INIS-mf--10528

DEPARTMENT OF ATOMIC ENERGY

ANNUAL REPORT
1985-86

ANNUAL REPORT
1985-86

GOVERNMENT OF INDIA

DEPARTMENT OF ATOMIC ENERGY

Atomic Energy Commission
Dr. R. Ramannna,

Chairman

Secretary to the Government of India,
Department of Atomic Energy.
Prof. M.G.K. Menon,

Member

Scientific Adviser to Prime Minister
Shri P.K. Kaul,

Member

Cabinet Secretary
Shri S. Venkitaramanan,
Finance Secretary,
Ministry of Finance,
Department of Economic Affairs.
Dr. P.K. lyensar,

Member
for Finance

Member

Director,
Bhabha Atomic Research Centre.
Dr. M.R. Srinivasan,

Member

Chairman, Nuclear Power Board,
Department of Atomic Energy.
Shri N. Srinivasan,
Chief Executive,
Heavy Water Projects,
Department of Atomic Energy.

Member

Shri J.R.D. Tata,

Member

Chairman, Tata Sons Limited.
Prof. B.V. Sreekantan,
Director,
Tata Institute of Fundamental Research.

Member

Contents
1.1

General Survey
Nuclear Power Board
Heavy Water Projects
Nuclear Fuel Complex
Atomic Minerals Division

2.1
2.5
2,8
2.11

Bhabha Atomic Research Centre
Indira Gandhi Centre for Atomic Research
Tata Institute of Fundamental Research
Saha Institute of Nuclear Physics
Tata Memorial Centre

3.1
3.29
3.34

Nuclear Power

Research and
Development

3.39
3.41

4.1

Atomic Energy
Regulatory
Board
Indian Rare Earths Ltd.
Electronics Corporation of India Ltd.
Uranium Corporation of India Ltd.

5.1
5.2
5.4

Directorate of Purchase & Stores,
Construction and Services Group,
Directorate of Estate Manasement,
Financial Assistance, Management Services Group,
General Services Organisation,
International Relations, Use of Hindi
Reservation in Services, Information and Publicity,
Atomic Energy Education Society, Cooperative Canteens.

6.1

Public Sector
Undertakings

Other
Activities

Cover: FBTR Reactor Hall

General Survey

of power generation on 7 April and
10 October 1985 respectively. TAPS II
completed 189 days of continuous run on
11 January 1986 bettering its previous best
run of 133 days in 1984. It completed its
annual commitment of generation for
1985-86 on 9 December 1985. During the
year 1985 Unit II achieved an availability
factor of 92 percent and capacity factor of
84 percent. The corresponding figures for
Unit I are 71 and 62 percent respectively.

The completion of the indisenously
designed and built 100 MWt research
reactor DHRUVA at Trombay, the
commissioning of the second unit of the
Madras Atomic Power Station (MAPS II) and
the achievement of criticality by the Fast
Breeder Test Reactor (FBTR) at Kalpakkam,
Tamil Nadu, were the three major milestones
in the Indian nuclear programme during this
year. In early 1985, based on BARC
developed technology, a vitrification plant
for the management of high level radioactive
wastes was successfully commissioned at
Tarapur, Maharashtra. BARC scientists and
engineers also successfully commissioned
the 5 MWt MHD Pilot Plant at Tiruchirapalli
in March 1985.
Nuclear
Power

Tarapur
Atomic
Power
Station

Rajasthan
Atomic
Power
Station

After completion of end shield repair, RAPS
I was synchronised to the grid on 1 February
1985. It generated 260 million units before
the end shield system developed a new leak
on 20 May 1985. During this period a
maximum power level of 175 MWe was
attained. At present repair work on the end
shield is in progress.
Performance of RAPS II was good with 1098
million units gross generation during 1985
which is the highest generation level attained
by the unit so far. Capacity factor and
availability factor achieved during the year
1985 were 57 and 71 percent respectively.
Rated power level of 220 MWe was attained
in the month of November 1985.

The Tarapur Atomic Power Station (TAPS),
the Rajasthan Atomic Power Station (RAPS)
and the Madras Atomic Power Station
(MAPS) are presently in operation. MAPS II
attained criticality on 12 August 1985 and
was synchronised to the grid on 20
September 1985. On 1 November 1985
TAPS completed 16 years of successful
operation. The t w o units of MAPS and Unit
II of RAPS have been operating at near full
power capacity. Work on the design of the
500MWe PHWR is progressing satisfactory,.

