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General Survey
The year, which also marks the
completion of three decades of the
formation of Department of Atomic
Energy, registered a number of
successes and continued growth. The
Department sold nuclear power
worth Rs 90 crores during 1984 and
revenue is expected to total about
Rs 125 crores by the end of the
financial year, representing a 75 per
cent increase over the previous year.
Apart from this the Department
earned over Rs 2 crores from the sale
of BARC produced isotopes and
related instruments

The year also saw a major gearing up
of the Department's planning and
production processes in preparation
for the achievement of the target of
10,000 MWe of nuclear power
generating capacity by the year 2000,
which would then represent about 10
per cent of total electrical generating
capacity in the country. The
necessary inputs fortheattainmentof
the target were identified and
detailed plans drawn up in the
nuclear powerand industry sectors to
this-end. Organisational changes
beginning with the establishment of
the Nuclear Power Board were also
made, possible sites identified for the
location of new nuclear power
stations and expansion uf present
stations, and Indian industry
associated with the process. The

fifteen year nuclear power profile,
prepared by the Department was
endorsed and advance action by the
Department for four 235 MWe units
— two each at Kaiga in Karnataka and
Rawatbhatta in Rajasthan, for
procurement of raw materials and
ordering critical equipment with a
long manufacturing period, was also
approved.

The operating nuclear power units
achieved high capacity utilization
and availability figures during the
year. After complicated repairs
RAPS I reactor was successfully
recommissioned. TAPS completed
15 years of successful operation with
an availability factor of 70 per cent
over the period. MAPS I reached its
full generating capacity of 235 MWe
and was on line for 72 per cent of the
time while RAPS II operated at about
200 MWe power level attaining a
capacity factor of 53.5 percent upto
December 1984. The design of future
PHWR type of reactors has also been-
standardised.

Teething problems in heavy water
production were solved and
confidence has been built up to meet
indigenously heavy water needs of
the nuclear power generation
programme which aims to generate
10,000 MWe of nuclear power by the
year 2000.

The 100 MWt research reactor
DHRUVA for isotope production and
basic and engineering research, is
being commissioned. At Trombay, a
small uranium-233 solution reactor
PURNIMA H for studies of thorium
cycle, attained criticality during the
year. This is the only operating
reactor in the world using
uranium-233 as fuel.
BARC commissioned a
radiopharmaceutical production
laboratory ISOPH ARM at Vashi,
New Bombay and opened a 'Regional
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BARC, which is the country's leading Nuclear
technology generating research and Power
development Centre, transferred
several proven technologies to Indian
manufacturers.

Successful development of mixed
carbide fuel at BARC for the fast
breeder test reactor (FBTR), which is
nearing first criticality, will enable
the country to enter the second phase
of nuclear power programme based
on fast breeder reactors.

Another important landmark in the Tarapur
nuclear power programme was the Atomic
commissioning of the vitrification Power
unit of the Waste Immobilisation Station
Plant at Tarapur on 4 March, 1985.

All the necessary support for
country's future nuclear programme
is now within the competence of
Indian industries.

Interaction with representatives of
industry resulted in the conclusion
that Indian industry has the
capability to produce components etc

necessary for attainment of the
15 year plan.
There were a number of successes on
the nuclear power front. While Unit I
of RAPS was commissioned
successfully after it was shut down in
March 1982, the other four reactors at
Tarapur, Kota and Kalpakkam
showed a highly satisfactory
performance. Revenues earned from
the sale of electricity from nuclear
powerstationsduring 1984 was about
Rs 90 crores and is expected to be
Rs 125 crores by the ei <d of the financial
year.

TAPS consisting of two units of
boiling water reactors (BWR) comp-
leted IS years of commercial opera-
tion in November 1984, Unit I
completed one lakh hours of
operation in October 1984. The
station generated about 28,340
million units upto December 1984.
TAPS units were operated in a safe
and reliable manner. During the year,
offsite discharges were brought to a
minimum and the collective man-rem
dose was also the lowest in recent
years.



While the cumulative capacity
factor for TAPS was 51 per cent, the
average availability factor of the two
units over the period was 70 per cent.
Indigenisation of spare parts, design
changes and improvements have
minimised the impact of their
nonavailability from abroad.

Rajasthan The repair work done on the
Atomic end-shield of RAPS I was one of the
Power most complex engineering tasks ever
Station undertaken and was carried out

entirely indigenously without any
foreign assistance. The unit came
back on line after DAE's engineers
and scientists carried out the
technically demanding task of
repairing light water leaks in an
inaccessible part of the end-shield of
the reactor. The task required a high
degree of technical sophistication
and coordination. Unit I, which was
shut down for about three years, was
synchronised to the grid on
1 February 1985. At present the unit
is carrying a load of 150 MWe.

This year too, RAPS II performed very
well. The unit operated at 200 MWe
power levels and supplied process
steam equivalent to 10 MWe
generation to HWP Kota. Upto
December 1984, the capacity factor of
the unit was 53.50 per cent.

Madras MAPS I, declared commercial on
Atomic 27 January, 1984, exhibited highly
Power satisfactory performance. The unit
Project achieved a capacity factor of 64.3 per

cent, was on line for 75.3 percent of
the time during 1984 and attained its
rated capacity of 235 MWe during
operation. Commissioning activities
on Unit II are briskly going on and the
Unit is expected to be on line in the
latter half of 1985.

Narora Construction of the main plant build-
Atomic ings and structure of NAPP were
Power completed and calandria and end-
Project shield installed. The two NAPP units

are scheduled for completion in
1987-88 and 1988-89.

Kakrapar Concreting work of the raft of reactor
Atomic building No. 1 of KAPP was corn-
Power menced in December 1984. Manufac-
Project ture of key nuclear components

namely the end-shields and
calandrias has made good progress.
Other components are also under
manufacture. The two units are
expected to be commissioned by
December 1990 and December 1991
respectively.

The design of the 235 MWe PHWR
unit has been standardised and
design work on the 500 MWe units is
progressing satisfactorily. The NPB
has deployed dedicated groups for
design, engineering and
implementation of the 235 MWe and
500 MWe PHWR programmes. Design
work on the 500 MWe unit has
commenced in full swing from
August 1984. The conceptual design
of various systems and plant layout
have been completed. Detailing of
certain critical equipment has also
been taken up. A feasibility report
has been prepared and approved by
the AEC in principle. The
preliminary project schedule
envisages commissioning of the first
500 MWe unit by 1995. Construction
work is expected to commence in
January 1987.

Nuclear The year also saw the detailed
Power examination and endorsement of the
Profile nuclear power profile (1985-2000)
Endorsed prepared by the Department. The

profile envisages the construction of
twelve standardised 235 MWe PHWR
type reactors and ten 500 MWe
reactors. Indian industry has also
been contacted and has the potential
to fulfill requirements of
the 15 year plan.

Sites for The Site Selection Committee set up
more by DAE in 1983, submitted its reports
nuclear in respect of Southern, Northern and
plants Western Electricity Regions. The

Department has prepared a
priori tywise list of sites in these
regions for taking up installation
work of the 235 MWe and 500 MWe
reactors foreseen in the
fifteen year profile.

PHWRs, which are the mainstay of
India's nuclear power programme,
use heavy water as moderator and
coolant. Operation of the heavy water
plants during the year generated
confidence of meeting indigenously
the heavy water needs of country's
nuclear power programme.

While the performance of the heavy
water plants at Tuticorin and Baroda
registered remarkable improvement
during the year, the technical
viability of Heavy Water Plant
Talcher was demonstrated
conclusively.

Heavy Steps were taken to tide over the
Water problem of power scarci ty. A front
Plant end plant for production of hydrogen
Nangal is to be set up at Nangal. This plant



will require a fraction of the energy
consumed by an electrolysis plant
and ensure sustained production of
heavy water.

Heavy Improvement and effective mainre-
Water nance reduced the number of plant
Plant shut downs. Daily capacity of the
Baroda plant reached 80 per cent of the

effective capacity and the stream
factor was improved. It is expected
that the annual capacity utilisation
will exceed 70 per cent of effective
capacity. During December 1984,
monthly capacity utilisation
exceeded 90 per cent. Efficiency is
expected to improve further and
effective capacity very close to 100 per
cent can be achieved by the
end of 1985-86.

The Ammonia stream is the umbilical
cord joining a mother fertilizer plant
and an ammonia-hvdrogen exchange
process based heavy water plant.
However, any malfunction in the
fertilizer plant affects seriously the
production of heavy water plant. To
delink heavy water plant from the
fertilizer plant, a pilot plant for water
ammonia exchange was
commissioned successfully. Plants
can now be designed with stabilized
production of heavy water.

Heavy Heavy Water Plant Tuticorin con-
Water firmed the technical viability of the
Plant monotherma] ammonia hydrogen ex-
Tuticorin change process for the production of

heavy water. Daily capacity reached
more than 85 per cent of the effective
capacity.

Heavy The plant was brought on line from
Water the end September 1984 and operated
Plant continuously for a few checks. This
Talcher has established dual temperature

ammonia hydrogen exchange process
for the production of heavy water.

Heavy Continuous operation of the plant at
Water reduced pressure and throughput
Plant was possible. The checks carried
Kota out so far indicate that the plant will

meet all the stringent safety
requirements. The plant is expected
to be restarted shortly for
continuous operation.

Thai This 110 tonnes heavy water plant
Vaishet using ammonia hydrogen exchange
Project process is progressing satisfactorily.

It is expected to be commissioned in
1987 on schedule and within the
sanctioned cost. The plant involves
indigenous fabrication of more than
6000 tonnes of process equipment

like towers and heat exchangers and
5000 tonnes of piping.

Manuguru This 185 tonne heavy water plant
Project using hydrogen sulphide-water

exchange process is entrusted to
consultants on a total management
basis. Ordering of equipment for the
plant was substantially complete and
the fabrication of equipment is
progressing satisfactorily. This plant
is expected to start production by the
year 1988.

Perspective Availability of heavy water will not
Plan for be a constraint on the indigenous
Heavy Waterdevelopment of economical nuclear
Production power. The Department has drawn

up a perspective plan for generating
matching capacity for the production
of heavy water for attaining the
10,000 MWe power generation
capacity which will require 13,000
tonnes of heavy water by the end ot
century. Some more plants based on
monothermal ammonia hydrogen
exchange process with synthesis gas
from fertilizer plants as feed, one or
two independent monothermal
ammonia hydrogen exchange process
plants with water ammonia exchange
as front end and atleast one 400
tonnes a year heavy water plant,
based on hydrogen sulphide water
exchange process, will be set up.

With the highly successful initial
trials in the water ammonia exchange
pilot plant at Baroda, design work has
also been taken up on heavy water
plants based on ammonia hydrogen
exchange independent of fertilizer
plants. In the immediate future one
more 110 tonne heavy water plant
identical to the Thai plant is proposed
at Hazira, Gujarat.

Nuclear The Nuclear Fuel Complex (NFC) at
Fuel Hyderabad supplies the fuel

elements for Tarapur and for the
pressurised heavy water reactors at
Rajasthan and Madras as also zircaloy
components like calandria rubes and
coolant tubes. The pertormanceof the
fuel supplied to RAPS and MAPS was
extremely satisfactory with an
insignificantly low rate of failures.
NFC also undertook development of
fuel and components for the 500 MWe
reactor programme and improved
fuel for the Tarapur reactors.
Expansion of the facilities at NFC is
on hand to meet near term
requirements. Plans are also being
drawn up for further expansion of
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fuel fabrication capacity as well as
capacity for zircaloy and
zirconium-niobium alloy
components for the long term reactor
programme visualised in the profile.
The indigenous programme for
fabrication of fuel and components
will meet the requirements of the
programme to the high standards of
quality established in the past.
NFC completed its commitment for
the supply of depleted UO2 fuel
assemblies for the commissioning of
MAPP II reactor. The value of
production achieved in the Tubes
Group upto December 1984 was
about Rs 5.90 crores and is expected
to go upto Rs 9.88 crores by March
1985.

Two projects atTuramdih (West) and
Bagjata in Singhbhum Thtust Belt,
Bihar were identified for commercial
production.
During the year, the Division covered
38,978 sq km by air borne gamma ray
spectrometric and magnetic surveys,
15,842 sq km by reconnaitory
radiometric foot survey and more
than 2,994 route km by jeep borne
scintillometric surveys. Airborne
survey was supplemented by a wide
variety of remote sensing
applications and techniques
comprising study of aerial
photographs, landsat imagery and

computer enhancement technique of
landsat data.

Significant uranium anomalies were
located in some parts of the country.
The Division carried out at about 25
different uranium prospects over
55,140 m of drilling and completed a
total of 567.70 m of exploratory
underground development.

Research DHRUVA reactor has made
Reactors significant progress during the year.

Commissioning of its various
systems and safety documentation
were completed. The first criticality
of the reactor is expected soon.
High power operation of the reactor
is expected to be achieved
during 1985-86.

The homogenous reactor PURNIMA
II using uranium-233 fuel attained
criticality on 10 May, 1984. This is
the only operating reactor of its kind
in the world at present, for studies
in the thorium cycle.

APSARA and CIRUS continued to
operate efficiently. The major
activities included irradiation testing
of MOX fuel cluster tor power reactors,
metallic uranium fuel assemblies
with adjusted uranium for research
reactors, prototype fuel and other test
assemblies for DHRUVA reactor.

KAMINI, a 30 KW natural convection
cooled small reactor providing



thermal neutron flux, is being
installed at RRC Kalpakkam for
neutron radiographic examination.

Research The country's achievement of
and self-sufficiency in the nuclear power
Develop- programme is the result of consistent
merit indigeneous research and

development endeavour at Trombay.
A mixed oxide fuel manufacturing
facility was commissioned during the
period 1973-77 at Trombay by
expanding and augmenting the
existing laboratory at the
Radiometallurgy Division of BARC.
The facility has already successfully
developed mixed natural
uranium-plutonium oxide (MOX)
fuel for boiling water reactors and the
mixed uranium-plutonium carbide
fuel for fast breeder reactors. This
exercise of indigenous fuel
fabrication has now generated
utmost confidence in country's
venture in the manufacture of fuels
for larger future prototype fast
breeder reactors (PFBR).
During the year the salient outcome
of efforts of BARC included an
indigenous light projector and
corescope system and a hydrogen
detecting system for FBTR,
components from core vessel to the
display and control panels,
indigenous shut off rod drive and
computerised data acquisition and
display for PREFRE plant, electronic
locks for nuclear material carrier, a
gamma scanner system for pre- and
post-irradiation examination of FBTR
fuel and a computer assisted
automatic gamma scanner for the
MOX facility at Tarapur. BARC
fabricated a novel neutron
spectrometer which has been
installed at the Rutherford Appleton
Laboratory, U.K. For the
PURNIMA II reactor, systems like the
vessel reflector assemblies, liquid
fuel transfer system, shut down
system, reactivity adjustment
mechanisms, control and safety inter
locks and control and display systems
were developed and installed.
at BARC.

Other notable developments were the
primary heat transport pumps for
Narora reactors and 7x7 fuel
clusters and control blades for TAPS.
A new process developed for the
separation of zinc and hafnium was
accepted for zirconium oxide
production; a process for the recovery
of zinc from zinc plant effluents
was also finalised.

One reverse osmosis plant each is
being set up in Gujarat and Andhra
Pradesh for brackish water
desalination. The reverse osmosis
process has also shown promise for
various industrial applications.
A 30 tonnes per day shipborne
desalination plant is under erection.
BARC successfully fabricated 15 km
long 45 strand niobium titanium
superconducting wire. A small air
liquefier, a special ultrahigh vacuum
system for deep underground
operations, an FT-NMR
spectrometer, a new haemodialyser
unit and a laboratory scale
multipurpose vacuum coating system
are the other developments at BARC.

The Centre fabricated a versatile
electron beam welding machine and
soft X-rav appearance potential and
quadrupole mass spectrometers.

Lasers for melting metal upto 5 mm
depth and precision welding of small
components, a remote beam guiding
system for carrying out welding in
inaccessible areas were other notable
developments.
In the field of thermonuclear
research, velocities ot the order ot
10 km/sec were achieved and plasma
temperatures of the order ot
16 million degrees were produced
For the joint Indo-Swiss experiments.
1700 furnished thoria elements
fabricated at BARC were deln ered
to EPFI. Switzerland.

fuel PRF.FRE plant M Tarapur reprocessed
Repro- successfully second campaign ot
cessing nuclear power reactor fuel.

Recommissioned in ll'S3. Plutonium
Plant at Trombav started
reprocessing spent fuel from CIRl'^
reactor. Work on reprocessing plant
at Kalpakkam is progressing

Plutonium requirement of natural
mixed carbide cure ot FBTR iv.h met
and fabrication ot the fuel is neanng
completion.

VVorK on phitonium based fuel
manufacturing plant .it T.ir.ipur is
nearing completion.

Heavy Indigenously developed heavy water
Water upgrading technology is now tullv
Upgrading established While the upgrading

plants .it Kota and Kalpakkam
performed very well during the year
the final enrichment plant at
! uticorm was commissioned
successfully to vieid W.S percent
pure reactor grade heavy ivaler



Similar plants are being set up at
Thal-Vaishet, Maharashtra and
Manuguru, Andhra Pradesh.
Upgrading plants at MAPPII and
NAPP have also made good progress.

Potable Developed as a spin off of research
Water at Trombay, BARC completed the

fabrication of a 30 tonnes/day ship
borne desalination plant and its
erection is in progress. For brackish
water desalination, reverse osmosis
plants are being set up by BARC in
Gujarat and Andhra Pradesh.
Reverse osmosis technology
developed at Trombay has also
shown good potential for industrial
use.
A demonstration plant for processing
2 tonnes/year of tin was successfully
commissioned at Raipur. The plant
has been set up in collaboration with
M.P. State Mining Corporation.
The process was developed at BARC.

Technology During the year, a number of
Transfer technologies were transferred to

Indian industry. These include the
technology of obtaining pulsed
output from a continuous wave laser,
knowhow of microcomputer based
analyser, a 96 line microcomputer
based PABX and technology for
nitrogen-15 enriched nitric acid. The
processes approved for technology or
knowhow transfer are for making
bilirubin strips for early detection of
jaundice and a kit for rapid
identification of stainless steel on
shop floors and surface area analyser.
Work is underway for the transfer of
technology for phosphorus and
sulphur hexafluoride production.
Osmotic dehydration of fruits, high
efficiency air filters and ship borne
desalination plants are some other
technologies which have either been
transferred or are about to be
transferred.

Variable The Variable Energy Cyclotron (VEC)
Energy is a national research laboratory for
Cyclotron universities and research institutes of

the country. During the year, VEC
was operated round the clock and its
utilization factor improved. The
efficiency factor for beam on target
was 70 per cent.

Nuclear The Nuclear Research Laboratory
Research of BARC set up a cosmic gamma ray
Laboratory, telescope at Gulmarg for surveying
Srinagar the northern skies for potential

sources of ultrahigh energy gamma
rays. The Laboratory while working
on wood plastic composites has

found deodar wood as the best
composite for flooring.

Seismic A multichannel data acquisition
Research system for seismic data and a micro

seismic network were developed.

Pelletron BARC is setting up, in collaboration
Accelerator with TIFR, a medium energy heavy

ion (Pelletron) accelerator facility.
The 115 tonne gigantic high pressure
steel tank for housing the accelerator
was fabricated, tested at Trombay
and installed. The 14 MeVaccelerator
facility will be used for nuclear
research with accelerated heavy
ion beams.

MHD The 5 MW experimental MHD plant
for research and development studies
in magnetohydrodynamic power
generation, is being executed by
BARC in collaboration with BHEL at
Tiruchirapalli, Tamil Nadu. The zero
induction channel and 300 tonne iron
core electromagnet designed and
fabricated at BARC were delivered to
the site. The civil works and auxiliary
facilities of the project have been
completed.

Training At the BARC Training School, the
foremost institution in the country
for the training of nuclear scientists
and engineers, 155 trainees
including 39 inplant trainees,
completed the 27th training course.
BARC also held training courses in
collaboration with other
organisations on industrial
radiography safety aspects and other
non-destructive test methods.
Training in radioimmunoassay (RIA)
was provided to 45 medical and
paramedical personnel at the
Radiation Medicine Centre of BARC.

Waste The Vitrification Unit of the Waste
Manage- Immobilisation Plant, Tarapur, for
ment incorporation of highly radioactive

waste generated from reprocessing of
spent fuel has become operational.
The Bituminisation Unit o'f the plant
became fully operational in the last
quarter of 1984. The Polymerisation
Unit for incorporation of higher level
radioactive wastes up to a specific
activity of 3 to 4 curies per litre has
been operational over a period of last
18 months. Approximately
200,000 litres of higher active wastes
have so far been solidified.
Vitrification technology is purely an
indigenous development.

Waste management facilities at
Trombay, Tarapur, Kota, Kalpakkam,

10
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Hyderabad and Alwaye were
operated satisfactorily. Release of
radioactivity to the environment was
well within the safety regulation.
Migration of radioactivity from the
burial site to the surrounding areas
was found to be insignificant.

Health Health surveillance of workers
Surveillance continued to be provided at various
and installations of BARC and other
Radiological consituent units of DAE. Bioassayand
Protection wholebody radioactivity counting

done showrd that in all monitored
cases, exposure was well below the
annual limits. Monitoring of
radioactivity in terrestrial and
acquatic environment at Tarapur,
Kota and Kalpakkam did not show
any detectable releases from DAE
installations. The radiation safety
programme is being implemented in
about 2300 radiation source using
institutions in India. To assess the
hazards of air pollutants in different
industrial operations, periodic
estimates were made. BARC is
advising six centres in the Integrated
Environmental Programme on Heavy
Metals under the Department of
Environment. Screening of
environmental chemicals for their
mutagenic and carcinogenic
potentials and metabolic disorders
received considerable attention.

Environ- Safety and environment upkeep have
ment been part and parcel of the nuclear

culture from inception which is why
nuclear industry has emerged
possibly as one of the safest and
cleanest industrial activities.
The Department lays utmost
emphasis on the preservation of
environment.
The release of radioactivity to the
environment at DAE's various
installations, was kept well within
the safety regulations.
Screening of environmental
chemicals for their mutagenic and
carcinogenic potentials and
metabolic disorders was continued at
BARC.
As a first step towards leak proof
containment of chemically loaded
effluents, all the solar evaporation
ponds at NFC were lined with
polyethylene composite. There was
no effluent let out by the Complex to
the environment.

Energy To tide over the problem of
Conser- non-availability of power for heavy
vation water production at Nangal, a front

end plant using pressure swing
adsorption technology, is proposed
to be set up for production of
hydrogen from synthesis gas. This
plant will consume only a fraction of
the energy required by the present
electrolysis plants.
At NFC, a large scale Slurry
Extraction Unit was put into
operation at the Uranium Oxide Plant
for direct extraction of uranium from
the slurry. This is expected to save on
energy consumption and
manpower.

Radio- During the year, radioisotopes
isotopes and associated equipment worth

Rs 2 crores were supplied by BARC in
the country and abroad.
Radiation sources produced at BARC
were widely used in industrial
radiography, research and medical
applications. 10,000 curies of
iridium-192 sources for industrial
radiography and over 700 radiation
sources for medical and research
applications were supplied. Various
fission product isotopes were also
consigned to a number of research
institutions.
Expert advice and specialised
radiography services were offered by
BARC to many industries and
Government institutions.

Labelled BARC produced labelled compounds
Agro- were widely used in the medical and
chemicals agricultural research. About 25 kg of
and radioisotope labelled agrochemicals
Compounds like superphosphate and

nitrophosphate were supplied to a
number of agricultural institutions in
the country and abroad.
Methods for the preparation of two
phosphorus-32 labelled nucleotides
have been standardised.
A labelled compound laboratory of
BARC is coming up at Vashi.

Radiation The Radiation Medicine Centre of
Medicine BARC is recognised as a Regional
Centre Reference Centre for South East

Asia in nuclear medicine by WHO
and the IAEA. During the year, more
than 15,000 patients attended the
Centre for radionuclide
investigations and in vitro
procedures like RIA were performed
on about 7000 patients. The
radioimmunoassay (RIA) technique
developed at RMC was veryuseful in
thedetection of different tuberculosis
diseases. An assay for the screening
of leprosy patients has also been

11



developed. RMC continued to carry
out research and development work
in nuclear medicine and impart
training to medical and paramedical
personnel in nuclear medicine.

A New Development at BARC of new
Production shortlived radioisotopes with
Laboratory potential applications in nuclear
and a medicine is a major activity in
Regional radiopharmaceuticals. Production
Centre for and supply of radiopharmaceuticals
Radio- significantly increased this year due
pharma- to the commissioning of a
ceuticals radiopharmaceutical production

laboratory ISOPHARM by BARC at
Vcishi. A Regional Centre for
Radiopharmaceuticals also started
functioning at Bangalore. The Centre
offers RIA services and technetium-
99m labelled radiopharmaceuticals
for use in nuclear medicine in local
hospitals. Two other such centres are
being set up at New Delhi and
Dibrugarh.

[SOMED The ISOMED plant continued to offer
gamma irradiation services for
sterilisation of medical products.
Radiation sterilisation services worth
Rs 22 lakhs were rendered by
ISOMED during the year.

Radiation A facility for the development of
Technology wood plastics has been completed at

BARC; studies on an onion irradiator
for preservation of onions in rural
areas were carried out; and a plant for
the hygienisation of sewage by
gamma irradiation is to come up at
Baroda during 1985.

Improved Over the years BARC successfully
Crop Plant developed induced genetic

mutations in a number of crop plants
notably pulses, rice, wheat, jute and
groundnut.

During the year, pigeon pea and
blackgram varieties were accepted for
release by the All India Co-ordinated
Pulse Improvement Project. Under
the collaborative agreement,
Punjabrao Krishi Vidya Peeth, Akola
produced over 29,000 kg moong bean
seed and 16,000 kg of a pigeon pea
variety developed by BARC.

While three rice varieties developed
at Trombay were taken up in initial
trials, a slender grain variety
developed at BARC has been
included in district trials in
Maharashtra. Two groundnut
varieties were recommended for
testing in the national adaptive trials
and a jute variety was promoted to
the national elite trials.

Two other varieties of jute were
included in the advanced trials of the
AH India Co-ordinated Project. BARC
wheat culture was also promoted to
preliminary yield trials in Vidharbha.

Food The shelf life of several edibles can be
Preservation extended by irradiation. Exposure to

gamma rays was found to be effective
in reducing the microbial load of
spices without changing their
characteristics. Experiments also
showed that the green unripe
Alphonso mango can be stored for
periods upto one and a half months.

Tissue BARC scientists have successfully
Culture used tissue culture techniques to

develop economically important
plants. Flowering time in
sandalwood plant, raised through
tissue culture, was found to be
reduced by 3'<2 years. Plantlet
regeneration in the cultured leaves of
oil palm and mulberry was a success.

Information BARC continued to contribute to the
Dissemi- International Nuclear Information
nation System (INIS) of IAEA. So far 14,000

items have been contributed to the
system.
The Centre which has translation
facilities in German, Italian,
Japanese, French and Russian
languages has regularly been
contributing translations of technical
papers to the National Science
Library INSDOC, New Delhi.

BARC's Library holdings of books,
periodicals, reports etc. stand above
68,000. The Centre has one of the
largest collection of reports in the
nuclear field in the world.

For the media and public at large,
DAE continued to disseminate
information through literature
produced bilingually in English and
Hindi on its activities, plans and
programmes. The Department also
organised exhibitions within the
country and abroad.

Reactor Activities pertaining to the fast
Research breeder programme continued at full
Centre swing at RRC.

Construction of the fast breeder test
reactor (FBTR) for the first phase of
the programme was completed.
During the phase, the test reactor is to
achieve initial criticality and operate
at low power for reactor physics
experiments. Fuel loading and
approach to criticality of FBTR is
planned for mid 1985. The target of
achieving criticality was deferred by
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a few months due to some technical
problems encountered during the
commissioning trials in August 1984.
The reactor will be fuelled
indigenously with a fuel based on
plutonium and natural uranium
mixed carbide. With the
commissioning of FBTR, India will be
the first country in the world to use
the mixed carbide as the driver fuel
for a nuclear reactor. This
development has established success
in achieving self-reliance in such a
sophisticated and front line
technology and saved a considerable
amount of foreign exchange for the
country.

In the context of future energy
requirements for industrial growth,
nuclear energy assumes great
importance in providing a viable
alternative. Presently known reserves
of uranium (estimated at 73,000
tonnes) will permit the installation of
a nuclear power generation capacity
of 15,000 MWe in PHWRs. The
plutonium derived from the
operation of the PHWRs can
effectively be deployed, along with
the depleted uranium-238, in the fast
breeder reactors. This will permit
more efficient exploitation of the
energy potential in uranium.
Following FBTR, the focus of efforts
will progressively shift towards the
development of a 500 MWe prototype
PFBR. Feasibility and preliminary
design reports in this regard have
already been prepared.

The Centre for Advanced Technology
(CAT) being set up at Indore, MP,
was inaugurated on 19 February, 1984
by the President, Giani Zail Singh.
As outgrowth of scientific experience
and manpower resources generated
at BARC over the last two decades,
the major thrust of the Centre will be
in the areas of lasers, accelerators and
fusion related research and
technology development. It will also
create a strong base in related areas
such as cryogenics, surface and
material sciences, computer aided
designs and modelling, pulse power
technology, high temperature
technology/ optical components and
instruments, ultrahigh vacuum
technology, radio frequency systems,
magnet technology, crystal
technology. X-ray instrumentation
etc. Besides complimenting the
activities of BARC and RRC, the
technological output of the Centre

will also be useful to the space
programme, defence, electronics and
the development of alternative
sources of energy.

The work of establishing the Centre
made considerable progress during
the year. The enthusiastic
co-operation of the MP Government
has rendered the initial steps like
land acquisition, provision of
utilities and also development of
housing, less time consuming.
Activities pertaining to infrastructure
development were commenced and
the first phase of construction of
residential houses was started.

Safety The nuclear industry is one of the
Programme very few industries which consider

hypothetical accident scenarios,
make detailed scientific analysis of
the consequences of such accidents
and provide safety features in the
design to withstand the effects of
such low probability events.
The Department is participating in
the worldwide incident reporting
system organised under the auspices
of IAEA.

The various units of the Department
continued their good safety
performance. The Safety Review
Committee (SRC) continued to
evaluate and enforce radiological and
industrial safety status in all the units
of DAE. Safety requirements for
ensuring safety of the operating
personnel, members of the public
and the environment were identified.
The Radiation Protection Manual for
Nuclear Facilities was revised in the
light of operating experience.
Technical specifications for Heavy
Water Project Kota were finalised. On
site emergency plan for nuclear
facilities was issued. Safety clearance
was granted after appropriate review,
for commissioning of Heavy Water
Project Kota. The request for
commissioning of DHRUVA reactor
was reviewed and safety stipulations
made for further action by the project.
Request received from FBTR for
commissioning the systems was
reviewed and stages for safety
clearance identified. Request for
clearance to start the RAPS Unit I after
repairing the end-shield was
granted. Construction of the
irradiation facility for sewage sludge
hygienisation was approved from the
safety angle.

