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IAEA and DAE : An Ever Growing Partnership in Harnessing
Atomic Energy for the Benefit of Mankind
The International Atomic Energy Agency, IAEA, and the Department of Atomic Energy of India, DAE, being
contemporary, share history. The DAE was established in 1954 and celebrated its golden jubilee a few years back. As
the IAEA is celebrating its golden jubilee, the Bhabha Atomic Research Centre of the DAE and Apsara, the first nuclear
reactor of Asia, completed their 50 years in January this year.
Pandit Jawahar Lal Nehru, the first prime minister of India and Dr. Homi Jehangir Bhabha the first chairman of the
Atomic Energy Commission of India, and the first secretary of the DAE, are considered as the architects of the Indian
Atomic Energy Programme.

Presiding over the First United Nations International Conference on Peaceful Uses of Atomic
Energy, held in Geneva in 1955. The picture shows, from left to right, Mr. Max Petitpierre,
President of the Swiss Confederation; UN Secretary - General Dag Hammarskjold;
Dr. Homi Bhabha, and Prof. Walter G. Whitman, Secretary - General of the Conference.

The United Nations had convened its first Geneva Conference on peaceful uses of atomic energy, during August 8 to
20, 1955. Dr. Bhabha was elected as the President at the conference. In his presidential address, he had said, “… nuclear
energy would provide a short cut to the prosperity of the developing countries that the industrialized countries were now
beginning to enjoy”. Incidentally, this conference had the world's largest gathering of scientists and engineers, with
about 1500 delegates, and more than 1000 scientific papers were presented.

The conference emphasized on varied uses of nuclear energy, particularly in the field of generation of electricity.
The conference catalysed a number of countries to launch their nuclear programmes and subsequently deepened their
interests in the proposed IAEA. India had the honour of being a member of the 12-nation group formed in 1956 for
negotiating and elaborating the statute for the proposed IAEA. The statute was approved on October 23, 1956 and came
into force on July 29, 1957.
In the twelve-nation group, the Indian delegation came up with a complex but ingenious formula that has stood the
test of time. In the form, in which it was eventually approved, the Indian formula had divided the world into eight
regions. Presently these regions are North America, Latin America, Western Europe, Eastern Europe, Africa, Middle
East and South Asia, South East Asia and the Pacific, and the Far East. The Indian formula ensured that each of these
regions had a representation on the Board of Governors of IAEA. The original Indian formula continues even today to
be the organizing principle of the Board as mentioned in the articles VI.A to VI.C of the IAEA's statute.
During the conference on the statute, Vienna was formally chosen for the headquarters of the IAEA from amongst
four candidate sites, the other three being Geneva, Copenhagen and Rio de Janeiro. It is said that Dr. Bhabha's love for
art and music was responsible for tipping the scales in favour of Vienna.Dr. Bhabha was also a member of the Scientific
Advisory Committee (SAC) established by the IAEA in 1958 under the Chairmanship of Dr. W.B. Lewis of Canada.
The SAC was destined to play a big role in running the IAEA's technical programmes. As destiny was to have it, Dr.
Bhabha while going to Vienna for attending the SAC meeting in January 1966, was lost forever in the Alps. As a tribute
to the invaluable contributions of Dr. Bhabha towards the creation and subsequent initial challenging years of the
IAEA, his bust adorns the IAEA Headquarters in Vienna in front of the Board Room.
India and the IAEA
Today, India has the distinction of being a major developing country with a developed status as far as nuclear science
and technology is concerned. This developing country perspective, with a sound technological foundation, has been at
the root of several important contributions made by the country in the IAEA forums. The Indian approach to some of the
important issues before the Agency has been to pilot the cause of the immediate needs and aspirations of the developing
countries.
India is one of the founder members of the International Working Group on Advanced Technologies for Heavy
Water Reactors, established in the mid-nineties, and later rechristened as the Technical Working Group – TWG. It has
made prominent contributions in the inter-comparison of methods for carrying out flaw detection in the pressure tubes
of heavy water reactors.
India is also one of the founder members of the IAEA's International Project on Innovative Reactors and Fuel
Cycles – INPRO. It has played a major role in the preparation of the IAEA's documents containing the methodology for
evaluation of innovative nuclear energy systems and associated manuals. India is in the forefront of the countries
developing the next generation nuclear energy systems with the design and development of its Advanced Heavy Water
Reactor, AHWR and the Compact High Temperature Reactor, CHTR.
Desalination of water is one of the key drivers under the non-power applications of Atomic Energy Programme in
India. Bhabha Atomic Research Centre has been pursuing development of a variety of desalination technologies and
has deployed a large number of desalination plants in the water scarcity areas of the country.
BARC-India is currently the Chairman, International Nuclear Desalination Advisory Group, INDAG of the IAEA
that has clearly demonstrated its successful role in meeting its terms of reference by providing advice and guidance on
the Agency's activities in nuclear desalination.
India has been associated with the activities of advisory groups , technical committees and consultancy meeting of
the IAEA on safety related activities pertaining to reactors and fuel cycle facilities. BARC has been a part of
Continued on page 18
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Uranium Mine and Ore Processing Plant Inaugurated
Dr Anil Kakodkar, Chairman, AEC inaugurated the Banduhurang Opencast Uranium Mine and a Uranium Ore
Processing Plant of the Uranium Corporation of India Ltd. (UCIL) at Turamdih on June 25, 2007.
UCIL, a PSU of DAE hitherto
was operating four underground
mines (viz., Jaduguda, Bhatin,
Narwapahar and Turamdih) and a
Processing Plant at Jaduguda all in
Singhbhum (East) district of
Jharkhand.

Uranium Ore Processing Plant

To meet the growing need of
energy in the country, the company
is poised for expanding its
activities in Kuddapah and
Nalgonda districts of Andhra
Pradesh and West Khasi Hills
district of Meghalaya, besides two
projects at Bagjata and Mohuldih in
Jharkhand.
The Turamdih Process Plant is a part of UCIL's ongoing uranium augmentation programme.This state-of-theart, high-end capacity plant is the second Uranium Ore Processing facility of UCIL located in the Singhbhum (East)

Opencast Uranium Mine
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India and the INPRO
R.K. Sinha, Director, Reactor Design & Development Group, Bhabha Atomic Research Centre, and
Baldev Raj, Director, Indira Gandhi Centre for Atomic Research
Innovative Nuclear Technologies
hold the key to Indian Energy
Independence
India occupies a rather unique
place in the community of nations
that have an active nuclear power
programme, on account of its wellconceived policy to attain energy
independence.
Energy is an essential ingredient
for societal growth. The concept of
energy security implies securing
access to natural resources and
technologies to meet the energy
needs in a sustainable manner with a
long-term perspective. Ensuring
energy security is, therefore, a high
priority for most of the nations of the
world.
The projected Indian electricity
requirement (excluding the energy
needed for transport and process heat
applications which will also be
substantial), to attain and maintain a
developed nation status, with a per
capita electricity consumption of
5000 kWh/ year is about 1200 GWe,
almost nine times of the current
installed capacity. It is worth noting
(Table-1) that even at this level of
unfulfilled requirements, India is the
fifth largest producer of electricity in
the world, ranking behind the USA,
China, Japan and the Russian
Federation. India overtook Germany,
Canada and France during the last ten
years, and if the data in the Table are
extrapolated, one can foresee that
during the next ten years India could
climb to the number three position.
For a large developing country
like India, in the long-term, the
required huge energy demands can
neither be conceivably met to any
significant extent through use of nonnuclear sources, nor can these be met
through dependence on imported
nuclear energy resources and
technologies that do not address the
specific domestic nuclear fuel

Table-1: Top eight electricity generating countries in the world
Country

Electricity
Generation
(Terawatt-hours)
2006
1996

World Rank in Electricity
Generation
(2006)

USA

4254

3611

1

China

2834

1081

2

Japan

1150

989

3

Russian
Federation

993

847

4

India

727

431

5

Germany

636

550

6

Canada

584

573

7

France

571

513

8

BP Statistical Review of World Energy 2007

resource constraints for India.
It is energy independence, rather
than just energy security, which is the
driving force behind the Indian
nuclear energy programme, that was
chalked out nearly five decades back
with emphasis on closed fuel cycle,
fast breeders and thorium utilisation.
For India, the development of the
technologies relevant for a largescale growth in these directions has a
priority that is unmatched in the
world. The large domestic nuclear
R&D infrastructure that has been at
the root of Indian self-sufficiency in
nuclear technology has been actively
engaged in working on innovative
solutions to fulfil our future energy
needs making optimum use of
available nuclear fuel resources.
India has been in the forefront of
developing innovative reactor and
fuel cycle technologies for thorium
utilisation, through closed fuel cycle.
Nearly a decade back, the Advanced
Heavy Water Reactor (AHWR)
concept included several design
features that were being contemplated internationally as possible
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requirements for next-generation
reactors. India was one of the first to
recognise the need to use nuclear
energy for generation of hydrogen,
Definitions of Evolutionary
and Innovative Designs
Evolutionary design:
An “advanced design that
achieves improvements over
existing designs through small to
moderate modifications, with a
strong emphasis on maintaining
design proveness to minimize
technological risks”
Innovative design:
The design “that incorporates
radical conceptual changes in
design approaches or system
configuration in comparison with
existing practice” and would,
therefore, “require substantial
R&D, feasibility tests and a
prototype or demonstration plant
to be implemented”
Ref.: IAEA-TECDOC-936 “Terms for Describing New Advanced Nuclear Power Plants

The global nuclear challenge bridging the past with the future
through innovation
With the rapid industrial growth in
several developing countries, and the
potential for similar growth of

currently so-called less-developed
countries, the global demand for
energy in the form of electricity and
process heat will substantially grow
in the coming decades. These trends
are already quite visible, with largescale installation of mainly coal
based thermal power plants in China
and India in the recent past.
While it has been a matter of
concern and a subject of intense
debate since the Kyoto Protocol was
entered into force in the year 2005,
practically the last word on the
scientific basis for global warming
has been said in the recently
concluded Inter-governmental Panel
on Climate Change held at Bangkok.
It is, therefore, absolutely essential
that suitable alternatives to use of
fossil fuel for generating electricity or
other energy applications are
implemented at the earliest.
Nuclear energy, the only green
house gas emissions free source of
energy available for large-scale
industrial deployment has been
available in the world for the last fifty
years. Its growth profile has,
however, been influenced by several
world events. In the aftermath of the
oil shock of early 1970s, several
countries decided to accelerate the
pace of nuclear power growth. The

