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Trombay Groundnuts bring prosperity in Tribal Area

Genetic improvement of crop plants through induced mutagensis to benefit the farming community is
in progress at BARC. In this endeavour, so far, 26 varieties have been released for commercial cultivation
of which 10 are Trombay groundnut (TG) varieties. Among the 10, TAG-24 and TG-26 varieties
became very popular and extensively cultivated in several states in the country. BARC is supplying seed
of TG varieties for conducting front line demonstrations in the farmer’s fields in general including Adivasi
areas. Above : A woman farmer in Sattupally village, West Godavari district of Andhra Pradesh, proudly
exhibiting the harvested groundnut TG-26 from her field.
(more on page 20)

FBTR TURNS TWENTY
P. V. Ramalingam
Director, ROMG
Fast Breeder Test Reactor
Indira Gandhi Centre for Atomic Research
The Fast Breeder Test Reactor
(FBTR) at Indira Gandhi Centre for
Atomic Research, Kalpakkam has
completed twenty years of operation
on October 18, 2005. Conceived as a
test-bed for the irradiation of fuels and
materials for the fast reactors and a
training ground for mastering the
challenges of sodium technology and
fast reactor operation, FBTR was built
on the lines of the French RapsodieFortissimo reactor. Built and operated
with little external assistance, FBTR
has proved to be a symbol of IGCAR
resilience, self-reliance and ingenuity.
FBTR is a 40 MWt, sodium
cooled, loop type fast reactor, with
two primary/secondary sodium loops,
four steam generator modules and
a 13.5 MWe turbine generator. The
basic design of the nuclear systems
was obtained from CEA, France and
was adopted with modifications which
include the incorporation of steam

generators in place of sodium-air heat
exchangers and an unique, low power
(13 MWe), high pressure (125 bars)
and high temperature (480°C) turbine
of indigenous design. In addition to
supplying the design, the French
trained a few personnel in Rapsodie
on operational aspects and also
transferred the manufacturing
technology of some important nuclear
system components.
Even at the conceptual stage,
FBTR was proposed to be built
indigenously. The indigenous
component of FBTR was more than
80%–no mean achievement considering the state of the Indian industries
in the seventies and eighties. Civil
construction started in 1972, and civil
works were completed by 1977.
Unlike pressure vessels, fast reactor
components are thin walled, long and
slender, with stringent dimensional
tolerances.
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Since nuclear systems of fast
reactors cannot be flushed with water
during commissioning to remove
construction debris, the assembly of
components at the works and erection
at site had to be done with meticulous
care under nuclear clean conditions.
The Department and the Indian
industries successfully took on the
challenges. All the components except
steam generators were installed by
1984. Sodium was procured in the
form of bricks from an indigenous
source, purified in a small facility in
the Engineering Hall at IGCAR,
transported to the reactor in a special
tanker and charged into the reactor
without any hitch – no mean task,
considering that the experience till then
was only limited to handling sodium in
laboratory scale or in small loops. It
was a credit to the meticulous total
quality management adopted during
construction that uninterrupted sodium

flow could be established immediately
in all the loops, with sodium purity
unimpaired-less than 10 ppm of
oxygen and plugging temperature of
about 125°C.
FBTR core was originally
conceived with 65 fuel subassemblies
of MOX fuel with 30% PuO2 and 70%
UO2, with the uranium enriched to
85%. It was originally thought that
enriched uranium would be obtained
from France, but in parallel, the
feasibility of MOX fuel with 70% PuO2
was studied. The limited studies
indicated problems of compatibility
with sodium and difficulties in
fabrication of fuel to the required
specification. Due to non-availability
of highly enriched uranium, a bold
decision was taken to go in for high
Pu carbide fuel. Extensive out-of-pile
studies indicated that this fuel would
work. Being an unique fuel without
any international irradiation experience
or data, another bold decision was
taken to use the reactor itself as a self
driven irradiation facility for this fuel.
This resulted in lowering the core size
to 23 subassemblies and reducing the

Reflection of Fuel Handling
Sodium Jet from Siphon Break Pipe
Guide Tube in Sodium

3

reactor power to 10.6 MWt, to begin
with.
The first criticality of FBTR on
October 18, 1985 signalled the start
of the second stage of India’s nuclear
energy programme and catapulted
India into a select club of nations with
fast reactors, viz. USA, France,
Russia, UK and Japan. Steam
generators were put in sodium service
in November 1989, after connecting
the steam generator modules to the
secondary sodium loops. In January
1993, water was valved into the steam
generators after commissioning the
steam water system and the steam
generator leak detection system,
which is very critical for mastering the
steam generators of fast reactors. The
reactor reached the rated power of
10.5 MWt for the small carbide core
in December 1993. Superheated
steam with conditions sufficient for
rolling the turbine was produced in
July 1997 and the turbo-generator (TG)
was synchronized to the grid. With this,
FBTR fulfilled all its missions as a full
fledged power plant.

Fuel Pins Taken out of the Fuel Subassembly for Post-Irradiation Examination

Photo-micrographs of Carbide fuel at 25, 50 & 100 GWd/t Burn-up

In 1994, a decision was taken to go in
for a 76 subassembly core of slightly
different composition (55% PuC +
45% UC), that will take the reactor
power to 37 MWt. Subass-emblies
of this composition were inducted in
1996, surrounding the MK-I fuel.
FBTR power has since been
progressively raised, with the reactor
power reaching 17.4 MWt in 2002.
FBTR has completed 12 irradiation
runs so far. It has so far operated for
36,000 hours and generated 2,45,000
MWh of thermal energy and 5 million
units of electrical energy. Performance
of the safety critical and safety related
systems has been excellent. The
steam generators, which are critical
for the success of fast reactor programme, have operated for 20,000 h
without any leak. It may be noted that
the steam conditions viz. pressure and
temperature, in FBTR are the highest

among all the reactors in India. The
TG has been in service for 5000 hours.
Each sodium pump has operated for
more than 1,20,000 h without any
problem. Sodium purity is so well
maintained that when viewed inside
the reactor through the periscope, it
shines as a mirror, so much so that
many of the reactor internals could be
inspected from their reflections in
sodium. Fuel pins removed from the
reactor after 18 years of residence
time retain their shining appearance
and even the identification numbers
engraved on the pins could be easily
read in the hot cells during postirradiation examination.
Perhaps, the most gratifying
performance is that of the unique
carbide fuel. Being an untested fuel, it
was initially rated for a linear power
of 250 W/cm and burn-up of 25,000
mega watt days/tonne. Based on post4

irradiation examination of the fuel at
different stages, we have been able
to raise its linear power to 400 W/cm
and target burn-up to 155,000 Mega
watt days/tonne. The fuel has crossed
a burn-up of 150,000 Mega watt days/
tonne without any pin failure.
Indications are that the fuel will
withstand burn-up levels of even upto
170,000 Mega watt days/tonne a
landmark performance by any fast
reactor fuel.
The maximum annual activity
released to atmosphere so far is a
miniscule fraction of the permitted
release. Cumulative occupational
exposure so far is only 50 man-mSv
(5 man-rem). During the past 20 years,
there has been no significant event of
abnormal radioactivity release,
personnel or area contamination or
personal exposure, thus confirming that
sodium cooled reactors are
ecologically way ahead of other types
of reactors.
Several experiments related to
reactor physics and reactor safety
under postulated incidents have been
conducted, all of which have confirmed
the inherent safety features of FBTR
design.
With its neutronic flux one order
higher than PHWR’s, FBTR was
successfully utilised to study the
irradiation creep behaviour of the
Zr-Nb alloy developed indigenously for
PHWR. About 100 days of irradiation
was carried out, to simulate 1000 days
of operation in PHWR, and the
indigenous alloy was found to conform
to international standards. The present
mission of FBTR as an irradiation
facility is to irradiate the MOX fuel of
PFBR composition at its design linear
heat rating. For this, the test fuel has
been enriched in uranium by adding
U 233 recovered at IGCAR by
reprocessing J-rods from CIRUS. The
PFBR test fuel has so far seen a burnup of 52,000 Mega watt days/tonne
as against the target of 100,000 Mega
watt days/tonne.