13



Indian Registered in 1950 with an authorised
Rare capital of Rs 1 crore, the Indian Rare
Earths Ltd. Earths Ltd. (IRE) has been paying

dividends to Government for the two
decades. During the financial year
ended 31 March 1984, IRE's sales
turnover was Rs 16.02 crores and nett
profit earned was Rs 1.55 crores. The
company contributed foreign
exchange earnings of Rs 8.60 crores to
the national exchequer and dividend
paid to the Government was Rs 17.38
lakhs. Value of production by the
company during 1984 was
Rs 15.24 crores.
IRE expects to commission the entire
OSCOM Project during 1985-86 and
may export small quantities of
minerals from this operation.

Uranium Registered in 1967, the Uranium
Corporation Corporation of India Ltd. (UCIL) is
of India Ltd. engaged in mining and milling

uranium ores, and recovery of copper
concentrates, molybdenum
concentrates and magnetite as
by-products.
During 1983-84, the company's
income was Rs 12.71 crores with a
profit of Rs 1.28 crores compared to
Rs 38.07 lakhs in the previous year,
before adjustments etc.
The production of uranium
concentration was a record since the
commencment of UCIL's operations
in 1968. The quality of processed ore
was also higher than the previous
year.
Capacity utilisation of the Uranium
Mill was 92.8 per cent and the
uranium mineral concentrates
produced at Rakha Uranium
Recovery Plant exceeded the target by
20.5 percent. Production of
magnetite and copper was also higher
by 22.4 per cent and 16 per cent
respectively.
Work on the project for expansion of
the Mill has commenced.

Electronics The Corporation was incorporated in
Corporation }967 to take up commercial
of India Ltd. production of nuclear electronic

instruments, components and
equipments developed mainly
atBARC
Production and income of the
Corporation during the year 1983-84
were Rs 64.13 crores and Rs 64.27
crores respectively and the profit
earned was Rs 26 lakhs.
The Corporation actively participated

in DAE's programme by supplying
during 1983-84 Rs 2.83 crore worth
of instrumentation, control and
computer systems to nuclear power
projects.
The Corporation has successfully
launched the computer systems
Micro-32 and Super-16 in the market
and has very sizeable orders on hand
for the supply of colour TV sets.
ECIL maintained steady progress in
its major thrust areas.

Financial Besides fully funding the research
Support to institutions namely TIFR, TMC and
Research SINP, Calcutta, the Department also
in Nuclear supports research and development
Scien ces work in various disciplines of nuclear

energy in Indian universities and
other academic institutions by giving
project linked financial assistance
and fellowships. Grants of Rs 87
lakhs were given for the development
of mathematics to the Institute of
Mathematical Sciences (MATH-
SCIENCE), Madras, the Mehta
Research Institute of Mathematics
and Mathematical Physics,
Allahabad, the National Board for
Higher Mathematics, Calcutta, the
Mathematical Society, Calcutta etc. A
sum of Rs 36.45 lakhs was provided
to the Institute of Physics,
Bhubaneswar, the Hyderabad
Science Society and the Indian
Academy of Science, Bangalore. A
total of 189 new and ongoing projects
were recommended to the
Department by the Board of Research
in Nuclear Sciences (BRNS) for
research grants of about Rs 60 lakhs.

The Department provided a sum of
Rs 14 lakhs for organising symposia,
conferences etc. to various
organisations including its own.
Rs 20 lakhs were also provided
by DAE for about 100 research
fellowships.

Reservation The Department continued to
in Services monitor the implementation of

orders on reservation in services for
SC/ST by all its constituent units
including the public sector
undertakings and aided institutions.
The number of SC/ST employees
respectively rose to 5802 and 1701 as
on 31 December 1984 from 5556 and
1631 as on 31 December 1983.
During the year efforts were made to
recruit more physically handicapped
persons against the posts reserved for
them. Implementation of the
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reservation orders in respect of
ex-servicemen against Group C and
D posts is being monitored regularly.

As on 31 December 1984,
346 physically handicapped and
1391 ex-servicemen were employed
by DAE, its public sector
undertakings and aided institutions.

India was designated to the IAEA
Board of Governors for the 28th year
in succession, as one of the globally
most advanced countries in the
technology of atomic energy
including the production of source
materials. This underscores her

leading status in this sophisticated
technology.
India continued to offer training
facilities fellowships, scientific visits
etc. to the member States of IAEA
under its technical assistance
programme. India also provided
training facilities to countries with
which bilateral agreements were
made for peaceful uses of nuclear
energy and the services of Indian
experts under the agreements.

The performance and the activities of
the Department during the year
1984-85 have been detailed in the
following chapters.
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II
Nuclear Power
Nuclear
Power Board

7984-85 was a very eventful year for
the nuclear power programme. Four
of the five nuclear power units achie-
ved high capacity utilisation and
availability figures during the year.
The performance of nuclear power
stations further strengthened confi-
dence in attaining the objective of in-
stalling 10,000 MW of nuclear power
generating capacity by the year 2000,
which would then represent about 10
per cent of total generating capacity
in the country. The year saw the crea-
tion of the Nuclear Power Board to
attain this target, and also the com-
pletion of highly complicated repairs
of RAPS 1 reactor, carried out entirely
indigenously, and its being brought

back on line. On 1 November 1984
TAPfi completed 15 years of commer-
cial operation.

Nuclear Power Profile

The year saw the detailed examina-
tion of the nuclear power profile
(1985-2000) prepared by the Depart-
ment. The profile has been examined
and endorsed by the Ministry of
Energy, Central Electricity Authority
and Planning Commission. The pre-
sent installed nuclear power genera-
tion capacity of 1095 MW will reach
2270 MW with the commissioning of
the five additional units presently
under construction at Kalpakkam,
Narora and Kakrapar. On the basis of
careful analysis of past experience,
and as a result of availability of ade-
quate resources of raw materials and

technologies developed by DAE, the
profile envisages the construction of
12 standardised 235 MWe reactors,
the design work for which has advan-
ced substantially. The programme
represents an investment of Rs 13,940
crores in all the related fuel cycle
reactor projects (at 1983 prices). The
total revenue that would be earned
through the year 2000 is estimated to
be Rs 40,500 crores and would in-
clude a 12 percent return on capital. A
large number of these reactors would
continue to earn revenue of the order
of a few thousand crores per annum
upto the year 2025. The net revenue
from the total investment of Rs 13.940
crores after deducting O&M expendi-
ture would be of the order of Rs Ml
thousand crores. Besides generating
electrical power, the construction of

Left: Country's first nuclear power station, TAPS completed 15 years of operation in November
1984. Right: Chairman, AEC visited TAPS on the occasion.
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the PHWR reactors would produce
plutonium enabling the launching of
the fast reactor programme, and the
commissioning of the prototype fast
breeder reactor around the year 2000.

As a major step towards achieving
these targets the Power Projects En-
gineering Division of the Department
was reconstituted during the year as
the Nuclear Power Board (NPB) with
additional powers. Dedicated groups
within the NPB were formed for de-
sign, engineering and implementa-
tion of the 235 MWe units and 500
MWe units. Advance procurement
action for key items for new projects
is under way and the feasibility re-
port for a 500 MWe unit has been
prepared.
Nuclear Power Plants

Revenue from the sale of electricity
from nuclear power stations during
1984 was Rs 90 crores and is expected
to be about Rs 125 crores by the end
of the financial year. This represents a
75 per cent increase over the previous

Revenues Earned by the Nuclear Power Stations

Sr.
No.

1.
2

3.
4.

Station

Tarapur-1 & 2
*Rajasthan-l

Rajasthan-2
Madras-1

Operations
Commenced

1969
1972

(Upto 1982)
1980
1983

Capital Cost
Incurred

(Rs Crores)

92
73

92
119

Approximate
Revenues
Earned till

Dec. 84
(Rs Crores)

340

177

42

(A) When all the five reactor units are in operation, the sale of electricity
yields around Rs 15 crores every month.

(B) The revenues are proportional to the "rate per unit" at which the
prevailing "rates" are of the order of 26 paise, 36 paise and 39 paise
per unit forTarapur, Rajasthan & Madras respectively.

(C) The rates themselves are limited by statutory regulations.
*Synchronised to the grid on 1 February 1985.

year. The performance of all the
power stations during the year was
highly satisfactory.

Tarapur Atomic Power Station

The Tarapur Atomic Power Station,
which was the first nuclear power sta-
tion in Asia outside the Soviet Union

Cost of Electricity from a 2x235 MWe Nuclear Power Station
Commissioned During the 1990s

Basis

Project Cost

Heavy Water Cost
Uranium Fuel Cost
Project Construction Time

Economic Operating Life

Energy Sales
Interest During Construction
Heavy Water Lease Charges
Return on Capital Employed
Rate of Depreciation
Methodology

Break up on Cost of Electricity
Return on Capital
Heavy Water Lease Charges
Depreciation
Decommissioning Expenses
Fuel Consumption
Heavy Water Consumption •
Operation & Maintenance

Total

Rs 530 Crores
(Rs 11,300 Per KWe)
Rs 6635 Per Kg
Rs 4545 Per Kg
8 Years

25 Years
2780 Million Units Per Year
6.9% Per annum
8% Per annum
12% Per annum
3.6% Per annum
Return on Investment Method

(Paise per KWHR)
28
10
8 Fixed Charges = 47 Paise
1

11
4 Operating Expenses = 18 Paise
3

65 Paise per KWHR

when it was commissioned in 1969,
completed 15 years of commercial
operation on 1 November 1984. Until
December 1984 the Station generated
about 28,340 MU of which 12,635 MU
went to Maharashtra and 13,490 MU
went to Gujarat. The cumulative
capacity factor over the 15 years
period is 51 per cent while the effec-
tive capacity factor during 1984-85
was 66.06 per cent. The average
availability factor for the Station over
the last 15 years has been 70 per cent.
Since refuelling of the Station ac-
counts for 20-25 per cent nonavaila-
bility, the Station's operation has
been steady and reliable. During 1984
radiation discharges from the Station
was brought down to the lowest level
in 15 years of operation, well below
design target levels. Despite con-
straints on supply of spare parts from
the US, the unit continued to be ope-
rated in a safe and reliable manner.

Rajasthan Atomic Power Station

The performance of Unit 2 of RAPS
during 1984 was excellent. The unit
continued to operate at power levels
around 200 MWe and also supplied
process steam equivalent to 10 MWe
generation to the HWP Kota. The
capacity factor during the year upto
December 1984 for RAPS 2 was 53.5
per cent despite a planned outage for
8 weeks which was taken after about
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2V2 years. Another outage was caused
due to a problem with the generator.

In a major achievement, engineers
and scientists of the Department
completed recommissioning of Unit 1
of RAPS which was shut down fol-
lowing the detection of light water
leakage from one of its end shields in
August/September 1981. A tempo-
rary fixing of the leak was initially
done to permit work on a more per-
manent solution to continue. The
unit was operated for a few weeks in
1982 during which period the reve-
nues earned were more than the en-
tire cost of the temporary repairs. The .
unit was shut down again on 4 March
1982. In an extremely complex task
the leak, which was in a highly radio-
active and inaccessible area was
located and plugged. To attain this,
remote handling tools were develop-
ed and personnel qualified and
trained; and technique for removal of
a hot coolant channel was mastered;
detailed non-destructive testing and
checks with ultrasonics carried out;
and mechanical sealing using
indium, lead and silver as sealing
gaskets developed and tested in a
mock up for integrity under operat-
ing pressure, flow and temperature
cycles. Special tooling and tackles
were developed indigenously and
used successfully. The unit has been
brought back on line. The entire
operation was carried out with mini-
mal exposures to station personnel,
and all training of personnel,
development of tools etc was done
indigenously.

Madras Atomic Power Station
MAPP 1 was declared commercial

on 27 January 1984 and generated
about 1235 MUs until December
1984. It achieved a capacity factor of
61 per cent and was on line supplying
power for 72 per cent of the time dur-
ing first year of commercial opera-
tion. The unit also attained its rated
capacity of 235 MWe during this
period.

Construction activities of Unit 2 are
nearing completion and commission-
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ing activities have picked up mo-
mentum. The Unit is likely to be
brought on line in the third quarter of
1985.

Narora Atomic Power Project

Construction of the main plant
buildings and structures such as re-
actor building, turbine building, ser-
vice building, cooling water pump
house, raw water pump house, pipe
and cable bridges, natural draft cool-
ing towers etc has been completed.

Most of the equipment for Unit 1
has been received at site with the ex-
ception of steam generators. Techni-
cal problems related to the manufac-

. • !> ' - •? ; i

ture of steam generators have been
resolved and the first steam generator
is expected to be delivered by end
1985. The remaining three steam
generators are expected to be de-
livered by end 1986 in a phased man-
ner. Calandria and end-shields have
been installed in position, welded
and aligned. All four reactor headers
have been installed.

The two units are expected to be
in service in 1987-88 and 1988-89
respectively.

1 Rajasthan Atomic Power Station.

2 South end shield of RAPS 1 which

underwent the repair.

3 Madras Atomic Power Station.

4 Narora Atomic Power Station.
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Kakrapar Atomic Power Project
Work related to establishment of

infrastructure facilities including
construction power and water
supply, site construction offices etc
has been completed. Contract for
main plant civil works has been awar-
ded and excavation for reactor build-
ing and turbine building for the two
units has been completed. Manufac-
ture of calandria and end shields for
units 1 and 2 has reached an advance
stage and these are likely to be de-
livered by the latter part of 1985. The
two units are expected to be com-
missioned in 1990-91 and 1991-92
respectively.
Projects Six and Seven

Advance procurement has begun
of key equipment and components
for Projects Six and Seven consisting
of two units of 235 MWe each at selec-
ted sites in the southern and north-
ern regions.

Reactor Building of Kakrapar Atomic Power Station under construction.
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Heavv Water
Projects
Heavy water Plant Nangal

The Heavy Water Plant at Nangal
draws its pre-enriched hydrogen
from the fertilizer plant of National
Fertilizers and enrichment is achi-
eved by low temperature hydrogen
distillation. Reduced availability of
power to the electrolysis plant has af-
fected the plant this year also. To over
come this problem, National Fertiliz-
ers propose to set up a front end plant
based on pressure swing adsorption
technology for the production of
hydrogen for making ammonia. The
energy requirement for this plant is a
fraction of that required for the elec-
trolysis plant. This will ensure sus-
tained production of 8 to 9 tonnes of
heavy water per year from the plant
which is otherwise performing ex-
tremely well.

Heavy Water Plant Baroda

The performance of this plant ope-
rating at more than 600 atm im-
proved significantly during the year.
I

Heavy Water Plant, Tuticorin.

Instances of the plant having to be
shut down on account of leakages de-
creased considerably due to the im-
provements incorporated and effec-
tive maintenance procedures that
have been evolved. Daily capacity
reached 80 per cent of effective capac-
ity and the stream factor has also been
improved considerably on account of

Heavy Water Plant, Baroda.

reduced instances of break down of
equipment. With further im-
provements to be carried out on the
interstage synthesis gas compressors
and augmenting of compressor ca-
pacity, design recovery of deuterium
and high stream factor are expected to
be reached by the end of 1985-86.

The pilot plant for water ammonia
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exchange for transfer of deuterium
from water to ammonia was commis-
sioned. Some equipment problems
encountered have been rectified and
plant trials have been carried out.
The transfer of deuterium from water
to ammonia has come up to design
expectations. Some marginal im-
provements remain to be carried out.
Successful performance of the pilot
plant has given confidence that plant
can be designed for production of
heavy water based on ammonia hy-
drogen exchange process inde-
pendent of fertilizer plants with
water as feed and water ammonia ex-
change as the front end process.

Heavy Water Plant Tuticorin

The performance of the Heavy
Water Plant at Tuticorin has unambi-
guously established the technical via-
bility and operational elegance of the
monothermal ammonia hydrogen ex-
change process for production of
heavy water. With stability of power
supply with respect to frequency and
voltage substantially due to the ex-
tremely satisfactory operation of
MAPS Unit 1, instances of plant fai-
lure due to power fluctuations have
reduced considerably and there was
no power cut on the plant or the
fertilizer urjit during the year. Daily
capacity reached more than 85 per
cent of the effective capacity and the
stream factor has also improved such

that the annual capacity utilization
will exceed 70 per cent of the effective
capacity. During December 1984
monthly capacity utilization excee-
ded 90 per cent. It is expected that
with further modifications proposed
for increasing ammonia synthesis
capacity recovery efficiencies can be
improved even further resulting in
achieving very close to 100 per cent
effective capacity by the end of
1985-86. To permit flexibility in the
operation of the plant a tail end up-
grading plant based on vacuum dis-
tillation of water has been added and

Heavy Water Upgrading Plant, Tuticorin.

22

the performance of this plant has
been extremely satisfactory. This
plant was put up well within the
estimated cost and in the scheduled
time.

Heavy Water Plant Talcher

Intermittent operation during ear-
lier periods had identified problems
pertaining to the plunger pumps,
reciprocating compressors, mole
compressors etc. Further problems of
deposition in the steam heaters and
the bottom sections of the hot towers
has also been encountered. With the
availability of gas on continuous
basis in significant quantities and
uninterrupted supply of steam from
the fertilizer plant for periods exceed-
ing 20 to 25 days it was possible to
operate the plant with all its sections
brought on line from the end of Sep-
tember 1984. This enabled the identi-
fication of causes of various problems
and permitted modifications in the
operating conditions and in the
equipment to a point that the entire
plant operated continuously fora few
weeks. It has been possible to draw
heavy water product from the plant.
Dual temperature ammonia hydro-
gen exchange process for production
of heavy water has been established
during these operations. The per-
formance of the rest of the plant has
also been satisfactory and equipment
problems have been substantially



solved. It is proposed to effect equip-
ment and piping modifications to
overcome the remaining problems
and achieve sustained operation
leading to production limited only by
the extent of gas available and con-
tinuity of steam supply from the ferti-
lizer plant. However, with the ferti-
lizer plant expecting to operate at
capacity factors not more than 50 per
cent production trom the heavy water
plant will be lower than the propor-
tionate capacity of the plant on ac-
count of departure trom the design
conditions.

Heavy Water plant Kota

The plant was operated at halt the
design pressure and with one of the
three parallel streams in the first stage
on line to keep the initial inventory of
hydrogen sulphide gas at a mini-
mum. Continuous operation of the
plant under these conditions was
possible over long periods of time
with final enrichment carried out
with vacuum distillation at the tail
end. Production was in accordance
with design expectations at reduced
pressure, and with reduced through-
put. The other two streams of the first
stage have also been conditioned for
brlnglnp tho entlro plant on line first
at reduced pressure and progres-
sively at the final pressure of 20 atm.
Detailed check, up of the plant for total
containment of hydrogen sulphide is
being carried out and it will be re-
started after meeting the stringent
safety specifications laid down by the
Safety Review Committee of DAE.
Checks carried out so far indicate that
the plant will meet all safety
requirements.

Thai Vaishet Project

This Rs. 185 crores project for a
plant to produce 110 tonnes of heavy
water based on ammonia hyJrogen
exchange is being set up in conjunc-
tion with the fertilizer plant commis-
sioned recently at Thal-Vaishet by the
Rashtriya Chemicals & Fertilizers
Ltd. (RCF). The setting up of plant

v - •
»K»vy Water Plant, Kota.

has been entrusted to RCF to ensure
total co-ordination with the fertilizer
plant. The project with zero date 1
February 1982 and a completion
schedule of five years has made very
satisfactory progress during the year.
Orders for all the equipment have
been placed and much of it has star-
ted arriving at site. Important equip-
ment such as the multi-layer high
pressure exchange towers and multi-
wall high pressure equipment are in-
digenously fabricated. The erection
of steel structure is nearing comple-
tion. Most civil works are complete
and erection of static and rotary
equipment has commenced. Training
of personnel for operating the plant
has also started: Plant operation will
be the responsibility of RCF.
The plant is expected to be commis-
sioned on schedule and within the
sanctioned cost.

Manuguru Project

The setting up of this plant for 185
tonnes of heavy water per year based
on hydrogen sulphide water ex-
change process has been entrusted to
consultants on a total management
basis. The ordering of equipment for
this Rs. 500 crores plant both for pro-
cess equipment and the captive
power plant, is substantially com-

plete and the fabrication of equip-
ment in the works of various manu-
facturers has been progressing satis-
factorily. Site grading, foundations
for the towers, water intake and its
access bridge and civil works pertain-
ing to the water treatment plant have
progressed very satisfactorily. M.inv
sections of exchange towers have
been received at site and site assem-
bly is in full swing. The erection ol
towers is expected to start before
April 1985. The contract for fabrica-
tion and erection of piping will be
awarded shortly. The construction ot
houses to the extent necessary and
development of associated facilities
like school, shopping centre etc art-
progressing satisfactorily. This plant
with zero date of I September 1982 is
expected to commence regular pro-
duction bv April ]9SS

Future Plans

For the attainment ot installed
capacity of 10,000 MWe of nuclear
power by the end of the centurv. a
perspective plan for generating
matching capacity for production of
heavy water has been drawn up. The
plan takes into account the Jevel of
confidence that has been generated in
the different processes adopted in the
different plants of the Department.
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the plans of the Government for set-
ting up gas based fertilizer plants ex-
pected to have high stream factor and
steady production and the availabil-
ity of sites with necessary coal and
water for hydrogen sulphide water
exchange process. The perspective
plan visualises setting up of some
more plants based on monothermal
ammonia hydrogen exchange process
with synthesis gas from fertilizer
plants as feed, one or two indepen-
dent plants based on monothermal
ammonia hydrogen exchange process
with water ammonia exchange at the
front end and atleast one large
400 tonnes/year heavy water plant
based on hydrogen sulphide water
exchange process. As part of this plan
a 110 tonnes/year plant based on am-
monia hydrogen exchange is pro-
posed to be set up at Hazira in Gu-
jarat, in conjunction with the ferti-
lizer plants of Krishak Bharati
Co-operative (KRIBHCO). The avai-
lability of heavy water will thus not
be a constraint on achievement of the
target of 10,000 MWe of nuclear
power generating capacity by the
turn of the century.

Nuclear Fuel
Complex

Nuclear Fuel Complex (NFC) at
Hyderabad continued to manu-
facture nuclear fuel and zircaloy
structural materials for the power
reactors, blanket and axial sub-as-
semblies for FBTR, special materials
for electronics, defence, space and
other industries seamless stainless
steel tubes and ball bearing tubes.

Fuels Group

In addition to supply of fuel
assemblies for the operation of RAPS,
MAPS and TAPS reactors, NFC ful-
filled its commitment to supply some
depleted UO2 fuel assemblies for the
commissioning of MAPP 2 reactor
and ail the zircaloy components re-
quired for the DHRUVA research

reactor at BARC. More than 200 calan-
dria tubes and coolant tubes have
been supplied to NAPP 1 by Decem-
ber 1984. The remaining calandria
tubes will be supplied by March 1985.
FBTR facility at NFC completed the
fabrication of all the core sub-assem-
blies for FBTR.

In view of the policy of utilization
of thorium oxide and thorium in the
coming years, 12 thoria bundles were
fabricated for loading in MAPP 1.

The Zirconium Oxide and Zir-
conium Sponge Plant were operated
at close to design capacity, while the
other plants operated at close to tar-
getted capacity. At the Special Mate-
rials Plant, production of pure mag-
nesium granules and other ultrapure
materials such as gallium, selenium,
silver,zirconium powder, gold-potas-
sium cyanide and tantalum net-sha-
pes etc was continued. A 60 KW elec-
tron beam melting furnace has been
commissioned in this plant for pre-
paration of high purity refractory me-
tals and alloys. Project reports have
been submitted for the production of
Nb and Hf metal products to meet the
needs of the nuclear power pro-
gramme. With a view to disseminate
the lead achieved in special materials

production and to formulate the fu-
ture course of action required in their
development for the above frontier
areas of industry, a national seminar
was conducted with participants
from leading industrial institutions,
research organisations and govern-
ment agencies.

The total value of production in the
fuel group plants upto end December
1984 was about Rs. 12.76 crores in-
cluding the value of production in
Special Materials Plant of about
Rs. 0.58 crore. By end March 1985 the
value of production is expected to go
upto Rs. 22 crores including that from
Special Materials "Plant of about
Rs. 0.64 crore.

Process parameters required for the
manufacture of 22-eIement nat-UCte
fuel bundles for the PHWRs were
standardised and production of the
first charge of NAPP 1 reactor has
commenced. The prototype 7 x 7
enriched UO2 fuel assembly in
the place of existing 6 x 6 assembly
for the BWRs at TAPS was fabricated
and further tests are expected
to be completed shortly. A pro-
gramme has been drawn up to
switching over to 7 x 7 fuel progres-
sively. These modifications in fuel

Nuclear Fuel Complex, Hyderabad.



assembly design are to improve the
performance of the fuel in the reactor.

In the Zirconium Oxide Plant tot-
ally enclosed hydraulically pow-
ered frit unloading-cum-dissolution
equipment was developed and put
into operation which has helped to
increase reaction efficiency and
improve industrial hygiene in the
handling of toxic materials.

In the Uranium Oxide Plant, a large
scale slurry extraction unit has been
put into operation, for direct extrac-
tion of uranium from the slurry after
dissolution of the magnesium di-ura-
nate (MDU) concentrates. This is ex-
pected to reduce the number of pro-
cessing steps, improve plant hy-
giene, and also save energy.

In the Zircaloy Fabrication Plant a
modified process flowsheet, incor-
porating double-pilgering instead of
drawing, has been developed for the
manufacture of zircaloy coolant
tubes. This modification has resulted
in highly reliable quality product
meeting stringent specifications and
improving the over all yield. To in-
crease the lifetime of coolant tube in
the PHWR, use of Zr-Nb over zir-
caloy-2 as a material appears to be the
best choice. Towards this objective
prototype Zr-Nb tubes suitable for
235 MWe and 500 MWe reactors have
been fabricated. Prototype zircaloy-2
calandria tubes of 500 MWe size have
also been fabricated for rolling trials.

Expansion of NAT-UO2 Fuel and
Zircaloy Production: The capacities of
Zirconium Oxide, Zirconium Sponge
and fabrication plants, and Natural
Uranium Fuel plants are being aug-
mented for meeting the operational
requirements of all the PHWR reac-
tors upto NAPP 2.

Towards meeting the target of
10,000 MWe based on PHWRs by the
year 2000, the capacity of nat-UO2
fuel and zircaloy production are re-
quired to be enhanced manifold.
Hence, detailed plans have been
drawn up for the installation of new
production plants in two stages dur-

ing the next ten years, commensurate
with the requirements for the nuclear
power programme.

Work on the project report for the
first stage has already been initiated
and these plants are scheduled to be
commissioned during the Seventh
Five Year Plan.

Tubes Group

In the Tubes Group, production of
seamless stainless steel tubes and

seamless ball bearing tubes have
been continued to meet existing or-
ders. During the year, job works cal-
ling for the development of new pro-
ducts such as inconel, incoloy, rubes
for steam generators, were also
undertaken.

The value of production achieved
in the Tubes Group upto end Decem-
ber 1984 was of the order of Rs. 5.90
crores and is expected to go upto
Rs. 9.88 crores by end March 1985.

Extrusion press for zircaloy tubes at NFC.
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Plasma Melting Furnace in Zircaloy Fabrication Plant.

Process Development

An automatic production model re-
sistance welding machine for spot
welding of spacers in split-wart fuel
bundles has been designed, fabri-
cated and successfully commissioned
in the Fuel Plant. An indigenous AC
synchronous power source has also
been developed and incorporated in
this machine. Production welding
machines so far have been imported
and this development is a major step
forward in import substitution
efforts.

Manufacturing techniques for the

production of thin walled titanium
condenser tubing (25.4 mm OD into
0.7 mm wall) by combination of hot
extrusion and cold reducing methods
has been successfully developed.
This has proved to be a big step in the
direction of self-sufficiency in the
country in producing seamless tita-
nium tubes having wider appli-
cations in chemical, aerospace and
power generation industries.

Environment

There was no effluent release to the
environment.

Atomic Minerals
Division

The Atomic Minerals Division con-
tinued its integrated surveys and the
related exploration activity for
appraisal and building up of uranium
and other nuclear raw material
resources.

Survey and Exploration

During the year an area of 38,978 sq
km was covered by airborne gamma-
ray spectrometric and magnetic sur-
veys in parts of Rajasthan, Haryana,
Andhra Pradesh and Kamataka uti-
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Using indigenously fabricated instru-
ments. Airborne survey was supple-
mented by a wide variety of remote
sensing applications and techniques
comprising study of aerial photo-
graphs (10,825 sq km), landsat ima-
geries (133, 485 sq km) and computer
enhancement techniques of landsat
data etc. Many other collaboration
projects involving digital data ana-
lysis of landsat imagery covering
parts of Karnataka, Andhra Pradesh
and Himachal Pradesh are in hand
with ISRO and SAC Ahmedabad.

An area of 15,842 sq km was

covered by reconnaitory radiometric
foot survey and more than 2,994 route
km were covered by jeep borne sci-
ntillometer survey. Besides, an area
of 311 sq km was covered by detailed
geological mapping, contouring,
radon emanomerry and SSNTD sur-
veys in various parts of the country.

Hydrogeochemical surveys com-
prising analyses of well and stream
water samples were completed in
over 8,200 sq km from different areas
in Jodhpur, Ajmer, Bhilwara, Chit-
torgarh and Udaipur districts of Ra-
jasthan, parts of Chamoli and Almora
districts of Uttar Pradesh and in
Hoshangabad and BetuI districts of
Madhya Pradesh.

Significant uranium anomalies
were located in Singhbhum district,
Bihar, Chamoli district, Uttar Pra-
desh; near Jameri and Kaying in West
Kameng district, Arunachal Pradesh;
Gadchiroli district, Maharashtra and
at several areas in LJdaipur and Alvvar
districts of Rajasthan and in Chitra-
durga district of Karnataka. Samples
from these areas are under study for
planning the further exploration
programme.

Exploratory Drilling

A little over 55,140 m of drilling was
carried out at about 25 different
uranium prospects in various parts of
the country.