Madras
Atomic
Power
Station

On 1 November 1985 the station completed
32 reactor years of operating experience
and the generation crossed 30,000 million
units. TAPS I & II completed 100,000 hours
1.1

The Station was dedicated to the nation by
Prime Minister Shri Rajiv Gandhi on 16
December 1985. MAPS I has been
performing satisfactorily and generated
during the year 946 million units at 46
percent capacity factor and 55 percent
availability factor. Unit II of MAPS attained
criticality on 12 August 1985 and was
synchronised to the grid on 20 September
1985. At present both the units are
operating at near full power.

ALLOCATION OF RESOURCES 1985/86 (IN %)
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region as an expansion of the existing
Rajasthan Atomic Power Station. Each of
these projects consists of t w o units of 235
MWe and is expected to be commissioned
in 1994-95. Advance procurement of raw
materials and fabrication of critical items for
Kaiga and RAPP III & IV is progressing.

Erection of equipment and piping is
progressing. The main holdup is the receipt
of steam generators. Erection sequence of
critical equipment is being modified to
minimise the delay in project completion
resulting from the delay in the delivery of the
steam generators. The two units of NAPP are
scheduled to be completed by 1987-88 and
1988-89 respectively.
The main plant civil work is progressing
satisfactorily. Placement of orders for major
nuclear and conventional equipment has
been completed. Manufacture of calandria
for Unit-I has been completed and it has
been delivered at site. Fabrication of other
major equipment such as end shields and
main circulating pumps is progressing.
Letters of intent for manufacture of steam
generators and turbogenerators have been
issued. The t w o units are expected to be
commissioned in 1990-91 and 1991-92
respectively.
This year work has been initiated at a new
site Kaiga in Karnataka in the Southern
region, and at Rajasthan in the Northern
1.2

500 MWe
Project

Conceptual design, preparation of feasibility
report, appointment of main consultant for
all conventional systems and all plant
structures
have been c o m p l e t e d .
Preparation of detailed project report is in
progress. Action has been initiated for
advance procurement of materials and
components and for placement of orders for
indigenous manufacture of long delivery
equipment.

Heavy
Water
Projects

On the heavy water production front the
Department
achieved
significant
improvements in the availability of Baroda
plant and performance of the Tuticorin Plant.
In the Nangal Plant, in order to overcome
power scarcity, a front end plant for the
production of hydrogen is to be set up. The
hydrogen plant which is likely to be

commissioned by the end of 1987 will
senerate pure hydrogen to meet the
requirement of the heavy water plant
with a relatively very small power
consumption.
Baroda
Heavy
Water
Plant

The performance of the Baroda plant has
improved and the production in the first
seven months of operation during the
current year exceeded last year's total
production. On more than one occasion the
monthly performance exceeded the target
and in one month it was close to 95 percent
of the effective capacity. The performance
of the plant is likely to improve further
leading to the realisation of the effective
capacity in 1987-88.

Tuticorin
Heavy
Water
Plant

The plant operated satisfactorily throughout
the year and the production is likely to
exceed the preceding year's output. The
vacuum distillation unit commissioned
during the previous year has been working
satisfactorily and the heavy water
dispatched from the plant during the year
was of nuclear grade.

Talcher
Heavy
Water
Plant

Based on the bithermal ammonia-hydrogen
exchange process, the plant depends on the
Fertiliser Plant of FCI for inputs like synthesis
gas, steam, ammonia, nitrogen etc. The
feasibility of the process was already
established during the trial runs from
September 1984 to March 1985. However,
due to interruption in the supply of gas and
inputs like steam, a target could not be
stipulated and the plant is being operated
as and when inputs are available to realise
whatever production is possible. With
continuous operation over an extended
period better production can be achieved.

Kota
Heavy
Water
Plant

The plant at Kota based on the indigenous
bithermal hydrogen
sulphide-water
exchange process, was brought into
operation during the year. Production
reached design expectations for the
reduced pressures. The pressure was initially
kept low from safety consideration and will
be raised in steps after clearance from safety
authorities. The plant is now operating

Heavy
Water
Projects
at Thai
and
Manuguru

The 110 tonne heavy water plant at Thai
using ammonia-hydrogen exchange process
made significant progress. Erection and
piping work are underway. The plant is likely
to become operational by the beginning of
1987 as originally scheduled.
The 185 tonne heavy water plant at
Manuguru is based on the hydrogensulphide water exchange process. The
progress of the project has been quite
satisfactory. Twenty out of the 22 heavy
water exchange towers have been erected.
Many of the utilities and offsite items will be
completed in the coming year. The plant is
expected to commence production by eaiiy
1988.
The heavy water upgrading techniques
developed at BARC are fully proven. The
heavy water upgrading plant based on
vacuum distillation set up at MAPS has been
performing excellently. Another such plant
is working at RAPS. The upgrading plant at
Trombay functioned very satisfactorily. The
final enrichment plants for heavy water
upgrading at Manuguru, Thai and Narora are
coming up.