Three Mile Island
(1979) and
Chernobyl accidents (1986),
however, adversely affected public
acceptance of nuclear energy in
several western countries, resulting
in a slowdown of the growth of
nuclear power in these regions. The
liberalisation of the electricity
markets in several countries along
with the availability of cheap natural
gas (in the 1990s), further stymied the
growth of nuclear power in some
regions.
The statistics reveal the impact of
these events on the profile of global
growth of nuclear power. Out of the
438 nuclear power reactor units
operating in the world today, more
than half started operation during the
eleven-year period 1977-1987. In
contrast, less than one-sixth of the
currently operational reactors started
operation during the last sixteen
years.
Proliferation concerns, too, led to
practically a halt on the increase in
number of countries having nuclear
power. In fact, there has been hardly
any increase in the number of such
countries during the last 25 years
(Fig. 1).
There is, thus, an obvious gap
between the nuclear energy growth
trends that can be extrapolated from

1982
Romania

35

Number of countries with
nuclear power reactors

and thereby start working on the
design and development of Compact
High Temperature Reactor, as a
technology demonstrator. In these
reactors, innovative futuristic
features were incorporated, fully
recognising that in the time frame of
large-scale deployment of thorium
based reactors (a few decades later)
the population of nuclear reactors
will grow multi-folds, calling for a
different approach to their design.
Accordingly we had the vision to
introduce a high degree of innovation
and passive features in the design of
these reactors using thorium based
fuels.
Fast reactors form a vital link in
India's three stage nuclear power
programme envisioned by Dr. Homi
Bhabha. India has recognized the
important role which will be played
by fast reactors in ensuring the
growth of nuclear energy in the
country in the next fifty years. The
successful operation of the FBTR has
placed India firmly in a key position
in the world nuclear community. The
Prototype Fast Breeder Reactor,
being built at Kalpakkam, has
incorporated several innovative
design features that have enhanced its
safety as well as contributed to its
economy.
In fact, the PFBR deign has
incorporated the experience gained
by construction and operation of not
only FBTR, but also fast reactors in
all other countries. It has particularly
addressed all the safety issues
encountered in other reactors. PFBR
is truly an innovative fast reactor in
terms of its design features. The
confidence in PFBR is backed by
comprehensive R&D involving a
number of academic and research
institutions as well as full scale
manufacturing development on vital
components with active participation
from industry.

1985
China

30

33 Countries
since 1985
32 Countries
since 1996

25
20
15

First reactor operation
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Fig. 1: There has been hardly any increase in the number of countries
with nuclear power during the last 25 years
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the past, and the trends that are
required to be driven by the global
increase in the demand for clean
environment friendly energy in the
forthcoming decades. On a global
level, innovation is the most
important facilitator towards
bridging this gap.
History of INPRO
Recognising the need to facilitate
bridging the past trend of nuclear
power growth and the required future
growth profile through innovative
solutions, in the year 2000, IAEA
started a programme, that came to be
subsequently called International
Project on Innovative Nuclear
Reactors and Fuel Cycles (INPRO).
The IAEA took the initiative for
establishing the Task Force on
Innovative Nuclear Reactor and Fuel
Cycles by organising a meeting of
senior officials from countries
Potentially interested in INPRO,
during November 27–28, 2000 at
Vienna. The objective of this meeting
was to finalise the terms of reference,
scope and programme objectives of
the proposed Task Force and to define
the human and financial resources
necessary to sustain it.
At the end of two days of discussions,
in which India participated, the
overall objectives of the new
International Project on Innovative
Nuclear Reactors and Fuel Cycles
(INPRO) were defined as follows:
a) To help to ensure that nuclear
energy is available to contribute in
fulfilling, in a sustainable manner, the
energy needs in the 21st century.
b) To bring together all interested
Member States, both the technology
holders and technology users, to
consider jointly international and
national actions required to achieve
desired innovations in nuclear
reactors and fuel cycles that used
sound and economically competitive
technology are based - to the extent
possible
systems with inherent
safety features and minimise the risk
of proliferation and impact on
environment.

c) To create a process that involve
all relevant stake holders that will
have an impact on, draw from, and
complement the activities of existing
institutions, as well as ongoing
initiatives at the national and
international level.
It was decided that the project
would be an Agency-wide project,
with participation from all relevant
IAEA Departments within the
available resources.
In the first year of its inception,
INPRO had a membership of nine
countries. The membership of
INPRO has been progressively
growing and the number today has
grown to twenty-five with
practically all countries with nuclear
technology being represented.
INPRO and India
India has been a member of
INPRO since its inception, and has
played an important and constructive
role in supporting this programme
through participation in its activities.
The INPRO scope and objectives
have been consistent with the Indian
vision that innovative solutions had
to be deployed to facilitate a
substantial enhancement in the reach
and volume of deployment of nuclear
energy to meet the growing global
e n e r g y n e e d s , s u s t a i n a b l y,

economically, safely, securely, in an
environment-friendly manner, and
without enhancement in the risk of
clandestine misuse of nuclear energy
for building nuclear weapons. These,
sometimes mutually conflicting,
requirements needed to be precisely
spelt out to serve as a reference to the
designers and developers of future
advanced nuclear energy systems.
The development of basic principles,
requirements and criteria in the
following seven areas was the
immediate priority of the INPRO
activity:
· Sustainability
· Economics
· Safety
· Environment
· Waste Management
· Proliferation Resistance, and
· Infrastructure
T h e s e e ff o r t s l e d t o t h e
preparation of two very important
I A E A Te c h n i c a l D o c u m e n t s
(TECDOCs). India has been fully
involved in the preparation of these
documents.
India also offered the AHWR
design concept as one of the
candidates for testing the applicability of the draft INPRO methodology for the assessment of
Innovative Nuclear Energy Systems

Chapters in IAEA
TECDOC-1434
1. Introduction
2. INPRO and the Concept of
Sustainability
3. Method for Assessment
4. Economics
5. Safety of Nuclear Installations
6. Environment
7. Waste Management
8. Proliferation Resistance
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Task-4 : Infrastructure needs and
support framework for INS
development and deployment
Task-5 : Identification of R&D needs
in the area of institutional issues,
technical issues of innovative
Reactors and Nuclear Fuel Cycle
technologies
Task-6 : Forum for collaborative
RD&D
Task-7 : Enhance communication
and collaboration
India chairing an important INPRO meeting at Vienna

(INS). These documents served as an
important reference during the PreLicencing Appraisal of the design of
AHWR by the Atomic Energy
Regulatory Board (AERB).
India has had the honour of being
selected to chair the last six meetings
of the INPRO Steering Committee. In
addition, India has been fully
involved in the on-going consultative
processes that have been moulding
the future directions of INPRO.
One of the important programmes
of INPRO is a joint case study on
Closed Nuclear Fuel Cycle with Fast
Reactors (CNFC-FR). This
programme recognized the vital role
that fast reactors would play in the
sustainable growth of nuclear energy.
It has brought together eight
countries (Canada, China, France,
India, Japan, Korea, Russia, Ukraine)
to discuss the concept of an
innovative fast reactor system that
could meet the requirements of
enhanced safety, economy, waste
management, proliferation resistance
and environment friendliness.
India has been a member of this
programme since its inception and
was instrumental in establishing the
importance of closed fuel cycle, and
emphasized the need for international
collaborations. India had the honour
of chairing this activity during the
period 2005-06. During this period,
the group of countries identified the
key parameters of an innovative
nuclear reactor system based on fast
reactors with closed fuel cycle. India

played an active role in identifying
areas of R&D for the reactor as well
as fuel cycle. The 3rd meeting of the
Joint Case study partners was in fact
held in Kalpakkam, which coincided
with the celebration of 209 years of
successful operation of FBTR. The
event earned great appreciation from
the participants of the joint study and
its is not an exaggeration to state that
today India enjoys a preeminent role
in the joint case study due to the
recognition of the robustness of
Indian fast reactor programme.
India was also responsible for
drafting the Safety manual for
nuclear fuel cycle facilities as part of
the INPRO and the Consultant
Meetings in Vienna to review this
Chapter. The importance of safety in
fuel cycle and the need for a
transparent sharing of knowledge
between the participating countries
were in fact recognized as vital
components for growth of nuclear
energy, based on the emphasis put on
these aspects, by India.
INPRO is currently in Phase-2 of
its existence. The main tasks being
performed in this stage are :
Task-1 : Assessments of INSs using
INPRO methodology
Task-2 : Updating and further
development of INPPRO methodology
Task-3 : Vision on opportunities and
challenges of large-scale nuclear
energy development
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India has been an active participant in
the pursuit of activities under each of
the above mentioned tasks In
particular, under Task-6 “Forum for
Collaborative RD&D”, a new mode
of international collaboration named
Joint Initiative has been adopted,
apart from the regular IAEA CRPs
(Co-ordinated Research Projects)
and TCPs (Technical Co-operation
Projects). Joint Initiatives offer
opportunity of undertaking extra
budgetary collaborative projects by
two or more Member States with
IAEA serving as a facilitator. In the
recently held Eleventh meeting of
INRPO Steering Committee, India
has offered to join eight such project
proposals dealing with a variety of
subjects pertaining to Advanced
Water Cooled Reactors technology,
H i g h Te m p e r a t u r e R e a c t o r
technology and Fast Reactor
technology.
To sum up, innovation holds the
key for large scale deployment of
nuclear power across different
regions of the world to address not
just electricity generation, but also
many other applications of nuclear
energy. India, on account of its
special needs to have a high priority
for closed fuel cycle and thorium
utilisation, has been in the forefront
among the countries actively pursing
the development of innovative
nuclear energy systems.
The IAEA's INPRO activities has
provided an opportunity to synergise
the Indian vision of future growth of
nuclear with the international vision
contemplated by INPRO.