The important target localities dril-
led for exploration of uranium in
igneous and metamorphic terrain
during the year are at Mohuldih, Bha-
tin, Turamdih and Nandup in Sing-
hbhum district; Nagnaha in Palam.au
district of Bihar; Bodal, Bhandaritota
and Jajawal in Rajanandgaon and
Sarguja districts of Madhya Pradesh
Umra in Udaipur district of Rajasthan
and at Brijranigad in Tehri district o.'
Uttar Pradesh. Amongst sedimentan
areas exploratory drilling was carried
out at Walkunji and Yellaki (South
Kanara district, Karnataka) and in
Arbail-Bisgod area (North Kanara
district, Kamataka), in the sand-
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stones near Gomaghat and Phlong-
diloin (Khasi hills district of
Meghalaya), in the Siwalik sand-
stones of the Hamirpur basin of
Himachal Pradesh and in Saharanpur
district of uttar Pradesh. The next two
projects identified for commercial ex-
ploitation of uranium are at Turam-
dih (West) and Bagjata in Singhbhum
Thrust Belt, Bihar.

Exploratory Underground
Development

A total of 567.70 m of the explorat-
ory under-ground development were
completed during the year at Bodal in
Rajnandgaon district and at Jajawal in
Sarguja district of Madhya Pradesh,
as well as at Astotha in Hamirpur dis-
trict of Himachal Pradesh. This has
helped in better understanding the
nature of the ore bodies and increas-

ing the confidence level of the data
deciphered from sub-surface drilling.
Preparatory work to open exploratory
mining at Khya and Andalada area in
the extension blocks in Hamirpur
area in Himachal Pradesh has started.

Niobium-Tantalum and
Beryllium Investigations

An area of 1,221 sq km in parts of
Karnataka, Bihar, Tamil Nadu, Mad-
hya Pradesh and Andhra Pradesh
was surveyed for location of fresh re-
serves of these minerals. Incidental to
prospecting and assessment more
than 8 tonnes of niobium-tantalum
mineral concentrates were recovered
during the year from pegmatites of
Bihar, Karnataka and Madhya Pra-
desh. 15 tonnes of beryl were sup-
plied to the Beryllium Pilot Plant of
BARC at Vashi, New Bombay.

Thorium and Beach and Ten Sand
Soil Investigations

Reconnaissance surveys, drilling
and laboratory investigations for esti-
mations of heavy mineral reserves for
monazite, ilmenite etc were carried
out covering over 29 sq km in beach
sand and Teri sand/soil deposits of
Tirunelvelli and Kanyakumari dis-
tricts of Tamil Nadu and 4.30 sq km in
coastal sand deposists in parts of
Ganjam and Puri districts of Orissa.
In Tamil Nadu areas, 23,165 m were
drilled in 1161 holes and 1455 samples
were collected while in Orissa areas,
1352 m were drilled in 261 holes and
822 samples were collected. Laborat-
ory investigations on these samples
are in progress. Export consignments
of ilmenite and garflet from IRE,
Kerala Metals and Mineral Ltd, and
Indian Ocean Garnet Sands (P) Ltd,
Tuticorin, were sampled for monazite
content and certificates issued,
before export.

Investigations in the Laboratories

In the physics laboratories 20,996
samples were assayed radiometrical-
ly for eUTO}, LJTO}, ThO3 and BeO
content in addition to monazite equi-
valent assays (140). A total of 67,411 m
in boreholes, shotholes/probeholes
were gamma-ray logged and 12,541 m
of borehole cores were radiometrical-
ly assayed. Shielded probehole log-
ging of trenches, pits and mine faces
aggregated 3,389 m.

Processing of airborne radiometric
and magnetic data was done in the
computer system 332 and contour
maps for uranium, thorium, potas-
sium, total U/Th, U/K, Th/K and
magnetic were prepared for the areas
surveyed. A soft-ware computer pro-
gramme "Gamma-ray" is being de-
veloped for the estimation of ore
reserves.

Construction of calibration pads
for the air-craft used in airborne
gamma-ray spectrometric survey was
completed by AMD at Nagpur air-
port. This is perhaps the only facility
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of its kind in Asia that has been
established.

Analytical chemistry laboratories
carried out 54,493 determinations for
different radicals besides about 357
samples analysed for complete chem-
ical analysis. Two mobile geochemi-
cal vans were deployed in remote
areas of Madhya Pradesh and Rajas-
than to give a quick feedback of
analytical data during geochemical
surveys.

Spectrographic laboratories con-
ducted 3,910 analyses for samples and
standards with corresponding 49,839
elemental determinations.

In the petrology laboratories 1,039
samples comprising rocks, minerals
and placers were examined.

The mineral technology laborato-
ries carried out beneficiation tests
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and hydrometallurgical investiga-
tions for uranium recovery from a
variety of samples from Singhbhum
thrust belt and Siwalik sand stones.

A new technique of biodegrada-
tion was adopted on experimental
basis for the treatment of nitrate ef-
fluents of NFC, and in the waste man-
agement facility at Kalpakkam. Preli-
minary work was quite successful.

Work of tungsten ore from Rajas-
than State Tungsten Development
Corporation (RSTDC) was taken up
and a preconcentrate was upgraded
to an acceptable grade concentration
(greater than 65 per cent). AMD as-
sisted the RSTDC to establish a pilot
plant at site in Deghana area, for max-
imisation of tungsten ore recovery.

The X-ray diffraction laboratory

analysed 274 samples corresponding
to which 832 diffractograms were pre-
pared. The investigations encompass
identification and characterisation of
atomic minerals including radio-
active minerals; whole rock mineral
analysis, study of matamict minerals,
and unit cell variation studies.

X-ray fluorescence laboratory made
437 analyses for samples and stan-
dards, corresponding to which 63,644
elemental determinations were
made. In its R & D work, the laborat-
ory has developed a technique for es-
timating tungsten in concentrates,
tailings and slimes generated from
wolframite bearing granitic rocks.

Collaboration with other
Organisations

The Division continued to collabo-
rate in scientific investigations with

other sister organisations, Central
and State Governemnt departments,
public sector undertakings and uni-
versities. Under this programme
boreholes drilled at different places
were gamma-ray logged. Technical
assistance by extending analytical
facilities was given and training im-
parted to trainees and research scho-
lars of a number of organisations like
NFC, Geological Survey of India,
Steel Authority of India Ltd. Central
Forensic Science Laboratory, Indian
Institute of Technology, Bombay, and
Universities of Delhi and Nagpur.

AMD also rendered assistance to
the Site Selection Committee in geo-
logical and seismotechnical evalua-
tion of various reactor sites in West-
ern region, and other projects of
BARC, Bombay.
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Ill
Research and Development
Bhabha Atomic
Research Centre

BARC, the premier institution in
nuclear research and development,
has to its credit several achievements
that have made the country selfreliant
in the field of nuclear power. The late
Prime Minister Smt. Indira Gandhi
had visited BARC thrice as Prime
Minister and named the Centre in
1%7. On 8 October 1984, [ndiraji had
List visited Trombay. She visited the
laboratories and took a keen interest
in developments there.

Research and development at
BARC over the years has resulted in
major contributions to the nuclear
power programme and successes in
the entire fuel cycle from exploration
of uranium to reprocessing of spent
fuel and recycling of the plutonium.
Development of complex control and
monitoring equipment, research in
power reactor designs, testing, ope-
ration and maintenance and fuel fab-
rication, reprocessing, reactor core
designs including development of
MOX are some of the challenges suc-
cessfully met by BARC. Development
of mixed carbide fuel at Trombav for

FBTR is the first step in the second
phase of the nuclear programme bas-
ed on the utilization of our thorium
resources.

Significant spin offs using atom for
peaceful purposes in the fields of
space, defence, industry, agriculture
and medicine have also emerged
from the research and development at
Trombay.

Nuclear Physics

The charged particle beams from
the Van de Graaff accelerator at Trom-
bay and from the Variable Energy

DHRUV A and CIRUS reactors.
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Cyclotron (VEC) at Calcutta continu-
ed to be used for nuclear reaction
studies. Some typical investigations
carried out during the year are elastic
scattering of 36 MeV alpha particles
on gold, and 32 to 56 MeV alpha parti-
cle induced fission of uranium-238.
Using the proton induced reaction on
lithium to produce energetic neut-
rons, the neutron capture cross sec-
tion of thorium-232 was measured
over a wide range of energies. Char-
ged particle beams were also employ-
ed in analytical applications involv-
ing proton induced X-ray emission
analysis, and in certain studies relat-
ing to materials science. The indigen-
ously built 2 MV tandem accelerator
was used to study the excited states of
oxvgen atoms.

Condensed Matter Physics

Neutron diffraction studies were
carried out in valence fluctuation
compounds UCu^ xNix. Low tempera-
ture phase transitions in lithium po-
tassium sulphate were investigated.

A number of new instruments were
designed for neutron spectrometry at
the DHRUVA reactor. A novel spec-
trometer, fabricated nt the Centre,
was installed at the Rutherford Ap-
pleton Laboratory, UK for high ener-

Late Prime Minister Sml. Indirj Gandhi visited BARC on 8 October 1984. She was received bv
Dr. Raja Ramanna, Chairman, AEC.

gy resolution neutron scattering ex-
periments. In this connection, the
natural width of a Bragg reflection in
beryllium was measured for the first
time. Electron momentum density
studies were carried out in transition
metals. An apparatus foraccurate me-
asurement of superconducting trans-

Smt. Gandhi took keen interest in the activities of ISAKC. On her right is Dr. P K Ivengar
Director, BARC.

ition temperature was made. Several
samples of multifilamentary Nb-Ti
wires were tested under the pro-
gramme of superconducting wires
development.

New phase transitions in thorium
dialuminate and resorcinol were dis-
covered. Conclusive experimental
evidence was obtained to show that
the 2.5 GPa transition in lanthanum-
thorium alloys is electronic in origin.
A high precision experiment was sei
up for determining the optical quality
of crystals for laser applications and
for investigating phase transitions.

To study interaction between pro-
tein and drug at the molecular level,
the structures of certain biocomplex-
es involving sulphonamides were in-
vestigated. Analysis of the data col-
lected revealed iodido binding to the
active site zinc ion. It was demonstra-
ted that Vlossbauer spectroscopy can
be used to studv photosynthetic ac-
tivity in bacteria.

Theoretical Physics

\ number ot theorotic.il investiga-
tions relating to nuclear structure,
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Neutron Spectrometer made at Nuclear Physics Division, BARC and installed at the Rutherford
Appleton Laboratory, U.K.

role of non-nuleonic degrees of free-
dom in the nuclei and heavy ion deep
inelastic collisions and induced fis-
sion were carried out. The structure
of medium mass nuclei was investi-
gated in the framework of a micro-
scopic variational formalism. A stoc-
hastic formulation developed earlier
was applied to study laser bandwidth

Pumima-H.

effects on Optical Double Resonance.
A new relation between the Feynman
propagator and the time dependent
invariants of motion was derived.
Theoretical studies were made on lat-
tice dynamics in plastic solids, struc-
tural phase transitions in A-15 com-
pound and symmetry aspects of
acoustical activity.

Reactor Physics

Work on space-time kinetics of
large PHWRs was started. Feasibility
of loading thorium bundles instead of
depleted uranium bundles in MAPP-
2 was investigated. Various aspects of
using mixed oxide (plutonium-ura-
nium oxide) fuel in RAPS reactors
were investigated. Regular fuel man-
agement service was provided to
TAPS and RAPS reactors.

PURN1MA-11: A homogenous re-
actor with uranium-233 uranyl nitrate
solution as fuel and beryllium oxide
as reflector attained criticality at
Trombay on 10 May 1984. This is the
only operating uranium-233 fuelled
experimental reactor in the world at
present. The reactor is significant in
the context of country's future plans
for thorium utilization. Also, it uses
as little as 440 gms of uranium-233
making it the lowest critical mass re-

actor operating anywhere. The re-
actor, equipped with adequate pro-
tective devices, is being used for
studies on uranium-233 fuelled reac-
tor configurations.

Mini-Reactor for Neutron Radiogra-
phy: A 30 KW natural convection
cooled small LJ-233 fuelled reactor Ka-
mini providing a thermal neutron
flux of l012n/sq cm/sec is being in-
stalled at Kalpakkam, in collaboration
with RRC. This reactor is designed
mainly for neutron radiographic ex-
amination of irradiated fast reactor
fuel elements. Construction of cat-
cher vessel and components needed
for the top structure was completed.
Work on the biological shield, nu-
clear instrumentation and control
system is progressing.

Lasers and Spectroscopy

A carbondioxide laser was fre-
quency-stabilized to give a stability
of one part in 30 million. The laser
will be used to excite gases for obtain-
ing lasing action. A pulsed laser was
operated with unstable resonator to
give a beam quality close to the theo-
retically best possible value. A graz-
ing incidence grating tuned dye laser
was assembled. This laser was able to
give tunable output with 0.08/cn->
band width.

Techniques to obtain pulsed out-
put from a continuous wave laser
were developed and the technology
was transferred to Central Electronics
Ltd. A laser capable of giving 200
joules of energy in 16 millisecond
pulses, which can weld metals to a
depth of more than 5 mm was devel-
oped. An electronically controlled re-
mote beam guiding system for weld-
ing in inaccessible areas was also de-
veloped. A laser giving 1.5 joules of
energy in one millisecond pulses was
fabricated and supplied to a private
sector undertaking for precision
welding of small components.

A 40 watt continuous wave carbon-
dioxide laser was set up for laser
opto-acoustic spectroscopy. High re-
solution spectroscopic research on
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rare earth atoms and ions was con-
tinued. Isotope shift studies on the
spectrum of neutral erbium were ex-
tended upto 4600 A. Fluoresence and
absorption spectra of Prv in many
phosphates of lanthanides were stu-
died at low temperatures.

Isotope shift studies in the spectra
of certain bands of PN molecule were
completed. High resolution diode
laser studies resulted in developing
sensitive methods for use in detect-
ing heavy water leakage anH deter-
mining heavy water concentration in
upgrading plants.

Excitation and fluorescence spectra
were studied from the E state of Io-
dine molecule reached by two-step
transition induced by an Nd-YAG
laser pumped dye laser system. Rota-
tional structure analysis was carried
out on certain bands of s-tetrazine,
methyl acetylene d, and NH2D.

Several optical components like
quartz and glass prisms, quartz discs,
concave mirrors, Brewster ends for
lasers, optical flats etc. were fabrica-
ted and supplied to various users,
fointly with Central Workshops, a
light projector and corescope system
was developed for seeing the interior
of the core of FBTR.

During the year, 1198 samples of
special materials related to reactor
and other technologies were analysed
bv using optical emission spectro-
scopy and X-ray fluorescence techni-
ques. Some of the samples analysed
were for outside agencies.

Computers

A network of four Norsk Data
ND-560 computers supporting 48 ter-
minals distributed in various labora-
tories in BARC started functioning
since March 1984. Two more Norsk
Data ND-570 computers with two
ND-work stations and supporting 64
terminals were added to the network
of computers in February 1985.

A universal drafting package has
been developed on Norsk Data com-
puter. This package can be easily
adapted to various 2-D drafting ap-
plications. A large scale data-base

management system for the personal
records of BARC staff is being im-
plemented on Norsk Data systems.

An 8 parameter controller in inter-
rupt mode was coupled to PDP 11/23
mini computer in the Van de Graaff
laboratory and put to regular use.
Another model operating in DMA
mode was also developed. A pro-
gramme for data acquisition and con-
trol of laboratory experimental setups
using low cost personal and micro-
computers and to interface various
experimental stations with ND Net-
work has been undertaken. A
CAMAC Trainer based on a CAMAC
crate interfaced to a personal compu-
ter has been developed.

Seismology

The Gauribidanur Seismic Array
near Bangalore continued to detect
and report underground nuclear ex-
plosions. The Array also helped in
monitoring earthquake activity with-
in and outside the subcontinent. A
few algorithms for detection and pro-
cessing of weak seismic signals were
developed and tested.

A multichannel data acquisition
system that writes digital seismic
data on a single track of magnetic tape
in interrupt mode was developed.
Such systems have been installed at
Gauribidanur array and Kolar Gold
Fields (KGF). Under the collaborative
project with Bharat Gold Mines Ltd. a
microseismic network to detect mi-
nute rockbursts from close distance
was developed and tested.

Technology Transfer

The Technology Transfer Group
continued to function as the coordi-
nating agency to facilitate transfer of
technologies developed in BARC la-
boratories to outside organisations
for commercial exploitation. A 'Tech-
nology Corner' was inaugurated on
30 October 1984 by Dr. Raja Raman-
na. Chairman, AEC.

The major technologies developed
in BARC relate to nuclear power and
are transferred internally to the in-
dustrial units of DAE. The Technol-

ogy Transfer Group at present has 35
items under various stages of proces-
sing. Of these, fifteen technologies
were referred to the Group during the
current year. Enriching nitrogen in
Nitrogen-15 isotope for the produc-
tion of fertilizer to study the assimila-
tion of nitrogenous fertilizers, osmo-
tic dehydration of fruits, high effi-
ciency particulate air filters and ship-
borne desalination plant are some of
the important technologies which
have been either already transferred
or are about to be transferred.

Nuclear Research Laboratory, Sri-
nagar and High Altitude Research
Laboratory, Gulmarg

Installation of the cosmic gamma-
ray telescope at Gulmarg was comp-
leted. This can detect gamma-rays of
giga (1012) electron volt or higher en-
ergy at very low flux levels. The tele-
scope will be used to survey the
northern skies for potential gamma-
ray sources at these ultra high
energies.

Using local varieties of woods and
the PANBIT gamma irradiation
source, a number of wood-plastic
composites were studied. Deodar
wood with 50 per cent polymethyl-
methacrylate was found to be the best
composite for flooring.

In atmospheric chemistry, ambient
concentrations of formaldehyde,
hydrogen peroxide, ozone and nitro-
gen oxide at Srinagar and Gulmarg
were determined. These were found
to be of natural origin, whereas ob-
servations at Bombay had revealed
that a major fraction of these species
was man-made.

Chemistry

The Chemistry Division continued
its research and development activi-
ties mainly in the thrust areas of radi-
ation and photochemistry, isotope ef-
fects, interfacial phenomena, inor-
ganic chemistry and materials
science. Accelerated research efforts
were maintained particularly in pho-
tochemical studies, radiation chemis-
try of aqueous and organic systems,
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radiation effects on polymers and on
catalysts and dynamics of laser-indu-
ced chemical reactions, apart from the
developmental activities related to
hydrophobic catalyst for H/D ex-
change and synthesis of special
organic and inorganic materials for
user applications

To keep the Division in the fore-
front of chemical research, a number
of new instruments/facilities such as
FT NMR spectrometer, a five nano-
second laser kinetics spectrometer
and a molecular beam apparatus have
been installed or are being commis-
sioned. A nanosecond pulsed elec-
tron linear accelerator is on order. A
multipurpose vacuum coating unit
was fabricated and a helium gas jet
recoil transport setup for high-energy
charged particle nuclear reactions in-
stalled at VECC.

During the year, a novel retro
Diels-Alder dissociation channel was
detected in IR-laser multiphoton
chemistry of decafluorocyclohexane,
gram quantities of gallium phos-
phide and coumarin laser dyes were
synthesized and the processes are be-
ing scaled up. Calcia-stabilized zir-
conia was synthesized for the first
time using the convenient hydrated
zirconia route. Theoretical models
were formulated for valence transi-
tions in SmS and for melting transi-
tions in solids.

New research programmes initia-
ted include studies on inorganic hy-
drous oxide ion-exchangers with
potential applications in nuclear fuel
cycle; studies in micro-emulsions
and ultra high-pressure effects on
polymeric materials.

Coordinated efforts were continu-
ed in certain ongoing research and
development areas of importance like
synthesis and structural characterist-
ics of organometallics, development
of temperature-resistant hydropho-
bic catalysts for H/D exchange, hy-
drogen isotope effects in the dehyd-
ration of ion exchange resins, investi-
gations of hydrogen storage capacity
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and hydriding mechanism of Fe-Ti
based alloys, radiation damage in
vanadium alloys and the magnetism
of dilute chromium alloys.

The Division was also engaged on
the development and fabrication of a
number of user-oriented products
such as an on-line gas-chromatogra-
phic process instrument for FBTRS
supply of special materials such as
CaSo-r: Dy phosphors, LiAl, Fe^Og
ferrites and rare earth acetylaceto-
nates. The process developed for
making bilirubin strips for early de-
tection of jaundice was approved for
technology transfer. A fresh batch of
haemodialyser units have been pre-
pared for continuing the evaluation
studies on human patients.

Analytical Chemistry

Analytical Chemistry Division has
been engaged on the development
and validation of methodologies to
meet the analytical demands of BARC
programmes and different projects in
DAE; and has been pursuing basic
research in selected areas of analytical
chemistry. The support provided
ranged from certification of materials
for conformation to specifications to
the more challenging solution to
problems in performance (failure)
analysis. The work in non-nuclear
area comprised of coordinated pro-
grammes with other agencies and of
providing advisory/validation sup-
port to the programmes of govern-
ment, research institutions and the
public and private sector industry.

The salient analytical problems in-
vestigated during the year include
the determination of individual rare
earths in high purity thorium for
FBTR programme, lithium in lithium
niobate for use in optoelectronics,
surface and depth profiling for fluo-
rine, by ion beam, on surfaces of
materials passivated for use in corro-
sive environment, physicochemical
analysis of tarnished copper strips on
a power cable, manufactured indi-
genously for NPB, to help establish

the probable cause of the defect and
the characterisation of imported cal-
cium stabilised zirconia concrete for
use in MHD project.

Applications in non-nuclear area
include the IAEA RCA project on
Health Related Environmental Re-
search wherein the work here estab-

. lished human head hair as an effec-
tive first level monitor in a multilevel
scheme for monitoring exposure to
inorganic pollutants, and the just
started integrated environmental
programme on heavy metals of the
Department of Environment for
which this Division provides analyti-
cal quality control advice and support
through distribution of intercom-
parison samples and evaluation of
data. The estimation of Cu, Zn, Ca in
serum and Na, K, Fe, Zn in skin tis-
sues for cancer research and determi-
nation of dissolved gases in transfor-
mer oil for Maharashtra State Electric-
ity Board are some of the analytical
advisory services provided to other
agencies.

Measurements of diffusion coeffi-
cient of hydrogen in mild shim steel
by electropermeation method, the
thermophysical properties of
CaFe2O« and CaFe2Os, CaCraCh by
laser flash method and the formation
and stability of complexes, spectro-
photometry and electrochemistry art1

examples of the work carried out t<>
understand the basic aspects.

The facilities for instrumental anal
ysis were augmented in chromalo
graphy (ion, gas and high perform
ance liquid), inert gas fusion for in
terstitials and electroanalytical chem
istry. A clean laboratory, providin;
controlled clean environment witi
minimal metallic content in the mate
rials of construction using indigi
nous technology is in the final state <
completion; this will permit reiiabl
determination of subnanograi
quantities of elements encounters
in basic research in condensed malti
and life sciences and in the support t
engineering R & D for high techne



ogy, particularly for studying the in-
teraction of surfaces in relative
motion.

In addition to training scientists
from other institutions in the nuances
of trace analysis, the know how gene-
rated in the development of a kit for
the identification of types of stainless
steel based on Mo, Cr, Ni content and
of a surface area, analyser (based on
BET single point dynamic counter
flow) are awaiting transfer to indus-
try for commercial exploitation.

Water Chemistry

Water Chemistry Division conti-
nued its research and development
investigations.

A new Water and Steam Chemistry
Laboratory was commissioned at Kal-
pakkam for studies in water and
steam chemistry for the nuclear
power programme. Special investiga-
tions common to both nuclear and
thermal power stations will be under-
taken. For material compatibility
studies design details of a high temp-
erature — high pressure loop and a
model steam generator were finalised
in collaboration with NPB and
BHEL and order was placed for its
fabrication.

Water Chemistry Division was
identified as one of the focal points
for work connected with the design of
500 MWe PHWR. In this context de-
sign inputs with respect to the re-
moval of gadolinium nitrate from the
moderator heavy water, isokinetic
sampling of primary heat transport
heavy water and computer monitor-
ing and control of secondary side wa-
ter chemistry were recommended to
the Design Group.

As some of country's nuclear and
thermal power stations make use of
sea water as the condenser coolant,
investigations on chemistry, material
compatibility and biofouling in con-
denser cooling system at MAPP, and
Ennore were taken up. Chlorinated
sea water samples from MAPS-1 were

monitored for residual oxidants. Inf-
luence of certain parameters of the sea
water on material compatibility and
biofouling at MAPP was studied. Ex-
periments on corrosion behaviour of
magnetite coated and uncoated car-
bon steel samples in MAPP-I PHT
system environment were carried
out. Work on chemical parameters re-
lating to the condenser cooling (fresh)
water for FBTR was also initiated. For
Heavy Water Projects, Kota, experi-
ments were conducted on the corro-
sion behaviour of mild steel samples
exposed to Rana Pratap Sagar lake
water environment in the presence of
indigenous corrosion inhibitors. In
addition, studies were also carried
out on the formation of protective
sulphide coatings on carbon steel sur-
faces using complex forming sulphur
containing Iigands, in the context of
the process water chemistry of water
— hydrogen sulphide exchange.

Thermodynamic studies of a
number of systems, viz. thorium-
molybdenum-oxygen, uranium-mo-
lybdenum-oxygen, uranium-rho-
dium, uranium-niobium, palladium-
tellurium and europium oxide-haf-
nium oxide were carried out at high
temperature and phase diagrams and
free energies of formation of various
compounds formed in these systems
were evaluated.

Phase equilibrium and phase
transition studies of certain ceramic
semiconductor materials were made
and enthalpies and structural change
involved in the phase transforma-
tions were determined. Lattice ther-
mal expansion measurements were
made on fission products doped
urania, thoria and mixed urania-tho-
ria solid solutions and their volume
thermal expansion coefficients have
been evaluated. Thermal studies on
the compounds of ammonium-nio-
bium and ammonium-tantalum oxy-
fluorides were carried out and their
thermal stability ranges have been
established.

MHD Generation Project

The MHD Generation Project 3 be-
ing executed by BARC along with
Bhiirat Heavy Electricals Ltd. This in-
cludes the creation of a suitable base
tor research and development work
in the field of MHD power generation
and setting up of an experimental
plant at Tiruchirapalli at a level of
5 MWt (with a provision to increase
the thermal input to 15 MW with
suitable modifications).

During the last two years, exten-
sive measurements were carried out
at Trombay in small size experimen-
tal rigs to study and perfect the newly
developed diagnostic techniques for
plasma properties, design features of
MHD channels and materials.

All the auxiliary facilities connec-
ted with the experimental complex at
Tiruchirapalli were commissioned.
In the pilot plant, the erection of 300
tonne, 2 tesla iron core electromagnet
is also nearly over. The cold test of the
facility has already commenced. Plas-
ma generation is expected to start
during March 1985.

Particle Beams Generation
and Studies for Fusion

The developments in pulse power
technology during the year are: as-
sembling and testing of a 1 kj pulse
power system with parameters of
300 kV, 50 kA, 60 ns using deionised
water as energy storage medium,
completion of the design and draw-
ings fora 5 kj, 1 MV pulse power sys-
tem based on oil blumlein configura-
tion; its fabrication is in progress, a
100 kj capacitor bank meant for pul-
sed magnetic field has been assemb-
led and is undergoing performance
tests, and development of a new con-
figuration of a fast vacuum spark gap
with 1 ns rise time based on explod-
ing wire plasma injection. It is likely
to have important application in in-
ductive energy storage.

Experiments were performed on
the REB-200 system developed in the
Plasma Physics Division to study the
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transport of a'lO9W, 0.25 MeV, 50 ns
REB in argon gas. Results were in ag-
reement with the numerical calcula-
tions carried out. An important result
obtained in beam generation has
been pulse compression from 50 ns to
10 ns as the gas (Ar, H2, Air) pressure
is varied from 10 ^ Torr to 10' Torr.
The generation and transport studies
carried out indicate possibilities of
use of a-foilless-diode at 0.1 Torr for
plasma heating in magnetic confine-
ment studies and target heating in
inertial confinement in gas blanket.

Electron Beam Technology

The important developments in
this field carried out in Plasma Phy-
sics Division include completion of a
40 kV, lOkW EB welding machine
with a medium size chamber, devel-
opment of four electron guns of 40 kV,
10 kW capacity each for generation of
metal vapour beams, the 150 kV, 6 kW
partial vacuum EB welder was devel-
oped and extensively used for many
applications including welding of
canned motors for use in high pres-
sure environment for heavy water

projects. This machine was also used
to meet the specialised applications
of other organisations like ARDE,
CEERI, TIFR and VSSC. Two more
similar machines are being built for
special applications. The electron
beam technology has been developed
to a stage where it can be directly
used by the industries for production
jobs.

A plasma gun which can generate a
plasma density of 1013CU cm was de-
veloped and tested, for its perform-
ance. Theoretical studies of explo-
ding wire fragmentation phenomena
indicates that a 1O18-1O20 per cu cm
plasma of few electron volt tempera-
ture can be produced.

For carrying out advanced plasma
physics experiments oriented to ther-
monuclear fusion, a project on devel-
opment of particle beams at 3 MV,
100 GW level has been proposed in
the Seventh Plan at the Centre for Ad-
vanced Technology, Indore.

Electronics

The Electronics Division continued
to work on the development of nu-

Airliquefier developed .it BARC.

clear instrumentation for nuclear
reactors and basic research in the
field of computer instrumentation.

The computer networking scheme
for helping the major computer users
of BARC is being executed. Ethernet
controller required for this purpose
was fully developed. The system in-
tegration is in progress. A multibus
compatible 16 bit microcomputersys-
tem using 8086 microprocessor has
been fully developed. A microproces-
sor based data acquisition system for
energy dispersive X-ray diffraction
was developed. The system acquires
data in 4K channels and displays the
same on a CRT monitor.

For facilitating development of bit
slice based microcomputer system for
special applications, a micropro-
gramme development system has
been implemented on the Norsk Data
computer system. The micrometa as-
sembler for microprogramme assem-
bly upto 128 bits instruction length
has been implemented in PASCAL
on the above computer. This system
allows two-way transfer of files.

Electronic instruments for control,
process and health instrumentation
for DHRLJVA reactor were develop-
ed, installed and commissioned at
site. Preliminary tests have been car-
ried out to verify their performance.
Development work was initiated on
radiation monitoring instruments for
power reactors in collaboration with
the NPB. Design prototypes of some
of these instruments have already
been completed. A gamma level
switch for monitoring level in the
heavy water columns was developed.
This unit is ready for commercial
production.

A centralised data acquisition sys-
tem was developed for radiation
monitors used in reactors.

A walk-through type plutonium
detection system for surveillance was
developed and installed. It detects
with high sensitivity and low false
alarm rate.
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A gamma scintillation camera was
developed for radionuclide imaging
of the organs.

A bench model of real time ultra-
sonic linear scanner using multi ele-
ment linear array of transducers was
developed. The height of the picture
is proportional to the depth of penet-
ration. Development work on sophis-
ticated linear scanner with digital
storage has been initiated.

