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Nuclear research centres — their evolution in the Indian context
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Abstract. In a developing country, the role of the nuclear research centres (NRC) is quite large as it
involves research, development, demonstration and deployment. The Bhabha Atomic Research Centre
(BARC), the mother institution for all nuclear activities in India, has played this role for more than 40
years. With the successful deployment, the subsequent growth and management, both in the power and
non-power sectors, is carried out by public sector enterprises. BARC continues to provide R&D
support for improving performance and safety, technologies for repair and refurbishment, plant life
management and evolutionary changes in the plant design. It has the responsibility of managing the
backend of the fuel cycle. BARC has also been the nucleus for new research centres devoted to the
development of fast reactors, accelerators and lasers. National NRCs, which provide exciting R&D
opportunities with future orientation, provide assurance of availability of requisite skills and expertise
while at the same time working for the futuristic objectives of the country.

Introduction

Nuclear research centres (NRCs) have played a very important role in the development
demonstration and deployment of electricity as well as non-electricity applications of nuclear
energy. In the early years of the development of nuclear energy, the NRCs in almost all
the countries were built around research reactors. We in India also followed the same
model. Bhabha Atomic Research Centre (BARC), the first NRC in India, located in Mumbai,
was set up around the research reactors APSARA1 and CIRUS2 and over the years, one more
research reactor3 and critical facilities have been added. This research centre is the mother
institution of all other research centres as well as the nuclear power programme in India. Also
the programme for applications of radioisotopes was launched in India based on R&D done at
BARC. In the initial years, trained personnel for manning the nuclear power programme, both
for the design and the operation, came from the research reactors at BARC. Now that we have
a well-established power programme, research reactors are functioning more as workhorses
for the production of radioisotopes and as platform for basic and applied research involving
neutrons. The demand for radioisotopes is continuously increasing and to meet this increasing
demand, an additional research reactor for isotope production is considered necessary. There
are also ideas for some innovative research facilities around the new reactor, which our
research community has proposed. We will come back to this again later.

The next NRC viz. Indira Gandhi Centre for Advanced Research (IGCAR) located at
Kalpakkam on the east coast, was also set up around a research reactor (fast breeder test
reactor) and is now the centre for pursuing research related to fast reactors. The fast breeder
test reactor (FBTR) is working at this centre since 1985 and has fulfilled all the technology
objectives assigned to it. The unique mixed carbide fuel, which is used in the FBTR was
developed at BARC and has already seen a burn-up level of more than 49 000 MWd/tonne.

1 It is a swimming pool rector and attained criticality in 1956.
2.It is a 40 MWt reactor and attained first criticality in 1960. It has natural uranium fuel, heavy water moderator

and light water coolant.
3.The reactor DHRUVA, a 100 MWt research reactor, attained first criticality in 1985. It has natural uranium

fuel, and heavy water coolant and moderator.
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Experience gained in setting up and operating this reactor has given us the confidence to
embark on the programme of setting up 500 MW(e) Prototype Fast Breeder Reactors (PFBR)
and the construction work for the first unit is likely to commence in the year 2001-2002. The
design and technology development for the PFBR has been done at IGCAR in co-operation
with Indian industry.

Besides BARC and IGCAR, we have other research centres in India. They were set up
comparatively recently and keeping in view the needs of the future, have been set up around
accelerators. Variable Energy Cyclotron Centre (VECC) located in Calcutta was set up to
meet the research needs in physics and is now building a super-conducting cyclotron. Centre
for advanced technology (CAT) located at Indore conducts research in the area of lasers and
accelerators particularly synchrotrons. Institute for Plasma Research (IPR) located at
Ahmedabad is spearheading fusion research.

Evolution of nuclear research centres

The profile of research and development programme being pursued in a NRC has to keep
changing with the evolution of the overall nuclear programme in the country. To cite from
Indian experience, in the early years of the evolution of the programme involving setting up
of pressurised heavy water reactors (PHWRs), in addition to R&D on reactor systems and
components and process development for the fuel cycle and the heavy water plants, BARC
provided support for the manufacture of complex equipment, construction, acceptance testing
and calibration of equipment and components manufactured for the first time by Indian
industry or in-house facilities, and plant operation. Now when the programme is well
developed, many of these activities are being supported by industry. On the other hand newer
activities involving R&D focused on technologies related to repair and refurbishment4 had to
be taken up at BARC to take care of emerging needs of the operating power reactors. Plant
life management has now become a major programme at BARC5. This kind of applied work
requires a lot of specific data to be generated and we did this. We have now gained adequate
experience in this area as well and because of technical assistance provided by BARC,
Nuclear Power Corporation of India is in a position to meet all the problems that arise during
operation of a nuclear power reactor6 and as a result power reactors are operating at high
capacity factors. Having reached a degree of maturity in the PHWR programme the focus has
once again shifted and we are now working on new reactor systems, particularly The
advanced heavy water reactor (AHWR)7. This reactor aims to utilise vast thorium reserves
available in India and incorporates several passive safety features. With regard to safety
features, it would exceed current international expectations and we expect it to become a
forerunner of similar systems, which may be developed by us as well as other countries. To
verify some of the design features, thermosyphon studies have been done on specially built
experimental facilities in BARC. Further a low to medium pressure experimental facility is
being set up at Indian Institute of Technology, Bombay, Mumbai. engineering development

4 Rupani, B.B. and Sinha, R.K. "Improvement of lifetime availability through design, inspection, repair and
replacement of coolant channels of Indian Pressurized Heavy Water Reactors", IAEA-TECDOC-1054,
November 1998.