K. Raghuraman, Strategic Planning Group, DAE, and
P.R. Unni and S.P. Patil, Knowledge Management Group, BARC
The Beginning of RCA
RCA is the Regional Co-operative
Agreement established in 1972 under
the aegis of International Atomic
Energy Agency (IAEA) between the
member countries of Asia and the
Pacific Region for the promotion of
Co-operative Research, Development and Training related to Nuclear
Science and Technology through
their national institutions.
IAEA
will be the nodal agency to coordinate the activities.
Prior to the RCA Agreement, the
“India-Philippines-IAEA (IPA)
Agreement” came into force on
June 11, 1964 as the first regional
collaborative tripartite agreement for
Technical Co-operation between
Developing Countries (TCDC).
Under the five year IPA agreement, a
neutron crystal spectrometer
supplied by India was installed at the
Philippines.
Research Reactor-I at Manila
for training of scientists and
technologists from India, Indonesia,
Philippines, Republic of Korea,
Taiwan and Thailand in neutron
physics, elastic / inelastic neutron
scattering and solid state physics.
D r. R a j a R a m a n n a w a s t h e
chairperson of the first IPA
Committee. IPA could be considered
as the forerunner that eventually led
to the establishment of Regional Cooperative Agreement (RCA) in 1972
by the ten governments in the Asia
and Pacific region, in close coordination with the IAEA. The RCA
agreement has IAEA as a partner, not
a party.
RCA has registered a steady
growth, both in its membership and in
size and scope of its programmes.
RCA projects have contributed
significantly in a number of priority
areas vital to regional development
such as food and agriculture, health

care, industry and environmental
protection. The number of scientists,
engineers and technicians of RCA
Member States involved in various
projects, has grown to several
thousands.
RCA's success provided the
impetus for the introduction of the
regional cooperative programmes in
other regions and has led to the
formation of ARCAL (1984) for
Latin America, AFRA (1990) for
Africa, and ARASIA (2002) for Arab
States in Asia. RCA the longest
running regional agreement, is the
role model for other regional projects
due to its maturity, commitment and
its tangible accomplishments.
RCA completed 25 years of its
existence in 1997 and the 17 Member
States – Australia, Bangladesh,
China, India, Indonesia, Japan,
Malaysia, Mongolia, Myanmar,
New Zealand, Pakistan, Philippines,
Republic of Korea, Singapore,

Sri Lanka, Thailand and Vietnam –
constitute the family. During these
years, the member countries and the
Agency have accumulated valuable
experience of co-operation in coordinated nuclear-research and
development activities in the region.
The various RCA projects and
activities encompassing well defined
themes of socio-economic relevance
conducted by the Agency and the
respective national programmes
complement each other. The
meticulous budgetary planning and
maximum utilization of available
manpower amongst the member
countries has resulted in the
functioning of RCA in a most cost
effective manner.
The first 25 years of RCA could be
divided into two phases. The first
phase is of 15 years (with two
extensions of five years each)
i.e. 1972-1987, initially with
11 members, which increased to

Neutron Beam Experiments around Dhruva reactor at Trombay
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Sectors', 'Lead Country', 'Regional
Resources Unit' and RCA Regional
Office concepts.
Role of a Lead Country (LC) is to
provide the initiative and coordinate
all aspects of the project cycle. Lead
country will take action on behalf of
the participating Member States to
achieve a completed design and
formulation of the RCA project and
oversee its implementation, progress
and evaluation. Lead Country
concept within the Management of
RCA Projects is a logical extension
of the initiative to accept more
management responsibility and
accountability for the RCA
programme by the Member States
(MSs). Lead Countries will also
assist in regional manpower
development and allow personnel
from MSs to gain experience in the
design, management and
implementation of technical projects
at a regional level. The whole of RCA
programmes were classified under
the various thematic sectors. Each
thematic sector has got a Lead
14 in later years. The second phase is
from 1987 to 1996; the agreement
was modified to become RCA
agreement 1987. Till 1985, the
Department of Research and Isotopes
of IAEA managed RCA and since
1985 the Department of Technical
Cooperation took over the
administration. The RCA agreement
1987 has been extended four times.
The major outcome of the RCA
projects have been national capacity
building measures by way of
development of technical manpower,
reliable laboratory services and
infrastructure leading to selfreliance.
The first RCA meeting was held in
Vienna in September 1973 and till
December 1979, all the meetings of
the RCA were chaired by DDG-RI,
IAEA The first time RCA meeting
was held in New Delhi, India in
December 1979. Dr. V.K. Iya, the
then Director, Isotope Group,BARC
and Representative from India
chaired the meeting. Since then, it
became a practice that the Chairman
will be from the country hosting the

RCA meeting who will also chair the
following RCA General Conference
meeting.
During 1995/1996, the concept of
“Ownership” of the RCA programme
was introduced in line with the
changes in the strategy of the Agency
towards Technical Cooperation
Programmes. It was felt by the
member states that they should take a
more proactive role in the
management of future RCA
programmes right through its
conceptulisation, design and
implementation.
New RCA Projects are planned
based on the revised IAEA Technical
Co-operation Policy Criteria for
Projects on priority needs of
Member States with end users and
beneficiaries well defined, having
significant nuclear component,
demonstrated government
commitment for effectiveness and
efficiency of programme delivery
and impact, relevance and
sustainability. A new model for the
modified RCA structure was adopted
with the incorporation of 'Thematic
9

The Current Organizational
Hierarchy in RCA
Programme Management
Thematic Sector Lead Country
Coordinator (National Representatives
Meeting appoints)

RCA National Representatives
(Each Member State appoints)

Project Lead Country Coordinator
(National Representatives
Meeting appoints)

National Project Coordinator
(National Representatives appoint)

National Project Team
(National Representatives appoints)

country from among the MS for
carrying out upstream work
for project planning and implementation. The different thematic
sectors and the respective Lead
Countries are:
Agriculture : China
Health : Japan
Industry : India
Environment : New Zealand
Energy/Research Reactor : Korea
Radiation Protection : Australia
The concept of establishing the
Regional Resource Units (RRUs)
was to increase the leadership role of
MSs in the projects as a cost-effective
mechanism to deliver project
activities, creation of pockets of high
level scientific and technical
expertise spread over the region and
to increase the sustainability of
nuclear science and technology.
Member States have identified
appropriate institutions which will
function as RRU in the specified
areas and make these units available
for the RCA Programmes. RCA
Regional Office started functioning
from Daejeon, Korea in 2002 with the
mandate of increasing the visibility
and improving the viability of RCA
Programmes on a global level. Office
space at KAERI, Daejon, operational
expenses for the office, equipment
and the support staff and their
salaries, are provided by the Republic
of Korea.
The Operating Rules and
Guidelines for RCA Programme was
revisited, revised and the roles and
responsibilities of different RCA
stakeholders were well laid out in an
attempt to make it more effective.
The Medium Term strategies for
RCA Programme in line with the TC
strategies of IAEA, United Nations
Millennium Development Goals and
Regional/MS needs were defined and
put for implementation.
RCA coordinator and the
technical officer from the Agency
will extend support and guidance for
the purpose and the member state has
to follow the “Model Project” criteria
provided by the Agency while project
planning. Major policy decisions

The RCA Vision and Mission
RCA Mission:
The RCA shall be recognized as an effective partner in providing Nuclear
Technologies that address Socio-Economic needs and contribute to
sustainable development in the region.
RCA Vision:

RCA Core Values:

pertaining to the RCA management
and implementation are taken during
the National Representatives meeting
and RCA General Conference held
every year.
RCA is growing
The concept of regional
cooperation in the development of
nuclear science and technology for
the socio-economic development of
the countries in the Asia Pacific
region has been well accepted. RCA
has demonstrated collective
commitments for the regional
benefits by correct identification of
the core sectors to be developed
followed by impeccable track record
of positive accomplishments in the
past, focused working and having the
advantage of advanced nuclear
technologies. Water and the 3 E's
( E n e r g y, E n v i r o n m e n t a n d
Education) constitute the essential
10

requirements to sustain the quality of
life of the masses of any developing
nation and RCA from the day of its
inception has included these core
areas in its agenda for exploration
using nuclear technologies. It must be
mentioned here that the gradual
change in the Agencies approach
towards the management of RCA by
conferring the ownership of RCA and
technical cooperation programme to
member states has further helped the
members to work more responsibly
to yield tangible end–results. RCA
during its existence of more than
three decades has demonstrated
effective ways in which regional
co-operation could solve common
regional problems.
Through the extended cooperation from its member countries
and planned co-ordination from the
Agency, RCA is all set to embark
upon new projects and programmes

of mutual interest and benefits in the
coming years. Advanced nuclear
technologies have distinct
a d v a n t a g e s - e c o n o m i c a l l y,
environmentally and expediently in
relation to other conventional
technologies. Extensive utilisation of
peaceful uses of atomic energy to the
benefit of mankind, being the sole
and whole mission of RCA, it is
anticipated that, through concerted
research and development activities
intensely pursued by its constituent
member countries under the
guidance of IAEA and the extended
scientific and technological cooperation, many more nuclear energy
based novel applications are bound to
take shape. To that extent, RCA has
got a very pivotal role to play in the
process of translation of the research
findings through the phases of
successful design, development and
demon-stration, to final tangible end
utility.
RCA from the Indian Perspective
India, realizing the immense
potential of nuclear energy as a viable
alternative source for electric power
generation, launched its Nuclear
Programme, and Dr. Homi Jehangir
Bhabha was the visionary who
initiated the Indian Nuclear
Programme along with a handful of
scientists in March 1944 with the goal
of achieving self–reliance in the
fields of nuclear science and
engineering. In his own words
“When Nuclear Energy has been
successfully applied for power
production in, say a couple of
decades from now, India will not
have to look abroad for its experts but
will find them ready at hand”. Today's
Department of Atomic Energy which
is a consortium of different and
diversified fields of science and
engineering, is the final outcome
of the farsighted planning of
Dr. Bhabha. Thus, India has given
shape to a comprehensive nuclear
programme encompassing both
power and non-power applications of
nuclear energy. Over the last five plus
decades, the Indian Programme for
peaceful applications of atomic

energy has achieved many a
milestones, and the contributed
immensely towards development of
indigenous technologies leading to
self–reliance in respective fields of
science and technology.
The
continued efforts put in by the Indian
scientists through intensive research
in the fields of nuclear science and
technology, has lead to the
development of many a number of
applications having direct relevance
t o i n c r e a s e d p r o d u c t i v i t y,
employment generation, economic
viability and eco–compatibility.
India has also expressed its
willingness to share and train the
technologies in the region through
the establishment of several bilateral
co-operation treaties with them.
Bhabha Atomic Research Centre