Technical Physics & Prototype
Engineering

To meet the needs of heavy water
projects, 12 specially designed mass
spectrometers are under batch pro-
duction. One mass spectrometer for
potassium argon ana-
lysis was fabricated and commis-
sioned at the AMD. One such mass
spectrometer is also under fabrication
for Atomic Energy Commission of In-
donesia. Four mass spectrometers for
the analysis of uranium hexafluoride
are also under production. A quadru-
pole analyser for the chemical anal-
ysis upto the mass range of 150 was
delivered to the Chemical Engineer-
ing Division. Twelve quadrupole
analysers for gas analysis are under
batch production. Four mass spectro-
meter leak detectors were produced
and are ready for despatch to the
users.

Special purpose crystals are grown
in the Crystal Technology Section and
supplied to the users. Sodium iodide
thallium activated detectors for high
temperature operation for ONGC
were developed and delivered. Sili-
con barrier detectors of different
types and sizes are in routine produc-
tion for BARC use. Small volume in-
trinsic germanium detectors are also
under production.

A 600 W 20 kilocycle switch mode
regulator to be used as a high voltage
source at 30 KV and above was suc-
cessfully tested. It is undergoing
batch production. A 5 KW, 27.3
megacycle RF generator was fabrica-
ted for use with induction plasma

Mass spectrometer for age determination of rocks developed by K A KC

system. An ion pump of 275 litres/sec
speed with a power source based on
magnetic stabiliser was developed,
tested and is undergoing production.
Glass to metal seals for heavy water
projects for use in canned motors and
level sensors, hollow cathode lamps
for scientific equipment and xenon
flash lamps for laser development are
in regular production.

A soft X-ray appearance potential
spectrometer was fabricated and tes-
ted and is ready for delivery. Special
types of electron guns were develop-
ed for different surface analytical
instruments.

A sterling cycle machine was fabri-
cated and successfully tested for pro-
ducing liquid air.

Radioisotope Production

During the year, 1350 samples of
various.target materials were irradi-
ated in the CIRUS and APSARA re-
actors. A total of 42,000 consignments
of radioisotopes and associated
equipment valued at Rs 2 crores were
supplied to users in the country and
abroad. Major supplies include 10
teletherapy sources for cancer treat-
ment, 8 gamma chamber units for
radiation research and an 85,000 curie
replacement source for the panoramic

batch irradiator installed at the works
of Western India Plywoods Ltd.,
Baliapatnam.

Radiation Sources : About 10.000
curies of Iridium-192 as radiography
source were supplied for industrial
radiography work. About 160 kilo-
curies of cobalt-60 sources were sup-
plied for research irradiators such as
Panbit, gamma chamber etc. About
half a million curies of cobalt-60 pro-
duced in the RAPS reactors were pro-
cessed at the RAPPCOF facility at
Kota and transported to Trombay for
fabrication of radiation sources. Over
700 radiation sources for medical and
research applications were supplied.

Radiopharmaceutkafc: Development
of new reactor-produced shortlived
radioisotopes with potential applica-
tions in medicine as a label for hepa-
tobiliary agents, in skeletal imaging
and for angiocardiography, feasibil-
ity studies on preparation of gel type
technetium generators and continua-
tion of the production, and supply of
radiopharmaceuticals were the main
activities in the area of radiophami-
aceuticals. Technetium-99m obtain-
ed by solvent extraction from molyb-
denum-99 has been the work-horse ot
the nuclear medicine. The develop-
ment of a new column type generator
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based on the use of a zirconium mo-
lybdate gel is being studied. With the
commissioning of the new radio-
pharmeuticals production laboratory,
ISOPHARM, the production and
supply of radiopharmaceuticals has
significantly increased over the pre-
vious year. A Regional Centre for Ra-
diopharmaceuticals was started at
Bangalore. The Centre offers RIA ser-
vices and technetium-99m labelled
radiopharmaceuticals for use in nu-
clear medicine in local hospitals.
Work on the setting up of two other
regional centres at New Delhi and
Dibrugarh is progressing.
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Radiochemkals: A total of 545 curies
of reactor-produced radioisotopes
were supplied for a variety of radio-
pharmaceuticals and other labelled
materials. A few consignments of fis-
sion produced radioisotopes were
supplied for use in research investi-
gations. About 25 kg of radioisotope
labelled agrochemicals including
phosphorus-32 labelled superphos-
phate, nitrophosphate etc. were sup-
plied to a number of agricultural
institutions in the country and
abroad. Over 600 tritium gas-filled
light sources were supplied for use in
selMuminuous devices to several de-

fence establishments for extensive
field trials. Tritium targets incorpo-
rating tritium gas were prepared and
supplied for use in electron capture
detectors and other devices. About
2 kg of promethium-147 incorporat-
ed zinc sulphide phosphor was sup-
plied to defence establishments.

Work on the project for utilisation
of DHRUVA reactor for isotope pro-
duction has commenced. The project
envisages the production of a num-
ber of radioisotopes not produced so
far in the CIRUS reactor and others in
high specific activity. The procure-
ment of equipment and design of the
processing plants is in progress.

Carbon-14 and Tritium Labelled
Compounds: About 250 carbon-14
and tritium-labelled compounds
were supplied to research users in the
country inluding some special com-
pounds for drug and agricultural re-
search. The developmental work for
the preparation of P-32 and S-35 la-
belled biomolecules, for research pro-
grammes in biotechnology, was
taken up. Financial sanction for the
methods for preparation of two P-32
labelled nucleotides are under con-
sideration. The construction work of
the Labelled Compounds Laboratory
at Vashi has started and is progres-
sing satisfactorily.

Radioisotope Applications

Gamma Radiography: Expert ad-
vice and specialised radiography ser-
vices were offered to many industries
and government institutions. Some
of the important radiographic exami-
nations carried out include huge
shielded platform and weld in the re-
actor circulation lines in TAPS, beryl-
lium-copper alloy casting produced
at the Beryllium Plant, tin bronze
casting used in the fabrication of neu-
tron spectrometer and a number of
critical welds situated in locations
difficult to access in the heavy water
pipeline in the DHRUVA reactor. A
prototype camera using tungsten as
the shielding material has been made



with a view to developing low weight
radiography cameras.

Radiation Technology: Considerable
progress was made in the area of radi-
ation technology. A monomer impre-
gnation facility for the development
of wood plastic composites (WPC)
was set up and trial runs with 200 kg
of timber were successfully comple-
ted. Tnis facility is ultimately expec-
ted to process about 500 kg of wood
into WPC per batch. Radiation phys-
ics studies of an onion irradiator for
the preservation of onions in rural
areas were carried out. An engineer-
ing model was fabricated and its
functional characteristics were evalu-
ated. A computer programme for the
optimization of geometric parame-
ters of a continuous gamma sterilizer
of medium throughput was develop-
ed. Work on the project for the hygie-
nisation of sewage by gamma irradia-
tion was started early this year at
Baroda. A new design for the irradi-
ator was completed. The construction
of the plant is expected to start during
1986. The Panoramic Batch Irradiator
installed at the Western India Ply-
woods Ltd., Baliapatnam was made
operational with an enhanced activ-
ity of 85,000 curies of cobalt-60. The
application of high energy electrons
and cobalt-60 radiation in place of
gold and platinum diffusion, for im-
proving the high frequency charac-
teristics of industrial power diodes
was studied for the National Govern-
ment Electric Factory, Bangalore.
Further work is in progress.

Work on the development of a nuc-
leonic gauge was taken up for the
Snow and Avalanche Studies Estab-
lishment (SASE).

Tracer Applications in Industry &
Hydrology: Environmental isotopes
techniques were applied to investi-
gate the sources of seepage waters in
the tail race tunnel of the Salal Hydro-
electric Project. Work on the identifi-
cation of the source of salinity in the
Minjur acquifer near Madras was
continued. Using environmental iso-

tope techniques, investigations are
being carried out to study the follow-
ing: determining the source and the
period of recharge of some of the deep
wells in Jalore area of Western Rajas-
than, estimation of regeneration of
river Ganga between Hardwar and
Narora, possible interconnection bet-
ween the shallow and deep acquifers
in the Cauvery delta area and, the
beneficial effects of percolation tanks
in Aurangabad and Pune districts in

recharging the wells in their
mand area.

com-

Radiotracer investigations for esti-
mating direct recharge to the ground
water in the Siwana and Banner dis-
tricts of Western Rajasthan were con-
tinued and the movement of the
radiotracer was monitored at these
sites. Investigations were carried out
for detection of leaks in buried pipe-
line at a chemical factory near
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Bombay and for the study of hot wa-
ter leakage from the jacket of proces-
sing vessel into the product at a petro-
chemical complex. Blockages in a re-
action vessel of Nylon Plant at the
Gujarat State Fertilizer Corporation
Ltd., Baroda were identified. The
inventory of mercury was estimated
in electrolytic cells in a number of
caustic soda manufacturing plants
without shutting down the plants.
Efforts are under way for the trans-
fer of this know-how to outside
organisations.

Sterilisation of Medical Products:
The ISOMED plant continued to offer
gamma irradiation services forsterili-
sation of medical products. A total of
4000 cu m of variety of medical pro-
ducts were sterilised at the plant dur-
ing the year. The sale value of radia-
tion sterilisation services rendered by
ISOMED plant totalled Rs 22 lakhs.
Physiochemical investigations were
carried out on irradiated oxytetracy-
cline hydrochloride, medical dress-
ings containing benzekonium chlo-
ride, catalin tablets and other phar-
maceutical substances to assess the
irradiation stability.

Training courses in industrial radio-
graphy, safety aspects and other NDT
methods were held in collaboration
with other organisations. A total of
117 persons from different organisa-
tions successfully underwent these
training courses. Radiography certi-
fication courses were also conducted.
Training cum demonstration pro-
grammes on radiotracer technology
in industry and radiation steriliza-
tion of medical products were con-
ducted at BARC under the UNDP Re-
gional Industrial (RCA) Project in
which countries of the Asia and the
Pacific region took part. Training was
provided in the field of radioim-
munoassay to 45 medical and para-
medical personnel during this
period.

Biology and Agriculture

Work on the development of im-
proved crop plants using induced
40

High yielding variety of TAP-7 inoong be.in.

genetic mutations was continued.
During the year a pigeon pea variety,
TAT-10, and black gram variety TAU-
1, were accepted for release. Another
pigeon pea variety, TT-5, was selec-
ted for release by the All India Coor-
dinated Pulse Improvement Project.
Under the collaborative agreement,
Punjabrao Krishi Vidyapeeth, Akola
produced over 29,000 kg seed of
moong bean variety, TAP-7, and
16,000 kg seed of pigeon pea variety,
T-Vishakha-1. Over 5,000 kg of foun-
dation seed was supplied to the
Maharashtra State Seed Corporation
for certified seed production. Rice
varieties, TR-17 and TR-21, were
grown for the fourth year in mini-kit
trials in farmers' fields in Andhra
Pradesh. TR-17 was included for
similar testing in Maharashtra.
Another rice variety TR-VI-8, with
aromatic slender grains is included
in district trials in Maharashtra.
Groundnut varieties, TG-9 and
TG-17, were recommended for test-
ing in the national adaptive trials in
two zones by the All India Co-ordi-
nated Oilseeds Research Project, lute
variety, TCJ-2, was promoted to na-
tional elite trials, while new cultures,
TCJ-5 and TCJ-15, were included in
the advanced trials of the All India
Coordinated Project. Wheat culture,
BARC-PKV-S-13, was promoted to

preliminary field trials in Vidarbha.

.Using new techniques of genetic
engineering, two more genes from a
bacterium were selfcloned. One of
the cloned genes is concerned with
resistance to antibiotic streptomvein,
and the other with sensitivity to ul-
traviolet light. Analysis using radio-
isotope of nitrogen reveals that
innoculation of paddy field with
cyanobacteria, Nostoc-4, results in
biological fixation of 39 kg/ha nitro-
gen in soils. Investigations were car-
ried out on the effects of certain insec-
ticides and their major degradation
products applied at normal field
levels on nontarget organisms.

Biochemistry

Research in basic and applied as-
pei ts of biochemistry including gene
manipulation and enzyme techno-
logy was continued. Screening of en-
vironmental chemicals for their
mutagenic and carcinogenic poten-
tials and metabolic disorders receiv-
ed considerable attention. Experi-
mental investigations were made to
study regeneration of partially hepa-
tectomised liver. Wholebody gamma
irradiation was found to impair liver
DNA synthesis. Modulation of activi-
ties of the liver drug metabolising en-
zvmes bv nontoxic metaboSities can



be successfully applied to combat
drug toxicity during chemotherapeu-
tic treatment against cancer. A num-
ber of compounds were tested for
their ability to suppress cancer of the
liver. Benzo(a)pyrene was found to
induce chromosomal changes in bone
marrow and the male germ cells of
mice. The rate of bone marrow chro-
mosomal aberrations varied from one
environmental agent to another.
Similarly, dominant lethal studies ex-
hibited highly specific effects among
different germ cells indicating their
possible differentia] repairabilities. It
was demonstrated that female geno-
types had different ability to repair
the genetic lesion induced in the male
gamete. A direct involvement of Vita-
min A in the biosynthesis of lysoso-
mal membrane glycoproteins was ob-
served. A significant decrease in total
carbohydrates and particularly in
mannose and galactose, adversely af-
fect the membrane permeability and
structure-linked latency of lysosomal
enzymes. Treatment of thyroidecto-
mised rats with triiodothyronine re-
sulted in partial restoration of the ca-
tion levels in serum or kidney mito-
chondria. The action of the tricyclic
antidepressant drug imipramine was
found to be mediated by binding to
mitochondria and possible modula-
tion of their respiratory activity.
Studies were conducted on the effect
of the antihypertensive drug propra-
nolol. Insulin administration enhan-
ced UDPG dehydrogenase activity
not only in diabetic rats but also in
ascorbic acid treated animals, thus
pointing to a critical role of this
enzyme.

Food Technology

Irradiated samples of ham, salami,
luncheon meat and cocktail sausages
purchased locally, and samples pack-
ed in polythene pouches were screen-
ed for bacterial count. Trie results in-
dicated that the unirradiated samples
contained high count of the organism
while radiation dose of 2.5 - 4.0 kGy
completely eliminated these. Sensory

Sandalwood plant developed from a protoplast.

evaluation showed the acceptability
of meat products subjected to 2.5 and
4.0 kGy for 8 weeks at -20°C Radia-
tion treatment at 1 to 10 kGy dose
levels recommended for disinfesta-
tion of commonly used legumes was
found to be effective for reducing
flatulence. The combination treat-
ment involving gamma irradiation
and hot water dip of grape varieties
led to the extension of shelflife at re-
frigeration temperature. Exposure to
gamma rays was effective in reducing
the microbial population in ground
prepacked pepper, chilli, corriander
and turmeric. It was observed that
10 kGy was able to destroy microbial
population and production of micro-
bial growth upto a period of six
months of storage in ground spices
with no alteration in appearance,
flavour and colour. Eight different
spices were tested for the efficacy of
irradiation treatment. Gamma irradi-
ation upto a dose of 10 kGy did not
cause any change either in the yield of
essential oil or in the composition of
the volatile flavour compounds in th-
ese spices. Green unripe alphonso
mango fruits subjected to the combi-
nation treatment of hot water dip wax
coating and gamma irradiation was
found to remain firm and green dur-
ing storage at 10°C for a period of 35
to 45 days. Feasibility of storing spe-

cially treated mango pulp in lamina-
ted flexible "standipack" pouches at
room temperature was examined.
Evaluation of the stored pulp showed
good shelf stability and quality reten-
tion after four months storage.

Bio-Organic Research

Efforts towards isolation of bioac-
tive agents from plants were intensi-
fied. Certain antifungal compounds
were isolated. Important quinones
were also obtained. Pepper fruits
were found to contain six lignans,
one of which showed strong syner-
gistic action with conventional insec-
ticides. Fourteen flavonoids were iso-
lated from Sahadevi. Structure of con-
yzorigun, a novel chromone was re-
vised. Several extracts of plants were
screened for insecticidal, juvenile-
hormone (JH), anti-JH and anti-fee-
dan t activities. Extracts from six
plants showed JH activity. Alkaloids
with promising antifeedant activity
were isolated from certain plants.
Biosynthesis of a pepper alkaloid and
bakuchiol was carried out using
radiolabelled aminoacid precursors.
Synthesis of a number of bio-organic
products like the sex pheromones and
two insect antifeedants were comple-
ted. Flowering in sandalwood plants
raised through tissue cultures was
observed in 18 months, in contrast to
four to five years in seed raised
plants. Plantlet regeneration was ob-
tained in cultured leaves of oil palm
and mulberry. Protoplast derived cell
culture of sandalwood produce callus
and somatic embryos, which devel-
oped into plantlets. Indole alkaloids
were isolated from multiple shoot
cultures as well as roots of Rauwolfia
serpentina. The alkaloid profile of
shoot cultures resembled that of the
roots and partly that of the leaves of
the intact plant.

Medical Research

Immunological studies on radia-
tion induced suppression of contact
sensitivity in mice showed that irra-
diation prior to sensirization affected
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antigen sensitive cell and macro-
phages. A heterologous antilympho-
cyteserumagainstallograft sensitized
lymphocytes of AKR mice was obser-
ved to prolong the rejection of speci-
fic skin grafts when administered af-
ter grafting. Cortisone induced wast-
ing disease was observed to be trans-
ferable with serum from diseased an-
imals to naive recepients. Flow cyto-
metric studies were carried out to
study the heterogeneity of spermato-
genic cells with respect to cytokinetic
and surface attributes. Cytogenetic
screenmg of new borns is being car-
ried out to assess the incidence of
constitutional chromosomal aberra-
tions. A computer based image ana-
lyser was installed and computer .
programmes were developed for the
detection of micronucleated emy-
throcytes, measurement of DNA con-
tent, evaluation of metaphases for
breaks, dicentrics etc.

Radiation Medicine

Radiation Medicine Centre (RMC)
continued to provide clinical nuclear
medicine service to patients. More
than 15,000 patients attended the
Centre for various radionuclide in-
vestigations, in-vitro procedures like
radioimmunoassays were performed
on approximately 7000 patients. A
single photon emitting tomographic
gamma camera (SPECT) system was
acquired and coupled to the compu-
ter system. It would now be possible
to perform tomographic studies of
various organs and use the sophisti-
cated system for advanced cardiac
studies. The B-mode and real time
ultrasound scanner was found to be
very useful as a complementary pro-
cedure to radionuclide imaging, par-
ticularly for thyroid, hepatobiliary
system, abdominal and pelvic mass-
es. About 50 patients per week un-
dergo ultrasonic examination. Radio-
iodine therapy for thyroid cancer and
hyperthyroidism was carried out on
about 250 patients. More than 1100
patients of thyroid cancer were trea-
ted, with a follow up ranging upto 15
years. Besides the clinical services,
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the RMC continued to carry out R & D
work in nuclear medicine and to im-
part training to medical and para-
medical personnel in nuclear medi-
cine. The radioimmunoassay (RIA)
technique'developed for detection of
the TB antigen was found to be very
useful in the diagnosis of different
tubercular diseases. The service has
now been extended to several hospi-
tals in Bombay. Radioimmunoassay
for myelin basic protein was set up. It
has proved to be useful in assessing
brain damage" in patients with TB
meningitis. Efforts are on for doing
radioimmunoassay useful for diag-
nosis and in epidemiological studies.
An enzyme linked immunosorbant
assay (ELISA) has been developed for
leprosy and is now being used in
screening the patients and contacts of
leprosy patients. Serum thyroglobu-
lin (tg) estimation by radioimmuno-
assay developed is now regularly

RIA work in progress at RMC

done for detecting thyroid malig-
nancy. A twenty-fold purification of
tg has been done for developing
monoclonal antibodies. Radiolabel-
led pure tg antibodies can be used for
scintimaging and for treatment of
thyroid cancer. A receptor assay has
also been set up for the detection of
thyroid stimulating antibodies (TSI)
and thyroid growth immunoglobu-
lins (TGI).

Health Physics

Operational units at various instal-
lations of BARC and other constiru-
tent units of DAE continued to pro-
vide health physics surveillance.
Health Physics Laboratory for Project

DHRUVA was commissioned. Safety
evaluation of PURNIMA-II critical as-
sembly was done. Radiological sur-
veys were carried out in the explorat-
ory uranium mines of AMD at Bodal
and Jajawal. Suspected internal con-
tamination in about 2,900 radiation
workers of DAE units was monitored
by bioassay and whole body radio-
activity counting. In all the cases ex-
posure was well below the annual
limit. Members of the public from the
critical exposure group of Tarapur
area were also monitored. Routine
external radiation monitoring in the
neighbourhood of all power stations
and nuclear facilities was continued
on a quarterly basis. The laboratories
at Tarapur, Kota and Kalpakkam con-
tinued monitoring of radioactivity in
terrestrial and acquatic environment.
The samples did net show any signi-
ficant radioactivity due to releases
from DAE installations.

To assess the hazards from conven-
tional air pollutants in different in-
dustrial operations, periodical esti-
mates were made of such chemicals in
the work atmosphere. As a part of
industrial hygiene surveillance at Be-
ryllium Metal Plant, 1,230 air samples
and about 1,120 surface samples were
collected and analysed for beryllium.
Beryllium concentrations were gener-
ally well below the permissible limit.
In very few operations such as chip-
ping, steps were taken to further br-
ing down their concentrations. Stack
air sampling showed that beryllium
in the effluent air was below the de-
tectable level. Safety aspects for the
mixed carbide fuel fabrication flow
sheet for FBTR were examined, and
necessary safety surveillance was
provided during fuel fabrication
campaign. River sediment, rain wa-
ter and ground water samples from
International Reference Centre,
France were analysed and partici-
pated in the IAEA Co-ordinated Re-
search Programme on calibration of
plutonium lung monitor using a
realistic chest phantom. Results
tallied well with the mean of values



Radiation detection instruments developed by BARC

reported by all participating
laboratories.

Investigations and analyses of con-
ventional accidents were also carried
out.

Radiological Protection

Implementation of radiation safety
programme in about 2,300 institu-
tions in India using radiation sources
for applications in medicine, agri-
culture, industry and research was
continued. Personnel monitoring
service was provided to 21,500 radia-
tion workers using film badge and
thermoluminescence dosimeters
(TLD). In collaboration with the Insti-
tute of Nuclear Medicine and Allied
Sciences, Delhi, personnel monitor-
ing service for defence institutions
was started. The monitoring of tri-
tium concentrations in air at radio-
luminescence paint workshops
resulted in better protection to the
workers. Radiation dosimeters were
supplied to various institutions using
radiation sources. Dosimetric instru-
ments and calibration facilities were
supplied to Zambia under the IAEA
technical assistance programme. Air-
borne radioactivity due to radon and
daughters in different areas of a
phosphatic fertilizer plant was
monitored. Studies on combined ac-
tion of radiation and chemicals have

shown that post-irradiation treat-
ment with caffiene reduces the muta-
genic activity of radiation. Niobium
and zirconium were used for the first
time to determine 14 MeV neutron
fluence and energy, and the results
agreed with international results.

Training courses were conducted
in radiation protection.
Radiochemistry

The programme in Radiochemistry
centred around physicochemical in-
vestigations on actinides and fission
products. Basic research was aimed at
a better understanding of the nuclear
fission process and chemical proper-
ties of actinides, particularly pluto-
nium, and applied research concern-
ed with chemical investigations re-
lated to plutonium fuels.

Radiochemical studies on yield
distribution of the isobaric and iso-
topic fission products provide valu-
able information on the process of
charge division in nuclear fission.
The present studies in the sponta-
neous fission of Cf-252 and the
30-40 MeV alpha particle induced fis-
sion of Th-232 along with the pub-
lished data on other fissioning nuclei
showed that the lower deformation
and the higher viscosity of the
fissioning nucleus with increasing
charge and mass results in a longer

time for fission, while the higher ex-
citation energy of a fissioning nu-
cleus leads to a shorter time for fis-
sion. The physicochemical studies on
actinides were directed mainly
towards an understanding of the ac-
tinide complexes in solution and
reactions in solids. The complexing
behaviour of trivalent Am, Cm, Bk
and Cf with N-phenyl-N-benzoyl
hydroxylamine was found to follow
the order of their ionic radii. Trap
level spectroscopic studies on Pu
doped CaSo4 using EPR and TSL
techniques revealed the role of acti-
nide dopants and alpha irradiation
effects on the relative stabilities of
paramagnetic radical ions and the
machanism of thermally stimulated
relaxation processes.

Chemical, spectroscopic and mass
spectrometric methods were em-
ployed for the chemical quality con-
trol of FBTR fuel. Methods were de-
veloped for the determination of trace
metallic constituents in FBTR fuel by
emission spectrometry using direct
reader and by spark source mass
spectroscopy. A fuel pin scanner
based on the monitoring of passive
gamma-rays was fabricated. It is in
regular use for detecting any non-
standard pellets in the FBTR fuel
pins.

Since plutonium-rich mixed car-
bide fuel is being used for the first
time as FBTR fuel, a number of
thermophysical properties need
detailed studies. The role of hydro-
gen present in the FBTR fuel in the
transfer of carbon from fuel to clad
and the rate of diffusion of hydrogen
through clad was investigated. The
results preclude the carburisation of
the clad, which will not be a problem.
In another study the melting point of
the plutonium-rich (U, Pu)C was de-
termined for the first time. It was
found to be well above the design
limit for hot spot temperatureof FBTR
fuel.

In connection with the recycling of
FBTR fuel fabrication scrap, studies
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were carried out on the oxidation be-
haviour of (U, Pu)C and conditions
for obtaining rapid conversion to ox-
ide with low carbon content, high
solubility required for wet recycle
and other characteristics desirable for
dry recycle were optimised. Direct
precipitation of plutonium oxalate
from solutions containing uranium
and plutonium, without the conven-
tional ion exchange step has helped
in considerable saving of time and
effort. As part of programme on sol-
gel process for the preparation of
nuclear fuels, chemical parameters
were investigated and a gelation field
diagram has been constructed which
is useful for defining the input com-
position.for preparation of good qual-
ity UO2 microspheres.

Reactor Control

The Reactor Control Division is en-
gaged in the development of modern
control systems, information handl-
ing systems and reactivity control
mechanisms for the various research
and power reactors in the country.

During the year this Division suc-
cessfully carried out the design, con-
struction, installation and testing of
the core vessel and reflector assem-
blies, liquid fuel transfer system,
reactivity adjustment mechanisms,
control and safety interlocks and
reactor trip and alarm systems for
PURNIMA-II.

For the heat removal system of the
FBTR, two primary and two secon-
dary pump drives were developed
and installed, and commissioned at
the site.

For MAPP-II standby controllers
for the AC voltage regulators were re-
designed and installed.

For NAPP, a prototype shut off rod
drive including a 250 W induction
motor was developed and tested.
Twenty such drives are now being
fabricated.

A 50 KVA high frequency current
source inverter was developed and
tested.

Several microprocessor and mini-
computer based systems were devel-
oped to automate the entire control
system of the 235 MWe and 500 MWe
nuclear power reactors. PREFRE,
Tarapur was supplied with a compu-
ter based data acquisition and dis-
play system to provide the operator
with organized, formated informa-
tion about the state of the plant. A
computerised control for the fuel
handling system for 235 MWe re-
actors has been integrated. The
system is now being commissioned.
For NAPP, a triplicated microproces-
sor based regulating system was de-
veloped and is being tested.

This Division is actively involved
in the development of physical pro-
tection systems for all the nuclear fa-
cilities. Indigenous development of
several sophisticated gadgets has
been initiated. A microprocessor
based electronic lock was developed
and installed on the SNM carrier
vehicle.

One hundred canned motors for
use in the exchange towers of heavy
water plants were fabricated, (fifty by

Central Workshops) tested and sup-
plied to Heavy Water Project, Thai. A
60 KW canned motor was also deve-
loped and fabricated.

The control system of 2.3M optical
telescope of the Indian Institute of
Astrophysics, Kavalur, was develop-
ed and installed. This is the largest
telescope in the country.

Reactor Engineering

Some of the completed jobs for the
nuclear power programme include
testing of the first two indigenously
manufactured primary heat transport
pumps with 2.8 MW motors for Nar-
ora reactor for satisfactory perfor-
mance under simulated operating
temperature and pressure condi-
tions; development of primary liquid
shut off rod, rolled joints for Narom
reactors; acceptance testing of the
sixth fuelling machine head for
MAPP; detailed analysis of RAPS
end-shield to assess the cause of fai-
lure and to evaluate stress distribu-
tion in as-repaired state; design and
thermal hydraulics analysis of fresh 7
x 7 fuel rod clusters for TAPS. Evalua-

DHRUVA reactor schematic on the NO Graphics Terminal.
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tion of the adequacy of emergency
core cooling injection at the top of the
fuel channel in DHRUVA reactor was
carried out and engineering support
for the main pressure vessel of Pel-
letron accelerator was provided.

The facility used for testing MAPP
fuelling machines was utilised for
thermal cycling tests on end-fittings
and a detailed fatigue analysis of end-
fittings under such thermal cycles
was completed. For testing fuelling
machines for Narora type of reactors a
new Integral Thermal Facility was
commissioned. A boiling water loop
for carrying out' thermal hydraulic
studies under simulated reactor con-
ditions also was commissioned. Sig-
nificant development effort was de-
voted towards improvement in the
gasket of seal disc used in power
reactor coolant channels.

A number of plutonium uranium
oxide (MOX) clusters, designed to
verify the effect of design parameters
on fuel performance, were irradiated.
Process instrumentation for the
DHRUVA reactor was installed and
commissioned.

Reactor Analysis

A computer code was developed to
evaluate the performance of remote

back-up relays in an interconnected
power system with strong interme-
diate sources. Pressure transients in
NAPP after a small break in the cool-
ant system were studied.

Fuel management service was con-
tinued for the TAPS and physics de-
sign for the 7x7 fuel assembly for the
Station was completed.

Experimental Reactor Physics

Work on the measurements of fast
neutron fluence seen by the Tarapur
reactor pressure vessels, and on the
determination of vibration, flow and
instrumentation performance by
noise diagnostic methods was done.
Gamma attenuation effects in laminar
shield configuration were measured
atAPSARA.

Project DHRUVA

The DHRUVA reactor project made
significant progress during 1984-85.
Safety documentation including de-
sign description, safety analysis and
technical specifications for operation
was completed. Commissioning of
process water, shield cooling, ma-
chinery cooling water and sea water
systems, compressed air plant, chil-
led water plant, air conditioning and
ventilation system, power supply

system including emergency diesel
driven plant and fuelling machine for
handling of experimental assemblies
were completed. Special procedures
for flushing out the main coolant loop
in preparation for light water com-
missioning of the system for confirm-
ing design parameters, are being im-
plemented. Operational checks on
the main heavy water coolant pumps,
heavy water moderator level control
pumps, cover gas system equipment
and protection and safety instrumen-
tation systems are being carried out.
The main fuelling machine used for
on-power fuelling is undergoing
commissioning trials. After comple-
tion of light water commissioning
trials, the main coolant system will be
drained of light water, dried and
charged with heavy water in prepara-
tion for the first criticality of the re-
actor which is expected soon. After
physics and other system perfor-
mance tests, at low power, high
power operation of the reactor is ex-
pected to be achieved.