Nuclear
Fuel

Integrated multidisciplinary approach of the
Atomic Minerals Division (AMD) resulted in
delineating fair to high potential reserves of
uranium. Considerable economy in
expenditure was achieved by deploying
aerial surveys and remote sensing
techniques. Contour maps were generated
covering an area of 94,000 sqkm for total
radioactivity, uranium, thorium and
potassium contents. Priorities for drilling
were reviewed and total meterage drilled
was 51,045m. Adequate amount of niobiumtantalum concentrates
have been
stockpiled. As a result of investigations,
recoverable reserves of placer sands in India
have been revised to 12.4 million tonnes of
zircon and 146 million tonnes of monazite.
A wolframite recovery plant was set up at
Degana based on a flow sheet designed by
AMD.
The Nuclear Fuel Complex continued to
produce natural UOg fuel bundles for RAPS
and MAPS, enriched uranium fuel for the
Tarapur reactors, thin walled seamless fuel
tubes and zircaloy reactor core structurals.
Manufacture of the first lot of high

satisfactorily. To ensure a more steady
operation of the plant on a continuous basis,
a standby captive steam generation unit is
being considered.
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neutron source reactor KAMINI being built
at IGCAR Kalpakkam have reached an
advanced stage of fabrication.

performance rated fuel for NAPPI and core
axial subassemblies and thoria blanket
subassemblies for FBTR were successfully
completed. NFC also continued to produce
seamless tubes for stainless steel ball bearing
and other special materials and achieved
significant improvements in the production
of various products. NFC expects to touch
a gross revenue of Rs 45 crores during the
year as compared to Rs 31.46 crores last
year. Concerted efforts are being made to
update process technology and to develop
automated manufacturing equipment.
Expansion envisaged under the 'Expansion
Phase 1' zircaloy plants in order to meet the
requirement of PHWR fuel is expected to be
completed during 1987-88. By that time it is
also aimed to commission a pilot plant for
the manufacture of zirconium-niobium
master alloy to meet the requirement of
reactor coolant tubes beyond KAPP II. A
corporate plan to meet the long term
requirement of PHWR fuel and zircaloy mill
products for the 10,000MWe nuclear power
programme and for diversification of
seamless tubes plants to meet the demand
for the changed product mix in the market
is under preparation.

Research
and
Development
in
BARC

Reactor
Research

The development of an integrated dynamic
model for NAPP which will help to find
control strategies for the steam generator
feed water controls, testing of mechanical
shutoff rod drive mechanism and making a
prototype of a microprocessor based
reactor regulating system for automatic
reactor power control for NAPP were the
major achievements.

Fuel
Research
and
Development

Mixed carbide fuel for FBTR has been one
of the most significant achievements of
BARC. For the first time in the world, a mixed
carbide fuel manufacturing programme of
such a large scale has been accomplished
successfully. The FBTR fuel developed and
manufactured at Trombay is based entirely
on indigenous raw materials and has a
unique composition developed for the first
time in the world.
Useful data was gathered from the
postirradiation examination of experimental
MOX fuel elements. While PREFRE is
undergoing
maintenance
outage,
construction of the Kalpakkam Fuel
Reprocessing Plant is making satisfactory
progress. A proposal is underway for setting
up an engineering facility for reprocessing
irradiated thorium from CIRUS and DHRUVA
reactors to separate uranium-233.

The 100 MWt research reactor DHRUVA,
designed and built completely indigenously,
attained criticality on 8 August 1985. With
a maximum thermal neutron flux of 180
trillion neutrons/sq cm/sec, DHRUVA is a
high flux research reactor. It will produce a
number of radioisotopes of high specific
activity. The reactor was dedicated to the
nation by Prime Minister Shri Rajiv Gandhi on
11 November 1985.

Materials

The reactors APSARA and CIRUS continued
to be operated efficiently, with CIRUS
completing 25 years of successful operation.
Irradiation testing of thorium oxideplutonium oxide fuel assemblies for thorium
utilization in p o w e r reactors and
radioisotope production were among the
main activities. India's first uranium-233
fuelled experimental facility PURNIMA II
which attained criticality last year was
utilised to check the reproducibility and
reliability of the various control and safety
devices.
Most of the major components of the 30KW
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Significant
achievements
include
preparation of a high technology electronics
raw material gallium phosphide, preparation
of coumarin laser dyes in larger quantities,
improved chemical process for plugging of
microholes in pipes in inaccessible locations
of nuclear power stations, a novel technique
for preparing several millimetre thick ceramic
coating on metals, preparation of control
blades for TAPS, development of the
technology for producing flexible rubber
BOCARSIL, a process for the preparation of
a composite of boroncarbide and aluminium
matrix called BORAL, extraction of
lanthanum and curium, electroless nickel
plating of metallic and ceramic materials,
electroplating of zircaloy, development of
shape memory alloys and superconducting
wires and low temperature sintering of
natural uranium oxide fuel. Processes for
producing high purity sumarium oxide,

recovery of cobalt and copper sulphate
from zinc plant residues and for extracting
and purifying hafnium from crude
concentrates are other major achievements.
Electron
Beam
Technologies

