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From the Nucleus :  Unfolding of the Nuclear Saga
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1. Meeting of great minds – Bhabha taking a stroll with Albert Einstein and
other luminaries of Physics.

2. Prime Minister Nehru accompanied by young Rajiv Gandhi visiting AEET
(Presently BARC), Trombay.

3. Aiming for the skies – Bhabha at the AEET construction site in mid 1950s.

4. Prime Minister Atal Bihari Vajpayee being briefed by Dr Anil Kakodkar,
Chairman, AEC, during the former’s visit to BARC

5. Prime Minister Indira Gandhi visiting the CIRUS reactor, accompanied
by Dr Vikram Sarabhai, then Chairman, AEC and Dr V.N. Meckoni.

6. Prime Minister Rajiv Gandhi revisiting DAE facilities at Trombay,
accompanied by Dr P.K. Iyengar, then Chairman, AEC.

7. Sustaining the support – Prime Minister Lal Bahadur Shastri worthy
successor of Pandit Nehru, continued the enthusiastic support  to the
Department. Bhabha explaining a finer point on nuclear fuels to the Prime
Minister. Young and bespectacled, Dr Raja Ramanna is seen in the
background.

8. Meeting of the minds:  The Philosopher and the Scientist. President
Dr. Sarvapalli Radhakrishnan with Dr Bhabha.

Captions for Photo-Collage
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Daring to Dream the Impossible
Great leaders don’t just envision the future, they create it!

Independent India, freed from the shackles of colonialism, had

in its first Prime Minister Jawaharlal Nehru,  a visionary leader.

Nehru fervently dared to dream and even believed that rapid,

but planned development, was the key to transforming his vast

and impoverished land into a robust industrialized nation. He

had the ‘impossible’ dream of transforming free India into a

nation, which is first among equals in the developed world. The

Nehruvian vision of India was that of  a modern nation with

temples of high science, mammoth dams and mighty industries.

Nehru’s India was also an egalitarian and liberal society, driven

by reason and justice. This humanist, and historian, a patron of

arts and letters, not only dreamt big, but also passionately set

about creating the India of his dreams. It is no exaggeration to

say that Jawaharlal Nehru was truly the architect of post-

independence India.

In the year 1939, Dr. Homi Jehangir Bhabha, a physicist

trained in the best traditions of western scholarship, was on a

vacation to India. The outbreak of World War II compelled him

to stay back and take up a position at the Indian Institute of

Science. These turbulent times of war were also a period of

great excitement in the field of nuclear physics. Physicists were

beginning to unravel secrets of the atomic nucleus and exciting

discoveries were being made about controlled nuclear fission.

Even in those early years, Bhabha grasped the enormous

potential of nuclear fission as a source of energy.  As early as

1944, he was already charting the course of atomic research in

India. Given the paucity of fossil fuel resources in the country,

Bhabha was convinced that nuclear energy would be critical

for realizing the dream of a modern India. He  appealed to Sir

Dorabji Tata Trust, urging  to set up a research centre in the

country for  atomic energy programme. Homi Jehangir Bhabha,

the renowned scientist, was also a cultivated aesthete, musician

and artist, in short a truly  “renaissance man”. Nehru found in

him a kindred spirit and a “partner in progress”. The story of

atomic energy in India has its beginnings in the extraordinary

alliance between these two intellectual giants.

Energised by the enthusiastic and total support he received

from Nehru, Bhabha drew up the blue print of the nuclear energy

programme in India.  Based on early geological surveys, he

decided that the vast deposits of thorium in the monazite sands

of Kerala could be harnessed for securing our long-term energy

needs. This dream was a huge leap of faith, because nuclear

technology was in its infancy even in the developed world.  His

audacious vision of thorium utilization necessitated the building

of not one, but many different types of reactors. Each of these

reactors would use a variety of nuclear fuels like natural

uranium, plutonium and  233U. Many intermediate stages

consisting of advanced technologies for reprocessing spent fuel

and conversion of thorium to 233U were involved. This conversion

was to be done in breeder type of reactors, about which little

was known. The production and fabrication of reactor fuels

involves a complex web of operations in prospecting and mining

of uranium, thorium and other rare metals. Special materials

like heavy water, alloys of zirconium, beryllium, etc., were

needed. His programme also entailed high levels of expertise

in the physical and chemical sciences, metallurgical processes

and many branches of engineering. Given these requirements,

his dream was all the more extraordinary, because it was set in

Nehru and Bhabha – an extraordinary  partnership of two visionaries

Department of Atomic Energy : The Making of a National Icon
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the background of a country, with little industrial infrastructure.

In his quest to build a completely self-reliant nuclear energy

programme, Bhabha started with little more than a supportive

Prime Minister, a meticulous plan and a stout heart. How well

he succeeded with so little input to start with, can be witnessed

in the saga of the Department of Atomic Energy (DAE) in India.

The remarkable achievements of DAE amidst challenging

demands, has its roots in the dreams of the supermen of India

like Pandit Nehru and Homi Bhabha as also the generations of

dedicated scientists and engineers, technicians and workers,

men and women,  who have silently toiled and contributed to

realising that magnificent dream.

Genesis of DAE
The origin of the atomic energy programme in India can be

traced unambiguously to a remarkably bold initiative taken by

Homi Jehangir Bhabha. In 1944, he addressed a letter to Sir
Dorabji Tata Trust, outlining the urgent need to initiate nuclear

research in India to keep abreast with international

developments.  He proposed setting up of a rigorous school of

research in fundamental physics for this purpose. Bhabha

prophesied that a completely self-reliant power programme

would come about within two decades. This daring attitude

indeed speaks volumes about his perception and foresight. In

response to Bhabha’s proposal, Sir Dorabji Tata Trust granted

an initial financial approval of forty five thousand rupees for

setting up the Tata Institute of Fundamental Research (TIFR),

Bombay (presently Mumbai), jointly with the Bombay

Government. The Institute was formally inaugurated in

December 1945 at ‘Kenilworth’, Bhabha’s ancestral home.

Between 1945 and 1954, research work at TIFR, in the fields

of nuclear physics, cosmic rays and electronic instrumentation,

were carried out in temporary buildings.  The work on permanent

buildings for the institute was commenced in 1954, with Pandit

Jawaharlal Nehru laying the foundation stone. The timeless

elegance of this building and its location at Land’s End, facing

the Arabian Sea, is a tribute to Bhabha’s refined sense of

aesthetics, much in evidence in all his later projects.

In the early years after independence, the Board of Research

on Atomic Energy was constituted as an advisory body under

the Council of Scientific and Industrial Research (CSIR).

Bhabha as the Chairman of this Board, wrote a detailed note

to Nehru on the 26th of April 1948, making a fervent appeal to

constitute an independent Atomic Energy Commission,

functioning under the direct supervision of the Prime Minister,

in order to facilitate expeditious  policy decisions. He  also

requested a budget of ten lakhs Rupees in the  first year,

followed by a grant of one crore in the subsequent three years

to establish the atomic energy programme. It is important to

note that there were no demonstrated operational nuclear

reactors anywhere in the world at that time, which warranted

such an ambitious proposal. On 10th August 1948, the

Government of India constituted the Atomic Energy Commission

(AEC), under the atomic energy act.