The significant benefit that accrued
by the operation of FBTR is that it
produced the full complement of
personnel, fully competent in the
operation and maintenance of fast
reactor systems covering the entire
gamut of reactor technology, namely
fast reactor physics, operating sodium
systems, operation and maintenance
of sodium equipment, sodium
instrumentation, sodium handling,
sodium fire fighting etc. The initial
batch of ten engineers was trained in
Rapsodie and Phenix reactors in
France. They in turn trained the entire
FBTR personnel. Just as operation and
maintenance personnel of PHWR
were initially trained in CIRUS reactor,
FBTR is a cradle for training the
personnel of future fast reactors.
Already the training of first batch of
shift engineers for PFBR is in progress
at FBTR.
The road to success need not
always be smooth, especially in a
nascent technology that is being built
indigenously. Build on our own. There
have been two major incidents, from
each of which FBTR returned, fortified
with knowledge. During an in-pile fuel
transfer for performing a low-power
physics experiment in May 1987, a
major fuel handling incident took place.
A sturdy tube called the Guide Tube,
which guides fuel into the reactor
during fuel loading, got bent by about
320 mm and could not be removed
from the reactor. The heads of 18
nickel
and
stainless
steel
subassemblies in the core also got bent.
The Guide Tube was cut below a set
of equalisation holes using a specially
designed remote cutting machine, and
was removed in two pieces. All care
was taken to ensure that the cutting
chips do not fall into the reactor.
Damaged reflector subassemblies in
the path of rotation were identified
using periscope with sodium drained
to uncover the subassembly heads, and
removed using specially designed
grippers. Reactor operation could be
resumed only in May 1989. This

incident led to the development of
novel inspection techniques such as air
ultrasonics and under-sodium
ultrasonics at IGCAR. The cutting tool
developed by Central Workshops,
BARC, for cutting the guide tube, was
a master-piece of mechanical design,
and its modified version is presently
being deployed for cutting the coolant
channels of PHWR for coolant
channel replacement. There was an
incident of primary sodium leak in
2002, when 75 kg of radioactive
sodium leaked inside the purification
cabin due to manufacturing defect in
an imported sodium valve. The leak
was contained within the inerted cabin
and hence there was no sodium fire
or release of radioactive sodium to the
atmosphere. The leaky valve was
replaced and the system was
normalized in a record time of three
months. There was no exposure to the
personnel during the operations to
normalize the system. The leaked
sodium was also converted into low
level liquid waste and disposed off.
Several VVIP’s have visited
FBTR, including former presidents
Shri R Venkataraman & Shri Gyani
Zail Singh, former prime ministers
Smt Indira Gandhi, Shri Rajiv Gandhi
and Shri Atal Behari Vajpayee and
present prime minister Dr. Manmohan
Singh.
FBTR has crossed several
milestones, but has to cross many
more. The carbide fuel has now been
proven, including its reprocessing and
fuel cycle closure. The fuel chosen for
the next few power breeder reactors
will be MOX, from considerations of
cost and ease of handling. In order to
get experience in the MOX fuel,
FBTR now proposes to go in for a
hybrid core with carbide fuel at the
centre, surrounded by high Pu MOX
fuel. The carbide will be the driver fuel
and MOX will contribute to increased
reactor power. This core would be in
place by the end of 2006 and power
will be raised to the target power. The
fuel composition chosen for MOX is
5

44% PuO2, which is being currently
used for actinide burning in the fast
reactors in other countries. In addition
to providing a rich experience in the
fabrication and reprocessing of MOX
fuel and its irradiation performance,
this will also contribute to the current
international knowledge base on this
fuel. To accelerate the rate of
deployment of breeder reactors for
meeting the future energy demands
effectively, metallic fuels are
envisaged for the future power
breeders. FBTR will be deployed to
test these metallic fuels, including the
demonstration of closing the fuel cycle.
There is also a plan to tap the breeding
potential of FBTR for generating U233
from Thoria. It is estimated that FBTR
will be able to generate about 100 kg
of U233 in its lifetime.
From that stage in the seventies,
when sodium was known to reactor
engineers in India as a reactive metal
bottled up under kerosene in the
laboratories, to have indigenously built
a sodium cooled reactor, kept liquid
sodium in continuous circulation for
twenty years with unimpaired purity,
generated the nation’s first unit of
electricity from a fast reactor and
taken the burn-up of a fuel which is
the only one of its kind in the world to
a record high value of 150 GWd/t–all
these signify a proud technological
frog-leap for the country, reflecting
maturity in assimilating a novel and
complicated technology. The experience gained in the construction,
commissioning and operation of FBTR
for two decades, surmounting various
hurdles on the long path, has indeed
been a big morale booster providing
the necessary strength to embark on
the 500 MWe PFBR. When by the
middle of this century, India’s grid will
be powered by energy from a chain
of fast reactors, FBTR will be
remembered as the mother of fast
reactors in India, and the harbinger of
India’s energy security and economic
sovereignty.

PM’s address at Indian Nuclear Society*
It is always a pleasure to visit this
magnificent campus of the
Department of Atomic Energy in the
great city of Mumbai. I am delighted
to join the Indian Nuclear Society in
recognizing excellence in scientific
achievement. My good wishes are
with you, in particular, today’s award
winners, for your achievements in the
cause of science.
It is a particular pleasure to be here,
not merely because the Bhabha
Atomic Research Centre is one of
India’s premier institutions, but also
because it enables me to pay tribute
to the vision of titans such as Dr. Homi
Jehangir Bhabha and Pt. Jawaharlal
Nehru. This institution symbolizes, in
bricks and mortar, their aspirations for
our nation. For its part, BARC has
lived up to our expectations as a Centre
of world-class excellence. I also
acknowledge our debt to BARC for
training generations of scientists to
direct vital national programmes.
Given Dr Bhabha’s abiding passion for
physics, it is fitting that we meet today
at the Bhabha Centre, in the
International Year of Physics. And the
fact that this also the centenary year
of Einstein’s now-legendary formula
E= mc2 makes this a most unique
opportunity to be with you.
Ladies and Gentlemen:
In the light of his other magnificent
contributions to our nation, it is
easy to overlook Dr Bhabha’s
achievements in his own subject. I am
told his work in elementary particle
physics is still cited among
researchers. However, Dr Bhabha’s
name will forever be associated with
his phenomenal contribution to
institution-building in the formative
years of our Republic. His ability to
weave together diverse disciplines in

the institutions he built, was, of course,
legendary.
Besides his formidable managerial
skills, Dr Bhabha’s vision of our
national development strategy
synchronized with that of Prime
Minister Jawaharlal Nehru. In one of
his last public addresses in 1966,
Dr Bhabha ascribed the failure to
adopt and continuously assimilate
modern technology as an important
reason for ancient societies such as
ours falling behind in the race for
development. The affinity between
Dr Bhabha and Pt. Nehru was based

it was an inherent obligation of a great
country like India to “participate fully
in the march of science, which is
probably mankind’s greatest enterprise
today”.
Much of what I have said about
Panditji and Dr Bhabha is not new.
However, it bears repetition to
underline the level of difficulty, at that
early dawn of freedom, to build a
climate of opinion supportive of
expending scarce resources on
scientific and technological institutions.
This was done without expecting
immediate returns, realizing that
benefits would accrue to the nation
over generations. History has borne
out the vision of Jawaharlal Nehru. If
today we speak with pride of our

The Prime Minister, Dr. Manmohan Singh visiting the Bhabha Atomic Research
Centre (BARC) Super Computing Facility Centre, after the inauguration in
Mumbai on November 15, 2005.

on a common vision that absorption of
technology and investing in
development of indigenous and
appropriate scientific capabilities were
a sine qua non for rapid economic
development. Nehru underlined that it
was “only by adopting the most
vigorous measures, and by putting
forward our utmost effort into the
development of science that we can
bridge the gap.” He also affirmed that

*Address by the Prime Minister on November 15, 2005 at BARC
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technological capabilities, it is largely
due to his vision of a new and modern
India. Panditji’s commitment to
creating institutions of higher education
and science inspired visionary
scientists such as Dr Bhabha and
Dr Sarabhai to share his dream of a
vibrant, modern and secure India. It is
their vision of selfless service,
dedication to science and the
indomitable spirit of self-reliance that
your Centre has inherited.

Ladies and Gentlemen:
In the five decades since the
Science Policy Resolution of 1958, the
Department of Atomic Energy has
recorded signal successes. You have
vindicated the faith reposed in you by
our country and I applaud your
accomplishments. But we cannot rest
on our laurels in this competitive age.
The nation has heightened expectations from you. We now look to you
to help realize our developmental
objectives. We need you to redouble
your efforts to achieve the longawaited quantum jump in power
production. Our national objective
involves a substantial increase in the
contribution of the nuclear sector in
our energy mix, based on the threestage process through Fast Breeder
Reactor technology, culminating in the
use of our abundant Thorium
resources. There are important
technological milestones ahead but we
have every confidence that our
scientists will achieve each one. This
is one area where science and
technology hold the key to the nation’s
future energy security and economic
well-being.
The need for success is all the more
pressing as we strive to raise millions
of our people from the clutches of
poverty. Our goal of eliminating
the-age old scourges of hunger,
poverty, ignorance and chronic disease
needs unprecedented effort by all
institutions, and every element in
society. Fifty years ago, our scientists
created the first wave of development
based on application of advanced
research and modern technology. The
nation now looks to you once again, to
raise the tempo of development
through creation and application of
cutting-edge technologies. This
requires a renewed focus on our
mission and the passion to excel in all
that we do. In this competitive world,
we cannot slacken in our efforts to
catch up with developed countries.