Reactor Operation & Maintenance

The two research reactors APSARA
and CIRUS continue to operate safely
and efficiently. Irradiation testing of
MOX fuel clusters for power reactors.

DHRUVA reactor with control room.



Plutonium Fuel Fabrication Facility in Radiometallurgy Division of BARC

metallic uranium fuel assemblies
with adjusted uranium for research
reactors, prototype fuel and other test
assemblies for DHRUVA reactor,
were the major activities.

Corey lock arrangements for safety
related valves, installation of a fall
prevention device on CIRLJS ventila-
tion system stack, design of a multi-
capsule tray rod, safety evaluation of
a "cold neutron source" to be instal-
led in an experimental beam hole of
CIRUS and development of a fusible
link component for the reactor venti-
lation svstem, were also carried out.

Replacement of vacuum tube cir-
cuitry with solid state circuitry in the
control systems of CIRUS and
APSARA reactors and replacement of
CIRUS emergency cooling water stor-
age tank make-up line, were carried
out.

Fuel Reprocessing

In the PREFRE Plant at Tarapur the
second campaign of power reactor
fuel was successfully reprocessed.
The Plutonium Plant at Trombay, re-
commissioned last year after exten-
sive modifications, has been repro-
cessing the spent metallic fuel from
the CIRUS reactor. Purified uranium-
233 for PURNIMA-II reactor was sup-
plied. A proposal for setting up a
small engineering scale facility forex-
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tracting uranium-233 from irradiated
thorium fuel is being worked out.
Work on the reprocessing plant being
set up at Kalpakkam is progressing.
'Operations Test Facility' for process
simulation studies is nearing
completion.

Uranium Extraction

Production of uranium metal from
purified uranium oxide was conti-
nued in the Uranium Metal Plant.
Laboratory investigations were com-
pleted on the rocoverv of uranium
from the leach liquors obtained from
the magnesium fluoride slag proces-
sing. Among the several processes
considered, an auxiliary unit for sol-
vent extraction recovery appeared to
be the best. The aminesulphate sol-
vent extraction process developed for
the separation of zirconium and haf-
nium was accepted by NFC for zir-
conium oxide production. Work on
scaling up of the process is being
done. A process for recovery of /.inc
from HZL Plant effluents was fina-
lised in collaboration with the Hin-
dustan Zinc Ltd.

Chemical Engineering

Studies were continued on the ex-
traction and refining of uranium,
thorium and lithium, separation of

stable isotopes, preparation of
scintillation chemicals, compounds
labelled with stable isotopes, fluorine
gas and sulphur hexafluoride and on
the feasibility of the recovery of
helium. The technology developed
for the production of nitrogen-IS en-
riched nitric acid was transferred to
RCF as the demand for it is increas-
ing. Experience was gained in the
operation of a 250 amp electrolytic
fluorine cell. A larger cell of rilK) amp
capacity was fabricated and installed.
Work on a 1500 amp cell is in pro-
gress. The pilot plant for the produc-
tion of sulphur hexafluoride has been
in operation and the transfer ot the
technology for large scale production
is now under consideration. A syn-
thetic carbon facility is being set up to
develop various carbon products tor
specialised applications. The Phos-
phorus Pilot Plan! ~<^ Trombav was
run on continuous operation. Work is
underway for the transfer ot techno-
logy for an 8 tonnes per day capacity
phosphorus plant.

Desalination

Fabrication of 10 tonnes per dav
ship-borne desalination plant IVJS
completed and its erection is in pro-
gress. Work on the fabrication ot
modules and procurement of equip-
ment for the multistage flash Desali-
nation Plant made further progress.
One Reverse Osmosis Plant each is
being set up in Gujarat and Andhra
Pradesh for brackish water desalina-
tion. Suitability of reverse osmosis
tor various industrial applications in-
cluding production of boiler feed wa-
ter and effluent water treatment was
demonstrated. Laboratory investiga-
tions pertaining to synthesis of new-
membranes suitable for sea water de-
salination were continued. Fabrica-
tion and procurement of components
tor an electrolytic hydrogen plant aro
almost complete.
Radiometallurgy

Fabrication of the first core of mix-
ed uranium plutonium carbide fuel
for the FBTR has been completed.



Some of the features adopted in the
fabrication of the mixed carbide fuel
are the specially built pellet inspec-
tion machine interfaced to a compu-
ter for completely automatic inspec-
tion, an automatic welding machine
operating under glovebox conditions
and an inert atmosphere recirculation
system. Several studies related to the
determination of properties of inte-
rest and thenmodynamic behaviour
ot the carbide fuel were conducted.
Work on the development of MOX
fuel for thermal reactors and their
postirradiation examination was con-
tinued. Construction of the pluto-
nium-based fuel manufacturing plant
at Tarapur is nearing completion.

Some of the components from
TAPS and RAPS reactors were sub-
jected to postirradiation examina-
tion. Investigations for end-of-Iife
prediction of TAPS pressure vessel
steel were carried out and it was con-
cluded that the pressure vessels
would perform satisfactorily throug-
hout the life of these reactors. Impact
strength studies were conducted on
RAPS end-shield materials irradiated
to different fluences in the CIRUS
reactor and the corresponding nil
ductility transition temperatures
were estimated. A cluster of MOX test
fuel elements irradiated successfully
to target burn-up of 15,000 MWd/Te
was examined.

As part of the development of
thorium fuel cycle, a thorium-pluto-
nium mixed oxide experimental clus-
ter of fuel elements was fabricated for
irradiation in the CIRUS reactor.

The Electron Beam Welding Unit
was extensively utilised for special
jobs. As part of the development of
quality control techniques, work was
taken up on the gamma-autoradio-
graphy, ultrasonic methods for fuel
pellet density evaluation, neutron
radiography for evaluation of the
compositional differences in pellets
etc.

Tin Plant .it Urla, Raipur.

Physical Metallurgy

Studies were carried out on the
heat treatment micro structure stren-
gth correlations for pressure vessel
steels, zircaloy weldment under vari-
ous conditions such as TIG, laser and
electron beam welding, texture in ad-
justed uranium for assessing growth
co-efficient under reactor irradiation
and solid state diffusion bonding of
zircaloy plates. Detailed investiga-
tions on the fracture machanics of
Inconel-625 were conducted to ascer-
tain causes of failure of this material
in heavy water plants. Structural in-
vestigations on zircaloy and zirco-
nium-2.5 Nb alloy were carried out to
characterise these materials at diffe-
rent stages of forging and hot extru-
sion. New programmes were initia-
ted on Zirconium based metallic
glass, hydrogen embrittlement of
end-shield materials and end fitting
material for nuclear power reactor.
Structure-property correlation of Ni-
based super alloy and phase transfor-
mation, phase diagram and thermo-
dynamic property studies of various
materials of nuclear applications are
in progress.

Extractive Metallurgy

The demonstration plant for pro-
cessing 2 tonnes per year of tin, set up
at Raipur, in collaboration with the

MP State Mining Corporation was
successfully commissioned. An alter-
native method for processing Orissa
ilmenite ore was successfully tested.
A recently initiated investigation to
recover molybdenum from the spent
acid solution of the lamp industry
yielded good results. This will have
significant impact on molybdenum
process technology. Bench scale pro-
duction of niobium metal by the
thermit process was successfully em-
ployed to obtain 30 kg of niobium
metal from the pentoxide. The tech-
nology of production of boron cabide
incorporated silicone rubber sheet
was developed for meeting the in-
house requirements.

Corrosion & Electrometallurgy

Corrosion and compatibility
studies on a wide variety of metal and
alloys used in the nuclear industry
were carried out. These studies help
in failure analysis and in suggesting
remedial measures. Electrodeless pla-
ting of nickel on alumina was adop-
ted to meet the requirements of the
MHD Project.

Ceramics

Basic studies on sintering of ura-
nium dioxide fuel were continued.
Developmental work on magnesia
ceramics for use as insulating mate-
rial in MHD generators yielded good
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results. A new programme on tough-
ening zirconia based ceramics was
initiated.

Atomic Fuels

One hundred and forty metallic
uranium fuel elements and about
2,200 subassemblies for CIRUS
reactor were fabricated. Fiftyone
metallic uranium fuel clusters, 2 in-
pile clusters, 20 alumium dummy
clusters, 186 seal plug assemblies and
90 aluminium shields were also
made. Necessary fabrication tech-
nique was developed for the manu-
facture of aluminium-cadmium sand-
wich absorber assemblies for
DHRUVA. Eight small assemblies
were made. Subsequent to the satis-
factory in-reactor performance of the
two prototype control blades sup-
plied !o TAPS, fabrication of regular
control blades was taken up. Compo-
nents necessary for the four cobalt
slug J-rod assemblies for CIRUS were
machined and delivered. For the joint
Indo-Swiss experiments, 1,700 finis-
hed thoria elements were fabricated
and delivered to EPFL, Switzerland.
Prototype shut off rod assembly and
initial accelerating spring assembly
for NAPP were made by TIG welding
and delivered for testing.

To achieve higher burnup with
metallic uranium fuel and simplify-
ing fabrication process, work was un-
dertaken to fabricate segmented
U-rods and adjusted uranium-rods.
860 mm long uranium rods of
14.7 mm dia were directly cast and
heat treated. Heat treated rod sam-
ples were subjected to tensile test,
thermal cycling, texture and grain
size studies. One DHRUVA fuel clus-
ter using adjusted uranium was
fabricated and delivered. Two proto-
type 28-element split spacer type fuel
bundles were made for 500 MWe
reactors. Quality surveillance on fuel
bundles, zircaloy components, FBTR
core assembly components, stainless
steel plates, FBTR fuel pins, end fit-
ting forgings etc. was undertaken.

Fifteen kilometres of 0.5 mm dia-
meter, 45 filament Nb-Ti super-
conductor wire was fabricated and
3.5 km of 84 filament Nb-Ti was
drawn.

Technical Services

Operation and maintenance work
on all the electrical power systems,
electrical installations at various
laboratories and workshops, aircon-
ditioning plants, ventilation systems,

Prototype control blade for TAPS fabricated by the Atomic Fuels Division of BARC.

pneumatic control systems, vacuum
system, compressors, boiler house
with steam supply system, water
supply system, cranes, aircondition-
ers, etc. was carried out. Some of the
major projects that were completed
and commissioned are the electrical
and mechanical services for the Van
de Graaff extension at Trombay, and
BARC residential quarters, Fire Sta-
tion and Health Physics Laboratory at
Tarapur.

Central Workshops

Central Workshops continued to
design, develop and fabricate special
equipments and mechanical assemb-
lies for various units of DAE. Some of
the major jobs developed/completed
during the year are the periscope for
FBTR, water dielectric generator,
ultra high vacuum vessel for gravita-
tional experiment, -ugged duty man-
ipulator, desalination modules and
spent fuel chopper.

Heavy Water

The final enrichment plant put up
at Heavy Water Plant Tuticorin emp-
loying high efficiency, sophisticated
tower internals developed at Trom-
bay was successfully commissioned
to yield 99.8 per cent pure reactor
grade heavy water. Work on setting
up of final enrichment plants at Thai-
Vaishet and Manuguru Heavy Water
Projects and upgrading plants at
MAPP-2 and NAPP made good prog-
ress. The downgraded heavy water of
ZERLINA reactor was reconcentrated
to reactor grade for use in DHRUVA
reactor. Considerable progress was
made in setting up a pilot plant tor
removing tritium from moderator
heavy water utilising the heterogen-
ous catalyst developed at Trombay. A
high efficient tower packing for
ammonia-water exchange was deve-
loped and tested. A catalyst for water-
hydrogen exchange was developed
and tested. A pilot plant for genera-
tion of high purity hydrogen sul-
phide by elemental sulphur-hydro-
gen reaction was successfully opera-
ted. The optimum process pararnet-
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ers for a commercial plant are being
experimentally determined. Solid de-
posits being formed in the exchange
columns of Heavy Water Plant Tal-
cher) are being studied. Studies relat-
ing to the measurement of froth
height by gamma-ray absorption
technique for nitrogen-water system
for Heavy Water Plant Manuguru
were completed and for hydrogen
sulphide-water system are under
progress. Adsorption/desorption and
laser techniques for enrichment of

heavy water and removal of tritium
from heavy water are under study.
Under the national deuterium survey
scheme, river water samples received
from various parts of the country are
being analysed.

Waste Management

In the high level waste Vitrification
Plant of the Waste Immobilisation
Project (WIP) at Tarapur, certain es
sential modifications in the equip
ment and piping are being incorpo

Bihiminisation Unit in Waste Immobilization Plant, Tarapur.

Remote controlled welding operation at the
Vitrification Cell of the Waste Immobilisation
Plant.

rated. The plant for intermediate level
waste incorporation in bitumin was
intensively tested prior to regular op-
eration.. Construction work of the
Solid Storage Surveillance Facility at
Tarapur was completed and work on
technical services is in progress. Con-
struction work of the Waste Manage-
ment Plant at Narora is nearing com-
pletion, and major pieces of equip-
ment are being procured. Investiga-
tions for setting up a repository for
conditioned high level waste in deep
geological formations in the Kotar
Cold Field area were continued.

Waste management facilities at
Trombav, Tarapur, Rajasthan, Kal-
pakkam, Hyderabad and AKvave
were operated satisfactorily. Release
of radioactivity to the environment
was kept well within safety regula-
tions. Surveillance of sites when1

solid waste has been buried indicated
that migration ot radioactivity into
the surrounding areas was insignif-
icant. Work has been initiated on the
development of organic ion-exchange
resins for the removal of radioactive
materials. Palladium loaded charcoal
catalyst for separating tritium from li-
quid wastes was developed and
tested. An Air Cleaning Engineering
Research Laboratory was set up ot
Kalpakkarn for handling of inert
gases and sodium aerosols from FBTR
and its associated facilities. About
300 tonnes of contaminated protec-
tive wears from Trombav, Farapur
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and Kalpakkam were decontaminat-
ed for reuse. As a first step towards
leak proof containment of chemically
loaded effluents all the solar evapora-
tion ponds at NFC were lined with
polyethylene composite.
Training

After successful completion of 27th
Course of BARC Training School 155
trainees, including 39 in-plant trai-
nees, joined various units of the De-
partment in August, 1984. Twenty
Eighth batch is currently undergoing
training at BARC and project sites of
DAE.

The training imparted is continu-
ously restructured in view of the fu-
ture programmes of the Department.
Many new courses such as physics
and technology of accelerators and fu-
sion energy have been introduced. A
full fledged microprocessor labora-
tory has also been set up.

Civil Engineering

A number of projects namely Cent-
ra] Workshops Phase III, Van de Gra-
aff extension, Capacitor Bank Facil-
ity, Laser Laboratory and others cost-
ing more than Rs 1 crore were com-
pleted at Trombay. Also projects for
the Chemical Engineering Labora-
tory, Reactor Control Division Labo-
ratory, Engineering Hall No. 8, Tech-
nical Physics Division Laboratory
and other functional buildings cost-
ing more than Rs 5.75 crores are at
various stages of completion. The
geotechnical investigations and pre-
liminary works for the Waste Immo-
bilisation Plant at Trombay costing
Rs 11.75 crores were carried out.
Common facilities at Vashi consist-
ing of First Aid Centre, Canteen and
Guard House costing Rs 10.00 lakhs
were completed. Construction of
Labelled Compound Laboratory at
Vashi costing Rs 83.00 lakhs was
started. Construction of 226 flats and
72 transit accommodation for BARC
staff at Tarapur, costing Rs 1.7 crores
was completed. Other general civil
engineering works like Waste Dis-
posal Facility, Physical Protection
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Works, Fire Station at Tarapur cost-
ing Rs 1.6 crores were completed. Ex-
tension to TAPS School at a cost
Rs 23.00 lakhs was also completed.
Work on the Solid Storage Surveill-
ance Facility costing Rs 6.6 crores and
consisting of high integrity nuclear
structure requiring rigid quality con-
trol and high degree of workmanship
was continued. Work on residential
quarters costing Rs 2.2 crores is in
progress. About 60 per cent of the
work on extension of workshop and
construction of quarters costing
Rs 52.00 lakhs at Srinagar and Gul-
marg was completed. Civil mainten-
ance works and minor capital works
costing Rs 75.00 lakhs were also car-
ried out at Trombay. Architectural
services were also provided to some
of the projects of Department of
Electronics, Department of Science
and Technology and C SI R.

Health Service Scheme

The Scheme at present covers
58,800 beneficiaries. BARC Hospital
and peripheral dispensaries conti-
nued to extend therapeutic and diag-
nostic facilities to the beneficiaries;
424,363 patients were treated in these
dispensaries during this year. Active
family welfare programme during
this year consisted of 246 medical
termination of pregnancy cases and
224 permanent sterilizations. The in-
fants addition to the Scheme was
around 660 and annual birth rate is
11.22 per thousand.

Library & Information Services

The Library holdings now stand at
more than 6,80,000, including 71,510
books, 59,715 volumes of periodicals,
18,695 patents and standards, and
over 5,30,000 reports. The Library re-
ceives 1,710 periodicals and its report
collection in the nuclear field is one of
the largest in the world. About 100
technical reports on the research and
development work done in the
Centre and proceedings of symposia,
conferences, seminars, etc. organised

by the DAE and BARC, were dis-
seminated.

During this year, about 500 items
published in India were contributed
to the International Nuclear Informa-
tion System (INIS) of IAEA. India's
contributions so far amount to about
1.6 percent of the INIS Data Bank. The
dissemination service based on INIS
tapes using IRIS-80 computer at VEC,
Calcutta, was continued and efforts
were made to implement the service
using ND computer at Trombay.

Scientific translations were done
from French, German, Italian, Japa-
nese and Russian languages. Courses
were conducted in French, German
and Russian for the benefit of BARC
scientists and engineers. Interpreta-
tion services in these languages were
also provided.

Personnel

The total strength of BARC includ-
ing VEC Centre, Calcutta as on
1 January 1985 was 15,241, compris-
ing of 3 ,732 scientific, 7,011 technical,
11,271 administrative and 3,227 gen-
eral maintenance and auxiliary staff.

Parks and Gardens

Landscaping was done over more
than 20,000 sq m area at Trombay,
Anushaktinagar, Tarapur and at
Anushakti Bhavan. 3,00,000 tree sapl-
ings of various types were planted
and seeds of different tree species
sown on Trombay hills for affore-
station.

Variable Energy
Cyclotron Centre,
Calcutta

The Variable Energy Cyclotron was
regularly operated round the dock.
During the year the utilization factor
improved. The efficiency factor for
beam on target attained a value of 70
per cent. In all the three high inten-
sity channels alpha particles with en-
ergy upto 65 MeV are being used.
Alpha particles with energy upto 80



MeV have been extracted from the
machirte and internal beam has pro-
duced particles with energy upto 100
MeV. Scientists from about 20 uni-
versities and research institutions are
using the beam to carry out experi-
mental research in nuclear physics,
solid state physics, radiation damage
in materials, chemistry, analytical
chemistry, radiochemistry biophy-
sics and metallurgy. Production of
certain radioisotopes also was one of
the objectives. Setting up of target de-
tector, electronic facilities and system
for on-line data acquisition was com-
pleted. A new computer ND-540 was
installed in January 1985 for analysis
of the experimental data.

Centre
for Advanced
Technology

The Centre for Advanced Technol-
ogy (CAT) is being set up at Indore.
While the major thrusts at the Centre
will be in the areas of lasers, accele-
rators and fusion research and tech-
nology, it will also create a strong
base in related areas, such as cryo-
genics, surface and materials scien-
ces, computer aided design and mod-
elling, pulsed power technology,
high temperature technology, optical
components and instruments, ultra-
high vacuum technology, radio-fre-
quency systems, magnet technology,
crystal technology. X-ray instrumen-
tation etc. Besides complementing
the activities of BARC and of the
RRC, these technologies will also be
useful to the space programme, de-
fence, electronics and for the deve-
lopment of alternative sources of
energy.

Commencement of the work in
establishing the Centre was formally
inaugurated by the President Giani
Zail Singh on 19 February 1984. Since
then considerable progress has been
made. About 1,600 acres of land has
been acquired and fencing work is
nearing completion. The Sukhnivas
palace is being renovated .for hous-

ing the library and computer facility.
During the year 1984 the Sukhnivas
lake was desilted and cleaned. Trees
were planted on the hill and along the
northern and eastern boundary.
Work concerning roads, drainage,
water supply, sewage and electric
supply is in progress. The first phase
of construction of 90 residential
houses has started.

Houses will be ready for occupa-
tion by September 1985. Of the five
tube wells that were sunk two have
been successful. Permanent water
supply for the "colony is being ar-
ranged from the Narmada system.
Contract for the construction of two
multipurpose sheds, each of about
1,000 sq m, has also been awarded.
Erection of 11 KV line for supply of
electricity to the colony is ready and
temporary substation is being
installed.

DAE is embarking on the establish-
ment of the Indore Centre with the
benefit of the experience at BARC,
RRC and VEC. However the Centre
will be unique in many aspects. The
cooperation of the MP Government
has rendered the initial steps like
land .acquisition, provision of utili-
ties and development of the housing,
less time consuming. The opportuni-
ties available locally for small scale
industries will be fully exploited in
transferring technology and for pro-
ducing various items of equipment
for which the technology will be de-
veloped at the Centre. This will en-
sure keeping the manpower require-
ment modest and redeploying the in-
house talent to new tasks from time to
time.

The major facilities at the Centre
will be utilised as national facilities.

Reactor Research
Centre, Kalpakkam

There was good progress on all
fronts in the fast reactor programme
and associated research and develop-
ment activities at the Reactor Re-
search Centre. Kalpakkam during

1984-85. Construction work on the
FBTR has been completed, and com-
missioning of the main systems is in
progress in a phased manner.

Fast Breeder Test Reactor

The construction of FBTR has been
completed in all respects as required
for the first phase of commissioning,
which is underway. During this
phase, it is proposed to achieve initial
criticality with a small core of fuel as-
semblies, and operate the reactor at
low power for conducting reactor
physics experiments. The commis-
sioning of the steam-generators and
the turbogenerator will be taken up
during the second phase of activities.
Important construction activities
completed during the year include in-
stallation of control plug with core
cover plate mechanism and control
rod drive mechanisms, completion of
piping, insulation and painting, and
of the control and instrumentation
systems. The reactor has been han-
ded over to the operation group for
commissioning. About 80 tonnes of
purified, nuclear grade sodium has
been charged into the primary and
secondary sodium system storage
tanks. Circulation of sodium in the
purification loop of the .second.irv cir-
cuit has been started. Performance ot
the fuel charging and discharging
flasks, the control drive mechanisms
and the control and instrumentation
systems is being checked thoroughly
prior to loading of fuel. The first batch
of stainless steel clad plutonium
carbide-uranium carbide fuel pins
has been received from the Radio-
metallurgy Division, BARC. The pre-
sent schedule indicates August 1985
for achievement of first criticality.
The earlier target of completing this
phase by end 1984 could not be
achieved due to various technical
problems encountered during com-
missioning trials commencing from
August 1984. A small leak of sodium-
potassium alloy from the cold trap
had occurred while heating the sec-
ondary circuit, and this necessitated

51



Reactor Research Centre, K.ilp.ikkarn.

some redesign of equipment. Some
problems were also encountered in
the commissioning of control and in-
strumentation systems. The pro-
blems have been resolved and fuel
loading and approach to criticality are
now planned tor August 1985. There
are a total of 155 tests to be completed
tor commissioning the plant of which
92 tests will be completed during the
first phase.

Prototype Fast Breeder Reactor

Following the submission of pre-
liminary design and feasibility
reports for the 500 MWe PFBR, work
is in progress on the detailed design
of some of the components, including
the steam generators, sodium purrips
and their drives, roratable plugs and
fuel handling ramp. Studies are on
hand on the mechanical behaviour of
core subassemblies. Selection of
materials for the fabrication of core
components has been finalised. Pre-
liminary seismic analysis has been
made for the reactor assembly. Com-
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puter codes are being developed for
fuel and blanket management and
shield configurations. A beginning
has also been made in developing the
tube-to-tube sheet joint for the steam
generators.
Reactor Engineering

The Reactor Engineering labora-
tory completed tests on all control rod
drive mechanisms for FBTR. Testing
of the hydrogen leak detection system
to be installed on FBTR steam gene-
rators, for an early detection of micro-
leaks of water into sodium, is in prog-
ress. It is expected to be completed by
April 1985. An alternative process
based on vacuum distillation of
sodium has been developed for clean-
ing components to be taken out of
sodium circuits. As a step towards
developing large capacity sodium
pumps indigenously, a model pump
capable of 75 cu m/hr of flow has been
designed and manufactured with the
assistance of Indian industry. It is
scheduled for tests in sodium during
1985-86.

Metallurgy

Detailed investigations on the in-
fluence of prior cold work on the
creep properties of tvpe 304 stainless
steel have established that prior cold
work results in significant improve-
ment in creep rupture life and
decrease in creep rate and ductility.
The beneficial effects of stress-relief
heat-treatment of weldments of aus-
tenitic stainless steel have been de-
monstrated conclusively. A theoreti-
cal framework for interrelating the
evolution of deformation structure
under various modes of loading has
been formulated.

The isothermal time-temperature-
sensitization diagrams and the con-
tinuous cooling sensitization curves
for 304 stainless steel have been es-
tablished for both annealed and cold
worked conditions. Extensive inves-
tigations on the high temperatures
oxidation of 2xk Cr-1 Mo and 9 Cr-1
Mo steels have been carried out in
oxygen, air and steam, and their pre-



and post-breakaway oxidation rates
and scale morphologies determined.
Thermodynamic data on the oxides of
antimony, required for the assess-
ment of the stability of the neutron
source for FBTR, were obtained.

In the campaign for the indigenous
development of materials, two heats
of a titanium-bearing nuclear-grade
stainless steel have successfully been
prepared and processed by hot forg-
ing and hot rolling into thin sheets. A
comparative study of the dissimilar
metal joints between type 304 stain-
less steel and Incoloy 800 using diffe-
rent welding consumables has been
carried out.

Top of pile block showing rotating plugs and
control rod drive mechanism.

A new optical technique has been
developed for profiling an object. En-
couraging results have been obtained
while profiling the FBTR cladding
tube surface having artificial indenta-
tions. The optical source used is a He-
Ne laser.

Reactor Hall showing top of pile block fuelling machines and special flask for control rod drive
mechanisms.

Studies of acoustic emission have
been conducted. Accurate correla-
tions of - acoustic emission with re-
spect to the different stages and mic-
rostructures have been found
possible.

A welding chamber has been de-
signed and fabricated to carry out
automatic welding of the tube and the
end plug of the irradiated antimony
oxide pin of FBTR source assembly.

An eddy current test technique has
been developed to accurately identify
the location of garter springs in the
space between the coolant tubes and
the calandria tubes of PHWRs. The
technique has been successfully em-
ployed in a few channels of RAPS 1.

The technique of high definition
microfocal X-radiography has been
used to assess the end plug welds of
FBTR fuel pins. Resolution of the or-
der of 50 microns has been achieved
by using innovative compensation
block.
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Fabrication lechnology Hall of Materials IVvelopment Laboratory.

Radiochemistry

The construction of the radioche-
mistry hot cells has been completed.
As these cells are designed and con-
structed to carry out chemical studies
on irradiated carbide fuel, a high pur-
ity inert environment is necessary.
This is ensured through the recircu-
latory purification of the argon at-
mosphere with additional safety and
purity control being provided
through a unique double contain-
ment system. An out-of-pile experi-
mental assembly has been designed
and set upto simulate the high temp-
erature and thermal gradient condi-
tions of the reactor fuel. Process
chemistry studies have led to the de-
termination of the limiting concen-
trations of Pu (IV) which would result
in the formation of a third phase in
the solvent extraction of plutonium.
In a detailed investigation of the
uranium-cerium mixed oxide, its ox-
ygen potential was measured and its
oxidation behaviour studied.

The on-line meters developed
earlier for the measurement of
oxygen, hydrogen and carbon in li-
quid sodium were extensively tested
in sodium loops to assess their long
term performance. Based on the new
electro-chemical carbon meter, a
liquid metal equilibration method
was developed to determine the
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carbon potential of stainless steels at
high temperature. The solubilities of
molybdenum and vanadium in
liquid sodium were measured. About
170 litres of NaK alloy was prepared
for use in FBTR. Purified sodium was
characterised by various analytical

In-silu miirnsiropv an j t.ihru.ili'd compnnvnt
in K.Hfmmrt.illiirnv I .ilmrjlurv

techniques before charging into
FBTR.

Microprocessor based instruments
developed during the year include a
temperature programmer and a nu-
clear counting system.

Fuel Reprocessing

The Fuel Reprocessing Laboratory
has been engaged in the development
of process, equipment and instru-
mentation, and of special hot cell
techniques for the reprocessing of
fast reactor fuel.

Laboratory studies on direct dissol-
ution of uranium monocarbide fol-
lowed by electrolytic oxidation of or-
ganic acids formed, have been con-
tinued. Plutonium monocarbide was
also successfully tested for direct
dissolution.

The computer models developed
have been tested on a simulated flow
sheet for the uranium-plutonium
system. From the data available on
third phase formation the flow sheet
has been finalised, and is being
tested with plutonium.

The prototype single pin chopper
has been installed in the cell The in-
terface between the chopper and the
dissolver has been designed. A sin
tered lilter system has heen integra-
ted with the one cycle operation, and
tested on a continuous basis

Health Physics and Safety
Research

Influence ot the atmospheric mn
isture content on the selt-ignition be
haviour ot molten sodium in pool
form nas investigated experimen
tally Si/e characteristics ol the smoke
particles generated bv tires ot sodium
containing radioactivity were
studied The tires were ^inducted
under controlled conditions Theco.s
gulation and settling behaviour ot the
smoke particles was also evaluated

In the context ol iuel-ioolant in
ieraclion studies, uranium dioxide
pellets enclosed in ceramic sleeves



were melted under water.1 Transient
pressure pulses and the extent of fuel
fragmentation produced were mea-
sured in the experiments to assess the
thermal interaction potential.
Scoping studies on thermal inter-
action between molten uranium
carbide and sodium were also carried
out.

A portable aerosol monitor has
been designed and fabricated, for ap-
plications such as monitoring of dust
and smoke in working environments.

As part of the personnel monitor-
ing programme for assessing body
burdens of radiation workers, whole
bodv and lung counters have been
•installed, Intercompanson experi-
ments for calibration of lung counter
were earned out. Effect of rare earth
oxides in the structural material on
the cnticahty for the fuel storage as-
semblies were studied.