The Commission was chaired by Bhabha with S.S.Bhatnagar

as member-secretary and K.S.Krishnan as member of the

committee. One of the first tasks of the Commission was to

explore the availability of raw material resources within the

country. Accordingly, AEC set up a raw materials division in

1949, under the Ministry of Natural Resources and Scientific

Research, headquartered at New Delhi. This division was

responsible for surveying, prospecting and purchasing of rare

minerals required for the atomic energy programme. It was later

renamed as the Atomic Minerals Division and is presently known

as the Atomic Minerals Directorate for Exploration and Research

(AMD).  Based on initial explorations, it became abundantly

clear that the country had limited uranium resources but was

endowed with one of the largest thorium reserves in the world.

This led Bhabha to conceive a three-stage nuclear power

programme, tailored for efficient exploitation of available

resources, unique to India.

Based on geological investigations, which established the

presence of rare earths in the beach sands of Kerala coast, a

detailed survey was initiated following the formation of AMD.

“…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
home…”

- Homi Bhabha
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Bhabha, the physicist, the visionary and a nationalist
The genius in Bhabha is to be particularly admired on the

backdrop of the fact that his vision of nuclear India, was
formulated as early as within five years after the first discovery
of nuclear fission reaction and barely, two years after the
successful demonstration of a controlled fission reaction in
Chicago, USA in 1942.  To make a confident appeal for the
realisation of this vision in the pre-independence years, while
the nation was still under a foreign rule, with poor infrastructural
and industrial capabilities  speaks volumes about  his visionary
personality, confidence in native talent and foresight.

Bhabha belonged to an illustrious industrial family with a
long tradition of learning and service to the country.  Soon after
he finished his schooling in India, Bhabha’s parents sent him
to Cambridge University, UK for higher education in Mechanical
Engineering. They had dreams of Bhabha becoming a
successful engineer and building a strong career in the Tata
industries in India.  Bhabha was however fascinated by the
exploding field of nuclear physics at that time.  He had a strong
and overwhelming desire to continue his education in physics

After a careful consideration, the Commission drafted an

agreement on behalf of the Government of India (GoI) with the

Banque Marocaine de Credit and Societe de Chimiques des

Terres Rares, France, for extracting the rare earth minerals.

As a result of this agreement, it was decided to float an

independent corporation with 55% of shares held by GoI and

45% by Government of Travancore-Cochin state (now Kerala).

rather than in mechanical enginnering. In a letter to his father
in 1928, Bhabha wrote his mind “…I seriously say to you that
business or job as an engineer is not the thing for me…Physics
is my line. I am burning with a desire to do physics.  I earnestly
implore you to let me do physics…”. In response, his father
assured him that he could continue further and obtain his
mathematical tripos (theoretical physics was then grouped
under mathematics), if he successfully completed his
mechanical engineering. In 1930, Bhabha completed his
mechanical tripos in first class and his father,  keeping his
promise sponsored Bhabha’s stay at Cambridge for two more
years to get another degree in mathematics.

After completing his degree in 1932, Bhabha continued his
research at the Cambridge University. His first paper appeared
in Zeitschrift Fur Physik in 1934, based on the work he carried
out at Zurich while visiting Prof. W.Pauli. The paper was
concerned with explanation of the experimental observations
of absorption features and shower production of cosmic rays
in terms of the then prevailing theoretical ideas.   In 1936,
Bhabha and Heitler published a note in Nature formulating for
the first time, the cascade theory of electrons passing through
matter. His name in this field is associated with Bhabha
scattering (on electron-positron scattering),  Bhabha-Heitler
cascade theory of cosmic ray showers, Bhabha-Corben theory
of relativistic spinning point particles and relativistic Bhabha
equations. Bhabha was among the earliest to work on meson
theory. Thus, it is no surprise that at an young age of 31,  he
was  a fellow of the Royal Society, London.

 In 1939,  while on a vacation in India, Bhabha  had to stay
back due to the out break of the second world war. He was
initially awarded the post of a reader in theoretical physics at
the Indian Institute of Science, Bangalore, and was later made

Homi Jehangir Bhabha (1909-1966)

This led to the establishment of Indian Rare Earths, Ltd., (IRE)

in August 1950. The company set up a factory for processing

1500 tons of monazite ore per annum initially. The company

paid for its operation costs by selling rare earth products abroad.

However thorium, uranium and other radioactive substances

contained in the monazite were retained as the property of GoI

and handed over to AEC,  free of cost.
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a Professor in 1944. The Department of physics was then
headed by the Nobel Laureate Sir C.V. Raman.  After joining
the Indian Institute of Science in 1939, Bhabha set up the cosmic
ray research unit. He was aware of the special advantages
India offered for cosmic ray research because of the availability
of a wide range of latitudes from magnetic equator in the south
to 25 deg north magnetic latitude in Kashmir, within the
boundaries of a single country. It was from Bangalore that
Bhabha wrote that historical letter of 1944 to the Tata trust for
support in setting up a  centre for carrying out research work in
nuclear science. After the formation of TIFR, a high altitude
studies group was constituted and a programme of balloon
flights to measure the intensity of the penetrating component
at different latitudes and altitudes was taken up. Another line of
activity initiated by Bhabha as early as 1950, which over the
years developed into a major thrust area of research, was
utilization of deep underground levels in the Kolar gold mines
near Bangalore.

Bhabha had been instrumental for the formation of AEC in
1948 and the DAE in 1954  and he had chalked out an intensive,
focussed and vibrant research and minerals exploration
programme,  related to nuclear activities. He was such a
visionary that he had realized the importance of nuclear power
programme to national development way back in 1950s and
had enunciated the three stage nuclear programme so as to
meet the energy security of the nation. A significant factor that
contributed to successful support to this was Bhabha’s personal
rapport with the then Prime Minister Pandit Jawaharlal Nehru,
who reposed complete  trust and confidence in him.  Many key

decisions on issues pertaining to the nuclear policy taken at
the time were based on this mutual understanding, which helped
in crystallizing  many ideas into concrete shape.

Bhabha’s innovative contributions won him many national
and international honours. Several universities including those
from London, Cambridge, Padova, Perth, Banaras, Agra, Patna,
Lucknow, Allahabad, Andhra and Aligarh awarded him honorary
doctorates.   In 1948,  he received the Hopkins Prize of the
Cambridge Philosophical Society. He was elected the President
of the Indian Science Congress in 1951. In 1954, he was
conferred  with  Padma Bhushan award for his outstanding
contribution to nuclear science. In 1963,  he was elected as the
President of the National Institute of Sciences of India. He was
an honorary fellow of many institutions. Laurels came to Bhabha
from all corners of the world throughout his lifetime. Bhabha
was a member of many scientific advisory committees of the
United Nations and the International Atomic Energy Agency.
He also served as the Chairman of the Scientific Advisory
Committee to advise the Government of India. In 1955, Bhabha
was elected as the President of the first International
Conference on the ‘Peaceful Uses of Atomic Energy’, organized
by the United Nations at Geneva.

