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INTRODUCTION

There is little doubt that a solid research and

development (R&D) base is an essential component

of the nuclear infrastructure, particularly, so

when a significant degree of self-sufficiency is

planned. The R&D base can be formed in a number

of ways, as centres of excellence in academic

institutions and in industrial or utility

associations but, as a minimum, a national nuclear

research and development laboratory should be in

place*
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It is the last of these, the national nuclear R&D

laboratory, which will be discussed in the context of its

role in the development of a nuclear power program

today.

National nuclear research and development laboratories

played invaluable roles as the leaders in the early

development of the peaceful uses of nuclear power and

continue to provide strong support for the established

nuclear programs. The roles played by such institutions

as Harwell, the Kurchatov, Oak Ridge and Chalk River, to

name but a few, are well known.

However, today and in countries about to implement a

nuclear power program, there is a different role for the

R&D laboratory or institution. There is little point in

returning to first principles and reinventing the

"wheel", for nuclear technology is already well

established. À conservative estimate of the funds spent

in developing nuclear technology to the place where it is

today is well in excess of 70 billion US dollars. And

that estimate does not include the monies spent on other

segments of the infrastructure outside R&D organizations

such as educational institutions, the manufacturing

sector and utilities.

The human and financial resources required to implement a

nuclear program are large. Few countries can afford to

waste valuable resources in redefining the basic

principles of nuclear science and technology. The

preferred alternative is to develop effective

relationships with other R&D organizations and to build

on their technological expertise, in essence
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using technology transfer as the basic building block in

establishing the required R&D base. The role which then

remains- to be played is a broad one covering these areas:

training, technology transfer, on-going support for the

nuclear power program and future technological

development» Each of these areas will be discussed

briefly.

TRAINING

A nuclear power program calls for a large number of

highly skilled personnel; tradesmen, technicians and

professionals competent in all the basic scientific and

engineering disciplines. The major responsibility for

producing these personnel rests with the educational

infrastructure of the nation. However, the R&D

organization provides a valuable training ground for key

personnel and the leaders of the future.

Nuclear technology is perhaps the most demanding

technology of the modern age. The consequences of error

can be enormous and long-lasting. For this reason, high

precision and quality are of paramount importance. New

techniques must be learned and new disciplines explored.

In equipping staff and other personnel for their role in

the nuclear power development program, it is essential

that the training received is directly related to the

application of the technology involved. Hands-on

training in realistic environments is essential;

classroom studies are not enough. For this reason,

while much of this work is not normally recognized as

R&D, the nuclear R&D organization is often the most

appropriate place in which to start. It will have



relevant facilities such as nuclear laboratories,

research reactors and equipment for the control and

handling of radioactive materials. It is also, possibly

the only source of expertise and practical experience in

nuclea'r science and engineering and, more than that, the

quality assurance and control required in their

application.

To be effective, the nuclear R&D organization has to

recognize the end product; an applied and demanding

technology. Its work, therefore, should be focussed and

serve to bridge the gap between the academic world, where

often science is pursued for the sake of science, and the

industrial world, where the realities of cost-benefit

analyses prevail. Without a clear focus and careful

planning and control, it is likely that the R&D

organization will falter and fall back on the safety of

the academic ivory tower.

TECHNOLOGY TRANSFER

The successful transfer of technology, whetusr nuclear or

non-nuclear in nature, cannot be accomplished solely by

the transfer of documents, drawings, manuals, computer

codes, etc. While the physical form of any technology

resides in documentation, people are the principal

vehicle for technology transfer. Without the

availability of trained personnel to interpret the

documentation and implement the technology, the

technology is worthless. Only through the interaction of

highly qualified people can the so-called "know-how" and

"know-why" of the technology be transferred.

R&D <; rganizations in an emerging or newly-industrialized

country are often the only source of the suitably
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qualified personnel needed to fully assimilate the

technology to be transferred. They also offer the more

immediate opportunities to practice what-has. been learned

because they will most likely have facilities appropriate

to the technology such as research reactors. If the

technology, once transferred, is not put into practice

but is put on one side to be addressed at a later date,

the expertise which has been created will quickly

dissipate and the technology will have to be relearned.

The opportunities available at home can be further

expanded through the use of carefully designed

cooperative programs with the institutions providing the

technology. A good example of where cooperative programs

can be beneficial is in the assimilation of nuclear fuel

design and performance technology. Facilities required

for fuel experimentation and fuel development are

expensive. Cooperative programs can provide access to

test and examination facilities at a much reduced cost

and furthermore are an excellent way of keeping abreast

with current technology.'