Trombay groundnut variety,
TG 38 released for
commercial cultivation

(BARC) at Mumbai, regarded as the
cradle of Indian Nuclear Science
Research, operates the Indian
Research Reactors APSARA, 1 MW
swimming pool type reactor;
CIRUS 40 MW and Dhruva 100 MW
research reactors. These three
reactors have been extensively used
for production of radioisotopes,
neutron activation studies, reactor
engineering experiments and neutron
beam research studies.
IAEA and DAE share history,
since they are contemporaries. India's
position is unique with respect to
IAEA that India is a designated
member of the Board of Governors of
IAEA right from its inception from
1957. Out of 35 members of BOG, 13
are designated members based on the
most advanced in technology of

TMB - 37 (Trombay Mungbean):
high yielding potential early maturity
and tolerance to yellow virus disease

Krushak Plant at Lasalgaon, Nasik, Maharashtra
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Bhabhatron

atomic energy. India provides
fellowship training and expert
services at the request of IAEA to
other member states. India hosts
meetings, workshops, training
programme on various Agency
missions and actively participates in
the Agency sponsored activities and
India offers the facilities to member
states for collaborative work through
co-ordinated research programmes.
India also offers its expert services in
various standing / advisory working
groups and committees.
India has offered its expertise in
this field and contributes to the
overall global socio-economic
development through a well
established mechanism of DAEIAEA interaction. RCA is one such
forum established at the initiative of
India under the aegis of IAEA and the
concept of cooperative research has
worked well as the success of RCA
indicates. India participates in all
RCA Projects and the contributions
from India have been well accepted
and appreciated by the Member
states. India has played a proactive
role during the formulation of the
RCA Operating Rules and Guidelines
and was a member of the working
group for drafting and finalizing the
RCA Medium Term Strategies as a
part of the revamping of the RCA
Management principles based on the
increased member state's
“ownership” of the programme. At
this juncture, it is worth revisiting the
annals of India's atomic energy
programmes and its achievements in
the exploration of the peaceful
applications of nuclear energy

relevant to the RCA activities.
India has a broad based research
programme in Food and Agriculture
involving genetic improvement of
crops through radiation induced
mutation breeding and
biotechnological approaches.
Mutation breeding to induce
variability and use them in crop
improvement began in the early
sixties and a large spectrum of
variability has been isolated and
maintained. The major emphasis is
on oilseeds and pulse crops for higher
p r o d u c t i v i t y, r e s i s t a n c e t o
biotic/abiotic stress and quality
improvement. Direct mutants and
their use in breeding programme
have resulted in development of high
yielding varieties with quality traits.
Some of the varieties developed
recently and released and notified for
commercial cultivation include the
new Trombay groundnut (TG)
variety, TG-38. TG-38 recorded a
mean groundnut pod yield of 2854
kg/ha and seed yield of 2058 kg/ha.
This variety matures in 105 days. It
has shown field tolerance to stem rot
and dry root rot diseases. Mungbean
is one of the important pulse crops in
India. TMB-37 has been released and
notified during 2005. This is a
radiation induced mutant derivative
having advantages like early maturity
(55-63 days), moderately resistant to
yellow mosaic virus (YMV) disease,
large seed.
Other applications of radiation
technology in agriculture are studies
on fertilizer use efficiency, control of
insect pests, monitoring of pesticide
residues and preservation of

Ir-192 Radiography camera
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agricultural produce. The DAE has
set up two technology demonstration
units in India. The Radiation
Processing Plant at Navi Mumbai, is
a 30- ton/day unit delivering medium
and high doses. Another unit
KRUSHAK (Krushi Utpadan
Sanrakshan Kendra) at Lasalgaon
near Nashik, is a low dose irradiator
delivering doses less than 1 kGy to
agricultural commodities.
The Radiation Medicine Centre
and the Department of Radiation
Oncology, Tata Memorial Hospital
carries out advanced research and
therapeutic investigations in cancer,
and functions as the referral hospital
for patients from different parts of the
country as well as from neighbouring
countries. Recently dedicated PET
centre at RMC has further widened
the scope by providing PET
radiopharmaceuticals for better
diagnostic studies. A new cancer
research wing (ACTREC) has started
functioning to carry out advanced
research in cancer. Telemedicine link
between TMC and a rural centres
established. 19 regional cancer
centres are networked with TMC.
BARC has recently installed a
fully indigenous Co-60 teletherapy
machine (Bhabhatron) for providing
external beam therapy. In this
context, it is worth recalling that the
Chairman AEC during the last GC,
has offered Bhabhatron as a
contribution to the Agency's
Programme of Action for Cancer
Therapy (PACT) of IAEA.
Gamma-irradiated human tissue
allografts for surgical use has been
developed and widely used in needy

patients. The grafts include
biological dressings such as amnion
and skin, soft tissues like dura mater
and bone in the form of corticocancellous blocks and corticocancellous powder from the iliac
crest as well as ribs, femoral heads
and limb bones. Demineralised bone
is provided on demand. All the grafts
are preserved by freeze-drying, and
sterilised by radiation.
The grafts were used in a variety
of surgeries from oral surgery to limb
salvage in reconstruction following
tumour resection. Continuous
education and regular on the job
training courses are conducted for
doctors and para medical personnel
in nuclear medicine techniques and
procedures as a part of human
resource development programme
for the promotion of nuclear
medicine practice. DAE extends
assistance for setting up of nuclear
medicine centres and RIA laboratories at remote areas for the benefit
of needy patients.
The necessary RIA kits and other
equipments are indigenously
manufactured and supplied to these
centres. Radiation processed
hydrogels for treatment of burn
injuries, skin patches for treatment of
superficial cancers, preparation
for palliation of pain due to bone
metastasis and radiolabelled
preparations are some of the

innovative products developed at
Trombay.
India is the Lead Country in the
thematic sector “Industry” and has
established its expertise as trouble
shooters in the field of NDT,
industrial column scanning, tracer
technology etc. and heavy industries,
large petrochemical refineries,
chemical industries etc. were the
beneficiaries. Intervention through
radiation technology has provided
immense help in precise trouble
identifications, providing quick
solutions with minimum process
disturbance and revenue losses to
industries. India regularly conducts
training courses as a part of its human
resource development programme to
impart training and update the skills
of employees using the technology in
a safe manner. India has also
established its expertise in the field of
hydrology using radionuclides in
ground water recharging studies, soil
and silt movement tracking at dams,
ports etc.
Water being one of the intrinsic
essentiality for a healthy society,
availability of good quality water for
the masses is the governments’ top
p r i o r i t y a n d e ff i c i e n t w a t e r
management policies at the national
level is the need of the hour.
Isotope technology offers a viable
and reliable method for the

Gamma Emission Tomography
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assessment, availability quantity and
quality of ground water as well as the
underground water trajectories.
BARC is recognised as a centre of
excellence for tracer technology in
industry in the region of Asia and the
Pacific, and provided strong support
to the RCA/UNDP projects on
industrial applications of isotopes
and radiation technology since 1982.
One of the recent developments in
the field of NDT is the computed
industrial tomographic imaging
system (CITIS) for slice-by-slice
NDT examination of special objects .
India has trained more than 7500
persons in the field of radiography
and NDT and this includes many
IAEA fellows from RCA Member
states.
Environmental pollution is a
matter of great concern for any
developing countries due to heavy
industrialization, increased
urbanization and deforestation.
Environ friendly technologies are of
premium significance and constant
monitoring of air, water and land
pollution has become a mandatory
matter. India has successfully used
nuclear technology in the monitoring
and control of pollution levels from
different sources.
Radiation processed sludge and
municipal bio-waste leaves out
hygienic quality bio-manure. India
has successfully developed,
demonstrated and put into routine
operation plant level waste treatment
plants. High yielding radiation
induced mutant varieties of ground
nut, black gram etc. developed by
India is currently used throughout the
country by the farmers. Preservation
of food and other consumables by
sterilizing them by using gamma
radiation techniques is now
commercialized to reduce the loss
due to microbial decay.
Thus five decades of India's
accumulated expertise and advanced
technical know-how from its
indigenous efforts continue to be a
potential source for the successful
implementation of RCA's vision and
mission. India and IAEA are the
vital partners in the Sustainable
Development for the welfare of

Cobalt-60 Teletherapy Unit for the Treatment
of Cancer Patients
One of the peaceful applications
of atomic energy is the use of
radioactive isotopes for the treatment
of human cancer. In cobalt-60
teletherapy system, high energy
gamma radiation emitted by
radioactive isotope of cobalt is
utilized to destroy localized
cancerous growths. More than 60%
of human cancers can be treated
effectively by this kind of treatment
machine.
A teletherapy unit is the most
expensive equipment for any cancer
treatment facility. Although, cancer is
a global problem, it is a major threat
to human lives in the developing
countries where resources are
alarmingly inadequate. As per the
World Health Organization, the
number of cancer patients in the
developing world will double to
10million new cases annually by
2015.
In India, we have approximately

350 teletherapy units (telecobalt and
linear accelerator) for more than one
billion population. The shortage is
mainly due the high cost of imported
machines. Recently, to manage the
present crisis, and gear up for the
growing cancer burden, we have
indigenously developed the
technology for cobalt teletherapy
machine. It is a low-cost
(US$250,000 approx.) treatment
machine without compromising the
performance, and the safety of the
patient, hospital staff, public and the
environment. It has many advanced
features at par with latest telecobalt
machines currently available.
The unit conforms to the safety
requirements as per International
Electrotechnical Commission (IEC),
and is certified accordingly. Our
national regulator Atomic Energy
Regulatory Board (AERB) has
approved for clinical use. Presently,
Bhabhatron-II models are being

manufactured and marketed
commercially. In India, the cobalt-60
sealed sources are manufactured by
the Board of Radiation and Isotope
Technology (BRIT), and available
commercially.
During the 49th. General
Conference of the IAEA, the
Chairman, Atomic Energy
Commission and the leader of the
Indian delegation announced the
availability of advanced telecobalt
unit at low cost and its usefulness in
fighting cancer in the developing
world. Subsequently, during the 50th
General Conference, the Prime
Minister offered one such machine to
the agency's PACT as a contribution.
Recently, IAEA expressed keen
interest in outsourcing this machine
for its programmes in the developing
member states.