In a tragic turn of events, Bhabha was killed in a plane crash
while on the way to Europe. Bhabha’s leadership of the atomic
energy programme spanned 22 years, from 1944 till 1966. The
vibrant and robust organization that he left behind with the many
signal achievements in science & technology as well as a
dedicated and talented pool of human resources, bear
testimony to the  visionary zeal of  Homi Jehangir Bhabha.
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Bhabha’s last letter dt. January 23,
1966  was addressed to Mrs.
Shastri, condoling the sudden
death of Shri Shastri, then Prime
Minister of India. The circled
portion shows Bhabha’s unique
way of paying tribute to a great
leader. Bhabha met his untimely
death on January 24, 1966.
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As early as 1950, AEC had realised the need to stockpile

sufficient quantities of high purity uranium for use in fission

reactors. AEC decided to make a start in this direction by

extracting uranium from the residual cake left over after

processing of monazite. Towards this, AEC considered a

detailed technical report prepared at the instance of the

Commission by H.N.Sethna, who had been employed by the

commission and trained in France at Societe de Produits

Chimiques des Terres Rares. In the proposed process of

extracting uranium from the residual cake, thorium, which is in

the form of hydroxide would be converted to crude thorium

sulfate, a material that is more suitable for stockpiling than the

original cake. The entire operation of the plant was to be made

financially self-supporting, by converting a limited fraction of

thorium sulfate to thorium nitrate for commercial sale in the

international market. Subsequently, 230 acres of land was

acquired in Trombay to build U-Th plant. In 1954, AEC decided

to house the medium sized research reactors like Apsara, with

all its auxiliary laboratories on this site at Trombay.

On 11 July 1954, in a half page note to Nehru, Bhabha

summarised his vision of atomic energy for the nation. He listed

thirteen items such as setting up of the Atomic Energy

Establishment at Trombay, prospecting for and processing of

uranium, construction of plants to produce heavy water and

beryllium, erecting facilities such as a uranium enrichment plant,

atomic power plants, breeder reactors and a plutonium

extraction plant. On 3 August 1954, the Department of Atomic

Energy (DAE) was established with head quarters at Bombay

(presently Mumbai) and a branch secretariat at New Delhi. The

department, which is under the direct charge of the Prime

Minister, is responsible for the execution of policies laid down

by AEC, which has full powers of the Government of India, both

administrative and financial, within the limits of the budget

allotted by parliament.

DAE Establishments
TIFR continued to be the cradle of atomic and nuclear

physics research in the formative years of AEC. Subsequently

a few laboratories were also set up at Cadell road and Old

Yacht Club (OYC) in Mumbai to carry out nuclear research.

The OYC building, even today remains a valued heritage

possession of DAE. OYC, being situated adjacent to the

Gateway of India, is a symbolic representation of DAE being

the Gateway to science in post independent India! In January

1954, an important decision was taken to establish a separate

R&D centre named as Atomic Energy Establishment at Trombay

(AEET) in Mumbai. AEET was officially inaugurated by Prime

Minister, Jawaharlal Nehru on 29 June 1957. It was later

renamed as Bhabha Atomic Research Centre (BARC) in 1967,

after the untimely death of Bhabha.

In May 1956, a decision was taken to set up a pilot plant at

AEET for making pure uranium metal and for fabricating it into

fuel elements for research reactors planned at Trombay.  Later,

the confidence borne out of designing, constructing and

operating several research reactors like Apsara, CIRUS,

A copy of GOI notification on the formation of Department of
Atomic Energy (DAE)
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ZERLINA, etc., prompted the Commission to embark on

development of commercial nuclear reactors.  Considering large

scale requirements of uranium fuel for the planned power

programme, The Uranium Corporation of India Limited (UCIL)

was registered as a Public Sector company in 1967, with head

quarters at Jaduguda mines, Bihar. The prime objective of this

corporation is the extraction and concentration of the uranium

ore from the mines.  In the same year, the Department had also

established a power projects engineering division with

headquarters at Mumbai for the design, engineering,

procurement, construction, commissioning, operation and

maintenance of atomic power plants.  Nuclear fuel complex was

established in Hyderabad in 1968, to produce nuclear fuels in

large quantities.   To cater to the large requirements of heavy

water for the PHWR reactors, a heavy water group was

established in 1969.

Realising that ionising radiation and nuclear particles can

be detected and measured only with the help of electronic

devices, AEC had foreseen that design and development of

electronics instrumentation is vital for the country’s atomic

energy programme and had set up a small group at TIFR for

carrying out R&D work in electronics. This group became the

nucleus of the subsequent activities at Trombay for the

development of electronics instruments and devices. When the

activities of the Electronics Production Division at Trombay

expanded considerably, it was decided to set up a Public Sector

Corporation called Electronics Corporation of India Limited

(ECIL) at Hyderabad for the manufacture of not only nuclear

electronic instrumentation, but also a variety of electronic

components and equipment which had been designed and

developed at Trombay.  ECIL started functioning in April 1967

and has evolved in to a major supplier of nuclear electronic

control systems and electronic hardware to other strategic

sectors and for societal applications of high value to the Nation.

Development of particle accelerators has been an important

programme of the Department and to give a momentum to this

activity, a new centre called, Variable Energy Cyclotron Centre

(VECC) was formed in 1967 at Calcutta (now Kolkata). To initiate

a programme for developing the fast breeder technology, the

Reactor Research Centre (RRC) was started at Kalpakkam in

1971. The centre has successfully designed, constructed and

operated a Fast Breeder Test Reactor (FBTR).  RRC was

renamed as the Indira Gandhi Centre for Atomic Research

(IGCAR) in 1985.

In the early 1980s, the Department decided to launch a

programme relating to advanced accelerators and high power

lasers not only for nuclear power applications, but also of interest

to general industry and medicine. Accordingly, the Centre for

Advanced Technology (CAT) was established at Indore in 1984.

With the expansion of the Indian nuclear power programme,

the Nuclear Power Board was formed in 1984 to implement the

nuclear power programme. In 1987, the Nuclear Power Board

was converted into Nuclear Power Corporation of India Limited

(NPCIL).

  Radioactive isotopes have very important industrial, medical

and agricultural applications and DAE has been instrumental

in making India the largest supplier of isotopes in Asia.  Activities

related to radioisotope production were carried out, until the

late 80’s, by the Radioisotope Division, BARC.  Due to large

scale demand, an independent board viz., Board of Radiation

& Isotope Technology (BRIT) was formed in 1989. This

organization now caters to the supply of radiochemicals,

radiopharmaceuticals, irradiation equipment etc.

