership with Canadian utilities and the system designer, is
transferred to other utilities which have chosen the CANDU system. This on-going expertise
is available to operators of all CANDU power plants.

More recently, as the CANDU system was adopted by several utilities, AECL R&D
related to maintenance and operation has been supported and complemented through an
association termed the CANDU Owner's Group (COG). This group not only shares
information related to operation and maintenance similarly to INPO in the US, it funds R&D
to eliminate potential problem areas and improve performance.

3. THE CASE FOR TECHNOLOGY TRANSFER

The driving force behind successful transfer of technology are the benefits, whether
short or long-term, which accrue to the participants. For the source nation or industry, the
transfer enhances market opportunities and permits a return on its investment in research and
development, whether directly through licensing or indirectly through some joint enterprise.
The nation also gains stature through the recognition and acceptance of its technology.

A nuclear power project is a complex undertaking, especially for a country building its
first plant. From the perspective of AECL, technology transfer associated with the project can
be split into two broad categories; viz.:
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- the technology which must be assimilated for plant licensing, operation and
maintenance;

- those technologies which further the objectives of the receiver country, which are not
well known or defined at the time of negotiations or bidding for the project.

While the first category, the 'basic technology', is essential for plant owners to realize
returns from their investment, the second category, the 'enabling technology' is the focus of
this paper. The constituents of the two broad technology categories are shown in Figure 1.

Figure 1 summarises the basic technologies involved in the design, construction and
operation of a CANDU nuclear power plant. It also illustrates the interests of national
governments, the utility and the local industries. The government has an overall interest in all
facets of the technology, and in most cases, determines the expected degree of transfer and its
timing. The utility, on the other hand, needs no other technology than that required to
successfully maintain and operate the plant, i.e. the upper half of Figure 1. Local industry,
whether engineering design companies, constructors or component manufacturers, is usually
only concerned with technology to do the job and in the results of R&D, but not the R&D
itself.

It is not self-evident that transfer of enabling technology is beneficial to the receiver
country as measured, for example by growth in economic productivity or by return on the
investment. By reviewing historical patterns of technology transfer in industrialized countries
(for example Canada, Japan, the United Kingdom) and developing countries (such as India,
Korea) in science and industry in general and in nuclear power in particular, we can identify
factors contributing to the overall benefit of technology transfer.

Reviews of the flow of technology to and from Canada and other industrialized
countries show that technology transfer occurs constantly amongst trading partners through
such mechanisms as foreign manufacturing plants, licensing and joint ventures. The driving
force for transfers between developed countries is almost always entry into foreign markets or,
more recently, to exploit favorable cost contributors such as materials, labor, productivity or
entry into third markets. In these industrialized countries, national policy on science and
technology, if it exists, does not play a key role. In developing countries, the driver is often
national policy as typified by India, China and Korea. From this casual examination of
historical cases, it is reasonable to conclude that to derive a measurable benefit to the receiver
country, technology transfer should be driven by market forces and/or by national policy.

The degree to which there is real benefit from transfer of technology depends on a
number of factors which are not always separable. Studies by the United Nations University
have termed these the "Five Ms". If we examine the "Five Ms" of enabling technology in the
context of nuclear power, we can assign the following areas to each:

(1) Materials to be used for production
- zirconium alloys, refined/enriched uranium, high grade steels and alloys

(2) Machines to process the materials
- uranium refineries, facilities for manufacturing reactor components, nuclear

grade and quality pumps, heat exchangers, steam generators, valves and other
components
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(3) Manpower which combines materials and machines in production
- education, training, design skills, manufacturing skills, analytical skills, plant

operations

(4) Management which combines production and marketing
- plant management, public acceptance program, infrastructure program

(5) Markets for the products
- on-going nuclear programs featuring construction of a number of generating

plants over medium to long term and/or an export market for products and
services.

4. RECEIVER COUNTRY OBJECTIVES

As demonstrated below, transfer of technology requires recipient organizations or, at
the beginning, personnel to form the core of such organizations. There is therefore an implicit
cost for the receiver country as an initial investment. Benefits from this investment are
maximized when there is a continued demand for the products and services resulting from this
technology. In this environment, localized R&D and manufacturing can contribute towards
further development of the technology to benefit both the source and receiver countries.

It is thus of utmost importance that the receiver country have a technology policy
addressing the needs of the future as well as today's nuclear power program. To realize a
return on its investment, and to stimulate further development of acquired technology, there
should be an active nuclear program, providing a steady productive output and incremental
improvements. Thus, the fifth M must exist, i.e. there must be a market for the local products
and services, domestic or export, as exemplified by Korean companies which assimilated
CANDU technology. Some of the objectives of receiver countries are discussed in the context
of CANDU technology.

4.1. Technology/Energy independence

For the receiving nation or industry, the technology transferred helps establish a
domestic capability to provide goods and services previously imported and, moreover, an
opportunity to export these same goods and services. The technological base and stature of the
nation will clearly be enhanced and employment opportunities will be created. A degree of
technological independence from foreign sources is also secured through this domestic core of
competence. The additional benefit is that, with training of its people and assimilation of the
complete nuclear technology, the receiver country can establish a major self-sufficient energy
source.