I fully realize that this goal will not
be reached solely through your own
isolated efforts. Government must
augment research facilities to meet
future challenges. I assure you of the
Government’s fullest support to
encourage R&D. Our Government
has been increasing investment in S&T.
Ultimately, we aim to raise this
investment to around 2% of GDP,
double the current allocation.
However, to do so, we need to ensure
that our economy generates adequate
resources. This is where our
technology sector, and indeed each one
of you, has a role to play. We must
also devise innovative approaches to
maximize benefits from each rupee
that we spend.
Monitoring technological advances
elsewhere, and widening the
involvement of our young scientists in
various projects, enables us to ensure
that learning opportunities and access
to new developments are not restricted
to a minuscule segment of our
population. Emerging technologies
need to be tracked, assimilated and
adapted to our own circumstances
through concerted effort. Therefore,
we need to greatly widen the
absorptive base among our scientists
to maximize dissemination of
technology among our people.
Dr Chidambaram has often spoken of
‘Coherent Synergy’; a strategy of
national scientific development taking
place simultaneously along multiple
vectors, promoting synergy, with all
these vectors moving in the same
direction to ensure coherence.
This brings me to the announcement I made during my last visit here.
At that time, I announced that the
Homi Bhabha National Institute had
received recognition as a deemed
University. It is my fervent hope that
HBNI will seize this opportunity to
become a major contributor to our pool
of qualified scientific manpower. This
is obviously one of the best
investments our nation can make in the

cause of development. This is all the
more important given the obvious limits
on our financial resources, to provide
our institutions with the best facilities
and faculty that they deserve.
With such constraints, it is
important for us to pool our national
resources and capabilities. We must
strengthen interaction between
laboratories, academic institutions and
industrial establishments. Ensuring
high quality, cost - effective communications infrastructure linking our
scientific institutions and laboratories
is an important objective. The
development of an efficient “Grid
Technology” linking our institutions—
and our foreign partners—will
revolutionize communications in the
manner that STD telephony reconnected our country. I am therefore
optimistic that in the near future our
scientists, teachers and students
will also be part of a networked
community, interconnected with each
other and the rest of world.
At the same time, better physical
infrastructure is not the only answer
to better cooperation between our
institutions. Our systems and
institutions must evolve a culture of
flexibility, receptivity and adaptability
to external ideas and personnel. I am
happy to learn that DAE and UGC
have already initiated steps to further
expand upon the symbiotic relationship
between the Department and our
universities. Your recent initiative
under the Inter University Consortium
for DAE Facilities to expand
Universities’ access beyond the
subject of physics to your research
facilities is commendable.
Apart from expanding interaction
across academic institutions domestically, we must also focus on international cooperation. Increasingly,
large-scale scientific projects have
made it imperative for nations to join
hands, both to share costs and to
benefit from the largest pool of
expertise. Some of these projects are
Continued on page 21
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“....We call upon other advanced nuclear powers, and all those who have a stake
in the future of nuclear energy, to come together for a constructive dialogue to
evolve more effective measures that would stem the tide of proliferation without
unduly constraining the peaceful uses of nuclear energy....”*
Mr. President,
Kindly accept congratulations on
behalf of my Government and my own
behalf on your election as President
of the 49th General Conference. I am
sure, under your able leadership and
with the support of your team and the
Secretariat of the Agency, this General
Conference will be able to accomplish
the tasks before it.
I take this opportunity to welcome
the entry of Belize to the membership
of the IAEA.
Let me also use this occasion to
once again congratulate Dr. Mohamed
ElBaradei on his re-appointment as
Director-General, IAEA for another
term. We wish him all success and
as in the past, we will continue to work
in close cooperation with him in
achieving our collective objectives in
accordance with the statute of the
Agency.
Mr. President, the issues related to
global climate change, sustainability of
energy resources while meeting the
ever increasing energy needs to
support economic development and
concerns regarding escalating trends
in fuel prices, point to the inevitability
of nuclear power. Global nuclear
renaissance is now a reality.
India which constitutes one-sixth
of the global population is on the rapid
economic growth path. A recent study
has revealed that we will need to
augment our electricity generation
nearly ten-folds in next four to five
decades. This would be a significant
fraction of global electricity
generation. A large fraction of this

energy coming from nuclear power
would be of immense benefit, in the
context of environment and
sustainability concerns, for India as
well as for the rest of the world.
Nuclear energy is thus an important
and inevitable option for India. As a
part of realizing this objective, we
have been pursuing a self-reliant
indigenous nuclear power programme.
This programme is tuned to realize our
long-term energy requirements

development and our strategic
programme. Our scientists have
mastered the complete nuclear fuel
cycle. The manner of the
development of our programme which
has been envisaged is predicated on
our modest uranium resources and
vast reserves of thorium. While the
energy potential available in these
resources is immense, we remain
committed to the three-stage nuclear
power programme, consisting of

utilizing our vast thorium resources.
This is of crucial importance to us as
our uranium resources are modest. In
this context, let me quote from the
statement of our Prime Minister made
in our Parliament on 29th July, 2005
“Our nuclear programme in many
ways is unique. It encompasses the
complete range of activities that
characterise an advanced nuclear
power including generation of
electricity, advanced research and

Pressurised Heavy Water Reactors
(PHWRs) in the first stage, fast
breeder reactors in the second stage
and thorium reactors in the third stage.
These would need sequential
implementation in an integrated
manner. Our scientists have done
excellent work and we are progressing
well on this programme as per the
original vision outlined by Pandit
Jawaharlal Nehru and Dr. Homi
Bhabha. We will build on this precious
heritage.
Energy is a crucial input to propel
our economic growth. We have
assessed our long-term energy
resources and it is clear that nuclear

* International Atomic Energy Agency, 49th General Conference, Vienna,
28th September 2005, Statement by Dr. Anil Kakodkar, Chairman, Atomic Energy
Commission and Leader of the Indian Delegation
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power has to play an increasing role
in our electricity generation plans.
While our indigenous nuclear power
programme based on domestic
resources and national technological
capabilities would continue to grow,
there is clearly an urgent necessity for
us to enhance nuclear power
production rapidly. Our desire is to
attain energy security to enable us to
leapfrog stages of economic
development obtained at the least
possible cost. For this purpose, it would
be very useful if we can access
nuclear fuel as well as nuclear
reactors from the international market.
Presently, this is not possible because
of the nuclear technology restrictive
regimes that operate around us.”
While addressing at the Golden
Jubilee Function of the Department of
Atomic Energy (DAE) and the launch
of construction of the Prototype Fast
Breeder Reactor (PFBR) at
Kalpakkam on October 23, 2004, our
Prime Minister had said:
“India is a responsible nuclear
power. We are fully conscious of the
immense responsibilities that come
with the possession of advanced
technologies, both civilian and
strategic. While we are determined to
utilize our indigenous resources and
capabilities to fulfill our national
interests, we are doing so in a manner
that is not contrary to the larger goals
of nuclear nonproliferation.
India will not be the source of
proliferation of sensitive technologies.
We will also ensure the safeguarding
of those technologies that we already
possess. We will remain faithful to this
approach, as we have been for the last
several decades. We have done so
despite the well-known glaring
examples of proliferation, which have
directly affected our security interests.
The limitations of the present nonproliferation regime should not be
further accentuated by artificial
restrictions on genuine peaceful
nuclear applications. Technology
denial and closing avenues for

international cooperation in such an
important field is tantamount to the
denial of developmental benefits to
millions of people, whose lives can be
transformed by the utilization of
nuclear energy and relevant
technologies.
We call upon other advanced
nuclear powers, and all those who
have a stake in the future of nuclear
energy, to come together for a
constructive dialogue to evolve more
effective measures that would stem
the tide of proliferation without unduly
constraining the peaceful uses of
nuclear energy. Constraining those
who are responsible, amounts, in
effect, to rewarding those who are
irresponsible. The international
community must face up to the
implications of this choice. We in India
are willing to shoulder our share of
international obligations provided our
legitimate interests are met. India has
actively embraced globalisation.
There is no reason why nuclear
energy production should be an
exception.”
We are happy that we are now
feeling the winds of change. We
welcome the statements of USA and
France on this podium and the positive
and cooperative approach of several
key countries in this regard. We look
forward to a rapid growth in nuclear
power generation capacity in India
based on full international civilian
nuclear cooperation as we continue
our efforts to develop appropriate
indigenous technologies towards
realization of the ultimate goal of
large-scale utilization of thorium for
energy production not only in the form
of electricity but also as hydrogen. We
expect that the unique case of India
as a responsible country with
advanced nuclear technologies
developed in a self-reliant manner, its
large-scale energy requirements
which have ramifications in terms of
protecting the global climate, ensuring
sustainability of energy resources and
restraining escalating spiral of fuel
9

prices, its impeccable record in terms
of non-proliferation of WMD
(weapons of mass destruction) and
related technologies and adherence to
all its international commitments would
soon result in lifting of all restrictions
on India. Predicated on our obtaining
the same benefits and advantages as
other nuclear powers, consistent with
our national policy of maintaining the
integrity of our three stage nuclear
energy programme, and ensuring full
autonomy of our nuclear programme
of strategic and R&D significance,
India would be prepared to take
reciprocal steps in a phased manner
in keeping with the responsibilities and
obligations of an advanced nuclear
power with the objective of full civilian
nuclear energy cooperation with
international partners. Since some of
these steps will also include
safeguards on facilities of a civilian
nature, selected by India on a
voluntary basis, we will, at the
appropriate stage, approach the IAEA
in this regard.
Mr. President, we would like to see
a rapid increase in nuclear power
generation capacity in India well above
the planned programme of achieving
20,000 MWe by the year 2020. This
capacity could consist of imported light
water reactors (LWRs) which run on
imported fuel, domestic pressurised
heavy water reactors (PHWRs)
which run on imported fuel, domestic
PHWRs which run on domestic fuel
and Fast Breeder Reactors.
Progressively power reactors running
on thorium would get added to this list.
Let me now report some of the
recent developments in India. With the
PHWR programme well on its growth
path and having established comprehensive expertise in Fast Breeder
Reactor (FBR) Technology, we have
now embarked on the development of
FBR-based second stage of our programme with the start of construction
of the 500 MWe Prototype Fast
Breeder Reactor launched in October
last year. Our studies indicate that we