Electron beam is a highly energy efficient
heat source for metallurgical applications.
An electron beam system rated at 150KV
with 6W beam power and one 80W electron
beam melting furnace are being built. A
20KW electron beam evaporation system is
being designed at Trombay.

Laser

BARC developed a copper vapour laser
(CVL) for pumping dye laser and a dye laser
capable of spectral tuning and narrowing of
the output. A high power neodymium glass
laser is under development. A line tunable
CO2 laser facility operated successfully and
the possibility of its use in drilling, cutting
threads etc is being explored.

Electronics

A polarised neutron spectrometer control
system, a window annunciated logger, a
patient monitoring system for critical care
unit with menu driven programmes, control
system of the 2.3m telescope at Kavalur, a
microprocessor based image analysis system
for quantitative metallography, a giant 300
tonne moving magnet for installation at
Tiruchirapalli, special castor oil filled
capacitors for laser and fusion programmes,
and a sophisticated thermovac chamber for
space research are some of the major
achievements. Another development with
energy conservation objective is the
regenerative braking system fcr railways
which has been found to result in 20 percent
saving of electric power in electric traction.
An electronic telecryptor, a t w o key
electronic combination lock and integrated
security alarm are other
notable
achievements.

Robotics

BARC has started the development of a
mobile robot. The Central Workshops at
Trombay have successfully designed and
developed a 6 axis multipurpose robot of
50kg capacity. A prototype 5 axis articulated
robot was also designed, manufactured arid
tested. A completely indigenous nuclear
robot which could move around and
perform operations in reactor maintenance,
decontamination and decommissioning of
nuclear facilities is being developed and is
likely to be completed by the year 1990.

Technology
Transfer

Multidimensional research and development
work at Trombay has been generating
technologies many of which have been
transferred to industry. Over 200 items that
include processes and insruments
developed in BARC were enlisted and
distributed amongst industrial organisations,
state industrial development corporations,
industrial associations etc. During the last
year 13 technologies were transferred. At
present an additional 17 are ready for
transfer and 35 items are under various
stages of evaluation.

Radio
isotopes and
Radiopharmaceuticals

BARC is one of the world leaders in the
production of radioisotopes and related
areas. Commissioning of DHRUVA has further
augmented the radioisotope production
capability. During this year BARC supplied
a total 50,000 consignments of radioisotopes
and related equipment valued at
Rs 2.3 crores to the users in the country and
abroad. 172 batches of various reactor
produced radioisotopes totalling 950 curies
of radioactivity were processed during the
year and labelled compounds of carbon-14,
tritium and phosphorus-32 were supplied to
a large number of institutions in the country
for use in research in genetic engineering,
biochemistry, pharmacology, enzyme
biochemistry etc. BARC is setting up a new
labelled compounds laboratory at Vashi,
New Bombay, which is expected to be
commissioned in 1987. The laboratory will
meet most of the requirements of the
carbon-14 and hydrogen
labelled
compounds in the country. During this year
BARC supplied a total of 2300 consignments
of radiation sources of all types with an
activity of about 200,000 curies.
Radiotracer investigations were carried out
off the coast of Karwar to study the dispersal
of effluents discharged by a caustic soda
manufacturing unit into the sea. Such
investigations were also carried out at an
alumina plant. A minute leak in a buried oil
pipe line was detected using radiotracer
technique within a very short time and low
cost.
A notable project is the sewage
hygeinisation research irradiator at Baroda
for the treatment of domestic sewage.
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hospitals etc. were assembled and
successfully demonstrated. Erection work on
the 30 tonnes/day ship borne desalination
plant is complete and trial runs will start
shortly. Fabrication work on setting up of a
multistage flash desalination plant is
complete.

The irradiator facility will be commissioned
in 1987.
During the year, 29,000 consignments of
radiopharmaceuticals were supplied to over
100 institutions in the country for use in
nuclear medicine - benefiting about 50,000
patients from the diagnostic and
therapeutical applications of these products.
The applications include early detection of
endocrine disorders, disorders of kidney,
liver, lungs and brain.