4.2. Localization of supply

The experience in Korea demonstrates the extent to which CANDU technology can be
successfully localized. The first CANDU 6 unit (Wolsong 1) was supplied on a turnkey basis.
The contract included a significant amount of localized procurement and technology transfer,
including training of designers and operations staff.
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FIG. 1. Basic technologies involved in the design, construction and operation of a CANDU nuclear power plant.



Successful performance of the Wolsong 1 plant led to the purchase of three more
CANDU 6 reactors. Recently the Wolsong 2 and 3 reactors entered service and construction
is nearing completion on Wolsong unit 4. As a result of technology transfer, the localization
rates for these subsequent units have increased substantially. For Wolsong 1, the local content
for Korean firms was approximately 14% for equipment supply and 16% for design and
engineering, while for later plants the overall localization increased to 75% as shown in the
Figure 2. Included in this is the fabrication of major reactor components including the
calandria/shield tank assembly and the steam generators.

The ease of transfer of CANDU technology is evident from the experience in Korea.
In the Korean CANDU program, technology was transferred to the utility, Korea Electric
Power Company (KEPCO), to the Korea Heavy Industry Company (KHIC - now HANJUNG)
and to other Korean firms. Fuel manufacturing technology had been transferred to Korea
Nuclear Fuel Company (KNFC) and localized with the first CANDU 6 unit along with
construction technology. This contrasts with the experience in Korea's PWR program where
fuel manufacture was not localized until eight PWR units were constructed.

5. MECHANISMS AND ORGANIZATIONAL FRAMEWORK

It is useful to review the form in which technology exists and the institutions in which
it resides. In Canada, the distribution of nuclear technology rests with the designers,
regulators, manufacturers and the utilities with nuclear power plants. As the result of
technology transferred to receiver countries beginning in the late 60s up to the present time,
CANDU technology has been assimilated by many more countries where it is being
developed as shown in the Table I.

Wolsong 1 Wolsong 2 Wolsong 3 Wolsong 4

FIG. 2. Wolsong localization rates.
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TABLE I. EXISTING AND DEVELOPED CANDU TECHNOLOGY IN THE WORLD
Reactor, Plant and System AECL, Ontario Hydro
Design A/E firms in Canada, Korea, Argentina, Romania

Component and Equipment Industry in Canada, Korea, Romania
Mfr, specific to CANDU AECL

Component and Equipment Industrialized countries, e.g. Canada, UK, USA, Japan,
Mfr, nuclear and conventional etc.

Research and Development AECL, Ontario Hydro
R&D organizations in Argentina, Korea

Regulatory, Safety and AECL, AECB, NB Power, Hydro Quebec, Ontario Hydro;
Licensing Regulators and utilities in Argentina, Korea, Romania

Plant Operations AECL, NB Power, Hydro Quebec, Ontario Hydro
Utilities in Argentina, Korea, Romania

5.1. Documents

These include designs, analyses, drawings, specifications, reports, and procedures
covering areas related to nuclear power programs such as R&D, design, manufacturing,
construction, commissioning and operations.

5.2. Computer programs and databases

These include items such as analytical models, programs, CAE/CAD models and
databases, equipment and materials databases.

5.3. Personnel

The knowledge and skills of staff should be viewed as a repository of technology. This
is especially important in the design and R&D functions where individual expertise
complements documents and data. While the latter are necessary in technology transfer,
individual know-how and the ability to manage and use the technology must be assimilated to
achieve independence.

It is evident that transfer of technology is best achieved on an institutional-
organizational and a personnel-individual level. For the technology to be absorbed and
assimilated, the receiver country must have personnel who will be educated in the technology
and either the organizations in place or the objective of establishing those organizations. This
allows the receiver to establish a framework for effecting the transfer.

Typically, this begins with an agreement, or commercial contract. The form of the
framework depends mostly on the stage which the receiver country has attained with its
nuclear power program. At the outset, technology cooperation agreements are common.
These are generally high level agreements between organizations, which allow documents,
computer codes and data to be delivered, and exchange of personnel and training. As the
receiver country's nuclear program advances, the framework under which technology is
transferred becomes more formal and contractual in nature, particularly if it is under the
umbrella of a nuclear power plant construction project. The means for effecting technology
transfer can include the following:
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5.3.1. Formal training programs

This is usually for the utility staff who will operate, maintain and provide technical
support for the plant. The receiver country's regulator and other organizations, such as those
charged with waste management, also receive training in the technology.

5.3.2. Business enterprises

These include direct investments by foreign corporations in production facilities, joint
ventures with local partners and licensing agreements. Typically, they pertain to equipment,
components and materials aspects of a nuclear power program. Korea, Romania and
Argentina have examples of agreements between investor owned or investor-state owned
enterprises resulting in local manufactured components for the domestic power program. In
particular, fabrication of fuel for CANDU reactors has been localized in these countries. In
Korea, this is extended to where Korean manufactured components such as heat exchangers,
steam generators and the calandria are manufactured locally for the domestic program and are
also exported to third markets.