5 Sinha, R.K. and Kakodkar, Anil, "Management of Ageing of Pressure Tubes of Pressurised Heavy Water
Reactors", IAEA Specialists Meeting on Technology for Life Time Management of Nuclear Power Plants,
Tokyo, Japan, 1994.

6 Chaturvedi, V.K. and Sisodia, D.K., "Challenges in Maintenance and Rehabilitation of PHWR Type Reactors",
Nuclear Power in the 21st Century — Challenges and Opportunities, Mumbai, April 1999.

7 Anil Kakodkar, "Energy from Atom: 21st century R&D Perspectives in Indian Context", Xllth International
Congress & Exhibition on Research & Development, New Delhi, January 1999.
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and detailed engineering of this reactor is progressing well and we hope to be ready to launch
its construction in a few years. Development efforts in the fuel cycle area have to match the
needs of emerging reactor programme. This in fact has been the case with activities at BARC.

There is considerable difference in the approach which a country like India has to follow vis-
a-vis the approach, which a country in the North may follow. In the industrialised countries,
many activities, which NRCs have to carry out in the developing countries, are done by the
industry. This is dependent on the level of development of high-tech infrastructure and the
size of the programme. Industry would like to take up a programme purely on commercial
considerations. Favourable conditions for industry involvement arise with the growth and
sustenance of the programme. For developing countries it takes some time for such conditions
to arise. NRCs provide a vital support to deployment of Nuclear Power till such time.

In case of any slowdown in the nuclear programme as is being witnessed in many
industrialised countries, industry would be forced to redeploy trained personnel and facilities
for other more lucrative activities. Moreover, it is unlikely that younger people will get into
activities perceived to be declining. A complex technology like nuclear, demands continuity
to maintain a high level of skills needed for safe and reliable operation spanning several
decades and can ill afford disruptions in available skills dictated by market forces. To expect
continuity from private industry based on purely altruistic considerations is expecting too
much. One may remember that a number of facilities exist in the OECD countries, where 24%
of electricity was supplied by nuclear power plants in the year 1998. These facilities are going
to be there for another 40 to 50 years.8 In case of life extension of nuclear power plants, the
first application for which has already been moved in the USA, this period can be longer. This
implies that to ensure safe operation of nuclear plants, whose life span is much longer than the
working life span of individuals, it is necessary to induct and train young personnel on a
continuing basis. This does not seem to be happening in the developed world. Its
consequences can be serious. Under such circumstances national NRCs, which promise
exciting R&D opportunities with future orientation, provide assurance of availability of
requisite skills and expertise while at the same time working on the futuristic objectives
for the country.

To come back to the Indian scene, we are quite bullish about nuclear energy in India and
therefore have a continuing training programme at the Training School being run at BARC
since 1957. More than 6000 students have graduated from our training school and we have
plans to start one more training school at CAT, Indore to meet the demands in certain specific
areas. We also have a tie up with Indian Institute of Technology, Kanpur, for training young
graduates in nuclear engineering and technology for eventual absorption in the Department of
Atomic Energy. We are in the process of formulating more schemes to attract young
graduates to work in nuclear areas.

These personnel are needed to man ongoing research activities as well as to work on emerging
areas. We have strong programmes in development of waste management technologies,
electronics and instrumentation, robotics and remote handling, applications of radiation and
radioisotopes, accelerator-based technologies and development of new materials. We would
also like to pursue many emerging areas. Thus the work profile of the research centres would
evolve as per the requirements of national programme and the available skill level in the
Indian industry.

See figure 13, "Nuclear Energy — the future climate" The Royal Academy of Engineering and The Royal
Society, June 1999.
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Nuclear R&D — emerging areas

R&D activities could be with a short term or long term focus, Private sector, driven by
commercial considerations, is more likely to concentrate resources towards areas where
assured returns are expected quickly. Looking at this issue from a different perspective, one
may say that in the case of nuclear power as is the case with any other technology, R&D focus
is needed both towards evolutionary as well as revolutionary ideas. We should remember that
science and technology have progressed to the present stage both because of evolutionary as
well as revolutionary ideas and as we move into the next millennium, we must keep all our
options open and that would call for continued emphasis on national NRCs.