While the nuclear R&D organization may be the most

appropriate first point in the transfer of technology,

little will be gained if the technology remains wholly

within these organizations. One of the most important

tasks for these organizations is first to translate the

technology into a form usable by the industry or other

user in the receiving country and then to ensure that the

technology is passed on to the other users. The R&D

organization is thus both a receiver and a transferor of

technology; in many respects the post office where mail

is received and then redistributed.
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A further important role of the R&D organization in

nuclear technology transfer, although other government

agencies could also fulfil' the role, is that of overall

coordination. The nuclear vendor does not control all

the potential technology involved, although it has access

to it, and several companies could be involved in the

transfer of technology. In the receiving nation also,

many companies will be involved each with its own

interests and goals. The coordinating organization in

the receiving nation would:

ensure that the necessary infrastructure for providing

adequately trained personnel are in place,

. determine priorities for the areas of technology to be

transferred and ensure adequate allocation of funds

and human resources,

determine the most effective recipients who will

receive and eventually develop the technology,

monitor and coordinate the actual technology transfer

process .

This is the role played most successfully by India's

Department of Atomic Energy in the early development of

its nuclear power program.
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ON-GOING SUPPORT

The nuclear R&D organization must provide on-going

support throughout the nuclear power program» In the

early days of development when the full infrastructure

may not be in place, the R&D laboratories can provide the

testing necessary for an effective quality control and

surveillance program» This could include testing of

concrete samples, verification of material properties,

qualification of welders and so on. Eventually, as the

program expands and the infrastructure develops, these

functions can be undertaken by standards institutes,

trade associations and others*

During operation, problems will occur with even the best

of systems; some on an emergency basis. Utilities or

other operators of nuclear power plants are unlikely to

be able to retain the breadth of expertise and research

facilities which may be required within their own

organizations. They turn to the R&D organizations and

particularly the nuclear R&D laboratories to help them

solve their problems. Some of the problems will be minor

and can often be solved quickly, provided, of course,

that an individual with the appropriate background

(chemist, metallurgist, engineer, etc) is available.

Others can be much more tractable and require in-depth

and extensive research to reach acceptable solutions.

In either case, the availability of a strong R&D

organization with expertise in a good mix of disciplines

is invaluable in 'tackling the problems and in quickly

resolving the issues. The nuclear R&D organization

normally can provide the personnel with expertise and

experience in a wide range of disciplines and it has the
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equipment and facilities required to address the

problems, particularly if- the problems are associated

with the nuclear portion of the nuclear power plant.

Furthermore, should it be necessary, the R.&D organization

will have the contacts and associations with other

organizations abroad which can provide additional

assistance•

FUTURE DEVELOPMENT

A strong and effective R&D organization will have

carefully thought out and planned research and

development programs on which to work and well

established goals- As indicated earlier, the intent

should not be to become an ivory tower populated by an

elite group of pure scientists, but to have a good

balance of both pure and applied science programs. The

programs should be directed toward the needs of the

nuclear power program, solving its problems yet providing

opportunities for further advancement.

Nuclear technology, as with any other so-called

"high-technology", is continually evolving. One of the

most important means of maintaining pace with future

advances elsewhere in the world is an effective and

competent research and development staff. Indeed, if the

country is to keep abreast of on-going developments in

the field, it is essential that contact be maintained

with other organizations abroad.

It is normal to expect that the technology transfer

processes associated with the introduction of a nuclear

power program will provide for continuing cooperation in

research and development programs with the vendor's
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organization. However., it is also important to establish

and maintain relationships with similar research and

development organizations world-wide.

In this respect, relationships developed through

participation in cooperative research programs will be

invaluable. Such cooperative interchanges require peer

acceptance and credibility which is dependent on the

quality of research and development work being

performed.

With a strong R&D base in place and appropriately

designed programs, the personnel can continue to hone the

skills they they have learned here or elsewhere» They

will be able to make significant contributions to the

on-going development of nuclear power at home and abroad.

In the latter case, these contributions will establish

the credibility necessary for peer recognition and

acceptance into the world-wide nuclear R&D community.

EPILOGUE

A strong R&D base is an essential part of the

infrastructure supporting a nuclear power development

program. The most important R&D organization is, of

course, the nuclear R&D laboratory which in most

countries is closely linked to the national government.

It is this organization which is often the first venture

of the country into the nuclear power field and,

therefore, plays an important role as the initial contact

with other nuclear organizations around the world,

sometimes even before any nuclear power development

program is contemplated. While the final decisions on

w'ien the nuclear power development Is to begin or what
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systems are to be used will be made by others, the

utility and the government at large, the nuclear R&D

organization will be a major contributor to those

decisions »
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