should be in a position to support
around 500 GWe power generation
capacity based on FBRs with
plutonium bred from indigenously
available uranium. We are certain that
Fast Breeder Reactors by virtue of
their crucial place in sustainable
development of nuclear energy would
come centrestage worldwide in a
couple of decades. The first 540 MWe
PHWR unit at Tarapur has
commenced commercial operations
about 7 months ahead of schedule.
Unit-1 of Kakrapar Atomic Power
Station has been operating continuously for more than a year. This is an
Indian record. The indigenously
developed unique Pu-rich mixed
carbide fuel used in the Fast Breeder
Test Reactor (FBTR) has performed
extremely well crossing a burn-up of
1,48,000 MWd/t, without a single fuel
pin failure. One of the important
achievements during the year was
closing of the fuel cycle of FBTR. The
FBTR fuel discharged at 100,000
MWd/t has been successfully
reprocessed. This is the first time that
the Plutonium-rich carbide fuel has
been reprocessed anywhere in the
world. As a part of development of
higher burn-up fuel for PHWRs
25 MOX bundles were successfully
irradiated to a target burn-up of about
11,000 MWd/T. This year we have
introduced additional 25 MOX fuel
bundles in one of our PHWRs.
Construction of five PHWRs is
progressing on schedule. These along
with the two 1000 MWe VVERs
presently under construction at
Kudankulam in collaboration with
Russian Federation, would contribute
3420 MWe additional carbon-free
electricity to the Indian grids in about
3 years time.
We have taken up development of
sites for new nuclear power units and
have commenced work to identify
additional sites for further expansion
of the programme.
The design of Advanced Heavy
Water Reactor, an innovative Indian

design aimed at moving further on
thorium utilization route is under
regulatory review. We intend to
proceed further to take up its
construction after the review process
is completed. Work on development
of a Compact High Temperature
Reactor with the aim of producing
hydrogen, which could be the most
important energy carrier in the future
as well as development of
Accelerator Driven Systems that
could sustain growth with thorium
systems and enable incineration of
long lived radioactive wastes is
progressing well. The development of
laser-based Uranium-233 clean up
system, a crucial element in thorium
utilization programme has made
significant progress. The Steady State
Superconducting Tokamak – SST-1
would soon see the first plasma shot.
We are looking forward to joining the
ITER project as a full partner.
The safety record of our nuclear
and radiation facilities continues to be
excellent. During 2004, we had only
1 event at level-2 and 4 events at
level-1 of the International Nuclear
Event Scale (INES).
En masse coolant channel
replacement and other safety
upgradation jobs in the Madras Atomic
Power Station Unit-1 are nearing
completion and the Unit is expected
to be back in operation before the end
of this year. A comprehensive safety
review of the Tarapur Atomic Power
Station which is in operation since
1969 has been completed by our
regulatory body and implementation of
the identified ageing management and
safety upgradation jobs will be taken
up shortly.
On December 26, 2004, the
Eastern and Southern coasts of India
were hit by a tsunami. Unit-2 of the
Madras Atomic Power Station which
was in operation at this time
experienced minor flooding in its sea
water pump house due to tsunami induced surges and was shut-down.
Apart from this, there was no other
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impact on the plant and the Unit could
be brought back to operation within
one week after review of the incident
and clearance by the regulatory body.
The excavated pit at the Prototype
Fast Breeder Reactor construction
site got flooded due to sea water
ingress on account of the tsunami.
The pit was dewatered and cleaned
and, after incorporating necessary
corrective measures, construction
work has been resumed. The tsunami
did not have any impact on the
construction site of the two VVER1000 NPPs.
In the area of accelerators and
lasers, the second Indian Storage Ring,
the 2.5 GeV Synchrotron Radiation
Source – Indus-2, has been fully
assembled and integrated. All subsystems have been made operational
and initial experiments to store 600
MeV electron beam in the ring have
been commenced. Laser - based
coolant channel cutting technology has
been developed and successfully
tested on one of the channels in a
PHWR. This development will greatly
bring down the man-rem consumption
during the planned en masse coolant
channel replacement work in the
Narora Atomic Power Station
reactors.
There has been a steady progress
in expanding the benefits of atomic
energy for the society. Several
radiation processing plants based on
Cobalt-60 are under construction in
private and cooperative sectors.
Demonstration facilities for radiation
processing of food and materials using
electron beam accelerators are also
in advanced stage of construction. An
Advanced Centre for Treatment,
Research and Education in Cancer
(ACTREC) has been set up with the
specific mandate to undertake on
mission-oriented basis applied and
translational research on cancer
prevalent in Indian subcontinent. It
will also apply cutting edge
technologies in the treatment of
cancer in partnership with industry and

leading institutions in India and abroad
and conduct educational programmes
and undertake human resource
development in different disciplines of
oncology. To meet the growing
demand of Teletherapy machines to
combat cancer, an indigenously
designed and developed state of art
Co-60 Teletherapy machine
BHABHATRON,
has
been
commissioned. We feel this product
would be very useful for fighting
cancer in the developing world. Indian
experts are actively involved in the
Agency’s “Programme of Action for
Cancer Therapy” (PACT).
The International Atomic Energy
Agency is playing a vital role in the
peaceful uses of nuclear science and
technology in a safe and secure
manner. As in the past, we have been
working in close partnership with the
Agency. Our experts are involved
actively in the Agency’s international
project on Innovative Nuclear
Reactors and Fuel Cycles (INPRO).
India has committed itself to carry out
an INPRO Joint Study for an
assessment of an innovative nuclear
energy system based on high
temperature reactors for the
production of hydrogen using the
INPRO methodology. As a part of
the INPRO programme, India is also
participating in the joint study on
Innovative Nuclear Fuel Cycles based
on Fast Reactors with closed fuel
cycles.We look forward to the
initiation of phase-2 of INPRO.
In the area of knowledge management, our experts take active part
in the Agency’s programme such as
Asian Network for Higher Education
in Nuclear Technology (ANENT) and
in the recently conducted WNU’s first
Summer Institute of Fellows having
an intense 6-week educational
experience featuring some of the
international community’s foremost
leaders in science, engineering and
environment.
Nuclear technology is knowledge
intensive. Development of individuals

is central to knowledge management.
Nuclear industry needs well-trained
human resources and strong industrial
infrastructure for its exploitation. High
importance has been given to Human
Resource Development, right from
the beginning of our programme.
Recently our Prime Minister has
announced the setting up of Homi
Bhabha National Institute as a
Deemed University to provide a
platform for accelerating the pace of
basic research as well as translation
of basic research into development of
advanced nuclear technologies.
We attach great importance to the
Technical Cooperation Programme of
the Agency. As in the past, we have
pledged and paid our contribution to
Technical Cooperation Fund in full and
in time. In the year 2000, the
Department of Atomic Energy had
entered into a Memorandum of
Understanding with the IAEA to
further strengthen cooperation with
the Agency covering Fellowship
Training, Scientific Visits and Expert
Services. An agreement was signed
last month for streamlining the
procedures for activities covered by
this MoU. In the area of nuclear
safety and security, India ratified the
Convention on Nuclear Safety and
participated in the third review
meeting of the contracting parties
held in April as an Observer. We also
took active part in the amendment
process to the Convention on Physical
Protection of Nuclear Materials.
India, United States and IAEA
have established a Regional
Radiological Security Partnership
programme (RRSP). Under this
framework, India offered to provide
infrastructure and expertise on a
regular basis for conducting
International Training Courses in India
under the aegis of IAEA, on issues
related to the Security of Radioactive
Sources and materials as also for
locating Orphan Radioactive Sources
in countries which are unable to
effectively deal with them and which
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seek assistance from the IAEA. Like
in the past few years, India will be
conducting the Regional Training
Course on Physical Protection of
Nuclear Installations during
November 7-18, 2005 in Mumbai.
Last month, a five-day
international Workshop on external
flooding hazards at Nuclear Power
Plant Sites was organized at
Kalpakkam. The Workshop provided
the opportunity for experts to
exchange experience and knowledge
related to flooding hazards at NPP
sites arising from various causes
including tsunamis.
Mr. President, before I conclude,
it is worthwhile for us to remind
ourselves on the eve of the Golden
Jubilee year of the Agency, that the
IAEA is the world’s centre of
cooperation in the nuclear field and
was set up as the world’s “Atoms
for Peace” organization within the
United Nations family. The Agency
has well established mechanisms to
realise the full potential of atoms for
sustainable development. With the
huge development deficit that still
exists, sustainable development is
crucially dependent on the enormous
power of atom. The challenge before
us is to channelise this enormous
potential to world peace and prosperity
while preventing its destructive use by
irresponsible state and non-state
actors. Addressing this challenge
successfully would change the
perception of the Agency from just a
‘nuclear watchdog’ to a ‘nuclear
Kamadhenu’, the Indian mythological
cow, that symbolises an inexhaustible
sustenance provider for the welfare
of the humanity. Once we realise this,
a good part of cause for conflict should
vanish. We thus have an unique
opportunity here at IAEA to make a
lasting contribution to world peace.
We owe this to this unique multidisciplinary organisation and in fact
the entire UN system.
Thank you, Mr. President.