Research needs of the nuclear industry have been listed by many experts9 and we would like
to go through various issues involved. On a short term basis one has to work towards
improving the performance and safety of existing reactors. This has to be done with proper
cost-benefit analysis. This would include adaptation of the front-line developments in
information technology, better techniques for preventive maintenance to reduce overall man-
rem expenditure, increase in automation to minimise the consequences of operator error,
optimised techniques for component replacement and safety inspection so as to reduce plant
outage time and so on. Next group of activities relate to evolutionary changes in the plant
design, such as increasing use of passive systems and this is an area where there will be
difference in approach in developed and developing countries. In developed countries, private
industry is pursuing such activities, while in developing countries this has to be done by
NRCs.

From a long term point of view, it is necessary to find technology solutions in all areas, which
are presently appearing as barriers to rapid growth in nuclear power. Low capital cost, simple
operator friendly reactors, systems with greater public confidence with respect to safety and
long term waste issues and breeder technologies could be some of the drivers for newer
technology options for nuclear power. It is also necessary that such technology options are
appropriate to the conditions prevailing in developing countries. NRCs in developing
countries can effectively meet these objectives.

As indicated earlier, at BARC we are working on evolving the design of AHWR so as to
exploit our vast thorium reserves. We would also like to pursue emerging areas such as
accelerator driven systems (ADS) and would like to develop expertise in setting up ALWRs.
The first twin units of ALWRs will be set up at Kudankulam on the east coast with technical
co-operation of the Russian Federation. On a long term basis, we would like to indigenise
light water technology and this calls for a lot of work to be done by a NRC. As mentioned
earlier, demand for radioisotopes in India is growing and very soon there will be requirement
for a new research reactor for producing high specific activity Ir-192, Mo-99 (to generate Tc-
99m) and Co-60 sources for use in radiography cameras, irradiators, brachytheraphy and
teletherapy units. There is a large demand for many units, which is yet to be fulfilled.
Production of these isotopes and some others like Re-188 call for a high-flux reactor. We
intend combining the needs of the research community and isotope production in the new
high flux reactor.

In the developed countries, very often while R&D is done in the NRCs or the universities, its
deployment is done by the private industry as the technical skills are available and there is a

9 For example see comment by John Taylor in "An Appropriate Role for Nuclear Energy in Asia's Power Sector"
by the Atlantic Council, December 1997.
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strong motivation to gain leadership through introduction of new technology. However, in
case of developing countries NRCs have to play a bigger role, they have to do not only R&D,
but what one may say RD3 i.e. research, Development, Demonstration and Deployment. This
further enhances the need for research centres. To sum up, as for as Indian scene is
concerned and this is true perhaps for all developing countries, there is a continued need
for nuclear research centres. And in our considered view for R&D in emerging areas,
NRCs are needed in developed countries as well.

Linkages with academia, industry & society

We would like to share our experience about running a research centre. First and foremost,
there must be a large presence of young persons. This is possible, if we have a continuous
intake of young graduates. We do it through our Training School. Additionally one can have
young population in the form of students working for research degrees and this requires an
organic linkage with universities. In this regard, one may go a step further and co-locate a
university level institute and a nuclear research centre. In addition, it is necessary to create
mechanisms to fund research in the university system on topics of interest to nuclear energy
and this should be pursued in collaborative mode, where a part of the work is done in the
university and a part in the research centre. This provides many benefits, inputs in the form of
young students who work on research so sponsored, expertise of the university faculty,
training of young manpower who may be available for working in nuclear areas after
graduation and enrichment of the education system of the country. We also have strong
linkages with agricultural universities in the country. This collaboration has enabled us to
develop 22 improved varieties of seeds (9 of pulses, 8 of groundnut, 2 of mustard, 1 each of
rice and jute) using nuclear techniques.

In addition to universities, links with industry as well as society are also essential. In our
experience, such links upgrade the skills available with the industry, which in turn feeds back
and helps to accelerate the nuclear programme10. There are many areas, where we have helped
Indian industry and it includes simple techniques like radiography to sophisticated
technologies like SCADA (Supervisory control and data acquisition system), Gamma
scanning of Process Equipment, Study of silt movement in Ports and Harbours using Tracer
Techniques etc. We have adopted all possible means for transfer of technologies including
training of personnel from industry by conducting specialized courses and others.

Collaboration in areas of complimentary strengths among research and development centres
on the basis of equitable partnership enables a cost-effective approach to meeting common
objectives. While several countries have implemented such strategies with success, there is a
greater need to involve developing countries in such collaborative links. A greater linkage
among developing countries may well enable evolution of technologies more appropriate to
the developing world. The IAEA could consider creating mechanisms to promote such co-
operation with equal access to its Member States.

Concluding remarks

To sum up nuclear research centres are necessary to ensure continuity of knowledge and
skills, to address the needs of national nuclear programme and to pursue work in emerging
areas of long term interest. This need exists both in electricity as well as in non-electricity
applications of nuclear energy. In developing countries, NRCs have an additional role of

3 Grover, R.B., "Technology Transfer and Management by the DAE", Nuclear India, Sept-Oct 1999.
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demonstration and deployment of technologies in the society. The IAEA, Governments and
Industry have to ensure that an established technology like nuclear power, which has proven
itself, plays a more effective role in carrying forward the development process to enable an
equitable quality of life for the entire humanity. Nuclear research centres are important
elements in this development process.
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