Materials Science

In alpha-irradiated 3lb stainless
steel, the effect of compressive stres-
ses on the nucleation and growth of
voids has been studied. The anneal-
ing behaviour of defects in alpha-
irradiated Ni and n-irradiated Cu-B
allovs have been investigated and im-
portant information on the clustering
ot helium atoms has been obtained
Dislocation point defect interaction
has been probed in the internal fric-
tion experiments on cold-worked
\ i - C allovs and 31h stainless steel
The influence oi alpha-irradiation on
the superconducting properties ot
multifilamentarv \b3Sn wires has
been -tudied bv low temperature re-
Mstivitv measurements. In the area ot
concentrated allovs. work has been
carried out on the precipitation kinet-
ics in quenched Al-Zn allovs. the in-
fluence ot beta-phase instability on
the superconducting properties of Ti-
nch \b-Ti allovs and in the develop-
ment oi a scheme for the estimation oi
short-range order parameter from
\-rav diffuse scattering experiments

Plutonium chemistry studies are conducted in «lo\e boxes in the Radiochemistry Laboraton.

Equipment commissioned during
the year include a versatile crystal
growth apparatus with provision to
grow crvstals under superimposed
gas pressure and a far infrared fourier
transform spectrometer. A high pres-
sure high temperature cell has been
developed that can generate upto 100
Kbar at 1000'C" The gas handling
systems and the beam energy analys-
ing magnets have been installed and
tested for the 2 M\V tandem Van de
Graaft accelerator

Electronics and Instrumentation

An important project completed
this vear is the safety monitoring
system for the ammonia cracker unit
of the Heavy Water Plant at Tuticonn.
for scanning about 40 temperature
points Equipment fabricated and
supplied for research and develop-
ment programme include a Moss-
bauer spectrometer, a micropro-
cessor-based corrosion measurement
system and a controller tor the rue!
pin chopping machine Tie data log-
ger developed for the creep laborat-
ory has been connected to the creep
machines The following proiects are
in progress' li) Instrumentation and
control for the neutron source reactor,
(ii) Computerisation ot the instru-
mentation and control s%-stem tor the

Heavy Water Plant at Kota; (ni> Col-
our Graphic CRT display system for
MAPP; and (ivl Development for ul-
trasonic foetus monitoring system

Computer Centre

To meet growing computational
needs ot users, a maior enhancement
of the computing power oi the Hon-
eywell Bull computer system was ear-
ned out. An additional mam memon
of 2 million bvtes and additional 4
magnetic disc units with a capacitv ot
200 million bvtes each have been in-
stalled, therebv doubling the original
memory capacity A more powerful
operating svstem GCOS S incorporat-
ing a virtual memorv capabihtv has
also been installed and tested Addi-
tional hardware and time sharing
terminals are planned in various
laboratories at <ite Software pro-
grammes for computer aided drafting
have been developed and imple-
mented with the existing equipment
for computer graphics

Civil Engineering

The Water and Steam Chemistn.
Laboraton,- and the overhead water
tank tor the Centre and the fences ror
the phvsical protection or FBTR were
completed The construction or FLv
diometaHurav l_abor.iTor\ rhaso 31- -\



Chopper assembly at Fuel Reprocessing Laboratory.

and tender action for the library and
auditorium are in progress.

In the Kalpakkam Reprocessing
Plant (KARP) Project, the uranium
stores building and the underground
water storage tank have been comp-
leted, and the services building and
low block are under construction. De-
tailed architectural and structural de-
sign works are in progress for the
main process building.

Central Workshop

A variety of components for FBTR,
research and development program-
mes, and other projects have been
fabricated. Special mention may be
made of components for the control
rod drive mechanism, lead shielding

frame for intermediate heat ex-
changer, tanks for neutron source
reactor, primary seal for PHT circulat-
ing pump for MAPP, heater assembly
for mass transfer loop, electron beam
floating zone apparatus and fabrica-
tion of steel embedments for KARP
Project.
Miscellaneous

A'DAE-Industry Meet' was or-
ganised on 24 February 1984 when
Chairman, AEC, and other senior
members of the Department met rep-
resentatives of the Association of In-
dian Engineering Industry (AIEI), to
discuss possible industry participa-
tion in the implementation of the
nuclear power programme for 1985
-2000.

Tata Institute of
Fun da men hi I
Research

Research activities of the Tata Insti-
tute of Fundamental Research cover a
wide spectrum of disciplines such as
mathematics, theoretical physics, theo-
retical astrophvsics, astronomy and
gravitation, cosmic rays and high en-
ergy physics, nuclear and atomic phys-
ics, condensed matter and semicon-
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ductor physics, chemical physics,
moleculer biology, hydrology, speech
and digital system, and microwave
engineering.

School of Mathematics

In addition to research activity in
the traditional areas such as algebra,
algebraic geometry, topology of al-
gebraic varieties, Lie theory, Ergodic
theory, analysis and number theory,
an expansion of interests and a
change of emphasis in certain areas

were also noticeable during the year.
A seminar on the arithmetic of abe-
lian varieties centering around the re-
cent work of Faltings on the conjec-
tures of Mordell and Shaferevich, a
course on class field theory and
another on modular forms of 1-adic
representations may be mentioned in
this connection. In the collaboration
programme on applications of mathe-
matics with the Indian Institute of
Science, Bangalore, work has conti-
nued on numerical analysis, partial
differential equations and stochastic
processes.

School of Physics

The school carries out research in
both theoretical and experimental
areas.

Research in Theoretical Areas

In Theoretical High Energy Phy-
sics, work is in progress on Dirac
monopoles, quantum chromodyna-
mics, supersymmetry, heavy boson
anomalies in pp collider results,
nucleus-nucleus collisions, ultra light
Dirac neutrinos, mirror gauge fer-
mions, di and tri muons, etc. In Theo-
retical Condensed Matter and Statis-
tical Physics, problems relating to
quantum fields, superconductivity,
magnetism, nonlinear optics, surface
physics and directed percolation are
pursued. Superconducting transi-
tions close to magnetic ordering and
spin dynamics of paramagnetic iron
are areas where significant contribu-
tions have emerged. In the field of
Theoretical Nuclear Physics, nuclear
structure functions, spectra of nuclei
in which rotation modes interact with
vibrational modes and spin-isospin
dependence of nucleon decay ampli-
tudes for different decay modes are
under investigation.

In Theoretical Astrophysics, the to-
pics of research and cometary and
planetary physics, solar and stellar
systems, supernovae, pulsars and
cataclysmic variables, accretion
discs, interstellar medium, ultravio-
let and gamma-ray astronomies, ac~



celeration of cosmic rays, quasars and
gravitational lenses, general relati-
vity and cosmology, and the role of
neutrinos in the Universe An interes-
ting semi-empirical relation for the
rate of mass loss for O and B stars in
terms of mass, radius and luminosity
has been found, which is valid even
for supermassive and superluminous
R136a type stars. The role of mini-
lenses which are located in the inter-
vening galaxies and galaxy clusters,
that intercept the light paths from
multiply imaged quasars has been in-
vestigated in an analytical frame
work. It has been shown that quan-
tum conformal fluctuations of the
spacetime lead to a lower bound on
the proper length in any spacetime
and thereby control the divergences
in field theories.

Research in Experimental Areas

Gravitation

A new experimental project to test
the principle of equivalence has been
undertaken with a partial support
from the Department of Science and
Technology. It will test the equiva-
lence of the acceleration of silver and
copper under solar gravity, to an ac-
curacy of 10~14

Astronomy

The very high energy gamma ray
experiment at Ooty has shown inte-
resting results on Crab pulsar.

The one metre diameter far infra-
red telescope was flown in November
1983 from Hyderabad and the acquir-
ed data is under analysis. For ground
based IR observations in InSb photo-
meter system has been fabricated and
its performance checked.

A large area hard X-ray xenon pro-
portional counter telescope was
flown to an altitude of 2.5 mb from
Hyderabad and the galactic source
GX 1+4 was observed. The data ac-
quired is under analysis. With a 400
sq cm NaI(Tl)/CsI(Tl) phoswich scin-
tillator detector system several hard
X-ray sources were observed in a bal-
loon flight from Hyderabad in

December 1983. Data reduction is in
progress. Optical observation pro-
gramme on X-ray emitting objects
has been continued in collaboration
with the Osmania University. Opti-
cal pulsation has been registered
from the X-ray source 3A0729° + 103.
There is also a suggestion of flicker-
ing in this source in time intervals of
about 10 seconds. The Guest Obser-
vation Programme on the NASA
satellite Einstein has been gainfully
utilised for observations of several X-
ray sources. Time variabilty in the
Am Her Binary H 0139-68 and an X-
ray flare in the RS CVn Binary o Crab
have been registered for the first
time.

The Ooty radio telescope has been
extensively used to observe hundreds
of extragalactic sources by the techni-
que of Interplanetary scintillation.
Apart from obtaining valuable infor-
mation on subarc second fine struc-
ture of radio galaxies and quasars, the
techique has been fruitfully exploited
to study the distribution of electrons
in the interstellar medium of our
galaxy. The recently completed Ooty
synthesis radio telescope has been
used to map a variety of objects galac-
tic as well as extragalactic. Several in-
teresting investigations concerning
supernova remnants, large radio
galaxies and jets in quasars have been
carried out using the very large array
(VLA) telescope in New Mexico,
USA. The Ooty radio telescope was
for the first time used in a very long
baseline interferometry (VLBI) mode
to investigate the milli-arcsecond
structure of radio galaxies and
quasars at 326 MHz. This major
multi-telescope intercontinental
VLBI programme involved simul-
taneous observations with radio tele-
scopes at Jodrell Bank (UK), Wester-
bork (Netherlands), Effelsberg (West
Germany), Torun (Poland) and
Crimea (USSR).

Cosmic Rays and High Energy
Physics

At the Kolar Gold Fields (KGF) the

experiment on nucleon decay at a
depth about 2400 m is continuing un-
interrupted and one more strong nuc-
leon decay candidate event has been
registered in addition to the three
earlier fully confined candidate
events. For the second phase of the
experiment the construction of a new
labortory of dimensions 25m X 10m
X8.5m at a depth of about 2100 m in
the same mines has been completed.
About 5000 proportional counters are
under fabrication at the Bharat Elec-
tronics Ltd, Bangalore. The new de-
tector system which will have im-
proved spatial and angular resolution
and increased tonnage is expected to
start soon.

"Anuradha", a sophisticated pay-
load designed and fabricated by TIFR
and PRL scientists in collaboration
with the ISRO and BARC for the
study of the ionisation states of ex-
tremely low energy cosmic ray parti-
cles incident on the earth's atmos-
phere, has been delivered to NASA
and the instrument has successfully
undergone all the acceptance tests
and has been integrated with the
Spacelab pellet.

Studies on solar cosmic ray com-
position and energy spectrum, as
well as studies on the abundance of
low energy antiprotons in cosmic
rays are being continued.

Extensive air shower setups at KGF
and Ooty have been giving interest-
ing results. A new extensive air
shower array designed for high angu-
lar resolution and large collecting area
has been set up at the surface of the
mines to detect point sources of ultra
high energy gamma rays. At Ooty
aim is to understand the physics be-
hind the large difference between the
observed number of high energy
hadrons per sKower in showers of
size 10s-106 particles and the
number expected from Monte Carlo
simulations.

The Bubble Chamber Group has
been studying several problems in
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hadron physics. One of the thrust
areas is heavy flavour production.
Two experiments are underway to
study charm production. In addition,
the group is also studying strange
particle production in a high statistics
experiment with 360 GeV/c proton
beam.

The Group has joined an experi-
ment to study electron-positron anni-
hilation at the new large electron-
positron collider (LEP) being con-
structed at CERN. The preparation
for the experiment which will take
place in 1989-90 is presently under-
way. The Group atTIFR is involved in
fabricating some of the electronics as
well as in the development of soft-
ware for detector simulation, analysis
and graphics.

Attempts are being made to detect
a new type of neutral particle in the
cosmic radiation at sea level. Pheno-
menological studies made on charm
particle and direct lepton production
in hadronic collisions suggest that
this particle and certain others may
belong to a new family of hadrons
having leptonic gluino's as part of
their constitutents instead of purely
the usual quarks and gluons.

Nuclear and Atomic Physics

The TIFR-BARC joint Pelletron
Project has made considerable prog-
ress during the year. A good fraction
of the equipment has arrived and has
been tested; the civil works relating
to the construction of the tower block
for housing the accelerator and the
beam hall and the associated lab-
oratories, are in full swing. The fabri-
cation of the 24 m tall and 5.5 m
diameter SF6 high pressure tank has
been completed and arrangements
are being made to shift it to the pel-
letron site and erect. The activities of
the Nuclear Reactions Group and
Nuclear Spectroscopy Group have
been channelised to undertake in as-
sociation with BARC scientists all the
work connected with the testing of
equipment, design of ion source,
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High pressure tank for Pelletron being erected.

computer control, beam bunching
and optics etc. Work is in progress on
the design of superconducting linac,
that is planned for boosting the en-
ergy of the ion beam.

An experiment to study giant
quadrupole resonances has been set
up at the VECC. Experimental efforts
to search for long range Van der Waal

type nuclear interactions has been in-
itiated at the 5 MV Van de Graaff ac-
celerator at Trombay. The ion
collisions experimental facility for in-
vestigations on ion-atom collisions in
the energy range 0.5 - 5KeV is fully
operational. Experiments are being
carried out on excitation-auto ionisa-
tion phenomena in electron induced
production of multiply charged
heavy rare gas ions. The first
measurements of the angular dis-
tribution of electrons has successfully
been completed.

Condensed Matter
and Semiconductor Physics

The indigenously fabricated
400 KeV heavy ion accelerator is be-
ing used on a regular basis for imp-
lantation on semiconductors, near-
-surface modifications of materials,
study of condensed matter at low
temperatures.

Electrical resistivity studies of low
TC(<6K) compounds of the A-15 fam-
ily revealed a T2 behaviour. This fea-
ture was not emphasised in earlier
studies and its implication is likely to
throw considerable insight on these
poorly understood systems.

Very small amount of ion im-

Ooty Radio Telescope.



purities (less than 0.1 per cent)
exhibit giant moment ferro-
magnetism in exchange enhanced
hosts like Pd. For the first time it has
been shown that in PdAuFe alloy ad-
dition of Au atoms at about 3 per cent
level induces a transition around 100
mK. which is a unique feature of ex-
change enhanced metals.

Mossbauer and bulk magnetisation
studies in the system Fe^Ru^i very
strongly favours Ru to be carrying
large local magnetic moment. This is
the first system known which may
have such large local moments at Ru.
This is likely to play an important role
in understanding the unique mag-
netic properties of RuFeSi. The study
of microscopic properties of the am-
orphous Fe based metallic glasses and
their modification by ion beams have
shown the breaking of Fe bonding at
high dose.

Hyperfine interaction studies in
ternary borides, quadrupole interac-
tion in rare earth intermetallics,
microscopic measurement of valance
of Ce in rare earth intermetaUic com-
pounds, study of behaviour of Fe
magnetic moment in Fej_xRuxSi,
magnetic hyperfine interaction in the
cobalt based Heusler alloys, etc are
some of the studies conducted.
Eu Ni2 P2 has shown to be in a truly
quantum mechanical mixed valent
ground state as temperature goes to
zero. No other Eu based mixed valent
system known so far, exhibits this
kind of behaviour. A melt spinning
system has been set up and amorph-
ous metallic ribbons of rare earth —
transition metal and transition metal-
metalloid alloys have been made.

Studies in physics and technology
and semiconductor devices and
materials-crystalline as well as am-
orphous, are being continued. Work
related to the design of LSI/VLSI
(Large Scale Integrated/Very Large
Scale Integrated) circuits was under-

_ taken.

Balloon facility, Hyderabad.

Chemical Physics

In Chemical Physics studies are
done in chemical dynamics, molecu-
lar biophysics, bioinorganic chem-
istry and energy transfer mechanics.

A major national facility, the 500
MHz fourier transform nuclear mag-
netic resonance (FTNMR) spectrome-
ter, became operational in June 1983
and the molecular biophysics ac-
tivities of the Chemical Physics
Group have gained considerable
strength due to the availability of this
unique equipment. The facility has
been in continuous operation and
spectroscopy study is being carried
out to understand structure and
dynamics of many systems of bio-
chemical interest such as oligonude-
otides, drug-membrane systems,
puromycin, bovine insulin,
lysozyme, hormone-receptor systems
etc. In the area of chemical dynamics,
the commissioning of the fast

response time domain ESR spec-
trometer, allows the study of relaxa-
tion processes, spin polarization in
laser-induced chemical reactions etc.
The spectrometer was totally en-
gineered and constructed in TIFR.
Laser flash photolytic studies of ac-
ridine in nanosecond time domain
and two photon fluorescene ex-
citation spectra of benzonitriles have
yielded new and interesting results.
The study of metalloporphyrins have
assumed new dimensions with the
availability of the 500 MHz FT-NMR
system. The mechanisms of surface
enhanced electro-chemiluminescence
and selectivity of polycarbazole-
modified electrode in the oxidation

of organic molecules have been under
investigation.

Molecular Biology

In molecular biology, research is
being carried out in the area of
neurobiology and developmental
biology of the fruitfly and on the de-
velopment and differentiation in
moss, zebra fish and cellular slime
mold — Dictyostelium discoideum. A
number of genes involved in chem-
osensory and gustatory responses of
Drosophila and the lesion caused by
them have been identified. Using
electrophysiological techniques, the
distribution of acceptor sites detect-
ing the odorants has been mapped in
the fruitfly antenna. This functional
map exhibits a specialised organisa-
tion corresponding to the microscop-
ically observed anisotropic distribu-
tion of sensory hair types. In the moss
system, the role of indoleacetic acid
in the enhancement of caulonema for-
mation seems to involve a mech-
anism similar to the acid-growth
phenomenon observed during auxin-
induced cell elongation in plants. The
biochemical differentiation of
neurons is being studied using the
visual system in zebra fish. Several
hybridoma clones reacting spec-
ifically to cellular and non-r-ir.!lar re-
gions of tectum have been isolated.
Their regional specificities are being
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delineated. In the cellular slime mold
Dictyostelium, the time taken for the
regeneration of amputated slug
shows that there is positional infor-
mation in the slug. This positional
information is currently being in-
vestigated.

Hydrology

Continuous measurements of
radon, made in thermal springs at
Thural in Koyna Dam region for more
than 18 months showed that radon
concentration stayed remarkably
constant. Small earthquakes of mag-
nitude 4 or less do not seem to have
detectable effect on radon concentra-
tion in the springs.

Speech and Digital Systems

Pitch extraction for speech
synthesis and extraction of relevant
parameters for speech recognition etc
are some of the problems undertaken
in speech and communication re-
search. Design of VLSI oriented
architecture for a single chip digital
switch conferencing techniques for
ADM signals are developed. Some of
the other achievements are: an ex-
perimental automatic code generator,
system design for a standard signal-
ling scheme, atmospheric noise
simulation for VLF communication, a
Devanagri terminal etc.

Microwave Engineering

Design and fabrication of 3.5 MeV
electron linear accelerator of state of
art technology, a linac machine for
industrial radiographic applications,
X band beacon for use as a naviga-
tional aid are some of the achieve-
ments of the group.
Homi Bhabha Centre for Science
Education

The Centre is concentrating its ef-
forts on the search for talent and
nurture among the underprivileged,
nonformal education for school drop-
outs and the role of language in com-
prehending science. A comprehen-
sive technical report describing the
project has been brought out.
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Basic Dental Reseach Unit

The Unit continued its interven-
tion studies for educating and mo-
tivating 36,000 rural tobacco users to
stop practising their tobacco habits
and assess changes in the incidence
and regression of oral precancer for
the fifth year. In an early detection
study it was demonstrated that the
basic health workers can be trained to
examine oral mucosa as part of their
routine duties and such an examina-
tion would result in detection of si-
gnificant number of oral cancers.

National Centre for Software
Development and Computing
Technique

The Centre has been managing and
operating a well-equipped time shar-
ing environment for software de-
velopment in India. It is also involved
in providing extension education to
upgrade the formal background of
software professionals in industry.

Energy Research

There are two projects on energy
front: a stretched tape fixed mirror
solar concentrator test unit which can
generate steam in the 130-180°C range,
and a biochemical fuel cells project.

Saha Institute
of Nuclear Physics

The main activity of the Saha Insti-
tute of Nuclear Physics is two-fold:
(i) Research in experimental and
theoretical physics and (ii) Teaching
and training of scientific personnel.

Experimental Nuclear Physics

The research activities in this area
were mainly concerned with experi-
ments involving both in-house and
VEC facilities.

Elastic and inelastic scattering ex-
periments, utilising alpha beam from
VEC have been continued. Using so-
lid state nuclear track detectors it has
been possible to obtain scattering

data at extreme forward and back-
ward angles. A joint group of workers
of VECC, BARC and SINP have been
able to achieve a considerably impro-
ved energy resolution in the elastic
scattering experiments by introduc-
ing a new concept in electronic tech-
nique. Particle-gamma ray studies for
the measurement of ultra short nu-
clear life times and Compton-sup-
pressed gamma-ray spectrometer for
online spectroscopy study have been
successfully utilised in a number of
experiments with the alpha beam of
VEC. The use of positron annihila-
tion technique has been continued to
characterise the nature of radiation
damage and defect annealing in alpha
irradiated samples, with particular
interest in III-V compound semicon-
ductors. The activities in the Mass
Spectroscopy and Isotope Separator
Laboratory was mainly on the ion-
solid interaction study by secondary
ion mass spectrometry (SIMS techni-
ques), surface topography and sput-
tering yield studies.

Amongst several in-house experi-
mental programmes, the fabrication
of a horizontal 14 MeV neutron
generator is complete. It is scheduled
to produce neutrons during the year
1985. A gas-jet-recoil-transport sys-
tem for the study of short-lived radio-
active nuclei is ready for use with
VEC.

Design studies have been made for
data handling and data acquisition
for the study of X-rays and low energy
gamma-rays coming from the pro-
posed Tokamak machine of the Insti-
tute. Electronic systems for interfac-
ing multiwire proportional counters
with a microprocessor system have
been developed. A chamber to detect
trace elements in applied problems
using PIXE technique has been made
ready.

Plasma Physics

The machine parameters of a toroi-
dal Tokamak device have been final-
ised. It has been decided to procure a



machine with the desired specifica-
tions while the auxiliary equipments
and diagnostic systems will be deve-
loped by the Institute. With this in
view, the design of liner Z-pinch de-
vice, completed last year, has been
extended to encompass various types
of diagnostic probes and other related
facilities for measurements in hot
transient plasma. It is expected that
the liner hot plasma machine in the
dynamic pinch mode will become op-
erational by the end of 1985.

Experimental work is continuing
on ionisation waves in a glow dis-
charge, on ion-beam interaction and
on a duoplasmatron ion source. In ad-
dition, theoretical work on the con-
finement problem in a magnetic mir-
ror system is being carried out.

Theoretical Physics

Research in theoretical physics is
carried out on three major areas
namely nuclear physics, particle phy-
sics and general physics and quan-
tum mechanics. The work pro-
gramme in nuclear physics encom-
passes nuclear reaction theory, elastic
scattering, stripping and breakup
reactions with deuteron probes,
equilibrium processes in the statisti-
cal model of reactions, sum rule of
strength of giant resonances using
group theoretical techniques, deep
inelastic collisions of heavy ions, and
ATDHF theory. In particle physics
work is being carried out in the areas
of supersymmetry, skyrmion phy-
sics, anomalies in guage fields, dy-
namics of particle production, lattice
gauge theory and quarkgluon plas-
ma. The work in general physics and
quantum mechanics encompasses
statistical mechanical approach to the
transport problem in biomolecules,
the classical limit of damped har-
monic oscillators and the role of large
N limits of quantum features, and the
study of instabilities in confined
plasma.

X-ray Crystallography and
Biosdence

In crystallography and molecular
biology studies on X-ray irradiated
cultured mammalian cells V79 were
carried out and the findings therein
may have important bearing in the
radiotherapy of cancer patients.

X-ray structural and conformatio-
nal studies of a number of antibacte-
rial, antifungal, adrenergic and anti-
tumour drug molecules and their de-
rivatives were carried out and results
are now being compared systemati-
cally with a view to helping in
rational drug design and to visualis-
ing the complementary receptor sites
of adrenergic drug molecules in
particular. The structure-activity
relationship for several inhibitors of
neurotransmitters have been worked
out using theoretical approaches.
Other fields of investigation were
kinetic and equilibrium studies on
reactions involving sympathomime-
tic amines and several relevant
quinones, reactivity of sulphydyl
groups in the purified alpha-crystal-
line, study of alpha-particle irradia-
ted V 79 cells etc.

In biophysics investigations were
carried out on the kinetics of fura-
zolidone induced prophage in E. Coli
GY 5027 cells, the role of ascorbic acid
(Vitamin C) and ferrous sulphate in
dose dependent lipid peroxidation in
liposomal membrane, lipid peroxida-
tion by near UV light (365 nm) which
may have importance in explaining
the basis of sunlight induced skin
cancer and alphaparticle irradiation
of dried thin lipid films and of films of
DNA from V. Cholera.

Instrumentation

The Instrumentation Group has de-
veloped a 4-6 GHz microprocessor
controlled frequency synthesiser for
use as a microwave source of highly
stable and spectrally pure frequencies
for solid state research and develop-
ment works, a prototype 5-15 MHz
range all-digital microprocessor-

controlled synthesiser system for use
with VEC RF system, and a thin film
deposition system, for the purpose of
making selfsupporting nuclear
targets.

The fabrication of an apparatus for
the measurement of life times of ex-
cited states of atoms and molecules
has been completed and a pulsed
electron beam has been obtained in
the reaction chamber. Actual
measurement is likely to start after
work on a few other accessories are
completed.

Solid State and Molecular Physics

The experimental activities in solid
state and molecular physics cover a
fairly wide area with the availablilty
of equipment and facilities. In
microwave spectroscopy a new facil-
ity of radio frequency microwave
double resonance has been added to
the existing microwave spectrometer
and its operation has been checked.
In optical spectroscopy work has
been done on diffuse reflection spec-
troscopy of gamma-irradiated Ni-
complexes apart from work with the
grating spectrograph. Investigations
have been made on charge transfer in
layered compounds using Mossbauer
spectrometer. There has also been
some preliminary investigations on
the production of recoil implanted
Mossbauer iron-57 source using the
VEC facility at Calcutta. The EPR
facility has been used to study the
temperature reversible charge-trans-
fer band of some organic molecules.
The recently installed 15" magnet has
been used for NMR work and for the
study of phase transitions. Experi-
mental work has also been done on
the conductivity of dielectric proper-
ties of superionic conductors, and the
soft mode analysis of Raman spectra.
There has also been some studies on
electrode materials and some prelimi-
nary investigations have been made
on reentrant liquid crystals.

On the theoretical side computer
simulation studies have been made
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on the statistics of linear polymer
chains and work has been done on
the elastic and brittle fracture proper-
ties of disordered solids. In this con-
nection a molecular dynamic simula-
tion programme for fractures has
been developed. In surface physics,
studies have been made on surface
seggregation in Cu-Ni alloy and on
the orientation and dissociation on
CO molecules on transition metal
surfaces. Theoretical studies have
been made on the magnetic and opti-
cal properties of complexes of the pal-
ladium and platinum-groups and on
molecular diamagnetism. Work has
also been done on the magnetic prop-
erties of linear chain, antiferro-
magnets, disordered magnetic states
in narrow band solids using band
theory of magnetism, and the low
temperature critical properties of
ferromagnets.

Nuclear Chemistry

Work in nuclear chemistry has
been mainly in the areas of radio
chemistry and radiation and photo-
chemistry. In radiochemistry studies
on finding suitable inorganic ion-
exchanges for typical radiochemical
separations is in progress. In radia-
tion and photochemistry work has
been done on the reaction of Co(III)
complexes with free radicals derived
from uracil, as also the effect of
heterogeneity of determining the ef-
ficiency of the back reaction in a
photoinduced electron transfer
process.

Tata Memorial
Centre

Tata Memorial Centre, comprising
of the Tata Memorial Hospital and the
Cancer Research Institute, continued
its activities in the diagnosis, treat-
ment, and research on cancer.
The Centre also intensified training
programmes and educational acti-
vities during the year.
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Tata Memorial
Hospital

During the year, 19,506 new pa-
tients were registered and over 50 per
cent diagnosed as cancer patients.
About 16,000 surgical procedures,
20,361 histopathological and about
60,000 radiological examinations
were carried out during the period.
Hospital has consolidated in ro-
utinely undertaking bone marrow
transplantation activity and four
more bone marrow transplantations
were undertaken. The Hospital
installed and ccmmissioned a whole
body computerised axial tomo-
graphic scanner equipment (CAT
SCAN). Further, high power
1420 MA diagnostic equipment with
II'TV complex was also installed.
Construction of a modern surgical
faeilitv with three more operating
rooms and sophisticated 22 bed high
technology critical care unit is near-
ing completion. Central Sterile Sup-
ply Department (CSSD) was esta-
blished. It now caters to the needs of
various departments.

Breast preservation technique
evolved in the treatment of breast
cancer by combination of surgery and
radiotherapy has shown encouraging
results. Clinical studies are being

undertaken in the treatment of cervi-
cal cancers by providing optimum
radiation treatment at a short time.

The Hospital has made consi-
derable progress in computerisation
of medical records and admini-
strative functions. Preliminary siu-
dies are undertaken for the imple-
mentation of computerised hospital
system for patient care and research.
The Hospital will soon have inhouse
computer.

TMH is a leading post graduate
university training centre and regis-
ters students for various degree cour-
ses such as MS, MD, PhD and MSc.
A special continued oncology train-
ing programme of the Hospital has
been attracting a number of aspirants
for training in the cancer diagnosis,
treatment and basic research. About
25 students were enrolled in this
programme during the year. Cancer
camps were set up at various places of
Maharashtra. The Community Rural
Cancer Centre at Barsi of Sholapur
District, Maharashtra continued its
activities in conducting rural camps.

Cancer Research
Institute

Cancer Research Institute conti
nued research both on applied and

CAT SCAN at TMC.



basic aspects of cancer. Emphasis was
laid on cancers of relevance to India.
Basic research at CRI is directed to-
wards the study of fundamental as-
pects of cellular growth, differentia-
tion and their control, mechanisms.

Preliminary trials were undertaken
to evolve preventive strategies in the
control of cancer. In a survey con-
ducted by the Institute among school
teachers in Bombay revealed that
control programmes on tobacco
chewing and smoking should not
only be addressed to children but also
to the teachers.

Work carried out at the Institute
showed that betel nut contains two
known carcinogens, nitrosoarecoline
and nitrosoguvacoline. Small amounts
of specific carcinogens were detected
in the saliva of chewers but not of
non-chewers. Saliva of masheri
chewing woman was also found to
contain significant amounts of the to-
bacco specific carcinogens.