“A widespread atomic power industry in the world
will necessitate an international society in which
the major states have agreed to maintain peace.”
Fifty years ago, on October 12, 1955 the first International
Conference on the Peaceful Uses of Atomic Energy was held in
Geneva, Switzerland. Present here are the excerpts of the address
of Dr. Homi J. Bhabha, who presided over the Conference.
“Mr. Chairman,
I wish to thank this Committee for
having invited me to address it on the
work of the International Conference
on the Peaceful Uses of Atomic
Energy at Geneva, of which I had the
honour to be President. When I came
to the United States a few days ago I
did not expect to have to report on
the Conference, and consequently I
arrived without my notes and
Conference papers. Fortunately, I
have been able to make use of the
facilities which are available here in
the Secretariat, although the time at
my disposal has been rather short for
preparing an adequate report on a
conference which covered so wide a
field and dealt with so complicated a
subject as atomic energy. .... ”
“ .... A number of sessions of the
Conference were devoted to
estimating the present and future
energy needs of the world and the
energy requirements of individual
countries. In discussing this subject,
involving very large amounts of
energy, it is convenient to use an
appropriately large unit, and I shall
here use a unit, denoted by ‘Q’, which
is equal to a million million million
British thermal units of energy,
corresponding to the combustion of
some thirty-three thousand million
tons of coal. It is generally agreed that
the world is consuming energy at the
rate of 0.1Q per annum today. In a
paper submitted by the United
Kingdom, it was assumed that the
minimum rate of increase of energy
consumption would be 2 per cent per

annum, while in a paper prepared by
the Secretariat of the United Nations
a high rate of 3-1/2 per cent per annum
was assumed, which could be attained
under favourable conditions. The
former assumption leads to a
consumption of energy by 2,000 A.D.,
which is some 2-1/2 times the present
consumption, while the higher rate
leads to 572 times the present figure.
It is difficult to project world energy
requirements with any confidence
beyond the end of this century.
World requirements of electricity
are estimated to rise at an even faster
rate, the minimum being 3.4 per cent

per annum and the probable rate about
6 per cent per annum, leading to a rate
of consumption of electricity in
2,000 A.D. which would be between
9 and 19 times the present rate.
To estimate the future role of
nuclear power, estimates had to be
made of world reserve of coal, lignite,
oil and gas, and several papers dealt
with this subject. Economic and
technical questions are involved in the
answer, for we are not concerned
with the total physical quantities of
these substances which are found
under the surface of the earth, but to
the amounts which are considered to
be recoverable at reasonable costs.
The figures will naturally be revised
upwards as new deposits are
discovered and improved techniques
make possible the working of poorer
deposits. However, actual experience
during the last few decades shows that
the estimates of reserves have been
continuously revised downwards, as
more detailed information proved
earlier estimates to be over-optimistic.

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.
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The results of all the various estimates
can perhaps be best summarised in the
statement that total world reserves of
conventional fuel are equal in energy
value very roughly to 100 Q. They may
be much less, but not much more.
Taken in conjunction with what has
been said earlier about the rate of
increase of fuel consumption in the
world, this would lead one to the
conclusion that, so far as the world as
a whole is concerned, reserves in the
ground of conventional fuels are more
than adequate to meet the total world
requirements of energy for well
beyond the end of this century.
However these reserves are very
unevenly distributed throughout the
world and consequently some areas
may find it difficult to obtain the energy
they require at prices they can afford
to pay. Among these are areas in
which the production costs are already
high, such as Europe; the densely
populated areas of North Africa and
Southern Asia, where resources are
limited, and areas of Latin America
which have only small resources of
their own. .... ”
“.... It was said earlier that world
reserves of conventional fuels appear
sufficient to meet the actual world
energy requirements well beyond the
end of this century. This statement,
however, does not give a complete
picture of the actual situation. It is
generally realised that the standard of
living is closely related to the per
capita consumption of energy. This
varies from 62.1 megawatt hours per
annum per head for a highly
industrialised country like the United
States to 36.6 for the United Kingdom
and 2.7 for India. There are large
areas of the world where the per
capita consumption of energy is very
low. lf, for argument’s sake, it is
assumed that the per capita
consumption of energy in the entire
world were the same as in the United
States today, and allowances were
made for a doubling of the world

population within the next hundred
years, which is the least that we can
expect, then the known reserves of
conventional fuels would be
exhausted in under a century. They
show the absolute necessity of finding
some new sources of energy if the
light of our civilization is not to be
extinguished because we have burnt
out our fuel resources.
To illustrate how acute the energy
problem is for some under-developed
areas of the world, I quote some
figures from a paper dealing with the
energy problem in India. It was
shown in this paper that the resources
of hydro-electric power and
conventional fuels in India are
insufficient to enable it to reach a
standard of living as high as the
present U.S. level. Only a few figures
are necessary to establish this fact.
The total reserves of coal in India are
roughly 40,000 million tons or roughly
110 tons of coal per head of
population. The energy consumption
of the United States is equivalent to
the burning of some nine tons of coal
per annum per head. Thus, India’s coal
resources would be insufficient to
maintain a standard of living equal to
the present U.S. standard for more
than a decade. The total energy
consumption in India is about a tenth
that of the United States, and of this
total some 75 per cent is contributed
even today by the burning of
agricultural waste. The total hydroelectric potential of India is estimated
to be between 35 and 40 million
kilowatts of installed capacity. The
entire harnessing of this potential
would yield only one-seventh as much
energy as is already obtained today
by burning agricultural waste. In many
other areas of the world, the energy
problems are even more acute.
These figures illustrate the ultimate
necessity of finding a new source of
energy in some parts of the world.
They show in a striking manner that
the presently known reserves of coal
are insufficient to enable many under13

developed countries of the world,
which contain a major part of its
population, to attain and maintain for
long a standard of living equal to that
of the industrially most advanced
countries.
It is in this context that we turn to
atomic energy. The Conference
clearly shows that there will be no
shortage of the atomic fuels uranium
and thorium. To quote from a paper
submitted to the Conference by
Mr. Jesse Johnson of the U.S. Atomic
Energy Committee “A nuclear power
era will have abundant fuel resources.
The problem will be the efficient and
economic utilization of these nuclear
fuels... The world’s energy resources
in the form of nuclear fuels far exceed
those of all other types of fuel. There
are adequate resources of uranium
and thorium for a long range
expanding world power programme...
as the nuclear power programme
grows and the search for uranium is
extended, more information will
become available about the resources
for the future. There is every reason
to believe that these resources will be
far larger than those we are
considering today.”
The important conclusion to be
drawn from what has been said above
is, first, that our civilization cannot
continue indefinitely on the basis of
the conventional fuels alone, and
secondly, that uranium and thorium
can support a progressively expanding
world power programme for many
centuries. Thus, even if the widespread use of atomic energy for
peaceful purposes faces us with
political and military problems, we
have no option but to solve these
problems. .... ”
“ .... It was shown that we could
expect to extract from a ton of
uranium as much energy as we get
from 10,000 tons of coal. This is
without taking into account the new
fissionable material which is produced
in the fertile materials U-238 and
thorium in the course of the power

production. Breeding, which it was
demonstrated should be possible in
homogeneous reactors in thorium, and
in fast reactor in uranium also, would
make a ton of uranium yield as much
energy as between one and three
million tons of coal. To quote Mr.
Johnson again, “The location of
nuclear power plants will not be
determined by the availability of a local
fuel supply. Nuclear fuel can be
transported by air to any part of the
world and transportation costs will
have no measurable effect upon the
cost of power.” For the first time, as
far as power resources are
concerned, mankind is in a position to
be liberated from the uneven and
capricious distribution of fuel sources
by nature.
Papers were read on the atomic
power station of five thousand
kilowatts which has now been in
operation for some time in the USSR,
and on the design and operating
experience of a prototype boiling water
reactor in the United States with a
power output of 3,500 kilowatts. The
first large atomic power station to go
into operation with a capacity of
50,000 kilowatts will probably be the
one now under construction at Calder
Hall in the United Kingdom. Many
other prototype power stations are
being planned and built in several parts
of the world. Firm costs of atomic
power will not be available till we
have gained experience during the
next ten years from the operation of
these power stations, but sufficient is
known to us to be able to conclude
that in certain areas, and in special
circumstances, electric power from
atomic energy could be competitive
with that from conventional sources
such as coal and oil even today. .... ”
“ ....Papers were also communicated at the Conference describing in
general terms two fast neutron
reactors that are being built, and
prototype power stations based on
them. Any one such reactor may be