BHABHATRON-II: A step towards affordable treatment of cancer
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DAE IAEA Co-operation in Nuclear Security
Ranajit Kumar, Control & Instrumentation Division, BARC
S. Bhattacharya, Head, Control & Instrumentation Division, BARC, and
G.P. Srivastava, Director, Electronics & Instrumentation Group, BARC
Nuclear security is of wide
ranging concern, nationally as well as
internationally. Protection of nuclear
facilities and materials (including
radioactive materials) against act of
terrorism or other malevolent acts is
one of the main objectives of nuclear
security.
The objective of IAEA nuclear
security programme is to increase
State awareness and ability to control
and protect nuclear and other
radioactive materials, nuclear
installations and material
transportation; to detect and respond
to undesirable events and provide
engineering safety measures, as
necessary[1].
Nuclear security has been an
integral part of atomic energy
program in India. All round expertise
is being upgraded to address various
aspects of nuclear security.
India is participating in a few
programmes on nuclear security of
IAEA. The major areas of
cooperation in the area of nuclear
security are :
w Training of personnel on nuclear
security.
w Faculty for various training
program organized by IAEA on
nuclear security in other countries.
w Expert services in various
technical bodies on nuclear security
in IAEA.
Major collaborative efforts in the
above areas are discussed in the
following section.
Training of personnel on Nuclear
Security
One of the major activity areas
identified by IAEA in nuclear
security has been training of
personnel and building awareness in
this area. IAEA is implementing an
extensive program of physical
protection related training, workshop
and seminars directed at

international, regional and national
audiences [2].
As part of the major training
initiative, IAEA and DAE-India have
organized several training programs
on different aspects of nuclear
security - physical protection of
nuclear installations and materials,
physical protection of radioactive
sources, detection of nuclear and
other radioactive materials, response
to illicit trafficking etc.
A number of training courses on
nuclear security was organized by
India in cooperation with IAEA for
the regional countries. The first
training course in this series was
organized during May 11-20, 2003 at
Mumbai, India.
Four training courses have been
organized till 2007 on topic of
Physical Protection of Nuclear
Materials and Installations.
A different training course on
Physical Protection of Radioactive
Sources was organized in the year
2006. The broad objectives of such
training courses on physical
protection were to:
w Increase security awareness and
plan security arrangements at
nuclear installations.
w Create and foster characteristics
and attitudes in organizations and
individuals that physical protection
issues receive attention warranted
by their significance.
w Establish an awareness of the
need for an integrated system of
physical protection for nuclear
facilities that is effective against the
threat of radiological sabotage and
theft of nuclear and other
radioactive material.
w Familiarize professionals
involved in the establishment of a
state system of physical protection
with current concepts and
techniques.
w Provide understanding of
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international aspects of physical
protection
w Provide understanding of States
individual responsibility for nuclear
security
A brief description of the regional
training courses on physical
protection is given in the following
sections.
Regional Training Course (RTC)
on 'Security of Nuclear
Installations' in 2003
First course on Physical
Protection of Nuclear Material and
facilities was organized during May
11-20, 2003 at Mumbai, India. There
were total of 10 participants from 5
neighbouring countries, 2 each from
Bangladesh, Indonesia, Korea,
Malaysia, Thailand besides
participants from India.
There were a total of 7 faculty
members arranged by IAEA on
various subjects from France, Sandia
National Laboratory (SNL), USA,
Australia and IAEA and 6 faculty
members were from India. The
training course included a field visit
to Kakrapar Atomic Power Station.
RTC on 'Physical Protection of
Nuclear Installations' in 2004
The second training course on
'Physical Protection of Nuclear
Installations' was organized during 4
12 October, 2004 in Mumbai. There
were 25 participants in the course : 13
foreign participants and 12 Indian
participants. Foreign participants
were from Bangladesh, China,
Indonesia, Malaysia, Philippines and
Thailand.
A total of 4 foreign faculty
members were arranged by IAEA, 2
are IAEA staff members and 1 from
Sandia National Laboratory, USA
and one from ARPANSA (Australian
Radiation Protection and Nuclear
Safety Agency), Australia.

RTC on Security of Nuclear Installation 2003

Majority of the faculties, 10 in
number, were from India. Details of
the regional training courses on
security of nuclear installations
conducted in 2003 and 2004 was
presented in the international
conference on nuclear security and
found in [3].
RTC on 'Physical Protection of
Nuclear Installations' in 2005
Third training course in this series
was organized during 7
18
November, 2005 at Mumbai. There
were 25 course participants, 17 from
8 foreign countries and 8 from India.
Foreign participants were from
Indonesia(4), China(2),
Malaysia(2), Korea(2), Sri-Lanka(2),
Thailand(2), Vietnam(2) and
Myanmar(1).
Among Indian participants 3 were
from NPCIL, 2 from BARC and 1
each from HWB, AERB and IGCAR.
In addition, 9 Indian observers and

one foreign observer from US, DOE
also participated in the course. Total
5 foreign faculty members were
involved in course presentation, 2 are
from Sandia Laboratory, USA, one
IAEA staff member, one each from
France and Indonesia. 13 faculty
members from India were involved in
this training course.
RTC on 'Physical Protection of
Nuclear Materials and Facilities' in
2007
The most recent training course
on 'Physical Protection of Nuclear
Material and Facilities' was held
during 16 - 27 April, 2007 in
Mumbai. There were 34 course
participants in total, 19 foreign
participants from 7 countries in the
region and 15 from India. Among
foreign participants 7 were from
Indonesia, 3 each from China and
Bangladesh, 2 each from Thailand
and Vietnam, 1 each from Malaysia
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and Korea. A total of 17 faculty
members were involved for
deliberation of 37 lecture sessions.
Among these 17 faculty members, 5
were from abroad and 12 from India.
Among foreign faculties 2 were from
SNL, USA, 1 IAEA staff member, 1
each from Russia and Spain and 12
faculty members from India were
involved.
[4] provides the details about all
these 4 training courses on nuclear
security organized jointly by DAEIndia and IAEA.
Regional Training Course on
'Physical Protection of Radioactive
Sources' in 2006
A training course on 'Physical
Protection of Radioactive Sources'
was organized during 9-13 October in
Mumbai, India. This training course
dealt exclusively the security aspects
of the radioactive sources and hence
this course was for one week only.

RTC on Physical Protection of Nuclear Installations in year 2007

The topics covered included
Utilization, Protection and Control of
Radioactive Sources, Physical
Protection Principles, Systems,
Methods and Guidelines, Applying
Physical Protection Guidance and
Methods to the protection of
radioactive sources and such
material. The course got a wide
participation 23 participants from 12
regional countries and 15 from India.
Among foreign participants 3 were
from Bangladesh, 4 from Indonesia,
2 each from Kazakhstan, Kyrgyzstan,
Malaysia, Mongolia, Thailand,
Vietnam, and one each from China,
Republic of Korea, Myanmar and Sri
Lanka. Besides Indian faculties, 1
faculty each from IAEA and
Australia and 2 faculties from USA
were involved in deliberations. As
part of the course, a visit to 'Board of
Radiation and Isotope Technology'
(BRIT) in Mumbai was also
organized.

RTC on Advanced Detection
Equipment
In order to address the broad area
of Detection in Nuclear Security, a
new course on Advance Detection
Equipment has been organized for the
first time in India in July 2007. The
objective of this training course is to
familiarize participants with
instruments currently available to
monitor, detect and identify nuclear
and other radioactive material, indepth demonstration of detection
equipment in their expert mode,
including verification of alarms and
confirmation of incidents and
introduce the participants to nuclear
forensics concepts. A number of
participants from regional countries
and India are expected to participate
in this regional training program.
RTC on Response to illicit
trafficking incidents involving
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nuclear and other radioactive
material
Response is one the three
main areas of Nuclear security. The
other two areas viz. Prevention and
Detection is already being addressed
in several training programmes
mentioned above. A training course
on response to illicit trafficking has
been organized in the first week of
August in 2007. The purpose of this
training program is to introduce
methodologies and procedures for
supporting and strengthening the
infrastructure required for
responding to illicit trafficking
incidents involving nuclear and other
radioactive material.
Faculty for various training
program organized by IAEA on
nuclear security in other countries
One of the main features of the
regional training courses organized
jointly by DAE and IAEA is the

involvement of large number of
faculties from India. Indian
faculties are well recognized
throughout the world and they have
contributed in various IAEA
organized training courses in
different other countries. The most
prominent such training activity has
been the 'International Training
Course' (ITC) organized by Sandia
National Laboratory (SNL) of USA
with IAEA. Indian faculties
delivered guest lectures in the year
2003 and 2006. Besides, Indian
faculties have contributed in the
Training Course on Security of
Research Reactor and associated
facilities organized by IAEA in
South Africa in the year 2004.
Expert services in various
technical bodies on Nuclear
Security in IAEA
Indian expertise in the area of
nuclear security and physical
protection is also well recognized
world over. Many Indian experts
have contributed significantly in
various technical bodies of nuclear
security and physical protection of
IAEA.
The most notable among all
these bodies is the IAEA Director
Generals Advisory Group on
Nuclear Security known as
'ADSEC'.
We have a prominent member
from India in this coveted body of
IAEA. The body is responsible for
top level policy formulation in the
broad area of nuclear security.
Indian experts have actively
contributed in several other
technical committees of nuclear
security.
Some of the notable examples
are:
w Development of curriculum for
training course on physical
protection of research reactors and
associated facilities,
w Development of a guidance
document for nuclear security
culture,