Agriculture

Radioimmunoassay procedures have been
developed for the mass screening of new
bom children for neonatal hypothyroidism.
A hybridoma laboratory is being set up for
the large scale production of highly specific
monoclonal antibodies required for RIA and
immunoscanning procedures.

While the Ministry of Agriculture,
Government of India released varieties of
pigeon pea, blackgram and groundnut
developed at Trombay for commercial
cultivation, the Kerala State Seed Committee
released t w o groundnut varieties for
cultivation.

The ISOMED plant at Trombay continued to
offer gamma irradiation services for
sterilization of medical products to over 100
user industries. A total of 5,114 cum of
medical products were sterilised at the
plant. This is a 20 percent increase over the
volume of products sterilized in the plant
during the previous year.
Radiation
Medicine
Centre

A notable achievement of BARC is the
successful development of nitrogen-15 rich
fertilizers which find wide use in agricultural
research.

The Centre, which is the Regional Reference
Centre for South East Asia in the field of
nuclear medicine, continued to provide
clinical nuclear medicine facilities. A variety
of investigations like the scintigraphic
imaging of various organs of human body
and a large number of radjoimmunoassays
are
performed
every
day.

Test tube raised plants of sandalwood and
the invitro derived plants of mulberry were
given to the Sandal Research Centre,
Bangalore and Sericulture Research Institute,
Mysore respectively.
Standardisation of bioreactors for mass
cultivation, increase in the shelf life of
potatoes by treatment with a microbial
insecticide, synthesis of sex pheromones of
potato tuber worm moth have been other
notable developments.

During the year, 5700 patients came for
follow up in the thyroid clinic of RMC. New
methods are being developed for the
evaluation of certain thyroid hormones
which are useful in day to day clinical
assessment of thyroid diseases. The
radioimmunoassay developed for the
detection of TB antigen has proved very
useful in the diagnosis of nonpulmonary
tuberculosis and also in studying the
response to treatment.
Desalination

Benefits from nuclear research have covered
complete agriculture cycle from sowing to
storage. BARC laboratories are engaged on
the radiation induced improvements of
seeds, test tube raising of plantlets and
development of bioreactors for mass
cultivation of plants, irradiation of cereals,
vegetables, fruits etc for preservation of
food items.

Radiation is proving a boon to agriculture
and food tndustry. Some of the common
Indian spices were effectively radiation
sterilised without any deleterious effects on
quality. The method is effective in
eliminating microbes in prepacked ground
spices. Methods were developed to control
aflatoxin producing fungi in groundnuts and
maize and detoxification of flesh food was
accomplished by irradiation. Techniques
were evolved to enhance the aroma of
Totapuri mango pulp and increase the shelf
life of Alphonso mango.

BARC set up t w o reverse osmosis
desalination plants in Gujarat and Andhra
Pradesh. These plants supplied drinking
water to villagers from the only available
source of brackish water. Small reverse
osmosis units of 30 lit/hr capacity for safe
drinking water supply units in canteens,
1.6

Seismology

Magnetohydrodynamics

NRL
and
HARL

The Gauribidanur Seismic Array, near
Bangalore, continued to detect and report
underground nuclear explosions and
earthquakes. A few techniques were
developed for discriminating sources of
explosions and earthquakes, especially the
weak ones.
MHD is a new technology aiming at more
efficient power generation. The MHD
Research Project is being executed jointly by
BARC and BHEL. The plant based on gasified
coal as fuel, is coming up at Tiruchirapalli.
BARC has developed most of the key
components of the facility including MHD
generator, 300tonne electromagnet, special
plasma diagnostic equipment, high
temperature ceramic materials and control
and instrumentation systems for the
experimental plant. During March 1985,
experiments successfully yielded MHD grade
plasmas. In the first run, a combustion
plasma with a temperature of 2700K and
electrical conductivity of 5mho/m was
achieved. The complete operation was quite
stable and it gave good experience in
starting up of MHD Pilot Plant system as a
whole. This was followed by successful
power run of the plant in August 1985. The
power mode operation had lasted for about
two hours.

MEHIA

The Medium Energy Heavy Ion Accelerator
being set up at Colaba, Bombay, by BARC
in collaboration wtih TIFR, made significant
progress.

Waste
Management

Construction of the solid state surveillance
facility at Tarapur for the interim storage of
solidified high level radioactive waste
packages p r o d u c e d in the waste
immobilisation plant (WIP) at Tarapur is
complete. Design of WIP is at an advanced
stage.
Facilities for management of radioactive
wastes and chemical effluents at Tarapur,
Kota, Trombay, Hyderabad, Alwaye and
Kalpakkam functioned satisfactorily.
Experimental work is underway to estimate
feasibility of deep geological formations for
radioactive waste disposal.