A procedure was developed for
concentration and detection of muta-
genic substances which are potential
carcinogens in the urine. Using the
technique, it was shown that urine of
substantial proportion of tobacco-be-
tel quid chewers and bidi and ciga-
rette smokers contains mutagenic
substances which are not found in the
urine of individuals free of these
habits.

Using laboratory models attempts
are being made to evolve strategies to
overcome drug resistance in cancer
patients.

Folic acid deficiency is a common
feature observed among cancer pa-
tients and when it is administered it
potentiated the activity of anticancer
drugs. Several plants were also scree-
ned for their potentiating effect on
anticancer drugs.

During the year, tissues from
Hodgkins lymphoma and diffuse and
nodular varieties of non-Hodgkins
lymphoma were studied for their cor-

relation between the cell type and T,
values.

Continuously growing hybridoma
clones derived from a fusion between
antibody producing cells and their
malignant tumour myeloma cells pro-
vide an unlimited source of mono-
clonal antibodies. Such antibodies
are a potential tool for cancer detec-
tion and immunotherapy. Studies are
in progress in this regard.

Studies are underway to identify
cell activity particularly in Hodgkins
disease, chronic myeloid leukaemia
(CML) and cervical cancers.

A characteristic feature of CML is
the excessive and unregulated proli-
feration of the committed myeloid
stem cells (CFU-c) in the bone mar-
row of these patients. Studies carried
out revealed new evidence that a dif-
fusable factor in the serum of CML
patients is responsible for this
enhancement.

Anticancer drugs affect the normal
cells of the body, especially the fast
growing cells of bone marrow. If, be-
fore the commencement of drug the-
rapy, patients' marrow is removed,
preserved under viable conditions
and introduced back in the patient on
completion of drug treatment (Auto-
logus bone marrow transplantation)
the toxic side effect on the marrow
cells can be avoided. For this purpose
special techniques are used and the
bone marrow is stored frozen at -80°
Celsius. Attempts are being made to
preserve the marrow by dilution in a
nutrient medium and storage in the
domestic refrigerator at 4° celsius.
The studies showed that 60-80 per
cent of the cells survived for a period
of one week.

To understand cellular and bioche-
mical changes occurring in cancer, In-
stitute has been developing normal
and rumour cell lines. It is being
grown either in tissue culture or with
tumour cells. Conditions have been
standardised at the Institute for

growth of primary cultures of human
brain tumours.

Chemicals or drugs introduced in
the body are metabolized by a set of
microsomal proteins termed as mixed
function oxidase (MFO) system. On
interaction with the drugs, such pro-
teins show characteristic spectral
changes. Studies at the Institute de-
monstrated the presence of MFO sys-
tem in human normal and leukaemic
granulocytes. The drug induced spec-
tral shifts in this system were signi-
ficantly different from those noticed
in the liver MFO system.

Tumours growing at one site can
affect properties of tissues located far
away and do not contain metastatic
cells. Red blood cell membrane was
found to be modified in rats bearing
an intraperitoneal tumour. It was also
observed that tumour cells secrete
glycoproteins that possess the mod-
ification activity. These get absorbed
into circulation and thus are able to
reach different parts of the body.

Studies were undertaken to under-
stand how cytoskeletal pattern forma-
tion is regulated. Further studies
with antiactin antibodies showed
that the granulocytes from patients of
myeloid leukaemia did not have or-
ganised actin filaments but have dif-
fuse distribution of actin. Antile-
prosy vaccine developed by the Insti-
tute was cleared by the Drugs Con-
troller for mass vaccination field
trials.

Fourteen students obtained their
PhD and one MSc (by research)
through the Institute during the year.
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IV
Atomic Energy Regulatory Board
Atomic Energy
Regulatory Board

The Atomic Energy Regulatory
Board (AERB) was established in
November 1983 to carry out regulat-
ory and safety functions related to the
development and use of nuclear en-
ergy in India. It consists of a full time
chairman, a full time member-secre-
tary and three part time members. It
has powers to lay down safety stan-
dards and develop codes and guides
in regard to the regulatory and safety
requirements envisaged under the
Atomic Energy Act, 1962. The Board
will have the necessary expertise to
carry out the regulatory operations

and to make an independent assess-
ment on issues related to nuclear
safety and radiation protection. It re-
ports directly to the Atomic Energy
Commission.

During the year, the board estab-
lished two advisory committees, one
on Nuclear Safety and the other on
Radiological Protection. Each has ab-
out ten members who are experts in
various relevant fields drawn from all
over the country.

A number of rules and regulations
and codes and guides are in the pro-
cess of being drafted. Steps are also
under way to set up a number of other
committees on codes and guides both

in the nuclear domain and in the re-
maining countrywide applications of
radiation. Steps have also been initi-
ated to establish liaison with the vari-
ous units of the DAE in respect of
activities such as design, construc-
tion and operation of various nuclear
facilities. These include reactors, re-
processing plants, fuel fabrication
plants and uranium mines and mills.
As the Board is also entrusted with
the overseeing of industrial safety of
all activities under the DAE, liaison
in this regard with various units in
the Department has been initiated.
The Board has also initiated measures
to award research contracts to appro-
priate institutions in support of pro-
grammes geared to its own needs.
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V
Public Sector Undertakings
Indian Rare
Earths Ltd.
Sales Turnover and Profit

During the financial year ended 31
March 1984, IRE attained a sales turn-
over of Rs 16.02 crores. Inspite of the
several constraints faced by the Com-
pany during the year such as prolon-
ged power-cuts, declining quality of
raw sand due to natural causes etc,
the nett profit during this year was
Rs 1.55 crores.

Export Performance

The Company has contributed for-
eign exchange earnings of Rs. 8.60
crores to the national exchequer.

Dividend

The Company has consistently
been paying dividend to the govern-
ment for the last two decades. The
dividend paid during the year
1983-84 was Rs 17.38 lakhs.

Production Scenario

On the production front, IRE was

faced with severe problems of pro-
longed power cuts and declining
quality of raw sand due to natural
causes. Despite these factors the
value of production in 1984 was
Rs 15.24 crores. Capacity utilisation
of the Rare Earths Division was 69 per
cent and the Minerals Division was 64
percent.

Orissa Sands Complex

Construction work on the OSCOM
Project is in its final phase. The
Dredge & Wet Concentrator (DWC)
Plant has been commissioned and
trial runs are in progress in the Dry
Mill. Erection of plant and machinery
in other units is in progress. Slippage
in delivery schedules by contractors
has affected the completion schedule.
Nevertheless, steps are being taken to
expedite the completion of the pro-
ject. Part of the units will be partially
commissioned during 1984-85. The
Company had incurred an expendi-
ture of Rs 82.59 crores upto 31 March
1984 on the Project. The total revised
project cost is Rs 110.76 crores.

Turnover and export performance of IRE over the last decade

Year

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

Turnover
(RsCrores)

4.79
6.59
6.02
9.38
8.72
8.78

10.25
10.93
13.55
16.47
16.02

Export Performance
(Rs Crores)

3.11
4.37
2.81
5.97
4.86
4.64
5.44
5.52
6.26
9.48
8.60

Research and Development

Research and development activi-
ties have been centred on diversifica-
tion in the Rare Earths Division and
are also being made in the Minerals
Division, especially in developing
zirconium derivatives. Most research
and development activities are car-
ried out in collaboration with BARC.

Efforts have been made to diversify
the product range on a small scale by
producing compounds of individual
rare earths, zirconium chemicals and
zircon based products. IRE has laun-
ched schemes to go in for large scale
diversification in the field of separa-
tion of high value rare elements from
mixed rare earths. A new thrust is
aimed at reorienting research to-
wards developing the product-mix to
maximise value added. Efforts are
also concentrated on cost reduction
measures such as using caustic soda
lye in place of caustic soda flakes and
savings in fuel costs by using low
sulphur heavy stock oil instead of fur-
nace oil.

Future Plans and Outlook

During 1984-85 the Company
hopes to obtain much better prices for
its main products — ilmenite and rare
earths chloride in the export markets.
Production at both the Minerals and
Rare Earths Divisions is improved
due to the better availability of
power. However, the inadequate
availability of raw sand at Minerals
Division continues to cause some
concern. Though the Company has
initiated steps to mechanise its min-
ing ope.ations with a view to aug-
ment raw sand collection, it will take
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2-3 years to surmount this difficulty.
Demand for other products of the
Company barring trisodium phos-
phate and rutile, continues to be
good. The Company expects to com-
mission the entire OSCOM Project
during 1985-86 and may export small
quantities of the minerals viz. ilme-
nite, rurile, silliitianite etc. from this
operation.

Thorium Plant

During the financial year 1983-84,
95 tonnes of thorium nitrate were
produced. Production was regulated
taking into account demand for tho-
rium nitrate. Since the plant is now
very old, major repairs to the plant are
being undertaken to keep it running
till such time a new plant is built.

Uranium
Corporation of
India Ltd.

UCIL is engaged in mining and
milling uranium ores. Copper
concentrate, molybdenum con-
centrate and magnetite are recovered
as by-products.

Financial Performance

The company's income in 1983-84
increased to Rs 12.71 crores from
10.47 crores of previous year. Profit
earned was Rs 1.28 crores compared
to Rs 38.07 lakhs in the previous year
before adjustments etc. The contribu-
tion to the exchequer was approxim-
ately Rs 1.26 crores on account of
taxes and duties etc.

Production Performance

The production of uranium
concentrates was higher than that in
the previous year which itself was a
record since the commencement of
the operations in 1968. As compared
to the previous year the quality of ore
processed was higher though the
grade of ore mined was slightly
lower. The capacity utilisation of
mines was 84.5 per cent as against
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83.4 per cent during the previous
year. Capacity utilisation of the mill
in terms of ore processed was 92.8 per
cent as against 88.1 per cent during
the previous year. The uranium min-
eral concentrates produced at Rakha
Uranium Recovery Plant exceeded
the target by 20.5 per cent and the
production from Surda Uranium Re-
covery Plant and Pilot Plant at Mosa-
boni was marginally less than the
target. The production of magnetite
and copper as by-product was higher
by 22.4 per cent and 16.0 per cent
respectively whereas the production
of molybdenum concentrate was
slightly less than that of the previous
year.

Expansion Programme

Work on the project for expansion
of the mill at Jaduguda has com-
menced. Feasibility report for expan-
sion of- uranium deposit at Bodal,
Madhya Pradesh, has been prepared.
The project report on sinking of un-
derground shaft to mine ore located
in deeper levels below the present
working, at 555 m below surface, is
being considered for approval. This
project will ensure continuance of the
availability of ore from Jaduguda
mine. The work on Bhatin Mines Pro-
ject is progressing satisfactorily and

is expected to be completed in about
two years. The detailed project report
for Narwapahar and Turamdih pro-
jects has been prepared.

Electronics
Corporation of
India Ltd.

Production and income for the year
1983-84 reached Rs 64.13 crores and
Rs 64.27 crores respectively. The
Corporation earned a nett profit of
Rs 26 lakhs.

The working results of the Corpo-
ration for the year 1984-85 in the areas
of production, income and nett profit
are expected to be Rs 79.27 crores,
Rs 81.22 crores and Rs 1.8 crores
respectively.

Participation in
DAE's Programmes

During 1983-84, the Corporation
supplied Rs 2.83 crores worth of in-
strumentation, control and computer
systems to various nuclear power
projects including NAPP and MAPP
as well to HWP Kota, FBTR, BARC,
AMD and other projects of DAE.

During the year 1984-85, it is plan-
ned to supply instrumentation, con-

Control room instrumentation system for MAPS 1.



trol and computer systems worth
Rs 3.32 crores for nuclear power pro-
jects and other atomic energy
programmes.

For MAPP, the Corporation
indigenously designed, manu-
factured and supplied the complete
instrumentation and control systems.
Conforming to stringent
international standards, these sys-
tems monitor and control various
reactor functions.

For NAPP, the Corporation has
started engineering, manufactur ing
and supply of instrumentation and
control systems which have to with-
stand seismic requirement.

For FBTR, supplies made so far inc-
lude fuel handling control systems,
cover gas systems as well as primary
and secondary process instrument-
ation. The Corporation was responsi-
ble for installation of instrumentation
for the DHRUVA reactor at BARC.

One mini computer System-316
was supplied to NPB for use in train-
ing. One Super-16 computer system
is being engineered for RRC. The
Corporation is also planning to sup-
ply a computer based system for
BARC simulator. CCTV as well as
various nuclear instruments were
also supplied to BARC and AMD.

Other Highlights

The Corporation has maintained
progress in engineering, manufactur-
ing and supply of control and in-
strumentation systems, computer
systems and communication sys-

tems; its chosen thrust areas. During
the year 1983-84, development of
Micro-32 and Super-16 computers
had been completed and these have
since been demonstrated in the CSI
covention held in May 1984. ECIL has
been identified by the Department of
Electronics for importing and absorb-
ing 32 bit mainframe computer tech-
nology. The Corporation has also
been nominated as the lead agency by
P&T for supplying electronic telex ex-
change systems.

The Corporation continued its
progress in the field of computer
based control systems such as data
acquisition systems, telemetry and
telesupervisory systems, store and
forward telegraph systems and auto-
matic message switching and retrans-
mission systems.

In the field of communications, the
Corporation continued to meet most
of the demands in the country for
microwave antennae for earth stat-
ions and line of sight applications.
The Corporation continued to supply
HF, VHF and UHF transreceivers and
has played an important role in the
recent expansion of TV transmission
throughout the country by supplying
antennae and other equipment to the
TV Receive only Project.

Outlook for the Period 1984-85

The Corporation will give high est
priority and is gearing up to meeting
all the control and instrumentation
needs of the nuclear power pro-

gramme target of 10,000 MWe by the
year 2000.

Progressive obsolescence of certain
computer systems such as TDC-316/
Ellipse systems has considerably af-
fected the operations in the field of
computers.

The Corporation has successfully
launched the contemporary computer
systems Micro-32 and Super-16 in the
market. It has also finalised and sub-
mitted for government's approval the
collaboration/manufacturing strat-
egies for super-minicomputer sys-
tems and the electronic telex ex-
change systems. The latest tech-
nology of 32 bit computers and the
technology for super mini class of
computers is expected to.place the
Corporation in a strong position in
the computer field. While maintain-
ing impetus in its thrust areas, the
Corporation would make every effort
to making its market share in the field
of consumer electronics. ECTV is well
known all over the country. The com-
pany has very sizeable orders on
hand for supply of colour TV sets.

Labour unrest and consequent
lockout in the beginning of the year
had affected operations to some ex-
tent. The set back in the field of com-
puters has primarily contributed to
difficulties in the management of
working capital. A study team has ta-
ken a close look at some of these prob-
lems and has created an alround
awareness of the need to increasing
productivity and profitability.
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VI
Other Activities
Directorate of Purchase &
Stores

The work-load on the Directorate of
Purchase and Stores continued to be
heavy during the year 1984 in view of
increased activity in the power
sector.

During the year under report, a
Workshop on Materials Management
was organised at Trombay.

A revised purchase procedure to
streamline and simplify the entire
system has been introduced. A Local
Purchase Section in DPS Office,
Bombay has been organised to han-
dle small scale purchases adopting a
system which is expected to result in
quicker supplies with less paper
work.

During the year 1984-85, the Direc-
torate had concluded 47,167 purchase
contracts for procurement of equip-
ment and materials worth Rs 250
crores approximately.

This year too, the DPS effected sub-
stantial savings by proficient handl-
ing of negotiations and secu-
ring commercial terms to the best ad-
vantage of the Department with the
suppliers in India and abroad.

Transportation & Clearance Unit

During the year 1984, about 5,639
consignments were cleared. In addi-
tion, 88 transportation contracts were
concluded. About 144 customs claims
have been finalised and an amount of
Rs 42.44 lakhs has been realised to-
wards refund of customs duty. 101
insurance claims have been settled
and amount of Rs. 36.43 lakhs has
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been realised towards settlement of
claims. A total tonnage of 4,874 ton-
nes was handled by the Group.

Stores Units

There was considerable increase in
material handling activities compar-
ed to previous years. The total num-
ber of items of stores held on DPS
charge during the year is nearly 10.53
lakhs. The number of stores transac-
tions handled by DPS Stores Units by
way of receipts/issues amounts to
13.14 lakhs approximately. The total
tonnage of equipment/materials han-
dled is to the extent of 1.93 lakhs
tonnes.

46 heavy water upgrading columns
were transported to NAPP, MAPP
and Tuticorin. Special methods of
lashing and packing was devised for
their transportation. One fuelling
machine head and three PHT motors
also were transported to MAPP and
NAPP respectively.

Construction of additional concre-
ted open yard of 4,500 sq m to meet
the additional requirement of storage
area at a cost of Rs 8.20 lakhs has
been completed and const nation of
additional covered area of 4,200 sq m
and open area of approximately 4,800
sq m to accommodate materials and
components ordered for sixth and
seventh power projects has been ta-
ken up and is expected to be com-
pleted during 1985.

At Kalpakkam, construction of
three new sheds for new projects has
been completed and handed over to
the Stores Unit for storage of mate-
rials. At RAPS, Kota, construction of

three inflammable stores sheds is
nearing completion.

Centralised supply of gas in cylin-
ders is being computerised and in the
first phase, computerisation of
helium cylinder is nearing comple-
tion. Computerisation of stores
inventory has been taken up at RAPS
and TAPS.

Sale proceeds of scrap and unser-
viceable items during the year fetch-
ed over Rs 1 crore.

Technical Liaison Mission, Paris

The Mission continued to function
effectively. Around 2,500 communi-
cations were received from Head-
quarters and other projects/units of
DAE and outside agencies and about
1,400 communications were issued in
the form of quality surveillance
reports, factory evaluations, expedit- |
ing reports on the various purchase
orders placed by DAE in Europe,
technical clarifications to the sup-
pliers and scrutiny of their docu-
ments, new products data and alter-
native sources of supply of the
material.

On behalf of the various units of
DAE, 25 inspection visits were made
and four shop evaluations were car-
ried out for urgent and critical re-
quirements. The inspection of second
lot of Tarapur fuel was carried out at
COGEMA. Requests for procurement
of materials urgently and location of
alternative sources of supply for criti-
cal items were received and dealt
with.

Meetings, programmes and visits
were arranged with research insti-



tutes and suppliers for the visiting
delegates.

Construction and
Services Group
Civil Engineering

The Civil Engineering Division of
Construction & Services Group is
performing the planning, designing,
construction and commissioning of
civil, public health, electrical, aircon-
ditioning and ventilation items,
works in respect of housing, hostel,
school, hospitals, laboratories and
various other public buildings for
BARC and other DAE units, includ-
ing aided institutions.

1948 flats of different categories are
proposed to be built in Anushakti-
nagar, during the Sixth Plan. Out of
these 1012 flats have been completed
and allotted for occupation, during
this year and construction of 434 flats,
198 room hostel and 304 efficiency
apartments have been taken up and
super structure work is in progress.
Besides, construction of two under-
ground water tank, Sector Market II
and 11 KV receiving station were
completed during this year. For
augmentation of water and electricity
supply, construction of additional
underground water tank and substa-
tion for distribution of electric supply
for hostel and type IV(D) have com-
menced during this year.

Construction of C-l block consist-
ing of 42 flats of 38 rooms and 6 guest
houses for TIFR Colaba was taken up.
Construction of 128 flats of TIFR at
Mandala has commenced during the
year. 57 flats of different categories of
AMD at Shillong will be ready for
occupation during the year. Con-
struction of 52 flats of different
categories for AMD at Bangalore has
started. 56 flats of different categories
in respect of VEC housing, Calcutta
will be ready for occupation during
the year.

Actual construction of DAE's
Office Complex at Anushaktinagar
will be taken up shortly.

90 per cent construction of offset
portion and 85 per cent construction
of surgical facility have so far been

completed and expected to be ready
by middle of 1985.

70 per cent of laboratory block 'D' at
TIFR Colaba is completed. 60 percent
of pelletron tower, beam hall and
laboratory block at TIFR Colaba is
completed. These works are expected
to be completed during 1985-86.

Construction of laboratory buil-
ding of AMD at Shillong have com-
menced and laboratory building of
AMD at Bangalore will be taken up
for construction during 1984-85.
Construction of ware-house facility
for KAPP at Trombay village has
commenced.

Construction work in respect of
electronic regional testing laboratory
for the Department of Electronics was
made ready.

Detailed engineering, planning
and estimation in respect of laborat-
ory for sludge hygienisation research
irradiator project at Gaiarwadi,
Baroda and Junior College at Anu-
shaktinagar were completed during
the year.

Enginnering Services

Engineering Services Division of
Construction and Services Group is
in-charge of maintaining 4751 flats
and 25 public buildings in Anushak-
tinagar, Mandala and city areas, in-
cluding execution of improvement
works of minor capital nature requir-
ed for these buildings. Besides, it is
responsible for the operation and
maintenance of the water supply dis-
tribution, power distribution and
sewage treatment plant in the large
township at Anushaktinagar.

Directorate of Estate
Management

DEM looks after the management
of lands and buildings owned, leased
or hired by the Department in Bom-
bay. During the year about 200 flats
were reallotted. In additions, 144 new
type 'C flats taken over, were also
allotted. All applicants who joined
service till March 1971 and are eligible
for type 'C and 'D' flats were allotted
with departmental residential accom-

modation. The overall percentage of
satisfaction in different types of flats
has reached 28.5 per cent. 200 new-
flats in type 'B' and 'C are ready for
occupation.

Financial Assistance
DAE is entrusted with the task of

promoting scientific research in Uni-
versities and other research institu-
tions in the country in areas of in-
terest relating to the research and de-
velopment programme. Assistance
has been provided in the form of re-
search grants approved by the
Department based on the recommen-
dations of Board of Research in
Nuclear Sciences (BRNS). The Board
recommends to the Department
financial assistance by way of grant in
aid to universities and research in-
stitutions for undertaking specific re-
search projects. During 1984-85.
BRNS recommended 60 new projects
and 129 projects were renewed with a
total grant of Rs 90 lakhs. While re-
commending grants for research
programmes, special emphasis is gi-
ven to programmes related to the use
of nuclear techniques, nuclear engi-
neering, nuclear materials develop-
ment, isotope applications etc.

During 1984-85 BRNS conducted
several workshops, seminars, sym-
posia, conferences etc to promote in-
teractions among scientists working
in the field. During the current year,
financial assistance was given for 13
departmental symposia with a total
budget provision of Rs 7 lakhs. DAE
also provided another Rs 7 lakhs to
outside organisations for about 60
symposia and workshops.

A sum of Rs 20 lakhs has been pro-
vided by the Department for the
award of about 100 fellowships
through open competition to talented
students for research in different dis-
ciplines in various institutions in the
country.

The Department is fully funding
three research institutions under its
administrative control namely the
TIFR, SINP and TMC and provided a
sum of Rs 19.25 crores. Besides the
Department disburses block grants
totalling to Rs 87 lakhs for develop-



merit of mathematics to the Institute
of Mathematical Sciences (MATH-
SCIENCE), Madras, Mehta Research
Institute of Mathematics and Mathe-
matical Physics, Allahabad, National
Board for Higher Mathematics, Cal-
cutta, Mathematical Society, Calcutta
and other such bodies.

The Department is also providing
Rs 36.45 lakhs to the Institute of
Physics, Bhubaneswar, the Hydera-
bad Science Society and the Indian
Academy of Science, Bangalore.

Management Services
Group

The Management Services Group
was formally constituted in July 1983
by merging the Project Monitoring
Cell, Planning & Analysis Group and
the computer Cell at the Secretariat. It
i- an inhouse multi-disciplinary
Croup providing staff support for
analysis and dissemination of man-
agement information to senior offi-
cials. This Group conducts perspec-
tive planning exercises on nuclear
power, carries out financial analysis,
feasibility studies and manpower
planning, develops computer soft-
ware, provides management consul-
tancy services to the Department and
its units, and is in the process of
building up an information base at
the Secretariat. The Group operates a
comprehensive reporting system and
is responsible for generating periodic
reports to the Prime Minister, Atomic
Energy Commission and senior offi-
cials at the Secretariat on:

(a) The physical and financial prog-
ress of major projects under
construction.

(b) The performance of nuclear
power stations, heavy water
plants, and public sector units
under the Department.

The group also prepares back-
ground papers for the review meet-
ings on the public sector units.

These reports enable the Depart-
ment to foresee major problems and
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coordinate measures in solving the
same.

Some specific assignments in
which the Group contributed during
the year were:

(a) Selecting, ordering, installing
and commissioning a computer
system at Anushakti Bhavan to
cater to the data base needs of the
Directorate of Purchase & Stores.

(b) Conducting training program-
mes of personnel from DPS and
the Secretariat to use the compu-
ter system.

(c) Systems studies both at the Sec-
retariat and at DPS to initiate the
utilisation of the computer in as
many functions as feasible.

(d) Streamlining the information re-
porting system from the units to
the Secretariat so as to eliminate
any duplication and redundancy
in the system.

(e) Revision of compensation rates
for uranium concentrate.

(f) Drawing up of uniform produc-
tion incentive schemes for several
units of the Department.

During the period, the MSG was
also associated with the functioning
of committees/study teams set up for:

(a) Studying the capacity utilisation
ofECILandlRE.

(b) Drawing up a policy on nuclear
power pricing, and

(c) Examining the physical protec-
tion of nuclear facilities.

Reservation in Services
Reservation in Services
for SC/ST Candidates

The Department continued to
monitor the implementation of Gov-
ernment orders on reservations for
SCs/5JTs by all its constituent units,
including the public sector undertak-
ings and aided institutions. Since re-
servation orders were made applica-
ble in respect of scientific and techni-
cal cadre only from 1975, and due to
the shortage of qualified and suitable
candidates for recruitment against
certain posts requiring higher qual-

ifications and experience, there is a
backlog in reservation in units nl the
Department. Every effort is being
made to clear the backlog and several
steps such as issuance of exclusive
advertisements, relaxation of experi-
ence in favour of SC/ST candidates
etc have been taken.

The number of SC/ST employees
respectively rose to 5802 and 1701 as
on 31 December 1984 from 5556 and
1631 as on 31 December 1983.

Reservation in Services for Physi-
cally Handicapped Persons

During the year efforts were made
to recruit more physically handicap-
ped persons to posts reserved for
them. As on 31 December 1984. 346
physically handicapped persons
were employed by the DAE and
public sector undertakings and aided
institutions under its control.

Reservation in Favour of
Ex-Servicemen

Implementation of the reservation
orders in respect of ex-servicemen
against group C and D posts is being
monitored regularly and reported to
the Directorate General of Employ-
ment and Training, Ministrv of
Labour. An Officer at the level of De-
puty Secretary has been nominated as
Liaison Officer to oversee the im-
plementation of the reservation
orders in respect of the ex-service-
men. As on 31 December 1984, 1391
ex-servicemen were employed in this
Department and public sector under-
takings and aided institutions under
its control.

Information and Publicity
The Publication Division of DAE

brings out information literature
both in Hindi and English for use by
the media and public. This year,
more information literature (bilin-
gual) was produced in comparison
with the preceding year. Three bilin-
gual brochures, on CAT, TAPS and
panoramic view of Atomic Energy in
India, were issued and one on FBTR
is under preparation. Two periodi-
cals namely NUCLEAR INDIA — an
English monthly, and PARMAANU
— a Hindi quarterly, are also publish-



The displays at the Atomic Energy Pavilion in the India International Trade Fair Exhibition held at
Pragati Maidan, New Delhi in November 1984.

ed to disseminate information on
research development and plans an
programmes of the Department.

The Publicity Division of the DAE
looks after the publicity and public
relations activities of the Depart-
ment. During the year under report,
the Department participated in and
organised several exhibitions includ-
ing the Hannover Fair in Federal Re-
public of Germany, Indian Industries
Fair 84 in New Delhi, and exhibition
at Indore on the occasion to mark the
commencement of Centre for Ad-
vanced Technology and an exhibition
at DHRUVA, BARC during the visit
of late Prime Minister Smt. Indira
Gandhi.

A revised version of the film "Fis-
sion Power — 306" was completed. In
addition two more documentaries —
"Energy from Fast Breeder Reactor"
for theatrical release and "Develop-
ment of Fast Breeder Reactor Techno-
logy" for training, have been taken in
hand.

Press conferences, meetings and
visits have been organised with lead-
ing journalists.

Atomic Energy Education
Society

Since its inception 15 years ago the
Atomic Energy Education Society has
continued its work to try to meet the
growing educational needs of children
of DAE employees at Bombay, Tara-
pur, Hyderabad, Narora, Jaduguda
and Kakrapar. During 1984-85, two
new centres, one at HWP, Manuguru
in Andhra Pradesh and the other at
IRE project OSCOM at Chhatrapur id
Orissa were established. The Society
has also been approached recently to
start a centre at Indore, where the
Centre for Advance Technology is to
be located.

There are more than 14,500 students
on the roll of 14 schools and three
junior colleges run by the Society.
Apart from conventional education,
AEES has introduced vocational
courses at Bombay, providing for
diversification.

In all 720 students sat for the class X
and 372 for the class XII examinations

and achieved over 90 per cent success
in the Board examinations. Among
the 219 student of class XII who passed
out from Maharashtra Board, 18 sec-
ured positions within the first 100 stu-
dents. More than 400 students secured
distinctions and first grade.

Several athletes and sports teams
have won laurels by coming up to state
and national levels. Several students
have got admissions in IITs through
the joint entrance examinations and
five have got the meritorious national
talent search scholarships.

General Services
Organisation

General Services Organisation
looks after the general services like
construction of residential quarters
and public buildings, estate manage-
ment, township maintenance, power
supply and transport at Kalpakkam.

The Construction Wing of GSO is
presently constructing residential
quarters and common facilities like
hostels.

Estate management activities of the
Organisation include allotment of re-
sidential quarters, management of
common facilities and co-ordination
of public services.

GSO has been maintaining civil,
electrical and public health of Kalpak-
kam township. There is a 38 bed
hospital at Kalpakkam. Plans are to
increase hospital facilities for decon-
tamination and handling of radiation
emergencies. Steps are being taken to
establish a site medical service for
RRC and MAPP at Kalpakkam. This
service will take care of first aid re-
quirements and medical assistance at
site.

International Relations
For the 28th year in succession

since the inception of the Inter-
national Atomic Energy Agency
(IAEA), India was once again desig-
nated to the Board of Governors as
one of the globally "most advanced
countries in the technology of atomic
energy including the production of
source materials," thus underscoring
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her leading status in this frontier
technology.

India continued to offer training
facilities, fellowships, scientific
visits, etc to developing member
states of IAEA under its technical co-
operation programme and to make
available the services of its scientists
for expert assignments in various de-
veloping countries under this pro-
gramme. India also provided training
facilities to countries with which
bilateral agreements were entered
into for peaceful uses of atomic en-
ergy and to provide the services of
Indian experts under these
agreements.