w Development of design basis
threat,
w Development of a guidance
document for security in major
public events.
Conclusion
The cooperation of DAE and
IAEA in the area of nuclear security
and physical protection is well
established.
w Besides organizing training
courses and providing services of
experts in various technical bodies
and as faculty in various training
courses organized by IAEA, the
co-operation may be extended to
various other areas like:
w Development of instruments
and systems for application in
nuclear security,
w Physical protection and
radiation protection,
w D e v e l o p m e n t o f
methodologies for various
technical analysis, expert services
in regulatory aspects etc.
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Continued from page 2
IAEA/WHO network of
secondary standards dosimetry
laboratories since 1976. It has
also been conducting various
training programmes of IAEA in
the Southeast Asian region.
Since inception of the
Regional Cooperative
Agreement (RCA) for Research,
Development and Training
Related to Nuclear Science and
Technology, India has made
large contributions to its
programmes conducted under
seven thematic sectors namely
Agriculture, Human Health,
I n d u s t r y, E n v i r o n m e n t ,
Radiation Protection, Research
Reactors and Energy, along with
its ongoing national
programmes in each of these
sectors.
The respective Thematic
Sector Lead Country
Coordinator administers these
and has been formulating,
implementing and monitoring
the progress in this sector. India
has been the Thematic Sector
Lead Country Coordinator for
Industry, since 2001. RCA has
been instrumental in introducing
the regional cooperative concept
in other regions.
To conclude, India's vision on
peaceful uses of nuclear energy
greatly complements the
objectives of the IAEA, in terms
of meeting the demands of
providing sustainable, clean,
safe and environmentally benign
power to the humanity, besides
its large contribution towards
technological advancement and
sharing knowledge with member
states.
Let us wish that in the coming
times, India and the IAEA will
continue to work even more
closely in exploring nuclear
science and technology for
solving the problems faced by
the world today and make the
world a better place for the
humanity.

Safety Related Activities
for Reactors and Fuel Cycle Facilities
BARC has been associated with
the activities of advisory groups,
technical committees and
consultancy meetings of the IAEA on
safety related activities for reactors
and fuel cycle facilities. BARC is
also a part of IAEA/WHO network of
Secondary Standards Dosimetry
Laboratories (SSDLs) since 1976 and
has been carrying out various
activities related to the IAEA's
programmes for the SSDLs. This
laboratory has been participating in
the annual quality audit programmes
of IAEA conducted for the Secondary
Standards Laboratories (SSDLs) as
well. BARC has also been
conducting various training
programmes of IAEA for its
members in the Southeast Asian
region. Some of the contributions
from BARC to the activities related to
the safety of reactors, front-end fuel
cycle facilities, environmental and
radiation safety and the training
programmes of IAEA are detailed
below.
Reactor Safety
BARC has participated in various
Technical Committee Meetings
(TCMs), Technical Meetings,
Intercomparison exercises and
Coordinated Research Projects
(CRPs).
The outcome of the TCM on
Minimizing Ageing in Nuclear
Power Plants is a report that is part of
a series of IAEA documents on
ageing, which have brought out
awareness, programmatic guidelines
and component specific guidelines.
The objective of the report is to
promote a Proactive Approach to
management of ageing. BARC
presented a paper and actively
participated in this TCM.
The purpose of the meeting on
Safety Development relating to the
Design of Innovative and

Evolutionary Nuclear Power Plants
was to obtain feedback from different
countries about application of NS-R1 document and modifying this
document. During its presentation,
BARC made various suggestions for
improving the above document.
In the TCM to finalise the draft
report on Safety Report On Work
Place Monitoring, BARC provided
technical input for external beta
radiation monitoring. Based on the
vast experience of working in
pressurized heavy water plants,
significant amount of input was given
on the hazards and safety aspects of
Tritium and Carbon-14. In addition,
information related to handling and
control measures of aerosols and
noble gas monitoring in these type
power reactors was also provided.
As a part of the Inter-comparison
and Validation of computer codes for
thermal hydraulic safety analysis of
heavy water reactors conducted by
IAEA, BARC performed a
Quantitative analysis of large Loss of
Coolant Accident (LOCA)
calculations of RD-14M Experiment
(test B901) that was carried out in
September 2003. This analysis was
performed using RELAP5/MOD 3.2.
The results of the analysis were
compared with those of the
experiment and predictions from
other six countries with different
computer codes (Ref:
IAEATECDOC-1395). Exercise involved
two types of codes. First category
comprised of those developed
specifically for heavy water reactors
like CATHENA, FIREBIRD etc. and
other type like RELAP5/MOD3.2,
developed for light water reactors.
BARC participated in the
Coordinated Research Project (CRP)
on Improvement of models used for
fuel behaviour simulation. Three fuel
analysis codes including BARC code
FAIR, participated in this exercise.
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As a part of the exercise, eight reallife and six simplified cases of fuelpins were analyzed using modified
version of code FAIR up to a burnup
ranging from 40 to 100 GWD/T. The
exercise also included two simplified
cases of CANDU fuel pins. An
important modification was
incorporated in the fission gas release
module of the code to have better
agreement with the 1% release data
(Vitanza threshold). The results were
found to be in good agreement with
the experimentally measured values.
The results were communicated to
IAEA for inter-code comparison.
As a part of the CRP Establishment of Thermophysical
Properties database for Light and
Heavy Water Reactor Materials,
equations were developed for both
heavy water and light water
properties based on the basic
International Association for
Properties of Steam (IAPS)
formulations covering the
temperature (0 - 1000 ºC) and
pressures up to 1000 MPa for each
p r o p e r t y. B a s e d o n t h e s e
formulations computer codes
D2PROP and H2OPROP were
developed. These codes have latest
formulation in comparison to WASP
and DWASP codes and better userfriendly features.
Software has been developed in
Visual Basic for estimating the
reliability of electronic components
based on MIL-HDBK-217F for the
CRP on Research Reactor Database
Development. Modules have been
developed for the evaluation of
hazard rate of electronic components,
and other miscellaneous parts.
Software evaluates hazard rate of
overall system, considering all the
given components in series
combination. This Software has been
integrated with Reliability Data
Information Management Systems

(REDIMS)' software.
Ageing degradation of 120
concrete containments all over the
world was studied as part of the CRP
on Concrete Containment Ageing.
Degradation mechanisms were
identified. Repair methods were
suggested. In addition, an analytical
model was formulated for drying
shrinkage of concrete containment.
(IAEA-TECDOC-1025).
BARC has participated in the
IAEA activity on making a document
for PHWR accident management
guidelines (AERB, Mumbai, 2006).
Contribution to this exercise was
made by evolving procedure,
identifying and documenting
different accident scenarios and
relevant computational and
experimental database.
In addition, BARC has
participated in various IAEA TCMs
on (i) “Pressurised Heavy Water
Reactor (PHWR) Fuel Modelling” (5
To 8 December, 2006), Mumbai, (ii)
Severe Accident Analysis, Accident
Management and PSA Application
for Pressurised Heavy Water
Reactors, Mississauga, Canada, 7-10,
November 2005, (iii) “Progress in
Development and Use of Coupled
Codes for Accident Analysis at
Vienna, Austria, (iv)
“Fuel
behaviour under transient and LOCA
conditions”, Halden, Norway, 2001,
(v) Uncertainty analysis in thermal
hydraulics and (vi) Probabilistic
hazard analysis of external events and
for siting by presenting papers and
contributing to the discussions during
the meetings.
Front End of the Fuel Cycle
Safety
BARC has actively participated in
the activities related to the front end
of the fuel cycle and has contributed
to the generation of reports on (i)
“Occupational Radiation Protection
in the mining and processing of raw
material”, IAEA-SSS-Safety Guide
No. RS-G-1.6, 2004; (ii) “Radiation
protection against radon in
workplaces other than mines”-2003,
IAEA Safety Report Series No. 33;
and (iii)
“Management of Long

Term Radiological Liabilities:
Stewardship Challenges”, Technical
Report Series No. 450.
Radiation and Environmental Safety
The Republic of Georgia had
reported to IAEA about radiation
exposure received by a few of the
members of its public, and the
suspected presence of orphan
radioactive sources in the country.
Georgia requested IAEA for
assistance in locating, identifying and
retrieving the orphan sources
including highly active Sr-90 sources
(RTG). In response to this, IAEA had
sponsored an expert mission for
conducting detailed radiation
monitoring to search for orphan
sources. IAEA had requested BARC
for assistance. The BARC team, with
BARC made Aerial Gamma
Spectrometry System (AGSS),
carried out the mission for IAEA in
two phases. In addition, training was
also imparted on operation of the
system and on the source search
methodologies. Georgian scientists
worked independently for the next
one-year to search the presence of
any additional orphan sources in their
country. Several radiation survey
meters developed by BARC were
also handed over to the Georgian
authorities for field use.
As high accuracy is mandatory for
successful eradication of certain type
of cancers, IAEA/WHO have
brought out a new protocol TRS-398
for external beam dosimetry in
reference conditions. The new
protocol is based on calibration factor
ND,W obtained from direct
measurement of absorbed dose to
water. It helps to achieve better
accuracy in dose delivery for the
treatment of cancer compared to
previous protocols based on air
kerma or exposure. As a member of
the IAEA's network of SSDLs,
BARC carried out following work for
the implementation of the new
protocol.
(a) This laboratory got two
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secondary standard dosimeters
calibrated at Bureau International des
Poids et Mesures (BIPM) Paris in
terms of ND,W in December, 2000 and
is providing calibration of
dosimeters, since then, in terms of
ND,W for the radiotherapy centres in
India and some of the neighboring
countries viz. Nepal, Srilanka and
Myanmar.
(b) The laboratory conducted four
training programmes at BARC, to
familiarize the medical physicists, in
India and Nepal, working in hospitals
with the procedures of the new
protocol.
BARC has done extensive work
for the CRP “Development of TLDbased Audits for Radiotherapy
Dosimetry in Non-Reference
Conditions” which, started in 2002.
The work involved measurement of
various clinical parameters in nonreference conditions using TLDs.
Measurements were carried out at
various cancer hospitals with the help
of Co-60 units as well as with linacs.
A water phantom was designed and
developed for this work. The results
of these studies were reported to
IAEA during 2004 and 2006. The
CRP is in the process of
implementation now at hospitals.
Towards Harmonization of
quality practices for nuclear
medicine radioactivity
measurements, BARC has (i)
conducted a preliminary survey was
among the Nuclear Medicine Centres
in the country to determine the type of
radionuclides used, the type of
isotope calibrator available etc., (ii)
participated in the IAEA
intercomparison of activity
measurement of 131I. (iii) conducted
audit of 131I activity measurements
involving seventy Nuclear Medicine
Centres in the country and (iv)
conducted audit of 99mTc activity
measurements in which, twelve
Nuclear Medicine Centres from
Mumbai participated.