 Based on successful demonstration of FBTR at IGCAR,

Kalpakkam, DAE decided to initiate action to design and build

a 500 MWe Fast Breeder Reactor. In September 2003, the

Government sanctioned construction of this reactor at

Dignity of labour - A construction worker  garlanded by
Prime Minister Nehru, during his visit to AEET, Mumbai on

February 3, 1958
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“...The overwhelming grandeur of the Department is to be
traced not just to its mammoth size but to the underlying
conceptual design which is all-encompassing. The result
of such a wholesome concept has been an awesome
breadth of activities in nuclear science and technology, the
Department’s core discipline, which extends all the way from
exploration for and harnessing of atomic minerals through
to the development of a range of nuclear products,
processes and systems culminating in their deployment to
serve a variety of societal needs in terms of nuclear energy,
nuclear medicine and nuclear agriculture. The Department
is a role model exemplifying the idea that science is an
essential concomitant to technology and vice-versa….
Anyone who has had the good fortune of working in the
Department, as I did for a brief period during the late stage
of my professional career, cannot fail to experience the
everlasting joy that technical interactions with the DAE
working scientists and functioning engineers provide. What
better testament can we have for the quality of human
resource that DAE has generated year after year, decade
after decade. For the above reasons, I carry in my mind the
indelible impression that here is a science organisation that
has no parallel...”

Prof. P.Rama Rao
Dr. Brahm Prakash Distinguished Professor,

ARCI, Hyderabad

Inevitability of Nuclear Power
Bhabha, in his presidential address at the International

conference on the Peaceful Uses of Atomic Energy at Geneva

in August 1955, traced the growth of civilization, correlating it

with increase in energy consumption and the development of

new energy sources.

Bhabha and his colleagues conducted a detailed study on

the needs and merits of India taking up R&D in atomic energy

to meet its developmental needs. This study concluded that

any substantial rise in the standard of living, sustainable in the

long term, would only be possible on the basis of very large

imports of fossil fuel or on the basis of atomic energy. This

conclusion is as valid today as it was in the mid-fifties. It is a

full and complete realisation of these ground realities, which

motivated vigorous pursuit of research and development in

nuclear technology.  It is this fundamental necessity that drives

the nuclear energy programme to this day.

In order to get these facts in perspective, serious

consideration of the growth of the energy sector, the per capita

availability of electrical power and its intimate relationship to

GDP and growth rates is essential. At the time of independence

in 1947, the total installed electricity generation capacity was a

meagre 1,363 MWe. It rose to 30,214 MWe in 1980-81 and to

66,086 MWe in 1990-91. It stood at  136,973 MWe as on

31st March 2003, the corresponding growth rates being

9.54 %/yr, 8.14 %/yr and 6.26 %/yr.  The average growth rate

over the entire period thus has been an impressive 8 %/yr.

Electricity is a primary pre-requisite for development in

today’s industrial world. Per capita gross national product is

Bhabha presiding over the International Conference on the Peaceful
Uses of Atomic Energy at Geneva,  August 1955.

Kalpakkam. A new Public Sector Corporation, named BHAVINI

(Bharatiya Nabhikiya Vidyut Nigam Limited) was formed to

construct and operate the reactor based on the design and

technology developed by IGCAR.

DAE today is a broad based multidisciplinary organisation

with the primary objective of using nuclear technology for energy

security of the nation and promoting use of nuclear radiation

for many beneficial  uses in the fields of medicine, health care,

agriculture and industry.
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directly related to the per capita electricity consumption in the

country.  Quality of life and health are also closely linked to the

per capita electricity consumption. This is illustrated in the graph,

where average life expectancy is plotted as a function of per

capita electricity consumption. As per capita electricity

consumption increases, it facilitates an increase in life

expectancy.  It can be seen from the figure that any additional

electricity generation in the country will lead to a sharp increase

in life expectancy. With increased availability of electricity,

smaller towns and villages will have safe drinking water, better

sewage treatment facilities and better primary health care and

all these improvements  have beneficial impact on health

parameters and, in turn,  on the ultimate health parameter, viz,

life expectancy. In terms of requirements of additional power

based on the large population, India is the second largest market

in the world.  India is on the right path to provide energy security

commensurate with its dreams of becoming an advanced

country by 2050, by adequately planning for the envisaged

power requirements.

In spite of the over hundred fold increase in the installed

capacity since independence, the average per capita

consumption presently is only about 610 kWhr per year. This is

only about one sixth of the world average. In addition, the share

of non-commercial energy resources continues to be much

higher than in the developed countries. Domestic production

of commercial energy has registered an average growth of about

5.9 %/yr during the period 1981-2000. Various constraints,

particularly the poor hydrocarbon resource base, have forced

an increased reliance on energy imports, which has grown at

the rate of about 7.1 %/yr. The electricity sector has also

experienced severe shortages during the above period despite

an impressive growth. During the year 2000-01, there was an

average electricity shortage of 7.8 % and a peak power shortage

of 13%.

 The low per capita consumption can be related primarily to

two reasons: the explosive population growth rate and the

growth of energy intensive industries in the last few decades,

coupled with modest growth in energy production. Unlike human

resource potential which is abundant in our country, energy

resources to sustain economic and industrial growth is a matter

of concern. It needs adequate foresight and planning, since, it

involves large budgetary requirements and long gestation

periods. Both these reasons make it imperative that that the

energy industry grows gradually in harmony with the industrial

growth of the country. In any case, abrupt bursts of increase in

installed capacity will not be a right solution.

These considerations also suggest the need for careful

energy planning to ensure growth based on future demands

and projected scale of population growth during the coming

decades. It is expected that India’s population would stabilise

at about 1.5 billion by the year 2050.  If we consider continuously

improving energy intensity of GDP and the fact that India has a

tropical climate, we would need per capita electricity generation

at a modest level of about 5000 kWhr per year to reach the

status of a developed nation by 2050.  Toward achieving this,

Dependency of average life expectancy on per capita electricity
consumption. World mean trend curve is indicated by solid line and

the  dotted line corresponds to the trend curve for India.

“…If you have the picture of the future of India that
you are trying to build up, of the power that you
require …, you will come to conclusion of the
inevitability of our building up atomic power for
peaceful purposes from now onwards…”

- Jawaharlal Nehru
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we would need a total electricity generation capacity of 8000

billion kWhr by 2050.

Raising the electricity availability by about 8 times in the

next 4-5 decades calls for a careful examination of all issues

related to sustainability including abundance of available energy

resources, diversity of sources of energy supply and

technologies, security of supplies, self sufficiency, security of

energy infrastructure, effect on local, regional and global

environment and demand side management.

Energy Alternatives
The primary energy resources presently are based on coal,

natural gas, oil, hydel and nuclear. Wind, solar and fuel cell

technology are currently possible only for distributed energy

systems of smaller power rating. Fusion and hydrogen based

energy resources are still in the technology development stage

and are not expected to be available for large-scale deployment

at least for the next two decades. India has around 16% of the

world’s population, but has only about 6% of the worlds coal

reserves and less than 1% of oil and gas. However, India has

about 32% of the world’s thorium reserves. Considering the

unique distribution of available fuel resources, large-scale

development of nuclear power becomes inevitable for energy

planning of our country.