estimated to require several hundred
kilograms of concentrated fissile
material, depending upon its size, that
is, enough fissile material to make
many atomic bombs. This and the
previous examples illustrate the close
connection there is between the
peaceful and military applications of
atomic energy, and the safeguards that
will be necessary to ensure against
misuse. As I said, in my opening
address to the Conference, “A
widespread atomic power industry in
the world will necessitate an
international society in which the major
states have agreed to maintain peace.”
Another remarkable feature which
the Conference brought to light was
the parallel work which has been done
in secrecy till now in several
countries. For example, no less than
five countries had independently
developed the same techniques for the
extraction of uranium from certain
ores. The sessions on the fission
process are particularly significant
from this point of view. Cross-sections
for the fission process in uranium-233,
uranium-235, and plutonium-239, had
been measured independently in
France, the United Kingdom, the
Soviet Union and the United States,
with remarkable agreement between
themselves. The scientists concerned
gathered after the meeting in a nonscheduled session to draw up a table
of their results and were able to agree
on what they described as an
“Agreed international value.” This
point is so important that I would like
to quote some of the figures as an
example — For the fission crosssection in plutonium-239, the United
Kingdom scientists gave a figure of
702, the USSR figure was 715, the
USA figure was 740, and the figure
from France was 760, the agreed
international value being 729. Since
fission cross-sections are crucial in
the design of atomic reactors, and for
higher energies are relevant to
calculations regarding the critical
mass in atomic weapons, this example
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shows the unreality of the belief that
security can be insured by secrecy,
or the ability to develop atomic
reactors and weapons is the monopoly
of any single nation or group of
nations.
The sessions on biology and
medicine have shown the great
importance of isotopes in the study of
the phenomena of life. The discussions
indicated that all countries were alive
to the direct biological hazards of
radiation and that safe tolerance doses
have been established. On the other
hand, the discussion of the genetical
effects of radiation clearly showed
that we have not yet enough
knowledge on which to base definite
conclusions, and that a concerted and
massive research effort on this
problem is required, before we can be
quite sure that no suffering will be
caused to future generations. There
is no cause for alarm, but till the
matter has been fully studied and
understood, it would be wise,
wherever possible, not to permit
people to be subjected to more than
about a tenth of the dose considered
safe at present. While there was a
difference of opinion among scientists
on this and several other subjects, it is
important to note that the difference
showed no national pattern.
This Conference arose out of the
bold initiative of President Eisenhower.
It is generally recognized that it
succeeded beyond all hopes and
expectations. Its success was due to
many factors. In the first place, it came
at a time when international tensions
had relaxed and there was a propitious
international atmosphere created
by the Summit Talks at Geneva. It
may have made its own modest
contribution to a further improvement
of the international atmosphere.
Secondly, its success was due to the
spirit and the manner in which all the
delegates played their part, and the
goodwill and determination of the
participating nations to cooperate in
this great venture. ....”

Oxygen-18 Isotope Enrichment Studies on
Pilot Plant Scale by Water Distillation
V. K. Tangri
Head, Heavy Water Division, BARC
Among the three isotopes of
oxygen, 16 O is the most abundant
species (natural abundance of 16O is
99.76%, 17O is 0.037% and 18O is
0.204%). Oxygen-18 has found more
attention due to its use in the study of
organismal energy expenditure and
organ specific utilization of glucose.
The former uses Oxygen-18 as a
tracer to measure CO2 production of
free-living tissues and organs.
Oxygen-18 is the precursor of
Fluorine-18, used in Positron Emission
Tomography (PET). For PET most
widely used technique is glucose
(18F-fluoro-D-glucose) metabolism
and is widely applied in the detection
and staging of malignancies epilepsy
and other syndromes in clinical
patients. 18FDG PET requires about
45 minutes after intravenous admission
of 5.3 mCi of FDG. Fluorine-18 isotope
is produced insitu from Oxygen-18
isotope in a cyclotron by (p,n) reaction, because half life of Fluorine -18
isotope is very small (T1/2 = 109.8
minute).
BARC has setup a PET equipment
at the Radiation Medicine Centre
(RMC), Parel, Mumbai, which is the
first of its kind in India. It is finding
wide applications, and a number of
more units are likely to be setup in the
country in near future. Thus there is a
considerable amount of Oxygen-18
requirement in near future. It was
therefore decided to setup an Oxygen18 production plant by BARC.
As of now, all the known processes
which led to light isotope enrichment
were tested for their suitability in
oxygen isotope enrichment. These
include fractional distillation of water,
oxygen, carbon monoxide, nitric oxide,
thermal diffusion of oxygen or carbon

monoxide, electrolysis of water,
chemical exchange etc. Out of all
these processes presently only
fractional distillation of water is
considered to be the most
commercially viable process for
Oxygen-18 isotope production,
worldwide, because it is safe, simple,
extensive availability of inexpensive

raw material and no stringent
requirement of special material of
construction.
Presently there are only four
known commercial Oxygen-18
enriched water producers in the world.
Oxygen-18 isotope enrichment
required for PET application is 95%
and currently its cost is approximately
$170/cc.
Studies on Indigenously
Developed Phosphor Bronze
Wire Mesh Structured Packing
In view of the above and
uncertainty of the supply in
future,Heavy Water Division, BARC
has taken up the responsibility of

Overall View : Oxygen -18 Plant
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Pilot plant operation was started in
the month of June 2004 and results
obtained are highly encouraging.
Samples drawn from various points
were equilibrated with CO2 and were
analyzed on a Isotope Ratio Mass
Spectrometer for their isotopic
enrichment. The analytical support
was extended by Isotope Application
Division, BARC. Hydraulic column
performance data has been generated
for few pre-determined operating
points. The pilot plant studies are still
continuing for finding various operating
parameters.
Studies on Feedstock Selection
Feedstock comparative studies
have been conducted for light water
and heavy water. It is found that
enrichment ratio is less for heavy
water as compared to light water as a
feedstock. It is estimated that 5% extra
plant volume is required even for
available pre-enriched heavy water of
(0.37%) Oxygen-18 isotope
concentration from Heavy Water Plant
compared to light water. Moreover
operating loss in terms of heavy water
cost will be more even in case of
closed loop operation.

Reboiler : Oxygen -18 Plant

setting up a plant for producing
1 kg/year Oxygen-18 enriched water
with 95% isotopic enrichment. To
achieve this objective complete design
and optimization of a distillation
cascade employing 10 stages has
been done by the year 2004. For
design validation study, a small pilot
plant has been installed at Hall-2,
BARC. This plant consists of a single
50mm diameter and 7500mm tall
column with three sections, in addition
to re-boiler and condenser. Column
packing used is phosphor bronze wire
mesh woven structured packing,
developed by Heavy Water Division,
BARC. Basic control concept has

been incorporated to verify the
automation and controllability of the
column in long run. This column can
also take up the up-gradation of
degraded Oxygen-18 enriched water
from PET reject.
Current objectives of the pilot plant
are listed as follows:
1. Parametric optimization studies
for different packing material
(Phosphor bronze and SS).
2. Shapes and size (structured
and random) of column
internals.
3. Studies with different
feedstock (ordinary water and
heavy water).
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Conclusion
From the present study, it is
concluded that the phosphor bronze
wire mesh woven structured packing
developed by Heavy Water Division,
BARC is an excellent tower internal
for Oxygen-18 and can be used with
advantage for large size columns. Light
water (ordinary water) is a more
suitable candidate as compared to
heavy water as feed material. Heavy
Water Division, BARC, is embarking
on developing random packing suitable
for Oxygen-18 enrichment for small
size columns, which will be required
for the projected plant capacity.

Research and Development Projects of
Variable Energy Cyclotron Centre
The Variable Energy Cyclotron
Centre (VECC) has been engaged in
the development of major projects such
as Superconducting Cyclotron, Heavy
Ion Acceleration with VEC and
Radioactive Ion Beam Facility. These

are described in brief in the following
paragraphs :
Superconducting Cyclotron
This is an essential project to
extend the scope of basic research in

nuclear physics and allied sciences
being carried out in VECC. The
energy regime for heavy ions
achievable using electron cyclotron
resonance (ECR) with VEC will be
greatly extended with the help of this
accelerator. The construction of the
superconducting cyclotron will lead to
important technological fall-out in the
field of superconducting magnets on
industrial scale. The cryogenic
technology to be developed is strategic
in nature. The cyclotron under
construction will be a national facility
catering to the demands of various
research institutions and the university
system of the country. A provision has
been made to use the beam for
medical application.
Heavy Ion Acceleration with VEC
The advanced ECR heavy ion
source at VEC, delivers highly stripped
heavy ion beams like O6+ , Ne8+ , Ar
11+
etc. with very high intensity. It is
now proposed to accelerate these
heavy ion beams using VEC upto
30 million electron volts/ampere
(MeV/A). For efficient and reliable
operation of the entire accelerator,
several systems such as vacuum,
power supplies, radio frequency,
diagnostics, need to be improved in
performance. Further, for an effective
utilisation of the machine time, it is
necessary to have a stand-by ECR
source. Heavy ion beams upto
30MeV/A will be available for
experiments as a national facility to the
institutions and the university system.
This energy regime for low mass
heavy ion is not available with the
pelletrons even after upgradation.
Heavy ion beams will also be used for
material science and atomic physics
research.

A view of the Superconducting Cyclotron Magnet Iron with its pole cap lifted-up,
Cryostat Assembly, and Cryogenic Distribution lines
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Radioactive Ion Beam Facility
The objective of the project is to
set up a facility for accelerating
radioactive ion beams upto the energy
of 5MeV/A using a radiofrequency
quadrupole (RFQ) and a LINAC. This

will be a logical extension of the
upgraded ISOL facility developed at
the centre during the eighth plan period.
The significant work on the design and
development has already been carried
out including construction of a RIB
laboratory. A unique facility for frontline research in nuclear physics,
astrophysics, multidisciplinary activities
like ion implantation, surface physics
and potential application in nuclear
industry and application.with radiactive
ion beams, not available anywhere in
the country, will be provided to the
experimentalist . It will be a national
facility. This work is being carried out
jointly by VECC and Saha Institute of
Nuclear Physics (SINP ) .The linkage
will be with the university system and
research institutions through its
utilisation. VECC and RIKEN
(Japan) have established a scientific
collaboration for mutual cooperation in
the RIB facility at VECC and RIB
factory at RIKEN.