In the CRP on Characterization
and evaluation of high-dose
dosimetry techniques in Radiation
Processing, influence of
environmental parameters on doseresponse of Glutamine
(Spectrophotometric readout)
dosimeter developed by chemical
dosimetry group, BARC was
evaluated and it was developed as a
transfer standard dosimeter. BARC
participated in the blind dose
intercomparison with Primary
Standard Laboratory NPL, UK and
RISO, Denmark. Its usefulness as a
radiation Processing dosimeter for 5
MeV bremsstrahlung X-rays from
industrial accelerators was
demonstrated.
For the development of General
Guidelines for Assessment of
Internal Dose from Incorporation of
Monitoring data, with the objective
of harmonizing the method of
assessing the committed effective
dose to workers after an intake of
radionuclides, an intercomparison
exercise on assessment of
occupational exposure was
conducted by the Agency. This
exercise, consisting of six cases
covering wide and complex exposure
scenarios, is mainly directed towards
testing the guidelines that have been
established by the IDEAS group
(Related to European Union Project
on development of the guidelines
mentioned above) in collaboration
with IAEA. The results of the six
cases, that were analysed, were found
to be within ±15 % to the mean
reported values. Similarly, the results
of the intercomparison exercise on
determination of the quantity activity
of alpha emitters in urine samples
(2002) were found to be within ±20 %
to the actual value and are acceptable.
BARC has participated in the
meetings of the Steering Committee
for the International Action Plan for

Occupational Radiation Protection.
Objective of the Committee is to
ensure the successful implementation
of the action plan of the IAEA and
ILO based on the ILO convention
115. The steering committee would
advice, monitor and associate in the
practical implementation of the
action plan.
As per the IAEA mandate to
provide calibration of radiation
sources and dosimetry equipment
used in the radiotherapy hospitals,
BARC has developed standards for
the calibration of brachytherapy
sources in view of increasing use of
brachytherapy in the country.
BARC has participated in the
IAEA/RCA Field trials of
Emergency Response Capacity in
Republic of Korea during March 1317, 2006. The aim of the meet was to
evaluate radiation emergency
response capacity of the participating
countries and improve upon their
procedures and critically assess the
various components of the
emergency response system. BARC
has evaluated the radiological
parameters and participated in all the
exercises. Instruments carried were
very effective for evaluation of
radiological conditions. Field trials /
Exercises involved identification of
lost source, location, activity
evaluation and recovery operation,
surface contamination evaluation
scenario, and air born activity
evaluation. BARC has participated in
complex radiological emergency
scenario. This demonstrated BARC's
capability in catering to emergency
responses.
Training Programmes
BARC, has conducted a Regional
Training Conference on Radiation
Protection, of eight weeks duration
during 1998, for South East Asian
countries. BARC has also helped
IAEA in the preparation of detailed
syllabus, the lecture notes, and work
sheets of practicals for the course.
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BARC had organized a Training
Program on Work Place Monitoring
in Mumbai, during September 4-8,
2006. Delegates from Syria, Jordan,
Qatar, Kuwait, Iraq, Iran, Saudi
Arabia, Afghanistan, Lebanon and
Yemen and India attended the
program. The training course
comprised of a series of lectures and
practices on radiation counting
instruments.
IAEA-RCA Regional Training
Course on Assessment of
Occupational Exposure due to Intake
of Radionuclides was conducted
from October 20-31, 2003 in
Mumbai. The course was attended by
representatives of 11 member states
in the Asian region namely,
Bangladesh, China, Indonesia,
Republic of Korea, Malaysia,
Mongolia, Myanmar, Sri Lanka,
Thailand, Vietnam and India.
Tr a i n i n g p r o g r a m m e s o n
Advanced Detection Equipment (30th
July-3rd August 2007) and Response
to Illicit Trafficking Incidents
Involving Nuclear and Other
Radioactive Materials (6-10, August
2007) are being conducted in
collaboration with IAEA for security
and customs officials of India and
participants from South Asian
Countries.
In addition, BARC has provided
faculty for the IAEA/RCA Fifth
Postgraduate Education Course on
Radiation Protection and Safety of
Radiation Sources, November 27,
2006
July 7, 2007; Penang,
Malaysia. This course deals with
various aspects of public and
occupational safety in medical,
industrial and research applications
of ionizing radiation. This course also
includes patient safety during
medical applications of ionizing
radiation. It had provided training on
'Measurement of radon and progeny,
radioactivity in environmental
materials and occupational radiation
control aspects of mining, milling
and waste management as applicable
to mining industry to an IAEA trainee
from Tanzania at BARC during Nov.
4, 2002 to March 1, 2003 (IAEAURT/01041 R).

Nuclear Desalination In India
P.K. Tewari
Desalination Division, Bhabha Atomic Research Centre
For welfare and well-being of
mankind, fresh water is essential. It is
estimated that one-fifth of the world's
population does not have access to
s a f e d r i n k i n g w a t e r. T h e
Intergovernmental Panel on Climate
Change (IPCC) report has projected a
global mean sea-level rise of 0.59 m
by the end of 21st century that could
have a number of physical impacts on
coastal areas including seawater
intrusion which would adversely
affect fresh water resources. In
December 2003, the United Nations
General Assembly proclaimed the
years 2005 to 2015 as the
International Decade for Action in
'Water for Life'. A virtually
inexhaustible reserve of water exists
on earth, in the seas and oceans. But
this saline water is not drinkable the
technique used for the production of
pure water from saline water is
termed as desalination. As seawater
desalination processes are energy
intensive, it is advantageous to
integrate them with power reactors thermal or nuclear, for directly using
electricity / steam / waste heat as
energy source and for sharing the
common facilities.
Desalination
The major commercially
available desalination processes are
of two kinds: (a) Thermal processes,
where heat is used to vaporize fresh
water from saline water such as
multi-stage flash distillation (MSF),
multiple-effect distillation (MED),
low temperature evaporation (LTE)
and vapour compression (VC), and
(b) Membrane processes where
suitable membranes are used for
separation of salts such as reverse
osmosis (RO) and electro-dialysis
(ED). Global installed desalination

plant capacity is about 40 million
cubic metre per day. The energy for
these plants is generally supplied in
the form of either steam or electricity
from the conventional fossil fuel
based power plant. However, the
depleting sources of the fossil fuels,
future price uncertainty and their
better use for other industrial
applications are causing concern.
Nuclear Desalination
The production of potable water
from seawater in a facility in which a
nuclear reactor is used as the source
of energy for the desalination process
is termed as Nuclear Desalination.
Electrical and/or thermal energy is
used in the desalination process on
the same site. The facility is dedicated
solely to the production of potable
water, or used for the generation of
electricity and production of potable
water, in which case only a part of the
total energy output of the reactor is
used for water production. For a

steam consumption for nuclear
power plant is higher. This leads to
availability of higher amount of
steam that could be utilized for
thermal desalination as shown in
Table 1. In addition, nuclear power
plants are normally situated in coastal
areas, where the feed water is
available in abundance.
A nuclear plant depending on its
type can provide steam or process
heat from about 50 - 150 oC for
desalination and about 1000 oC for
high temperature industrial
applications. Water reactors provide
steam in the range of 250 to 300 oC at
about 5 to 7 MPa pressure, while
liquid metal and gas cooled reactors
generate steam at higher temperature
and pressure. Liquid metal cooled
fast breeder reactors (LMFBRs)
provide steam at approximately 500
o
C and gas cooled reactors at still
higher temperatures.
Table 2 gives a list of the nuclear
plants in the world used for

given power rating, nuclear power
plants, in general, have larger amount
of waste heat than conventional fossil
fuel based thermal power plants. The
enthalpy of the steam at the inlet to
the high pressure turbine of a nuclear
power plant is lower due to the lower
pressure and temperature of the
saturated steam, and thus, the specific

desalination of water.
So far no incidence of radioactive
contamination of the product water
has been reported from any of these
nuclear desalination plants. Using
nuclear energy for producing fresh
water from seawater (nuclear
desalination) has been drawing broad
interest among Member States of
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Table 2: Experience in Nuclear Desalination Plants

IAEA due to acute water issues in
many arid and semi-arid areas
worldwide.
Several demonstration
programmes on nuclear desalination
have been taken up to confirm its
technical and economical viability
under country specific conditions
with technical coordination or

support of IAEA. Desalination costs
are highly site specific and range
from US$ 0.40 to $ 1.90 per cubic
metre of desalinated water produced.
Nuclear Desalination in India
Desalination is one of the key
drivers under non-power applications
of Atomic Energy Programme in

India. BARC has been pursuing
development and deployment of
desalination technologies in the
country (Fig. 1).
It is also engaged in coordinating
nationwide activities on desalination
and water purification which include
nuclear desalination.