The total estimated coal resources in our country are about

221 billion tons(BT). However, they are of relatively low grade

resulting in higher ash and environmental pollution. Pollution

management is, therefore, a serious concern in coal based

thermal power plants.  India is the third largest coal producing

country in the world. In India, presently more than 70% of the

present electricity generation capacity is based on coal-fired

plants. Following the procedure of assigning reserves with 90%

confidence level to the proven category, 70% to the indicated

category and 40% to the inferred category and then applying

the criterion of reserve to extraction ratio of  4.7 : 1, the working

group on coal and lignite for the Xth five year plan has tentatively

projected the extractable coal to be only 37 BT.

Our oil and natural gas reserves are also rather modest and

we are importing a significant share of our requirements, which

constitutes a major share of our overall imports. Hydro-potential

is renewable and must be exploited to the maximum, but a

significant portion of our hdyro-potential is concentrated in the

north-east, where its exploitation is problematic because of a

variety of reasons like its location,  difficult terrain and distance

from electricity demand centres etc. The hydro-potential in India

has been estimated to be 600 billion kWhr  annually,

corresponding to a name-plate capacity of 150 GWe. As of

March 2003, only about 27 GWe has either been developed or

is being developed. A vision paper prepared by the Ministry of

Power looks forward to  harnessing of entire balance

hydropower potential of India by 2025-26. It is proposed to add

16 GWe of new capacity in the tenth plan and 19.3 GWe in the

eleventh plan. In general, issues like displacement of people

and possible effects on ecology handicap due to exploitation of

hydro-resources are socially important considerations.  Non-

conventional sources of energy like solar, biomass and wind

will play useful roles, though at the present level of technology

development, they can only complement electricity generation

by base load stations based on fossil, hydro or nuclear plants.

The estimated potential of non-conventional renewable energy

resources in our country is about 100 GWe. Out of this, wind,

small hydro and biomass power/co-generation have potentials

of 45 GWe, 15 GWe and 19.5 GWe respectively. All these

resources will be increasingly used in the future especially in

remote areas. The medium term goal is to ensure that 10% of

the installed capacity to be added by 2012, i.e., about 10 GWe,

comes from renewable sources.

With respect to nuclear fuel, after accounting for various

losses including mining, milling and fabrication the net uranium

available for power generation is about 60,000 tonnes. If the

available uranium resources are used in the pressurised heavy

water reactors (PHWR), as is done presently, nearly 330 GWe-yr

of electricity can be produced. This is equivalent to about 10

“…For the full industrialisation of under-developed
countries, for the continuation of our civilisation and
its further development, atomic energy is not
merely an aid, it is an absolute necessity…”

- Homi J. Bhabha
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GWe installed capacity of PHWRs running at a life-time capacity

factor of 80% for 40 years. This uranium on multiple recycling

through the route of Fast Breeder Reactors (FBR) has the

potential to provide about 42,200 GWe-yr assuming utilisation

of 60% of heavy metal. This is equivalent to 530 GWe operating

for 100 years at a life time capacity factor of 80%. Thorium

reserves are present in a much larger quantity. Total estimated

reserves of monazite in India are about 8 million tonnes,

containing about 0.63 million tonnes of thorium metal, occurring

in beach and river sands in association with other heavy

minerals. Out of nearly 100 deposits of the heavy minerals, at

present only 17 deposits containing about 4 million tonnes of

monazite have been identified as exploitable. Reserves

amenable to mining are about 70% of identified exploitable

resources. Therefore, about 2,25,000 tonnes of thorium metal

are available for nuclear power programme. These thorium

reserves on multiple recycling through appropriate reactor

systems, have the potential of about 1,50,000 GWe, which can

satisfy our energy needs for many centuries.

The table below summarises various fuel resources,

availability and electricity potential. The expected electricity

installed generation capacity in India by the middle of the century

is about 1500 GWe-yr.  As can be seen from the table, this

requirement can be met with a three-stage nuclear power

programme, with an annual fuel sustainability atleast for next

100 years.

Fuel Amount available Electricity Potential
GWe-Yr

Coal 38 BT 7614

Hydrocarbon 12 NT 5833

Uranium metal 61,000 T

in PHWR 328

in FBR 42,231

Thorium Metal 2,25,000 T 1,55,502

(in breeders)

Hydro 150 GWe 69

Renewables 100 GWe 20
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Assumptions for potential calculations Fosssil:
1. Complete source is used for calculating electricity potential

with thermal efficiency of 0.36.

2. Calorific values: Coal: 4,200 kcal/kg, Hydrocarbon: 10,200

kcal/kg.

Non-Fossil:
1. Thermal energy is the equivalent fossil energy required

to  produce electricity  at 0.36 efficiency.

Nuclear

1. PHWR burn-up = 6,700 MWD/T, efficiency 0.29

2. Fast breeders can use 60% of the Uranium. This is an

indicative number. Actual value will be determine as one

proceeds  with the programme and gets some experience.

Fast reactor thermal to electric energy conversion

efficiency is taken  to  be 42%.

3. Breeders can use 60% thorium with an efficiency  of 42%.

At this stage,  types of reactors wherein thorium will be

used  are yet to be decided. The numbers are only

indicative.

Hydro:
1. Name plate capacity is 150 GWe

2. Estimated hydro-potential of 600 billion kWh and name

place capacity of 150,000 MWe gives a capacity factor of

0.46.

Non- Conventional Renewable

1. Includes: Wind 45 GWe, small Hydro 150 GWe, biomass

power /co-generation. 19.5 GWe and waste to energy

1.7 GWe  etc.

2. Capacity factor of 0.33 has been assumed for potential

calculation.

Detailed analysis reveals that judicious use of all the

available energy resources  is essential  till the energy demand

gap is minimised. However, it is clear that further increase in

electricity generation based on coal power plants will have to

increasingly rely on imports. Increasing dependence on

imported fuels, particularly in the scenario of sky-rocketing

international prices of fossil fuels, is not an economically

judicious option for the country. To keep the energy import at

an affordable level and to have diversity of supply sources, it is

necessary that the share of nuclear energy be substantially

increased from the present level of about 3% of the total

generation. Hence, to ensure a long-term energy stability and

security in the country, nuclear power by fission in the present

century and by fusion thereafter will be an inevitable option

(assuming that fusion technology becomes robust and

technologically and economically competitive).