MEGHNAD setup

Advanced Computational Facility
This is to gear up the computational
facility of VECC to cater to the needs
of various users of cyclotron as well
as for the in-house accelerator
research groups. It is proposed to
replace the almost out-dated
computers like ND-560 & Super-32
with powerful Unix servers. A High
speed networking , data acquisition &
analysis for multidetector heavy ion
experiments are some of the items of
the project.
Recovery & Analysis of Helium
from hot springs
After exploring the sources of
Helium from different hot springs
( VIII th plan project ), the next phase
of activities centres around for the
recovery and purification of Helium
collected from hot springs of
Bakreshwar & Tantloi so that it can
be used for the accelerator. This
project is valuable as this is a logical
extension of the on-going work.
Helium is an essential commodity in

STAR Photo Multiplicity Detector (PMD) manufactured at VECC and set up at the
Brooke Haven National Laboratory, USA

many modern technological process
and research work particularly in
atomic energy. Its usefulness
combined with its general scarcity has
made it a strategic material. It is
therefore important to recover it from
local sources. The success of the
purification of Helium to cryogenic
grade 99.995% will definitely open up
the avenue for carrying out this activity
on industrial scale.
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International Collaboration for the
study of Quark Gluon Plasma
To develop the detector system for
carrying out experiments of ALICE
Collaboration using high energy beams
from the existing accelerators as well
as the large hadron collider (LHC)
under construction at CERN. The
detector system is also proposed to be
used with the relativistic heavy ion
collider (RHIC). This will open

opportunities for the Indian group to
participate in the experimental
programme using this facilities. The
participation in this sort of international
collaboration will enable VECC to
have an access to the most advanced
and sophisticated technology. Further
indian scientists can get an access to
use the ultra high energy accelerator
facilities for front line research in the
field of quark gluon plasma (QGP).
The university system and the DAE
units like SINP are strongly involved
in the development and fabrication of
the detector system. The participating
institutions will be taking part in the
front-line research experiments.
Heavy ion Experimental Facility
For a modest and meaningful use
of heavy ion beams from upgraded

VEC machine, a survey was done to
identify some areas of current interest
for both basic and applied research.
The high energy gamma ray
spectrometer, based on BaF2
scintillators, the compact CsI (Ti)-PIN
photodiode based charged particle
multiplicity filter array for channel
selection in high spin spectroscopy, are
some of the modest facilities planned,
which would address some of the
major questions relating to decay of
hot heavy nuclei and high spin
phenomena in nuclei. These detector
systems would either compliment or
supplement the multi-purpose detector
systems (MEGHNAD) proposed by
SINP. The augmentation of research
facility has been planned keeping in
mind the fact that a large number of
users from universities and national

institutes will be using the facility for
experiments which will address some
of the important questions in heavy ion
physics.
Material Science Research using
Accelerators
This project aims at carrying out
radiation damage studies on the
structural materials such as zircaloy
for pressurised heavy water reactors,
stainless steel for fast breeder test
reactor etc. using VECC with light and
heavy ion beams. This is a valuable
extension of the research programme
for the utilisation of VEC. The
research data on the various damage
studies will guide for developing better
materials in terms of higher burnup,
better corrosion resistance properties,
better irradiation creep and growth
resistance properties.

Revealing Water´s Mysteries Where Taste Buds Fail

Three glasses of water from around the world - Libya,
Australia and Vienna - sat on a table waiting for the ultimate
“taste test”. They all looked identical. They all smelled
alike. They all originated from local rain. The big difference
was, some of it fell recently and some thousands of years
ago.
The taste between the 140 thousand year old water
from Down Under and five year old tap water from Vienna
was not distinguishable to dozens of water experts who
tried and were fooled by the Mother Nature at the IAEA
General Conference water exhibit. Admittedly perhaps the
Australian water was a little saltier.
The exhibit showed that taste buds won´t tell you much
about the age of water but chemical elements called
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isotopes, can. Knowing the age of water reveals how long
it has been underground. The younger it is, the more
communities can pump away with the confidence that
rainfall is replenishing their water supply.
It is an opposite story for the 140 thousand year water
from the Great Artesian Basin in outback Australia, and
the 25 thousand year old water from the Kufra aquifer in
Libya. These ancient waters are limited resources. By
knowing the age of water countries can better manage
and sustain their freshwater sources. It is key information
that scientists are sharing through IAEA-supported
projects around the world.
The natural isotopes of the water molecule, hydrogen
(namely deuterium) and oxygen (oxygen-18), as well as
carbon isotopes are studied using techniques collectively
known as isotope hydrology. Cheap and reliable, they tell
scientists how much water is available, how often it is
replenished, where it comes from (and if it crosses national
borders), and if there is any more to be found.
That´s vital information in a world where more than a
billion people lack access to safe drinking water.
Isotope hydrology offers a way to better manage the
planet´s water resources and help prevent future crisis.

Source : IAEA Press Release

Trombay Groundnuts in Tribal Area
G.S.S. Murty and D.M. Kale
Nuclear Agriculture & Biotechnology Division
Bhabha Atomic Research Centre
Genetic improvement of crop
plants through induced mutagensis to
benefit the farming community is in
progress at BARC under Societal
Vision. In this endeavour, so far,
26 varieties have been released for
commercial cultivation of which 10 are
Trombay groundnut (TG) varieties.
Among the 10, TAG-24 and TG-26
varieties became very popular and
extensively cultivated in several states
in the country.
As a measure of popularization,
BARC is supplying seed of TG
varieties for conducting front line
demonstrations in the farmer’s fields
in general including Adivasi areas. On
May 14, 2005 a Farmers’ Rally was
organized in a tribal village Navali,
District Nandurbar on, “Summer
Groundnut Growers Tribal Farmers’
Meet” under the auspices of Krishi
Vigyan Kendra (KVK), Nandurbar
and Dongaryadeo Technology
Transfer Mandal, Navali. Under one
roof about 100 tribal men, women,
officials and scientists assembled.
Among those who addressed the
gathering were Prof. R. Navale,
President, KVK, Nandurbar, Shri V.
Kokani, Krishi Sabhapati, Zilla
Parishad, Nandurbar, Shri T.K.
Savkare, Assistant General Manager,
NABARD, Shri G. Dange, Training
Organizer, KVK, Nandurbar,
Dr. G.S.S. Murty and Shri D.M. Kale,
Scientists
from
Groundnut
Improvement Section, BARC.
Prior to the gathering, the
participants visited groundnut plots and
witnessed the advantages with TG
varieties. During summer 2005, KVK,
Nandurbar had conducted field
demonstrations with TAG-24 and
TG-26 in 21 fields of farmers with

improved cultivation practices. In the
adaptive trials, the recently released
TG-37A variety was also grown in
seven fields. One farmer, Shri Suresh
Gavali had grown five varieties
together, which was referred by KVK
officials as ‘Museum of Groundnut
Varieties’. Shri Gawali was earlier
harvesting 750 to 1000 kg pods per
hectare with the local varieties during
Kharif season (June - October).
By using TG varieties, he started
obtaining 2500 to 3000 kg/ha. Among
the varieties grown by him so far, he
preferred TAG-24 and TG-37A due
to their higher pod setting.
In his address to the farmers, Shri
Navale expressed his gratitude for the
participation and help received from
BARC for the benefit of local
Adivasis and advised the farmers to
seek guidance from the scientists to
achieve higher yields. Shri Dange
informed that in Nandurbar, the newly

developed district often referred as
Tribal District of Maharashtra, groundnut was a major oilseed crop and
grown in Kharif season although yield
levels were lower. In the recent past,
farmers started growing TG varieties
both during Kharif and summer
(January - May) seasons and started
achieving higher yields compared to
the erstwhile varieties. During summer
2004 farmers obtained as high as 5,000
kg/ha pod yields. He and his team in
KVK were enthused for the support
and guidance received from scientists
and officials, which he felt would go
in a long way for the speedy transfer
of scientific information and
technology to the Adivasis.
The salient features of TG
varieties, their advantages, cultivation
practices, seed storage, water
management etc. were explained in
detail. The enthusiasm shown by the
farmers for adopting TG varieties was
appreciated by the BARC scientists.
They explained the gathering in detail
the salient features of TG varieties,
their yield advantage, cultivation
practices, water management, seed
storage etc. As groundnut is now
considered as a food crop, it is

BARC developed groundnut TG-37A
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Continued from page 7

Tribal Farmer Fair at Nandurbar, Maharashtra

envisaged that it would reduce malnutrition besides improving economic
conditions of Adivasis. Efforts made by the KVK officials were commended
and further help to them was assured by BARC.
BARC has been supplying the seed of TG varieties since 2002 and the
results are found encouraging which is evident from the data generated from
the demonstration trials organized by KVK, Nandurbar. There is a yield jump
upto 56% and more than 100% during Kharif and summer seasons, respectively
due to TG varieties (Table 1).
Table-1. Performance of TG varieties in Field Demonstrations in
Tribal areas, Nandurbar District
Crop season

No. of
farmers
grown

Pod yield (kg/ha)
Average

Maximum

Local
variety

TG-26

Local
variety

TG-26

Kharif 2003

10

1150

1680

1250

1950

Kharif 2004

15

1040

1150

1450

1625

now the subject of public interest.
These include the International
Thermonuclear Experimental Reactor
project, the Large Hadron Collider
(being set up by CERN), the Generation IV International Forum to
develop advanced nuclear reactors,
and the Satellite Navigation programme, Galileo. India’s effort to be an
equal partner in these projects requires
a nationally coordinated approach. I
have personally flagged our interest in
some of these projects with world
leaders, and I am happy that we are
eliciting a positive response. This is
fitting recognition of the capabilities
and achievements of our scientists.
Before I conclude, I would like to
briefly touch upon another aspect of
international cooperation in meeting the
challenge of our future energy
security. I refer to the issue of our
agreement with the United States of
America, during my visit to that
country in July this year, to revive
international cooperation for our
civilian nuclear energy sector. We have
an interest in the establishment of an
enabling environment, conducive to
international cooperation in the
peaceful uses of nuclear energy. We
must create the space for a quantum
jump in nuclear energy production in
the coming decades, in a manner that
is consistent with our national policy
of maintaining the integrity of our
three-stage nuclear energy programme, without constraining strategic
and R&D related aspects of our
nuclear programme.
Ladies and Gentlemen