Human
Resource
Development

Other training courses included an
interregional training course on radiation
protection; courses to meet the man power
requirement of medical physicists and
radiological safety officers.

Two sources Cygnus x-3 and Geminga were
tracked by the gamma ray telescope at
Gulmarg. PANBIT gamma irradiation facility
was made available to local hospitals for
sterilization of various medical products. The
facility has also been used for research
programmes.

Twelve training courses in the field of
industrial isotope radiography were
conducted during the year. Two training
courses in RIA technique were offered to
medical and paramedical personnel from the
leading hospitals in the country. Short term
courses on microprocessors and computers
were run for BARC personnel.

A study conducted in the loess-paleosol
sediments for various elements has given
useful results.
VECC

The utilization programme of VEC included
experiments in nuclear physics, nuclear
chemistry, analytical chemistry, radiation
damage studies, isotope production,
activation analysis, space physics and
biophysics studies. Scientists from 20
institutions and universities used the
accelerator. Beam quaiity of VEC was
improved both in time and energy resolution
by developing a new technique and many
new technologies relating to accelerators
were developed.

One hundred and ninety scientists and
engineers successfully completed the 28th
course of Training School of BARC. The
training schemes have been suitably
modified and upgraded to meet the
requirements of units like CAT, Indore,
expansion of power projects and heavy
water projects.

Centre
for
Advanced
Technology

1.7

The Centre will have major thrust in the areas
of lasers, accelerators and fusion related
research and technology development. It
will also create a strong base in related fields
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, radiofrequency system,
magnet technology, crystal technology, x-ray
instrumentation etc. Besides complimenting

the activities of BARC and IGCAR, the
technological output of the Centre will also
be useful to space programme, electronics
and alternative sources of energy.

Facilities was revised during the year to
incorporate the recent recommendations of
the International Commission on Radiological
Protection. An independent analysis of the
safety aspects of all the three reactors
commissioned during this year, namely
DHRUVA, FBTR and MAPS, was made by
AERB before approving the commissioning
of these reactors. The Board has formulated
a check list for the inspection of nuclear
installations in the country. Such regulatory
inspections are aimed at ensuring adequate
compliance with the safety regulations and
acceptable dose limits to working personnel
and general public.

Work on setting up the Centre for Advanced
Technology is in the first phase. A laboratory
space has been kept ready and two
workshops are under construction. A
housing complex is ready for occupation.
The two laser programmes to be undertaken
at CAT initially are the development of
copper vapour laser and transverse flow
high power carbon dioxide laser.
Indira
Gandhi
Centre
for
Atomic
Research

PFBR

Radiation
Safety

The Reactor Research Centre was
named as the Indira Gandhi Centre for
Atomic Research by Prime Minister
Shri Rajiv Gandhi who visited Kalpakkam on
16 December 1985.

Radiation levels in various DAE facilities were
well below the permissible limits. About
3000 radiation workers were monitored by
wholebody counting and bioassay and the
internal exposures were found to be much
below the permissible limit. Members of
public who are more likely to receive
radiation (critical group) were monitored at
the power station sites and no significant
exposure attributable to power station
operation was detected. Environmental
surveillance at different DAE installations
showed that there was no significant
contribution of radioactivity due to
operations carried out at the site, and upto
a distance of 10kms, measurements showed
no increase in the background radiation.

Achievement of the first criticality of FBTR
on 18 October 1985 was the most significant
event of the year. The commissioning of the
reactor was very smooth. Low power
physics experiments were also completed
successfully. Phase II construction works like
the installation of steam generators,
hydrogen leak and sodium aerosol detection
systems are being carried out. The reactor
is expected to be recommissioned in July
1986 and the power operation is likely to
start by December 1986.
Design work on Prototype Fast Breeder
Reactor was continued. A one-tenth scaled
down model of reactor assembly is under
fabrication. Preparation of specifications tor
the materials to be procured for the
technology development, is in progress.
Unlike other industrial activities, safety is an
inseparable part of the whole philosophy of
nuclear power production. The different
units of the Department continued their
good record of ensuring radiological and
industrial safety of the operating personnel,
members of the public and the environment.
Safety related unusual incidents in the DAE
units were reviewed to identify the causes
and necessary recommendations made to
prevent recurrence. The Department
participated in the incident reporting system
organised under the aegis of the
International Atomic Energy Agency.