It is worthwhile to compare import of nuclear fuel with the

import of other forms of fuel. Nuclear fuel contains energy in a

concentrated form thus requiring much less tonnage for fuel to

be transported or stored. In the overall cost of electricity

generated from nuclear fuel, the cost of fuel is a much smaller

component as compared to the other components.. Further,

the fuel discharged from a thermal reactor can be reprocessed

to recover plutonium, which can then be used in fast reactors

to produce electricity. The cost quoted assumes that the fuel is

used in once-through cycle and if one accounts for the recycle

option, this would reduce by a significant factor.  Thus, if import

of energy is a necessity, from strategic considerations nuclear

fuel is a preferable option. Issues to be considered in case of

thermal plants include location of coal mines vis-a-vis load

centres, coal transportation, availability of railroads for

transportation, sulphur and ash content of the fuel and

Fuel Cost at Indian Port

Fuel Rs/Tonne Billion US $/EJ

Naptha 13,470 5.86
L.N.G. 12,500 5.80
Coal 2,346 1.67
Natural 11,00,000 0.04
Uranium (U

3
O

8
) (at international market)

1Exa Joule (E.J.) = 1018

Joules
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associated environmental impact. Hydropower provides low cost

electricity generation, but sites available for large projects are

limited and social impact is high due to submergence of large

areas. Gas prices are subject to fluctuations due to market

forces. Therefore, the cost of electricity generated from gas-

fired plants can vary a lot depending on the market conditions.

Generally only direct costs are used in comparative

assessment of different electricity options. However, opinion is

building up in favour of internalising all costs of generation in

any comparative assessment of energy options and this would

include, inter alia, the cost of impact on environment and health

and cost of setting up of infrastructure for fuel transportation

which is often subsidised. The largest environmental impacts

associated with fossil fuels are carbon dioxide and other forms

of air pollution, which can cause chronic breathing illness and

associated vast amounts of dry ash waste generation. The risks

associated with these impacts affect the entire planet. In

addition, the volume of waste generated in case of energy

generation from fossil fuels is quite large. Technically nuclear

energy is far more benign and much of the cost is already

internalized in financial plans. For example, nuclear power

operators are required to provide funds for decommissioning

of installations.

 The comparative economics of various modes of power

generation depends on local conditions, discount rates and

availability of cheap fuels like coal and gas. Wherever fossil

fuels are available at reasonable prices, the setting up of thermal

power plants is an option to be considered in any techno-

economic analysis. An internal study done by NPCIL indicates

that nuclear power is competitive compared to coal fired thermal

power, when the nuclear plant is about 1000 km from the pit

head. There are several regions in the country where such

haulage is involved. Being capital intensive in nature, the cost

of nuclear electricity becomes more competitive with the age

of the plant as the capital cost depreciates. Interest during

construction adds to capital cost of a plant and it is necessary

to reduce the gestation period. NPCIL is working towards

reducing the gestation period  to about 5 years, by adopting

innovative project management practices including having large

EPC packages.

Particularly in the long term strategy as India becomes

economically stronger, the more important considerations are

likely to be the total cost over the entire life time of the plant

and constraints due to pollution control regimes. To avoid being

at crossroads, to change gears to GHG emission-free energy

industry in the course of time, there is need to gradually raise

contribution of nuclear power.  The unique distribution of

available energy resources locally demands an inevitable role

for nuclear power as the only robust  solution to long term energy

security of the country. Thus, for the country to become

technologically strong, with high technology industrial

capabilities, there has to be an enormous increase in the

contribution of nuclear power to electricity generation in the

coming decades. To limit the cumulative import of energy to

about 30% of the total primary energy, about a quarter of total

electricity generation would have to be based on nuclear power

by 2050.  A study by DAE estimates approximate percentage

contributions of various resources towards electricity generation

in the year 2050 to be 49% by coal, 3.8% oil, 11.8% gas, 8.3%

hydro, 2.4 % non-conventional renewable and 24.7 % nuclear.

External Costs

Costs Equivalent lives lost
(mEcu/kWh) (per GW-year)

Coal 18-150 213
Lignite 35-84 138
Oil 26-109 213
Gas 5-31 27
Wind 0.5-2.6 5
Hydro 0.8-7 2
Biomass 1.2-29 51
Nuclear 2.5-7.3 1
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Three-stage programme

Stage 1 - PHWR (thermal reactors) use natural uranium-

based fuels to generate electricity.  They also produce fissile

Pu239, which can be extracted by reprocessing the spent

fuel.

Stage 2 -  FBRs  using Pu-based fuels can be used  to

enhance nuclear power capacity and further,  to convert

fertile thorium into uranium (233U).  Reprocessing of the spent

fuel is vital for efficient utilisation of the available plutonium

inventory.

Stage 3 - 233U so produced can be used for the third stage

of power programme consisting of advanced thermal and

fast breeder reactors, for long-term energy security.  In

addition, fissile isotopes can be produced by Accelerator-

driven Sub-critical Reactor (ADS) systems.

Background

Nuclear fuels may be classified as fissile (233U, 235U and 239Pu)

and fertile (238U and 232Th).  While, the fissile isotopes can

be directly used as nuclear fuel, fertile isotopes need to be

converted into fissile form, prior to usage.

235U is the only  fissile isotope occurring in nature.

In India, the resources of exploitable uranium (natural

uranium consists of mostly 238U , with 0.7 % 235U) are limited,

while  thorium (232Th) is  abundantly available.

Both fissile and fertile isotopes are extremely precious

commodities and their usage has to be judiciously planned

for optimum utilisation.  Pressurised Heavy Water Reactors

(PHWRs), which burn 235U also convert fertile 238U to 239Pu.

This plutonium is used in Fast Breeder Reactors (FBRs) as

fuel to generate electricity. Fast reactors produce more fuel

than what is consumed and they also aid in conversion of

fertile 232Th  into fissile 233U. This can be used to fuel

subsequent reactors.

Three-stage Nuclear Power Programme

The three-stage power programme of DAE was planned

based on a closed fuel cycle concept, requiring reprocessing

of spent fuel from every reactor, to judiciously reutilise all

available fissile material for peaceful purposes. 238U, the

dominant isotope of uranium is a fertile material and cannot

make the reactor critical by itself. It has to be converted to fissile
239Pu.

The process of conversion takes place in a nuclear reactor

and the spent fuel from thermal reactors contains 239Pu, which

is most efficiently burned in a fast reactor. Similarly, thorium is

a fertile material and has to be converted to a fissile material,

viz.   233U. To ensure long term energy security for the country,

a closed cycle approach, involving reprocessing of spent fuel

to separate the useful 239Pu and 233U isotopes from 238U and
232Th, has been adopted as a guiding principle for our nuclear

energy programme.

The first stage comprising the setting up of Pressurised

Heavy Water Reactors (PHWRs) and associated fuel cycle

facilities is already in the industrial domain. NPCIL is presently

operating fifteen nuclear power units at six locations and is

implementing construction of eight on-going nuclear power

projects and handling other related activities consistent with

the policies of the Government of India. The existing operating

power stations are Tarapur Atomic Power Station Units-1,2 & 4

(TAPS-1, 2 & 4), Maharashtra, Rajasthan Atomic Power Station

Unit-2-4 (RAPS-2,3&4), Rajasthan, Madras Atomic Power

Station Units-1&2 (MAPS-1&2) ,Tamil Nadu, Narora Atomic

Power Station Units-1&2 (NAPS-1&2), UP, Kakrapar Atomic

Station Units-1&2 (KAPS-1&2), Gujarat and Kaiga Atomic

Power station (Kaiga-1&2),  Karnataka.