About 125 scientists/engineers
participated in international sym-
posia, workshops, conferences, etc
held under the auspices of various
UN and other multilateral organisa-
tions as also the IAEA. India also
hosted two IAEA research coordina-
tion meetings, two regional coopera-
tive agreement meetings, a consul-
tants' meeting, an executive seminar
and a six month inter-regional train-
ing course on radiation protection
which commenced in December
1984. The sixth meeting of ' the
Regional Cooperative Agreement
Working Group to draw up the prog-
ramme of work for 1985 was held in
Kalpakkam in March 1984.

A four-member delegation led by
Dr. Raja Ramanna, Secretary to the
Government of India and Chairman,
A EC participated in the 28th Session
of the IAEA General Conference held
in Vienna in September 1984. Secret-
ary DAE also participated in the 33rd
Session of the IAEA's Scientific Ad-
visory Committee held in Vienna
from December 5 to 7,1984.

Use of Hindi
During the year, progress was

made in the use of Hindi in the DAE,
its constituent units and the three
public sector undertakings under its
administrative control. In-service
training in Hindi, Hindi typewriting
and stenography was imparted to 135
officials, 32 typists and 2 steno-
graphers respectively. Four more
units of the DAE namely BARC,DEM,

Heavy Water Project, Kota and Heavy
Water Plant, Baroda, in which more
than 80 per cent of the staff had ac-
quired working knowledge of Hindi,
were notified under the Official
Languages (Use for Official Purposes)
Rules, 1976. BARC, DPS, NPB and
AMD organised a workshop each to
train their Hindi knowing employees
in Hindi noting and drafting. An in-
centive scheme was introduced to
give cash awards to employees who
use Hindi in original noting/draf-
ting. Another scheme was also intro-
duced for granting Hindi incentive
allowance to stenographers and
typists who do their official work in
Hindi in addition to English. Five
Devanagari typewriters were pur-
chased during the year raising the to-
tal of such typewriters to 97. Hindi
books worth about Rs 6,100 were also
purchased for libraries of various
units.

During the year, a Hindi Officer
was appointed in the DPS. With this,
the number of posts connected with
Hindi work in DAE and its units and
public sector undertakings is: Senior
Hindi Officer — 1, Hindi Officers —
6, Senior Hindi Translators — 4, and
Hindi Assistants/Translators — 23.

Action continued to be taken dur-
ing the year to implement various
provisions of the Official Languages
Act. All gazette notifications. Cabinet
notes and summaries, reports and
other documents submitted to
various committees of Parliament,
etc. were prepared bilingually.
96 forms in use in various units of the
Department were translated during
the year raising the total number of
such bilingual forms to 1192.Check-
points were intensified to ensure that
all general orders are issued bilingu-
ally and all the rubber-stamps are
bilingual. Inspections of offices of the
VEC, UCIL, Calcutta Regional Purch-
ase Unit of the DPS and Eastern Re-
gional Unit of the AMD were carried
out to assess the position regarding
use of Hindi. Quarterly reports re-
garding progressive use of Hindi in
the DAE and its units were reviewed
on a regular basis. Official Language

Implementation Committees conti-
nued to function in the Department
and its units/public sector undertak-
ings. These Committees met periodi-
cally to review the position regarding
use of Hindi and consider measures
to implement the Official Language
Policy of the Government.

Setting up of a Joint Hindi Advi-
sory Committee for the Departments
of Atomic Energy, Electronics and
Space was an important event of the
year. The first meeting of the
Committee was hosted by this
Department on 3 September, 1984
at BARC.

The Department brings out a quar-
terly Hindi bulletin 'Parmaanu' to
disseminate information on its re-
search and development activities,
and plans and programmes. A special
issue of the bulletin was brought out
on the "Fast Breeder Test Reactor."
RAPS brings out a Hindi quarterly
house-bulletin 'Anushakti'. Informa-
tion and publicity material was
brought out bilingually. Three bilin-
gual brochures were also brought out
on the "Centre for Advanced Techno-
logy", "Tarapur Atomic Power Sta-
tion" and Atomic Energy in India
Today.

BARC, DPS, AMD, NFC, Heavy
Water Plant, Baroda and RAPS orga-
nised Hindi essay and declamation
contests, Hindi noting and drafting
and typing competitions, and Hindi
plays to popularise the use of Hindi
among their employees. Some talks
in Hindi on technical and scientific
subjects were organised by BARC. A
'Hindi Day' was also celebrated by
several units.

Cooperative Canteens
Employees Cooperative Canteens

running at certain DAE units con-
tinued to provide subsidised food to
employees. The total susbsidy paid to
the eight canteens during the year
was Rs 17,93.900/-



ORGANISATIONAL CHART

Prime Minister

Department of Atomic
Energy

Institutions
Receiving
Support

1
Centre for
Advanced
Technology

1
Reactor
Research
Centre

1
Bhabha
Atomic
Research
Centre

Tata
Institute
of
Fundamental
Research

Sana
Institute
of
Nuclear
Physics

Safety Review
Committee

Directorate
of Purchase
& Stores

Other
General
Services

Atomic Energy
Commission

Atomic Energy
Regulatory Board

Nuclear Power Board

Tarapur
Atomic
Power
Station

Rajasthan
Atomic
Power
Station

Madras
Atomic
Power
Station

Narora
Atomic
Power
Project

1 1
Kakrapar
Atomic
Power
Project

Kaiga
Atomic
Power
Project

1
Future
Power
Projects

Public
Sector
Undertakings

Atomic
Minerals
Division.

Nuclear
Fuel
Complex

1
Heavy Water Projects

Nangal Baroda
T

Talcher Tuticorin Kota Thal-Vaishet Manuguruj

1
Indian Rare
Earths Ltd.

Electronics
Corporation
of
India Ltd.

Uranium
Corporation
of
India Ltd.



Abbreviations
AERB

AMD

BARC

BHEL

CAT

DAE

DPS

ECIL

FBTR

HWP

IAEA

IRE

ISRO

KAPP

MAPS

MHD

NAPP

.. Atomic Energy Regulatory Board

.. Atomic Minerals Division

. . Bhabha Atomic Research Centre

.. Bharat Heavy Electricals Limited

.. Centre for Advanced Technology

.. Department of Atomic Energy

. . Directorate of Purchase & Stores

.. Electronics Corporation of India Ltd.

. . Fast Breeder Test Reactor

. . Heavy Water Project

.. International Atomic Energy Agency

.. Indian Rare Earths Ltd.

. . Indian Space Research Organisation

.. Kakrapar Atomic Power Project

. . Madras Atomic Power Station

.. Magnetohydrodynamics

.. Narora Atomic Power Project

NFC

NPB

PREFRE

RAPS

RAPPCOF

RCF .

RRC

SAC

SINP

TAPS

TIFR

TMC

UCIL

VECC

VSSC

.. Nuclear Fuel Complex

.. Nuclear Power Board

.. Power Reactor Fuel Reprocessing

Plant

. . Rajasthan Atomic Power Station

.. Rajasthan Atomic Power Project

Cobalt Facility

.. Rashtriya Chemicals and Fertilizers

. . Reactor Research Centre

.. Space Applications Centre

. . Saha Institute of Nuclear Physics

.. Tarapur Atomic Power Station

.. Tata Institute of Fundamental Research'

.. Tata Memorial Centre

.. Uranium Corporation of India Ltd.

.. Variable Energy Cyclotron Centre

,. Vikram Sarabhai Space Centre



Glossary
ACCELERATOR: A machine used to accelerate
charged particles such as electrons, protons
and nuclei to high velocities.

ACTIVATION: The process of making a
material radioactive by bombardment with
neutrons, protons or other nuclear particles.

ATOM: The smallest part of an element which
can take part in a chemical reaction. An atom
consists of a small nucleus containing neutrons
and positively charged protons and extra
nuclear cloud of negatively charged electrons.
In an atom protons and electrons are equal in
number.

ATOMIC NUMBER: The atomic number of an
element is equal to the number of protons in
the nucleus or the number of orbital electrons
in an atom of the element.

ATOMIC WEIGHT: The atomic weight of any
element is approximately equal to the total
number of protons and neutrons in its nucleus.
The unit of the scale of atomic weights is 1/12
the weight of the carbon-12 atom.

ATOMIC ENERGY: NUCLEAR ENERGY: The
energy liberated by a nuclear reaction (fission
or fusion) or by radioactive decay.

BETA PARTICLE: An electron, positive or
negative, emitted from the nucleus in certain
types of radioactive disintegration.

BLANKET: Fertile material put a round a
reactor core to breed new fuel, e.g. uranium
becomes plutonium by absorption of spare
neutrons.

BODY BURDEN: Radioactive material may be
absorbed and retained by the body. The total
amount present at any time is said to be the
body burden.

BOILING WATER REACTOR (BWR): A reactor
in which water is used as cooiant and
moderator and is allowed to boil in the core.
Steam is produced directly in the reactor vessel
under pressure, and in this state can be
supplied to a turbine, but will be slightly
radioactive.

BREEDER REACTOR: A nuclear reactor which
produces more fissile atoms than it burns. The
new fissile material is created by capture of
neutrons in fertile materials. The
process by which this occurs is known as
breeding.

BURN-UP: The fraction or percentage of atoms
in a reactor fuel which.has undergone fission.
Also the total amount of heat released per unit
mass of fuel; usually expressed in megawatt
days per tonne MWD/T.

CERAMIC FUEL ELEMENTS: Usually refers to
reactor fuel elements fabricated of uranium
dioxide or uranium carbide. They are more
resistant to radiation damage and can be used
at higher temperatures.
CHAIN REACTION: When fission occurs in
uranium atoms, neutrons are released which in
turn produce fission in neighbouring uranium
atoms.

CLADDING: A thin layer, usually of metal,
which covers a solid fuel element in a reactor to
prevent corrosion in the presence of the coolant
and to prevent escape of fission products.
Aluminium and its alloys, stainless steel and
zirconium alloys are common cladding
materials.

COBALT-60: A radioisotope of the cobalt metal
(atomic number 27). Cobalt-60 is an important
source of gamma radiation used widely in
industry, research and in cancer therapy.

CONTROL RODS: Rods, plates or tubes of
steel or aluminium containing some strong
absorber of neutrons. They are used to vary the
rate of fission reaction. By absorbing neutrons,
a control rod prevents the neutrons from
causing further fission. Control rods can be
used to change the power level of a reactor.

COOLANT: A liquid orgas which is circulated
through or about the core of a reactor to remove
the heat generated by fission and to maintain a
low temperature and prevent the fuel from
overheating. Common coolants are water,
heavy water, carbon dioxide, helium and
liquid sodium.

CORE: The central portion of a reactor that
contains fuel elements, and the moderator in
case of thermal reactors.

CRITICAL: It is the condition in which a chain
reaction is maintained at a constant rate and is
just self sustaining.

CYCLOTRON: A machine that accelerates
charged particles to very high speeds in a
circular path. The particles are kept in the
circular path by a magnetic field and are
accelerated twice in each revolution by an
electric field, produced by a radio frequency
oscillator.

DECONTAMINATION: Refers to the removal
of radioactive contaminants from surfaces or
equipment.

DESALINATION: A process to get water
suitable for drinking and/or agricultural use by
removal of salts from sea water or other saline
waters.

DEUTERIUM: The isotope of hydrogen of
atomic weight 2. It is often called heavy
hydrogen and forms heavy water with oxygen.
DIFFUSION PLANT: Plant forenriching
uranium with highuranitim-235 isotope. A
large gaseous diffusion plant requires an
enormous amount of electric power.

ENRICHED FUEL: Nuclear fuel which is
enriched in the fissile component e.g. uranium
containing more than 0.7 percent
uranium-235.

FAST BREEDER REACTOR: A reactor that
operates with fast neutrons and produces more
fissionable material than it consumes.

FAST NEUTRON: Neutron resulting from
fission that has lost relatively little of its energy
by collision etc.

FAST REACTOR: A nuclear reactor in which
most of the fission is caused by fast neutrons.
Such reactors contain little or no moderator.

FERTILE MATERIAL: Isotopes capable of
being readily transformed into fissionable
material by the absorption of neutrons,
particularly uranium-238 and thorium-232
(sometimes called source material). When
these fertile materials capture neutrons, they
are partially converted into fissionable
plutonium-239 and uranium-233 respectively.

FILM BADGE: A piece of masked photographic
film worn likea badge by nuclear workers. It is
darkened by nuclear radiations. Radiation
exposure of the wearer can be checked by
inspecting the film and comparing darkening
or density, after photographic development,
with known standards.

FISSILE: Capable of undergoing fission when
hit by a slow neutron, e.g. the isotopes U233.
(J235 pu239 d n J |»U241 a r c fissi|c

FISSION: The splitting of a heavy nucleus into
two (or very rarely, more) approximately equal
fragments-the fission products. Fission is
accompanied by emission of neutrons and the
release of energy. It can be spontaneous, or it
can be caused by the impact of a neutron, a fast
charged particle or a photon.

FISSION POISON: Fission products which
absorb neutrons unproductively especially
used for those having high absorption
cross-sections e.g. xenon.

FLUX (NEUTRON): It is the number of
neutrons passing through one square
centimeter of a given target in one second.

FUEL ELEMENT: A unit of nuclear fuel for use
in a reactor — generally uranium, as metal or
oxide, enclosed in a can which may have fins to
assist heat transfer. It may be rod, tube, plate or
of any other mechanical shape.

FUSION: The process of building up more
complex nuclei by the combination or fusion,
of simpler ones. The formation is usually
accompanied bv the release of energy.
GENETIC EFFECT OF RADIATION: Changes
in the reproductive cells in living matter
produced by absorption of ionizing radiation,
effects thai can be transferred from parent to
offspring.

GAMMA RAYS: The high energy short-wave
length electromagnetic radiation. These are
similar to X-rays, but are usually more
energetic and nuclear in origin.

GLOVE BOX: A box used while working ivith
certain radioactive materials. The box may
contain an inert atmosphere.

HALF-LIFE: The time taken for theactivity of a
radioactive substance to decay to half its
original value. Half lives vary from less than a
millionth of a second to millions of years
according to the isotope and element.

HEALTH PHYSICS: The science concerned
with recognition, evaluation and control of



health hazards from ionizing radiation.

HEAVY WATER: Water in which hydrogen is
replaced by deuterium or heavy hydrogen, his
present in water as about one part in 6,500. It is
used as a moderator in reactors.

HOT LABORATORY: A laboratory designed
tor safe handling cf radioactive materials.

ION: An atom or molecule that has !ost or
gained one or more electrons.

IRRADIATION: The exposure of materials to
radiation. In nuclear research and in the
production of isotopes, materials are often
exposed to neutrons in reactors. Intense
irradiation can alter the physical properties of
solids.

ISOTOPE: RADIOISOTOPE: Isotopes are the
atoms that differ in mass but chemically are the
same element. Isotopic nuclei contain the same
number of protons but different number of
neutrons. All naturally occurring elements
have radioactive isotopes. Isotopes that are
radioactive, are called radioisotopes.

LABELLED COMPOUND: A compound in
which one of the atoms is a different isotope,
usually radioactive, from that found normally.
The path taken by such a compound, can
readily be traced. A labelled compound is also
called a tracer or tag.

LOAD FACTOR: The maximum load on a
power station as the percentage of the rated
capacity of the electricity generating plant.

Availability factor is the total number of hours
in an year when the power station was
available for operation as percentage of the to-
tal number of hours in the year.

LOOP: A circuit, part of which may run inside
the a reactor, into which materials and
engineering components can be put and then
subjected to radiation under variable
conditions, e.g. of temperature exposure to
coolant, strain, etc. If part of the loop and
contents are placed in a reactor, it is called an
in-pile loop.

MAGNETOHYDRODYNAMICS (MHD): The
underlying principle of MHD depends on the
fact that a conducting fluid, usually an ionized
gas or plasma, moving across a magnetic field
induces an electromotive force in a direction
perpendicular to that of the magnetic field and
the direction of motion of the conductor.

MAXIMUM PERMISSIBLE DOSE (MPD): The
recommended upper limit for the dose which
may be received during a specified period by a
person exposed to ionizing radiation over an
indefinite period. So far as is known, a normal
person so exposed will suffer no harmful effect.

MEGAWATT (MW): A unit of power meaning
a million watts or a thousand kilowatts. In MW
the 'e' signifies 'electrical' and the T 'thermal
power' or heat output.

MODERATOR: The material in a reactor used
to reduce the speed of fast neutrons, as far as
possible without capturing them. Slow
neutrons are much more likely to cause fission
in a uranium-235 nucleus than to be captured
in a uranium-238 nucleus. By using a
moderator a reactor can be made to work with

fuel containing only a small proportion of
uranium-235 e.g. ordinary water, heavy water,
graphite.

MUTATION: It refers to a permanent change in
characteristics of an offspring from those of its
parents.

NATURAL URANIUM: Natural uranium
contains both the heavier isotope
uranium-238, which is not readily fissile
material and the lighter isotope uranium-235
which is a fissile material. In 140 parts of
natural uranium, only one part is of
uranium-235. The remaining is uranium-238.

NEUTRON: A nuclear particle having no
electric charge and the approximate mass of a
hydrogen nucleus. It is found in the nuclei of
atoms. Outside a nucleus, a neutron is
radioactive, decaying with a half-life of about
13 minutes to give a proton, an electron and
neutrino. Neutrons sustain the fission chain
reaction in a nuclear reactor.

NUCLEUS: The core of an atom which
comprises of protons and neutrons. It is very
small. Its diameter is a millionth of millionth of
a centimetre. The nucleus contains most of the
atom's mass.

PLUTONIUM: The element number 94,
produced by neutron irradiation of
uranium-238. Its most imp ortant isotope is
fissionable plutonium-239, produced by
neutron irradiation of uranium-238.

POWER REACTOR: A nuclear reactor
designed to produce electric power.

PRESSURIZED HEAVY WATER REACTOR
(PHWR): A power reactor in which the heavy
water coolant is kept at a high pressure to
prevent it from boiling.

PULSED REACTOR: A type of research reactor
with which repeated short, intense surges of
power and radiation can be produced.

RADIATION: It embraces eletromagnetic
waves, in particular X-rays and gamma-rays as
well as streams of fast moving charged particles
(electrons, protons, mesons,etc.)and neutrons
of all velocities, i.e. ail the ways in which
energy is given off by an atom.

RADIATION HAZARD: The hazard to living
things resulting from the presence of radiation.
This usually refers to the danger to health from
exposure to radiation.

RADIOACTIVITY: RADIOACTIVE DECAY:
The property possessed by some atoms of
disintegrating spontaneously with the
emission of a charged particle and/or gamma
radiation. The rate of radioactive decay is not
affected by any normal change of temperature,
electric or magnetic fields, or chemistry.

RADIOGRAPHY: A method of examining
solid objects by passing X- or gamma-radiation
through them by photographing (or examining
on a fluorescent screen) the shadows cast.
Thus, defects such as cracks, inclusion of sand,
gas bubbles or lack of homogeneity in metals
can be found.

RADIOIMMUNOASSAY(RIA): A unique
technique for the diagnosis of pathologic states
that are characterised by the excess or

deficiency of various biological secretions like
hormones. It is capable of measuring even their
minute concentrations.

RADIOISOTOPE: An isotope which is
radioactive.

REACTOR: NUCLEAR REACTOR: ATOMIC
REACTOR: A device in which a fission chain
reaction can be initiated, maintained and
controlled. Its essential component is a core
with fissionable fuel. It usually has a
moderator, a reflector, shielding and coolant
and control mechanisms.

REPROCESSING: The process of removing
fission products from fuel and separating the
different fissile and fissionable elements from
one another; e.g. Pu from U or U from Th
before reusing it.

SOMATIC EFFECTS OF RADIATION: Effects
of radiation limited to exposed individuals as
distinguished from genetic effects which affect
subsequent unexposed generations.

SUPER CONDUCTOR: A material which has
zero electrical resistance at low temperature.

THERMAL REACT OR: A nuclear reactor
which includes a moderator and therefore uses
slow or thermal neutrons for fission of its fuel.

THORIUM: Element number 90 and atomic
weight 232. A naturally radioactive metal, the
mineral sources of which are widely spread
over the earth's surface, particularly in
monazite beach sands. It can be converted to
uranium-233, an excellent nuclear fuel, by
neutron irradiation.

TRANSURANIC ELEMENTS: These are
elements with atomic number 93 or higher
which possess heavier and more complex
nuclei than uranium. They can be made by
neutron bombardment of uranium and are
radioactive. Example: Plutonium.

TRITIUM: The radioactive isotopeof hydrogen
of mass 3. It is very rare and produced by
neutron absorption in lithium.

URANIUM: Radioactive element with the
atomic number 92. Natural uranium contains
both the heavier uranium isotope
uranium-238, which is not a fissile material,
and is the parent material from which
plutonium is created, and the lighter isotope of
uranium, uranium-235, which is the fissile
material or fuel of most reactors. In 140 parts of
natural uranium, 139 parts are uranium-238
and one part only is uranium-235. Uranium is
the basic raw material for nuclear energy.
Isotope uranium-233 is produced when
thorium is bombarded by neutron.

VAN DE GRAAFF GENERATOR
(ACCELERATOR): An electrostatic generator
in which a high potential is produced by the
accumulation of electric charge conveyed to an
insulated conductor by a continuously moving
belt. It is used for accelerating charged
particles.

ZERO POWER REACTOR: An experimental
reactor operated at such low power levels ihata
coolant is not needed and little radioactivity is
produced.



Atomic Energy
Establishments
R&D Centres
BHABHA ATOMIC RESEARCH CENTRE
The Centre was set up in 1957 as the Atomic
Energy Establishment, Trombay. In the
memory of its founder it was renamed in 1967.
BARC is the premier national centre for R&D
work in nuclear energy and related disciplines.
The facilities available at Trombay include
research reactors CIRUS (40MWt) and
APSARA (lMWt). In May, 1984 a zero energy
fast critical facility (PURNIMA-II), using U-233
as fuel became operational. Besides these
reactors, a 5.5 MeV Van de Graaff accelerator is
also available for experimental research in
phvsics. Two PRIME-450 computers and six
NORSK Data computers provide all the
computational requirements of scientists and
engineers. A larger research reactor DHRUVA
(100 MWt) has been built and is expected to be
operational during this year. In addition to the
various laboratories for carrying out research
in physics, chemistry, biology, agriculture,
medicine, food technology, nuclear
engineering, isotope technology, metallurgy,
etc., the Centre also has Uranium Metal Plant,
Uranium Fuel Fabrication Plant, Fuel
Reprocessing Plant and Mixed Oxide Fuel
Fabrication Plant. BARC has set up a Beryllium
Plant and a radiophannaceuticals laboratory
1SOPHARM at Vashi. Fuel Reprocessing Plant
(PREFRE)nnd a Nuclear Waste Vitrification
Plant at Tarapur are also parts of BARC.
The Variable Energy Cyclotron Centre at
Calcutta is a national facility for advanced work
in nuclear physics, nuclear chemistry,
production of isotopes for various applications
and radiation damage studies on reactor
materials. The Seismic Station at
Gauribidanur, near Bangalore set up in 1965,

'helps in the detection and identification of
underground nuclear explosions. The Nuclear
Research Laboratory at Srinagar and the High
Altitude Research Laboratory at Gulmarg
conduct research in atmospheric physics and
cosmic ray physics.

BARC activities cover a wide range of areas
such as physics, chemistry, engineering,
metallurgy, fuel reprocessing, fuel fabrication,
radioisotopes, waste management, electronics,
instrumentation, lasers, biology, agriculture,
food technology, radiation medicine, etc. The
Centre has developed a number of
technologies, some of which have already been
transferred to industry for commercial
exploitation.

REACTOR RESEARCH CENTRE

At Kalpakkam, Tamil Nadu, the Centre
undertakes research and development
pertaining to fast breeder reactor technology.
The most important facility in this Centre is the
fast breeder test reactor (FBTR) which is now
under commissioning.

CENTRE FOR ADVANCED TECHNOLOGY

The Centre is being set up at Indore, Madhya
Pradesh to spearhead the national effort in
research and development in high technology
fields such as accelerators, lasers and fusion.

Power Sector
ATOMIC MINERALS DIVISION

The Division has its headquarters at
Hyderabad with five regional headquarters in
other parts of the country. AMD is entrusted
mainly with the research and development
activities pertaining to radiometric and
geological surveys, exploration, prospecting
and development of various mineral resources
needed for the nuclear power programme.

NUCLEAR FUEL COMPLEX

Located at Hyderabad, NFC produces fuel for
the nuclear power reactors of the country. The
Complex consists of various plants for the
conversion of yellow cake into ceramic grade
natural uranium oxide, enriched uranium
hexafluoride into enriched uranium oxide,
zircon sand to zircaloy components and
uranium dioxide to sintered pellets and finally
to fuel assemblies. Production of components
such as blanket fuel containing thoria pellets,
nickel and steel reflector assemblies etc.
required for FBTR forms part of the fuel
fabrication programme. A plant for
manufacturing very high purity materials
required for the electronic industry is also
located at NFC. Plants have also been set up for
the production of seamless stainless steel tubes
and seamless ball bearing tubes. Full fledged
quality control laboratory at NFC exists for
assessing and assuring the quality of products
despatched.

HEAVY WATER PROJECTS

HEAVY WATER PLANT, NANGAL: Based on
the electrolysis of water and low temperature
hydrogen distillation, the Heavy Water Plant at
NangaJ, Punjab has an annual capacity of 14
tonnes heavy water. The plant was
commissioned in August 1962.

HEAVY WATER PLANT, BARODA: Based on
the monothermal ammonia-hydrogen
exchange process, the plant at Baroda, Gujarat
is linked to the synthesis gas stream of the
fertilizer plant of Gujarat State Fertilizer
Corporation.

HEAVY WATER PLANT, KOTA: Based on the
knowhow developed by BARC on hydrogen
sulphide-water exchange process, the plant is
located nexttoRAPSatRawatbhata, Rajasthan.
Its design production capacity is 100 tonnes per
year.

HEAVY WATER PLANT, TUTICORIN :
Linked to the fertilizer plant of the Southern
Petrochemical Industries Corporation, the
plant is similar to the Baroda plant. Its design

production capacity is 71.3 tonnes per year.

HEAVY WATER PLANT, TALCHER. The plant
based on bi thermal ammonia hydrogen
exchange will use the synthesis gas stream of
ammonia plant of Fertilizer Corporation of
India. It is designed to produce 62.7 tonnes of
heavy water a year.

HEAVY WATER PLANT, THAL-VAISHET :
Based on monothermal ammonia-hydrogen
exchange process, the plant at Thal-Vaishet,
Maharashtra, will be having annual
production capacity of 110 tonnes.

HEAVY WATER PLANT, MANUGURU :
Based on the bithermal hydrogen
sulphide-water exchange process, the piant
will have annual production capacity of 185
tonnes.

NUCLEAR POWER BOARD

The Board is responsible for the design,
construction, commissioning and operation of
nuclear power plants. It is presently operating
the atomic power stations at Tarapur,
Rawatbhata and Kalpakkam and constructing
the Madras (Unit-II), Narora and Kakrapar
atomic power projects.

TARAPUR ATOMIC POWER
STATION : 100 kilometres north of Bombay,
TAPS is the first atomic powerstation in India.
It has two boiling water type reactors each of
210 MWe gross capacity, fuelled by enriched
uranium. The station supplies electricity to
Mahrashtra and Gujarat.

RAJASTHAN ATOMIC POWER
STATION : Located at Rawatbhata.
Rajasthan, the station has two natural uranium
fuelled pressurised heavy water reactors each
of 220 MWe gross capacity. Two units of 235
MWe each will also be set up at RAPS.

MADRAS ATOMIC POWER STATION :
Located at Kalpakkam about
80 kilometres south of Madras, MAPP has two
natural uranium fuelled pressurised heavy
water reactor units each of 235 MWe gross
capacity. One unit has been producing
electricity on commercial basis since January
27,1984. The other unit is nearing completion.
MAPP is the first totally indigenous atomic
powerstation.

NARORA ATOMIC POWER PROJECT : The
project is under construction at Narora, Uttar
Pradesh. It consists of two pressurised heavy
water reactor units each of 235 MWe gross
capacity.

KAKRAPAR ATOMIC POWER PROJECT :
Located at Kakrapar, Gujarat, the work on the
project has commenced. The project will have
two pressurised heavy water reactors each of
235 MWe gross capacity.
KAIGA ATOMIC POWER PROJECT: Located
at Kaiga in Karnataka the station will have two
units of 235 MWe each.



Public Sector Undertakings
INDIAN RARE EARTHS LIMITED

IRE is a Government company functioning
since 1950. The Company has two mineral
sands separation plants at Manavalakurichi
and Chavara and a Rare Earths Plant at Alwaye.
IRE is also setting up a Rs. 110 crore project at
Chhatrapur, Orissa known as Orissa Sands
Complex (OSCOM) for production of various
minerals and value added products. The
Company is also managing Thorium Plant at
Trombay.
ELECTRONICS CORPORATION OF INDIA
LIMITED
The ECIL was set up at Hyderabad in 1967 to
manufacture electronic systems, instruments
and components developed at BARC. The
Corporation has pioneered the production of a
varied range of sophisticated electronic
systems, instruments and components, based
primarily on indigenous technology.
URANIUM CORPORATION OF INDIA
LIMITED
Formed in October 1967. UCIL is responsible

for the development of the uranium mine and
operation of the indigenously designed
1000 tonnes per day uranium mill at Jaduguda.
The Corporation has set up uranium recovery
plants at Surda and Rakha. A byproduct
recovery plant has also been set up by UCIL to
recover accessory minerals such as copper,
magnetite and molybdenum.

Aided Institutions
THE TATA INSTITUTE OF FUNDAMENTAL
RESEARCH
Founded in 1945 as a Centre for pursuit of
fundamental research in mathematics,
theoretical physics, cosmic rays and nuclear
physics. The research activities of the Institute
have now expanded to areas such as astronomy
and astrophysics, chemical physics, molecular
biology, solid state physics, solid state
electronics and computer science. The facilities
being operated by the Institute are the Balloon
Facility, Hyderabad, the Radio Astronomy
Centre, Ootacamund, and the National Centre
for Software Development and Computing
Techniques (NCSDCT) Bombay. The institute

in addition manages activities of the Homi
Bhabha Centre for Science Education (HBCSE)
and the Basic Dental Research Project.
TIFR is one of the institutes aided by DAE.

TATA MEMORIAL CENTRE
Located at Bombay, Tata Memorial Centre
comprises of the Tata Memorial Hospital and
the Cancer Research Institute. The Centre is the
foremost in the country both in patient care
and in cancer research. The hospital is a full
fledged post graduate centre affiliated to the
Bombay University.

SAHA INSTITUTE OF NUCLEAR PHYSICS
SINP at Calcutta was formally opened in
January 1950. The Institute provides facilities
in advanced research in the fields of
experimental and theoretical nuclear physics,
solid state atomic and molecular physics,
plasma physics, high energy physics,
crystallography, molecular biology,
biophysics, nuclear chemistry and
instrumentation.
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