5.3.3. Research and development agreements

On-going agreements with Korea's research organizations provide for joint research
and development programs covering such topics as fuel and fuel cycles, thermohydraulics and
system chemistry. In recent years, KAERI and AECL have cooperated on the design of
Korea's HANARO, a research reactor using the Canadian MAPLE research reactor concept as
a base.

In Argentina, a technical transfer agreement provides Argentina with the technology to
design and construct its own CANDU 6 units. The scope of the agreement includes transfer of
detailed design data and documents appropriate to the CANDU 6, generic scientific and
engineering information including computer codes, and fuel testing in Canadian research
reactors. This is a comprehensive program and spanned a 14-year period.

6. PROGRAMS FOR NEW CANDU COUNTRIES

Many lessons were and are still being learned from AECL's experiences in technology
transfer. Perhaps some of the more pertinent ones to ensure a successful program are the
importance of people, the need for flexibility and, above all, an enduring commitment by all
participants. Canada's experiences provide insight into some factors contributing to the
success of technology transfer. These "lessons learned" are incorporated in our overall
approach. Some of the factors are:

6.1. Applicability of the technology

The technology must fit the needs of the recipient and be compatible with existing or
planned development of other local technologies.

6.2. Importance of people and training

While the physical form of a technology resides in documentation, e.g. drawings,
manuals, computer codes, etc. people are the principal vehicle for technology transfer.
Without trained personnel to interpret the documentation and implement the technology, it is
worthless.
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Training is a necessary ingredient, especially since not all the technology is
documented and much of it, especially that related to application, can only be transferred
through personal communication.

On-the-job experience is most effective in transferring technology and is a cornerstone
of our programs. However, if the technology transferred is not put into practice but shelved to
be addressed later, the expertise quickly dissipates and must be relearned.

6.3. Recognition of potential conflicts

It is likely that more than one objective exists, for example, use of local suppliers of
equipment and services may sometimes appear to conflict with project schedules and overall
costs. It is essential that both parties recognize the many possible objectives and reach an
understanding of the priorities to be accorded to each.

6.4. Environmental differences

Design changes are clearly needed to accommodate different site characteristics,
however, broader socio-economic-technological differences influencing the ways in which
people behave, and work is achieved, must be recognized. Such differences change with each
country but they are relative rather than absolute since, in the end, technology transfer has one
common denominator - people communicating with people.

6.5. Clear definition of scope

Despite the best intentions of both parties, there may be misconceptions or
misinterpretation about what is involved or expected of technology transfer. These may stem
from a lack of appreciation of the completeness of documentation and sometimes belief that
documentation can substitute for training. There may be a lack of understanding of the scope
of technology to be supplied, of communication facilities available or of the "correctness" of
information channels.

A precise definition of the scope of technology to be supplied and the processes to be
followed can minimize these misconceptions or misinterpretations. There would be fewer
disappointments for the recipient in what he receives and for the supplier in the costs
associated with the transfer. However, our experience strongly suggests that there should be a
mechanism to adjust both scope and processes throughout the period of exchange or
agreement. The technology associated with nuclear plants is dynamic and the transfer of
technology should be also.

6.6. A flexible approach needed

Each country and client has unique needs and priorities and technology transfer must
meet these needs to be compatible with industrial development. Even within one country
priorities may differ. For example, plant owners are primarily interested in the supply of
generating plants in as short a time 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,
however, national goals may have different priorities.
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National governments, especially in developing countries, view technology transfer as
a means of industrial and economic development and, eventually, a means of assuring a high
degree of autonomy and security in a major energy source. The industrial sector seeks
additional business opportunities, is concerned with the return on its investment and the
potential market for its new products both domestic and foreign.

Canada is flexible in transferring nuclear technology. Each program has been different
and has reflected the needs of the client and the same approach will be taken in the future.

6.7. Long-term commitment essential

In transferring nuclear technology, an agreement between governments normally sets
the framework within which all other transactions and arrangements are accomplished.
Subsequent agreements may provide for staff exchange, licensing arrangements, the
formation of joint ventures and so on. However, there is one overriding factor, the success of
the transfer of technology and its assimilation depends on the will of the parties involved and
their commitment to the success of the project.

BIBLIOGRAPHY

"The Adoption of Foreign Technology by Canadian Industry", Proceedings of a Workshop
sponsored by the Science Council of Canada, (1982).

INTERNATIONAL ATOMIC ENERGY AGENCY, "Economic Evaluation of Bids for
Nuclear Power Plants", Technical Report Series No. 269,Vienna.

INTERNATIONAL ATOMIC ENERGY AGENCY, "Developing Industrial Infrastructures to
Support a Programme of Nuclear Power", Technical Report Series No. 281, Vienna.

ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT,
"Technology and the Economy, The Key Relationships", 1992.

CHAMARIK, S., GOONATILAKE, S. (editors),"Technological Independence, The Asian
Experience", United Nations University Press

231