Summer 2004

Kharif 2003

10

3

1010

2270

1250

5125

Local
variety

TAG-24

Local

TAG-24

1030

1560

1130

1625

I thank you for giving me the
pleasure of joining you. I congratulate
the award winners once again. I wish
each and every one of you success in
your careers and satisfaction in your
scientific endeavors. May your path
be blessed!
Thank you.
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Modeling, Control and Simulation of
540 MWe PHWR and Development of
Liquid Zone Control System
A. P. Tiwari
Reactor Control Division
Bhabha Atomic Research Centre
In March this year, TAPP-4, one
of the two 540 MWe pressurised
heavy water reactors located at
Tarapur, achieved criticality with
which India entered into an era of
electricity generation from nuclear
reactors of large size, which require
special considerations in design of
control and protection systems. A
number of new systems are required
in the 540 MWe PHWR and some
others are much different from those
in the 220 MWe PHWRs. This
necessitated
research
and
development in several areas. This
article presents the work carried out
in the areas of modeling, control and
simulation of 540 MWe PHWR core
and the development of Liquid Zone
Control System (LZCS).
From the neutronic viewpoint, the
behaviour tends to be quite loosely
coupled from point-to-point in a large
size nuclear reactor core. This means
that a change in neutron flux or
power density at one point of the core
will not be felt at other points until after
an appreciable time delay. A serious
situation known as “flux-tilting” may
arise. This is a spatial effect caused
by nonuniform variations of xenon
concentration. Large amounts of
xenon poison may build up in one
portion of the reactor while very little
is present in another portion.
Consequently one portion of the
reactor tends to produce more energy
than the other portion does, and this
can cause great damage to the fuel.
Hence, in the 540 MWe PHWR, it is
also necessary to control the power
distribution besides the total power.

To enable the design of a suitable
algorithm to be used in the Reactor
Regulating System (RRS) for
controlling reactor power and core
power distribution, it was first
necessary to develop a suitable model
of the core. The commonly used point
kinetics model which characterizes
every point in the reactor core by an
amplitude factor and a time
independent spatial shape function is
not applicable as the flux shape varies
appreciably in a large reactor. Threedimensional finite difference
approximations of diffusion equations
are not amenable to solving control
problems of the 540 MWe PHWR.
Hence, a reasonably accurate
mathematical model based on nodal
technique was developed and
validated. With the help of the nodal
model, the important open loop
characteristics of the 540 MWe
PHWR were understood. It was
shown that the 540 MWe PHWR
should be divided into 14 zones for
satisfactory spatial controllability and
observability. It was also established
that xenon-induced spatial instability of
the core power distribution is of
concern for operation of the reactor
above 10 % full power.
The nodal model is still very
complex for the purpose of control
design because a large number of
nonlinear equations are required to
represent the space-time behaviour of
the core. Furthermore, both fast and
slow dynamic phenomena are present
simultaneously, resulting in stiffness
and numerical ill-conditioning. In this
situation, singular perturbation
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techniques prove superior and were
applied. The singularly perturbed
structure of the model was exploited
to decompose the original 70th order
model of the reactor into a 14th order
model for the fast dynamics and a 56th
order model for the slow dynamics.
This approach, which is an extension
of the prompt jump approximation to
space-time kinetics, obviated the illconditioning and modern approaches
for state and periodic output feedback
could be easily applied to obtain near
optimal control for the reactor .
Further confidence was gained
before implementation by testing the
performance of controller by
simulation. For this, a real time
simulation facility comprising core
simulator, RRS and reactivity control
mechanisms (Adjuster rods, Control
rods and LZCS) was developed. The
different parameters of the control
algorithms of RRS were tested and
tuned by simulating a number of
transients
featuring
power
maneuvering, setback and stepback.
Among the different control
mechanisms in the 540 MWe PHWR,
the LZCS is the most important for
fine control of reactor power and
power distribution. It consists of 14
zone control compartments (ZCC)
contained in 6 vertical LZCA units
placed appropriately in the calandria.
Water outflow from each ZCC is
constant while water inflow to each
ZCC is taken through a control valve
which can be positioned for varying
the inflow whereby the ZCC water
levels can be controlled depending
upon the reactivity adjustments
required. Appropriate signals based on
total reactor power and power
distribution control requirements are
generated to position the water inflow
control valves. ZCC water levels are
varied simultaneously for control of
total reactor power and individually for
control of power distribution.
As LZCS is being used for the first
time in our reactors, need was felt for
understanding the behaviour of the

system before its installation in TAPP3&4. Hence a test set of LZCS was
installed at Reactor Control Division
(RCnD), BARC during the IX plan. It
is a replica of the LZCS of TAPP3&4 in respects of equipment sizes,
layout and elevations. However, only
one LZC assembly in the test setup is
made of zircaloy and other five are
made of stainless steel. The test setup
was commissioned in December 2002
and major part of experiments was
conducted before installation of LZCS
began in TAPP-4.
The procedure for commissioning
of the LZCS (bringing the water levels
in ZCC and helium pressure in delay
tank, storage tank, helium inlet header,
and helium outlet header at desired
values without causing flooding of
ZCCs and excessive variations in
helium outlet header pressure) was
established. The procedure was
successfully
followed
in
commissioning of the system at
TAPP-4.
The differential pressure between
the helium outlet header and delay tank
was optimized. Intercompartmental
leakage was found to be less than 0.5
lpm in SS LZC Assemblies but upto
12 lpm in zircaloy assembly. Based on
this the procedure of fabrication of
LZCAs for TAPP-3&4 was revised.
This finding is estimated to have
resulted in a saving of revenue
equivalent to three full power months
operation of the reactor, which is
approximately Rs. 40 crores.
The installed characteristics of
water inflow control valves were
determined for incorporating bias and
limits on minimum and maximum
opening signals.
Steady state accuracy of ZCC
water level measurement by the
bubbler method was determined to be
of the order of 1.5%.
With the experience that was
gained on the LZCS test setup,
installation and commissioning of
LZCS at TAPP-4 was very smoothly
carried out and some problems that

surfaced, were easily understood and
solved. Detailed study on the LZC
System alongwith the core and RRS
simulator outside the reactor
environment has paid far beyond its
cost by way of savings in expenditure
through reduction of overall
commissioning time at Tarapur site.

ADVANCED STUDIES
RECONFIRM SAFETY
OF INDIAN NUCLEAR
POWER PLANTS
Advanced
studies
using
probabilistic techniques carried out by
the Nuclear Power Corporation India
Limited (NPCIL) reconfirm the safety
of Indian Nuclear Power Plants.
NPCIL has completed two
important studies covering Level-1
Probabilistic Safety Assessment
(PSA) for Tarapur Atomic Power
Station (TAPP-3&4) – the first 540
MWe Indian Pressurized Heavy Water
Reactor (PHWR), and Level-2 PSA
Study of 2 x 220 MWe Kakrapara
Atomic Power Station (KAPS-1&2).
These studies reconfirm the safety of
these reactors including their design
features and operating procedures and
practices. These studies were
conducted by NPCIL involving
multidisciplinary experts with intimate
knowledge of plant design, operation
and PSA Techniques and are at par
with studies carried out elsewhere.
Probabilistic Safety Assessment is
an advanced technique in safety
evaluation of the nuclear power plants
and it provides a useful, consistent and
structured framework for the
quantified assessment of nuclear
safety. Risk informed decision making
based on Probabilistic Safety Analysis
is now becoming the order of the day
for the nuclear industry globally.
With the completion of these
studies, NPCIL has enhanced the
capability towards risk informed
decision making. PSA Level-1
addresses the safety of the reactor.
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PSA Level-2 addresses the safety of
the reactor and the containment taken
together.
A one-day workshop on the theme
was held on September 8, 2005
wherein subject experts shared the
features and results of these studies
Dr Anil Kakodkar, Chairman
Atomic Energy Commission (AEC),
commending the studies just
completed stated that Probabilistic
Safety Assessment tools should also
be used for comparative studies of
risks from various energy systems
including effects on global weather
changes arising from CO2 emissions
etc.

Shri S.K.Jain, CMD, NPCIL
emphasized NPCIL’s commitment to
use of advanced technologies and
techniques for safety in all aspects of
its activities right from siting, design,
operation and decommissioning.
Shri S.K. Sharma, Chairman,
Atomic Energy Regulatory Board
(AERB) called for the need for
balanced
safety
decisions
encompassing well established safety
design principles of defence-in-depth
together with insights from PSA.
NPCIL is a public sector
undertaking under the Department of
Atomic Energy (DAE). The
corporation is responsible for design,
construction, commissioning, operation,
maintenance and life extension of
nuclear power plants in the country.
NPCIL’s plants have been
amongst the top performing plants
internationally and their safety record
has been excellent.
The PSA studies reconfirm what
has been achieved in practice.
NPCIL Press Release
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