Radiological
Protection

Implementation of radiation safety
programme in country's 2500 institutions,
using radiation sources continued and
personnel monitoring service was provided
to 31,500 radiation workers. Radiological
protection surveys were conducted by
BARC in 210 medical, research and industrial
institutions. 80 medical diagnostic therapy
and nuclear medicine departments and 20
industrial radiography installations were
given authorisation and approval.

Indian
Rare
Earths Ltd.

The Company has consistently been paying
dividend to the Government for the last two
decades. The dividend paid during the year
was Rs 21.64 lakhs.
During the financial year ended 31 March
1985, the Company attained a sales turnover
of Rs 19.87 crores as against Rs 16.02 crores
during the preceding year. IRE's net profit
during the year was Rs 4.92 crores and it

The Radiation Protection Manual for Nuclear
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GROWTH OF MANPOWER
UCIL achieved an all time high production
record of uranium concentrate. Though the
average grade of ore processed was lower,
the overall recovery was higher. The
capacity utilisation of the mine was 88.96
percent and that of the mill was 97.86
percent as against 84.57 percent and 92.77
percent during the previous year. The
production of uranium mineral concentrate
from the Rakha Uranium Recovery Plant
exceeded the target and that of the
byproducts,
namely,
molybdenum
concentrate, copper concentrate and
magnetite, was higher than the targets.

contributed to the national exchequer
foreign exchange earnings of Rs 10.72 crores.
The value of production was Rs 11.2 crores
as against Rs 15.24 crores during 1984. This
decline was due to severe problems of
prolonged power cuts, declining quality of
raw sand, natural causes etc.
The Dredge and Wet Concentrator Plant of
OSCOM Project commenced operation and
produced over a lakh tonnes of concentrate.
The Dry Mill was commissioned and its trial
runs are in progress. About 30,000 tonnes
of ilmenite has been produced. During
1985-86, IRE hopes to obtain better price
realisation for its main products - ilmenite
and rare earths chloride, in the export
market. The Company has booked export
orders worth over a crore for sale of
ilmenite.

Uranium
Corporation
of
India Ltd.

The Company expects to complete the
construction of Bhatin Mine by next year
while the work on Uranium Recovery Piant
at Mosaboni and expansion of Jaduguda Mill
is progressing as per
schedule.

During the year ended 31 March 1985, the
income of the Company increased to Rs
14.87 crores from Rs 12.71 crores during the
previous year. However the profit was less
at Rs 1.17 crores as against Rs 1.29 crores in
the previous year, due to increase in the
production cost by way of upward revision
in salaries and wages, increase in power
tariff, prices of stores and chemicals etc.

Electronics
Corporation
of
India Ltd
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Production and income for the year 1984-85
reached Rs 77.22 crores and Rs 73.39 crores
respectively. The Corporation earned a net
profit of Rs 2.40 crores as against Rs 26 lakhs
in the previous year. The Corporation
supplied Rs 4.59 crores w o r t h of
instrumentation and control systems to
various units of DAE.
EGL continued to progress in its chosen

International
Relations

thrust areas namely the computer systems,
control
and
instrumentation
and
communication systems. The Micro-32
computer and colour TV have been well
received in the market.
The Corporation foresees very bright future
in view of the accent given to electronics by
the Government and the massive nuclear
power programme of DAE. Excellent order
book coupled with the measures taken to
improve the production planning and
material management holds great promise
for the Company in the consumer electronics
group.
Financial
support to
research in
nuclear
science

For the 29th year in succession India was
designated to the IAEA Board of Governors
as one of the most advanced countries in
the technology of atomic energy including
the production of source materials. This
underscores country's leading status in this
frontier technology.
India continued to offer training facilities,
fellowships, scientific visits etc. and to make
available the services of its scientists for
expert assignment both through the IAEA
and to the countries with which we have
entered into bilateral agreements for
cooperation in the peaceful uses of atomic
energy. The country also hosted IAEA
meetings, workshops and a training
demonstration under the Regional
Cooperation Agreement Programme on
specialised subjects
including
an
.nternational
symposium

In addition to fully funding TIFR, TMC and
SINP, the Department also provided an
assistance of Rs 25 lakhs to the Institute of
Mathematical Science, Madras, for the
development of mathematics, Rs 10 lakhs
each to the Mehta Research Institute,
Allahabad, and the National Board for
Higher Mathematics. The Department also
supports research and development work
in various disciplines of nuclear energy in
Indian universities and other academic
institutions by giving project linked financial
assistance and fellowships. During the year
1985-86, financial assistance of about Rs 99
lakhs was given for conducting new and
ongoing research projects and a provision
of Rs 15 lakhs was provided for awarding
of fellowships.