The speed at which our first stage nuclear power programme

can move forward is no longer constrained by technology or

industrial infrastructure, but by the availability of funds. The

second stage envisages setting up of Fast Breeder Reactors

(FBRs) backed by reprocessing plants and plutonium fabrication

plants.  In order to multiply inventory of fissile material, fast

breeder reactors are necessary for our programme.

Multiplication of fissile inventory is also needed to establish a

higher power base for using thorium in the third stage of the

programme.
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The three-stage Indian Nuclear Power Programme

FUEL
REPROCESSING

PLANTS

ADVANCED
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FABRICATION
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The third stage will be based on the Th-233U cycle. 233U is

obtained by irradiation of thorium in PHWRs and FBRs. An

advanced Heavy Water Reactor (AHWR) is being planned at

BARC to gain useful experience in using thorium-based fuels

and to expedite the transition to thorium-based systems. In

addition, it will enable us to sustain some of the PHWRs.   The

combination of power reactors from all the three stages would

ensure long-term energy security for the country.

Future Plans
The ever-increasing need for energy is bound to create even

greater pressures on the eco-system. Nuclear energy has the

potential to play a major role in the future as a clean,

concentrated, reliable, sustainable and virtually inexhaustible

source. DAE plans to have an installed nuclear capacity of 20

GWe by the year 2020 and it is envisaged that 7 GWe of this

will be based on Light Water Reactor (LWR) technology. As the

presently known economically extractable coal reserves would

have been nearly exhausted by 2050, it is necessary to ensure

that nuclear power generation through fast breeder reactors

and thorium fuelled reactors gains enough maturity by then to

replace some of the coal based plants. Fast breeder reactors

have the potential to ensure that generation by the middle of

the present century is about a quarter of the total electricity

generation. This path would enable us to limit the primary energy

import to about 30%. Development of U-Pu fuel  based FBRs

of requisite breeding characteristics and associated fuel

reprocessing technologies should be completed in the next 15-

20 years. Use of metallic fuels would ensure faster doubling

time, resulting in quicker generation of fissile isotope inventory

to sustain continuous growth of the FBRs. It is expected that

metal-fuelled FBRs of 4 GWe capacity or more will be installed

annually from 2021 till the plutonium inventory from PHWR

discharged fuel lasts. Similarly FBRs will be installed from the

plutonium generated in LWRs and also from the plutonium bred

in FBRs themselves.

Long term forecast is always full of uncertainties. Even so, it

is necessary to build scenarios for the future, so as to identify

possible alternatives. In case of energy technologies, electrical

energy in particular, lead-times for developing new technologies

are very long and therefore, foresight in identifying promising

areas and initiating  R&D in those directions is very important.

In India, a road map for future technologies is envisioned  in

terms of  on-going basic and technological research work on

fusion devices at the Institute of Plasma Research (IPR),  as

well as development of accelerator driven sub-critical reactor

system (ADS) at BARC.  In the case of fusion research, apart

from detailed studies on fundamental aspects of plasma physics

viz., generation and confinement of plasma, diagnostic tools

for characterisation have been well studied using the Mark-1

TOKAMAK, ADITYA. This has led to many technological

developments in various spheres. A steady state TOKAMAK

SST-1 is currently under advanced stage of development at

IPR, Gandhinagar, bringing our current status to the forefront

in the  international arena.  In ADS, a high energy proton beam

generates neutrons directly through spallation reaction in a non-

fertile/non-fissile element like lead. A sub-critical blanket can

then further amplify this external source as well as produce

energy. Development of such a system offers the promise of

shorter doubling time with Th-233U systems, incineration of long-

lived actinides and fission products and can provide robust

technology for large scale thorium utilisation. As a first step

towards realisation of ADS, proton accelerator will be developed

in the X Plan at BARC. This would provide the necessary

impetus to the research & technology development related to

ADS in DAE.

R. K. Laxman’s famous cartoon  depicting Pandit Nehru driving the
common man on a bullock cart with  a nuclear wheel – on the eve
of the dedication of  the first  nuclear research reactor APSARA

(1957)
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Atomic Energy and Space Research

In August 1961, the subject of exploring outer space for peaceful
uses was vested with DAE. The Indian National Committee for Space
Research was constituted by DAE  in early 1962, with Dr Vikram A.
Sarabhai as the Chairman. This committee stressed  the need to create
an International Equatorial sounding rocket launching facility. In early
1963 at the UN meeting, India proposed to host this facility, which was
accepted by UN. The launching facility was established at Thumba, on
the west coast, 16 km north of Trivandrum. This site was selected
because of its location being very close to the geo-magnetic equator.

In   1965, AEC approved a proposal by Indian National Committee
for Space Research (INCOSPAR) to establish a Space Science and
Technology Centre (SSTC), with major responsibility for development
of sounding rockets of superior performance and for acquiring expertise
in aerospace engineering and scientific payload construction for rockets
and satellites. With the increased importance of space research
activities, it was decided to establish the manufacturing technology of a

sounding rocket indigenously. For the first batch of centaur rockets, the hardware was manufactured at the Central workshops
at BARC. Work in a large number of disciplines, including propellant engineering, propulsion, structural control and guidance,
technical physics, electronics, mechanical and systems engineering was initiated at SSTC. On August 15, 1969, activities in
the field of Space research were transferred to the newly constituted Indian Space Research Organisation (ISRO) with
headquarters at Ahmedabad. With the formation of a separate Department of Space on June 1, 1972, Space research
ceased to be the responsibility of DAE. Nevertheless, close cooperation between the space programme and the atomic
energy programme continues even today

“ …within  the next  couple of decades atomic energy would play  an important role in the economy and
the industry of countries and  that,  if  India  did  not  wish   to   fall   even   further   behind   the industrially
advanced  countries   of   the    world,   it   would   be necessary to take more energetic measures to
develop this  branch of  science…”

-  Homi Bhabha, Chairman, AEC (1948-1966)

“…Countries have to provide facilities for its nationals to do front-rank  research  within  the  resources
which  are  available.  It  is  equally  necessary,  having   produced  the  men  who   can  do  research, to
organise task oriented projects for the nation’s practical problems …”

      - Vikram Sarabhai, Chairman, AEC (1966-1971)
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“… The radioactive waste management in the Indian Nuclear Programme has continued to ensure that
man and environment are not endangered to release of radioactivity….While we have worked on the
basis of ‘ as low a discharge as possible’ as a practical reality, our current efforts are directed towards
the concept of limiting discharge activity to the environment…”

- H.N. Sethna, Chairman, AEC (1972-1983)
  Address at  IAEA General Conference, 1975

“... The year 1985-86 has seen notable advances in our Atomic Energy Programme. On 18th October,
1985, the first indigenously built Fast Breeder Test Reactor (FBTR), using indigenously developed
mixed carbide fuel, reached criticality. The commissioning of the FBTR was very smooth. This is a very
significant event for us, as it marks the second phase of India’s Nuclear Power Programme…”

 - Raja Ramanna, Chairman, AEC (1983-1987)
Address at IAEA General Conference, 1985

“...The Atomic Energy Regulatory Board (AERB), which has been installed and entrusted with overall
responsibilities for the regulatory purpose, has set about its task in a systematic manner. The board has
undertaken preparation of codes and guides in the nuclear, medical, industrial and transportation areas.
Environmental surveys were conducted around all the nuclear plants and research centre sites...”