DEPLOYMENT OF DESALINATION
TECHNOLOGIES BY
DEPARTMENT OF
ATOMIC ENERGY

Seawater RO Plant
Brackish Water RO Plant
MSF Plant For Seawater Desalination
LTE Plant For Seawater Desalination
Waste Water Reuse Plant
RO Technology Transferred
Domestic Water Purifier
Technology Transferred
Fig. 1 : Deployment and Development of Desalination Technologies in India
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Nuclear Desalination Demonstration Project, Kalpakkam

6300 m3/day Nuclear Desalination
Demonstration Project (NDDP),
Kalpakkam
NDDP is based on hybrid
desalination technology developed
by BARC consisting of MSF plant of
4500 cubic metre per day and RO
plant of 1800 cubic metre per day
capacity. It is coupled to 2 x 170
Mwe PHWRs of Madras Atomic

Power Station (MPAS). The hybrid
technology has provision for
redundancy, utilization of streams
from one another and production of
two qualities of water.
The desalinated water produced
from MSF is of distilled quality,
which is good for industrial process
use. The product from RO is of
potable quality. The two can also be

blended for improving the quality of
water produced from RO. The hybrid
concept is shown in Fig. 2
The requirements of seawater,
steam and electricity for NDDP are
met from MAPS. The RO plant of
NDDP has completed five years of
regular operation supplying
desalinated water to reservoir in
Kalpakkam. The plant incorporates

Fig. 2: Hybrid Nuclear Desalination System
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Low Temperature Evaporation Desalination Plant (30 m3/day capacity) at CIRUS

necessary pretreatment and energy
recovery system. It operates at lower
pressure and employs lesser
pretreatment chemicals because of
the relatively clean feed seawater
from MAPS outfall. The potable
water produced is supplied to the
nearby areas. The hybrid technology
is very promising in urban areas of
coastal regions.
LTE Desalination Demonstration
Using Nuclear Waste Heat,
Trombay (India)
A first-of-its kind nuclear
desalination plant based on Low
Temperature Evaporation (LTE)
utilising waste heat of nuclear
research reactor
CIRUS was
demonstrated at Trombay. It has
completed three years of successful
operation.
The product water from this plant
meets the make up water requirement
of research reactor. The nuclear
research reactor (CIRUS) has a
capacity of 40 MW(th) using metallic
natural uranium fuel, heavy water
(D2O) moderator, demineralized light
water coolant and seawater as the

secondary coolant. An intermediate
heat exchanger has been incorporated
between the nuclear reactor (CIRUS)
and the desalination plant to ensure
no radioactive contamination and
high protection of desalinated water.
The data from this plant will be useful
for the design of larger size LTE
seawater desalination plants for the
production of demineralized water
and process water.
This type of plant is envisaged to
be coupled to Advanced Heavy Water
Reactor (AHWR) utilising low
grade/waste heat from AHWR and
produce 500 cubic metre per day
distilled quality water from seawater
to meet the DM water makeup
requirements of the reactor..
Other Nuclear Desalination
Activities
BARC (India) is currently
Chairman, International Nuclear
Desalination Advisory Group
(INDAG), IAEA (2005-08) chairing
the has clearly demonstrated its
successful role in meeting its terms of
reference by providing advice and
guidance on the Agency's activities in

nuclear desalination.
India has
organised IAEA-Technical Meetings
on nuclear desalination in Chennai
(2004) and Mumbai (1999).
BARC has offered to IAEA
regarding organising and conducting
Training Programmes in India on
nuclear desalination for the interested
Member States of IAEA. Centre has
been participating in coordinated
Research Projects (CRPs) and
sharing the expertise with other
Member States. As per bilateral
agreement, BARC and CEA (France)
are working on integrated nuclear
desalination systems which include
waste heat utilisation, hybrid systems
and socio-economic aspects.
Vision
Desalination plant produces
desalinated water for supplying safe
drinking water to local population
and very pure water (distilled quality)
for industries & production of
hydrogen for fluid fuel substitute.
Excellent prospects for the utilization
of nuclear energy for seawater
desalination are thus foreseen.

Material included in Nuclear India can be used with
proper acknowledgment.
Soft copy of the text and illustrations / photographs of a
particular writeup can also be provided on request.

25

A Regional IAEA-NDS Nuclear Data Mirror Site
for Online Nuclear Data Services
India offered to host the IAEANuclear Data Section (NDS) Mirror
Site in 1999 for the benefit of Asian
Region. The International Nuclear
Data Committee (INDC) of IAEA
evaluated this proposal and
recommended its implementation. In
India, the project to have a highspeed internet connection and a
Linux based server setup was
founded in early 2004. Requisite
software tools and data have been
downloaded from the IAEA since
June 2004.
The Indian nuclear data mirror
website www-nds.indcentre.org.in
was commissioned on Nov 15, 2004
during the visit of the IAEA Director
General Mr. Mohammed ElBaradei.
The arrangement of the Indian
nuclear data Mirror website site is as
follows :
l Every 12 hours online-updating
is performed at the mirror with the

IAEA website, through a 2Mbps
Internet link ( Fig. 1.)
l The server is maintained at
Mumbai. The Mirror website in India
that mirrors the IAEA website, wwwnds.iaea.org, greatly helps improve
services for data users without good
internet connections to the IAEA by
creation of a regional copy of the
''Nuclear Data Services" website
(''mirror site"), for users in India, the
Indian mirror site ensures fast and
reliable delivery of nuclear data.
The nuclear data Mirror website
and the associated knowledge
sharing process enhance
development of local expertise in
knowledge sharing techniques in
nuclear data, such as recognition of
the need for indigenous development
of software, for nuclear data retrieval
and processing and for intercomparisons and networking
techniques.

INTERNET

Fig. 1: India sponsors a regional IAEA-NDS nuclear data Mirror Site
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A display of the webpage of the
mirror site is shown in Fig. 2. The
ability to quickly and easily access
nuclear data by online services in
Mumbai represents a quantum jump
in physics analyses capabilities of
advanced nuclear systems and is thus

Applications of
Nuclear Data
Energy applications: Fission
power, Fusion reactor technology,
Accelerator Driven Systems
Non-energy applications:
Nuclear medicine,
Materials analysis and process
control, Safeguards, Radiation
s a f e t y Wa s t e m a n a g e m e n t ,
Environmental research
Basic research (e.g. nuclear
astrophysics) and education
a major asset in nuclear science and
technology applications.The nuclear
data mirror website provides a centre
in Mumbai for education and local
training.
It helps accelerate use of better
nuclear physics data in basic research
and in simulation studies. It also
motivates younger colleagues to
perform sensitivity studies to gain
better insights for advanced reactor
designs. The availability of a local
Mirror site provides a high efficiency
of training on the retrieval,
processing and application of nuclear
data in the region.
This will also help universities in
India play a major role in
participating in the Indian research
activities in nuclear data evaluation,
processing and integral testing,
particularly for studies in the thorium
fuel cycle. Users can have full access
to large nuclear databases in the
Indian nuclear data mirror server for
use in human resource development
and fundamental research.

Fig. 2: A display on the computer for the front page of the Indian Mirror site
http://www-nds.indcentre.org.in retrieved on 23 July 2007

Network of 13 Nuclear Reaction Data Centres
and Mirror Websites
4 "core centres":
IAEA Nuclear Data Section, Vienna
OECD NEA Data Bank, Paris, France
U.S. National Nuclear Data Centre, Brookhaven, USA
Russia Nuclear Data Centre, Obninsk, Russia
Expanded network includes additional co-operating specialized centres in :
Russia, China, Japan, Hungary, Korea, and Ukraine
Nuclear Structure Data Centres Network
IAEA Nuclear Data Section, Vienna (Co-ordination)
U.S. National Nuclear Data Centre, Brookhaven, USA (Master database)
13 data evaluation centres in USA, Russia, China, France, Japan, Kuwait, Belgium, Canada
Data dissemination centres
(IAEA, OECD-NEA, USA, France, Sweden)
IAEA Nuclear Data Mirror websites
Brazil, India
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Annual Conference of the Indian Nuclear Society
The Indian Nuclear Society will be organizing its
18 th Annual Conference INSAC-2007 during
November 21-24, 2007, at Hyderabad. The theme of
the conference is Exploration, Mining and Processing
of Atomic & Rare Minerals.
The inevitable role of nuclear energy in providing
energy security and facilitating economic and human
development in India and other developing countries
had been recognized quite early by the pioneers of the
Indian Nuclear Power Programme. Now it is being
recognized the world over even more in the context of
global warming.
India has been pursuing a three stage nuclear power
programme based on closed fuel cycle. DAE has a
strategy to increase its installed nuclear electricity
capacity from the present 4 GWe to about 200 GWe in
the middle of the century through indigenous
resources and technology development. Uranium,
plutonium and thorium are the three 'back bone'
materials for the 3-stage programme. Thus, uranium
and thorium explorations, mining and processing is a
very important activity in the entire programme
(plutonium comes from reprocessing of the spent
fuel). Besides fuel materials, there are other minerals
like ilmenite, zircon etc., which are of utmost
importance for the Nuclear Power Programme.
In view of the growing need for electricity in India,
there are challenges to identify new resources of

uranium and other atomic minerals and to establish
new mines and processing facilities to tap the newly
established resources. Challenges are also in terms of
minimizing the environmental, radiological and
ecological impacts of these activities and even a bigger
challenge is addressing the public concerns and
managing the perceptions and misconceptions
prevalent in the society regarding the perceived health
impacts of uranium mining and processing.
INSAC-2007 will cover all these aspects
associated with the exploration, mining and
processing of Atomic minerals such as uranium,
thorium, zirconium etc. and rare minerals such as
ilmenite, rutile etc. The conference will consist of
invited talks from eminent scientists, technocrats,
planners and managers in these fields and will also
have contributed papers in its poster sessions. Broadly,
following topics will be covered :
*Present status, future prospects and emerging
techniques in the exploration, mining and processing
of atomic rare minerals.
* Regulatory and safety aspects.
* Alternate sources of uranium and other minerals.
*Societal and environmental challenges in
exploration, mining and processing of atomic and rare
minerals.

For further details, please write to :
S.K. Malhotra,
Head, Public Awareness Division,
Department of Atomic Energy,
Anushakti Bhavan, CSM Marg,
Mumbai - 400001.

C.V.R. Sarma,
Conference Secretary,
Head, Instrumentation Group,
Atomic Minerals Directorate for
Exploration & Research,
1-10-153-156, Begumpet, Hyderabad-500016.
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