-  M.R. Srinivasan, Chairman, AEC (1987-1990)
Address at IAEA General Conference, 1986

“... India can also supply small research reactors that can become nuclei for manpower training in the
developing countries. India is now poised to help the developing countries with several nuclear related
technologies, radioisotope production and utilisation, setting up of small reactors and taking up operations
like reprocessing which are more manpower intensive and hence can be done more inexpensively in
developing countries...”

-  P.K. Iyengar, Chairman, AEC (1990-1993)
Address at IAEA General Conference,  1990

“ ...In the coming century,  nuclear energy will account for an increasing share of the electricity mix in
India. Mature technologies for reprocessing, waste management and recycle of plutonium have been
demonstrated and are available. Progress is under way on the thorium-uranium 233 cycle also. In this
context, it is worth mentioning that because of our great interest in the closed nuclear fuel cycle, we
have always considered spent fuel as a vital resource material…”

- R. Chidambaram, Chairman, AEC (1993-2000)
Address at IAEA General Conference, 1999
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“… Our atomic energy programme, which is in its 50th year, has come a long way on its march to serve
Indian people. Today we are on a fast track growth backed up by a strong R&D, industrial and safety
infrastructure. …A few days back Government of India has approved construction of a 500 MWe PFBR.
This indigenously developed technology can enhance the installed power generation capacity to well above
3,00,000 MWe even with our modest uranium resources…”

- Anil Kakodkar, Chairman, AEC (2000- )
Address at IAEA Conference, 2003

The May 1998 Pokhran Tests – Scientific Aspects

India conducted five nuclear tests on May 11 and 13, 1998 at the Pokhran range in Rajasthan Desert. The first three
detonations took place simultaneously at 15.45 hrs, IST on May 11. These included a 45 kT thermonuclear device, a 15kt
fission device and a 0.2 kt sub-kiloton (ie., less than one kiloton) device. The two nuclear devices detonated simultaneously on
May 13 were also in the sub-kiloton range – 0.5 kT and 0.3 kT. The necessity for the simultaneous detonation of the thermonuclear
device and the fission device on May 11 was due to the fact that the two shafts, where these detonations were carried out were
separated by only 1 kilometer. There was a concern that otherwise the shock wave from a detonation in one shaft may damage
the second shaft and the equipment located therein. The inclusion of a sub-kiloton device in the third shaft a few kilometers
away in the May 11 tests and the simultaneous detonation of the two sub-kiloton devices on May 13 were dictated by the
advantages of convenience and speed.

The depth of each shaft was so chosen that, after the tests, there was no radioactive contamination at the test site. To
establish this, extensive radioactivity monitoring (both ground based and air borne) surveys were carried out before and
immediately after the events and at periodic intervals thereafter. Again, as in the May 1974 tests, reconnoitering health physics
teams went up to surface ground zeros soon after the detonations and after necessary checks, pronounced the areas as
radiation free, for recovery of instruments for experiments fielded nearby. The physical-mechanical processes associated with
the propagation of the stress field set up in a geological medium by a sudden release of the explosive energy of a nuclear
device – like vaporisation, melting, crushing, fracture and motion of the rock – are dependent on the chemical composition of
the rocks and their physical and mechanical properties like density, porosity, water content, strength, etc. Detailed computer
simulation calculations were carried out for each of the five shafts of the May 1998 test explosions,  in order to ensure containment
of radioactivity.

These successful tests of advanced and robust weapon
designs are considered as “Perfect” tests. These tests were
very carefully planned and carried out in close synergistic
cooperation with the Defence Research and Development
Organisation.

When, the then Prime Minister of India, Atal Bihari
Vajpayee, visited one of the craters a few days later, it was
demonstrated to him using sensitive measuring equipment
that the radioactivity level at the place he was standing
was at the background level and no higher than that at the
place where he had his breakfast a few kilometers away.
After the successful tests, Vajpayee declared that India was
now a Nuclear Weapon State and having achieved the
objectives of the tests, he also declared a moratorium on
further testing on May 13, 1998.
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DAE  Organizational Chart
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Technology Day Address
11-05-2004 : New Delhi

Excerpts

For brevity, I would like to discuss nine technological events,

which have the potential to penetrate into our economy and

assist the transformation of our society. They are: Seed Cotton

Productivity; Electricity Generation from Municipal Waste; A

Brand in Automobile Technology; Fast Breeder Reactor; Birth

of an Indian Cryogenic Engine; Light Combat Aircraft (LCA)

crossing the Sonic Barrier; Mapping the Neighborhood by the

Children; Synergy Mission for Environmental Upgradation and

Digital Library in every Panchayat.

Fast Breeder Reactor (FBR)

When I think of energy security through non-conventional

sources in the country, I am reminded of Dr. Homi Jahangir Bhabha, who gave a vision of three-phase programme of nuclear

power to ensure energy security. The first phase of this programme led to the maturity in building pressurized heavy water

reactors in the country. Dr. Vikram Sarabhai was the visionary, who recognized early in the 1970’s, the need for developing

Fast Breeder Reactor, which can achieve a power capacity of five hundred thousand mega watts. The Fast Breeder Reactor

generates more nuclear fuel than it consumes due to gainful conversion of fertile isotopes like U-238 and Th-232 into Pu-239

and U-233 respectively. Dr. Vikram Sarabhai also understood the complexity of FBRs and drew a road map for inter disciplinary

research in reactor engineering, materials, chemistry, reprocessing safety, instrumentation and other allied disciplines at the

Indira Gandhi Centre for Atomic Research. The experiences in construction, commissioning and satisfactory operation of the

Fast Breeder Test Reactor have demonstrated the mastering of the multi-disciplinary technology for energy production. It has

also created a pool of specialists in various disciplines related to complex technology of fast breeder reactor.

With this experience, a Fast Breeder Reactor of 500 MW capacity has been designed. Two peer expert groups have

reviewed the final design of FBR 500. This has provided a proof of Indian design capability. Based on this confidence, a project

has been sanctioned to the Department of Atomic Energy for setting up of the first FBR by a newly formed company called

BHAVINI at a cost of Rs. 3500 crores by 2010. Let us celebrate the success of our nuclear power development with scientists

and engineers and their partners in the industry for making the dream of fast breeder reactor a reality for the nation, which will

lead the country towards total energy security within the next two decades. “Let us empower the nation with quality power.”

- Excerpts from the speech of His Excellency President of India,  Dr. A. P. J. Abdul Kalam on  Technology Day,
11th May, 2004.
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