on Fast Breeder Reactors as a Future Source
of
Power'
at
Kalpakkam
on
16-17 December 1985. The symposium was
attended by the Chairmen of the Atomic
Energy Commissions of Bangladesh, France
and Pakistan and by the senior scientists
from Argentina, China, France, FRG,
Indonesia, Italy, Malaysia, Sri Lanka, UK and
IAEA.
The performance and the activities of the
Department during the year 1985-86 have
been detailed in the following chapters.
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NUCLEAR POWER

Nuclear Power
Board
India's capability in being totally selfreliant in the entire cycle of nuclear
power generation was reinforced during 1985 when the second unit of the
Madras Atomic Power Station (MAPS)
achieved criticality on 12 August 1985.
The gross electric power generation during the year is expected to touch 5000
million units which would represent a 23
per cent increase over the preceding
year. Excepting for the imported first unit
of the Rajasthan Atomic Power Station
(RAPS) which had to be shut down in
May 1985 for a new leak on its end
shield, all the other stations showed
significantly improved performances
during the year. Whilst the average
capacity factors for larapur Atomic
Power Station (TAPS) units are expected
to be over 70 per cent, those for RAPS II
and MAPS I are expected to touch 60
per cent and 65 per cent respectively.
The highlight of the year was uninterrupted continuous operation of the
second unit of TAPS for a record period
of 189 days. Revenue from the sale of
nuclear power for the current year is expected to be about Rs 170 crores
representing a 36 per cent increase over
the preceding year. Work on 500 MWe
design is progressing satisfactorily.

Tarapur Atomic Power Station

years of operating experience. Station
generation also crossed 30,000 millions
units on 6 November 1985. Unit-1 of

TAPS completed 100,000 hours of
generation on 7 April 1985. Unit-2
completed 100,000 hours of generation

Rajasthan Atomic Power Station

Details of the Power Stations and
Projects
Tarapur Atomic Power Station
The Station with its t w o units
completed 16 years of successful
commercial operation on 1 November
1985. It has logged thirty-two reactor
2.1

on 10 October 1985. The 9th refuellins
outage of unit-1 which continued from
9 December 1984 was completed on 18
February 1985 within a period of 72
days.
Unit-2 of TAPS completed continuous
run for a period of 189 days from 7 July
1985 to 11 January 1986 exceedins its
previous best run of 133 days in 1984.
It completed its annual commitment of
generation for 1985-86 by 9 December
1985.
Unit-2 achieved an availability factor
of 92 per cent and capacity factor of 84
per cent during the year 1985. The
corresponding figures for Unit-1 are 71
per cent and 62 per cent respectively.

Prime Minister Shri Rajiv Gandhi at MAPS 2. Accompanying him are Dr. M.R. Srinivasan, Chairman,
NPB (right) and Shri K.S.N. Murthy, Project Director, MAPS

Unit 2 of Madras Atomic Power Station that synchronized with the grid on 20 September 1985
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Narora Atomic Power Station under construction

Inservice inspection of the primary
coolant system pressure boundaries did
not reveal any problem related to
corrosion in both the units.
Spent fuel storage pool was
augmented by installing two more high
density stainless steel racks. Since further
augmentation of the pool is not possible,
a fuel storage facility away-from-reactor
(AFR) is being provided to facilitate
refuelling of TAPS beyond 1986. Bids
have been received for civil works
related to the AFR facility and are under
evaluation. AFR facility is estimated to
take 3 years for completion. To meet the
immediate fuel storage requirement for
the two units in the interim, dry storage
casks have been ordered indigenously.

million units before the end shield
system developed a new leak on 20 May
1985. The unit had an uninterrupted
operation of nearly two months during
March to May 1985. During the period
maximum power level of 175 MWe was
attained. At present repair work on end
shield is in progress.
Performance of RAPS was good with
1098 million units gross generation during 1985, which is the highest generation
attained by the unit so far. Capacity factor and availability factor achieved during the year 1985 were 57 per cent and
71 per cent respectively. Rated power
level of 220 MWe was attained in the
month of November 1985.
Madras Atomic Power Station

Rajasthan Atomic Power Station
Two more distillation columns for
upgrading the heavy water have been
commissioned during the year thus increasing the capacity of the heavy water
upgrading plant attached to the station.
After completion of end shield repair,
RAPS-1 was synchronised to the grid on
1 February 1985. Unit-1 generated 260

MAPS Units 1 and 2 were dedicated
to the nation by Prime Minister Shri Rajiv Gandhi on 16 December 1985.
Capacity of the heavy water
upgrading plant attached to the station
has been augmented by addition of four
banks of electrolysers and one distillation column which were commissioned
during the year.
2.3

Unit-1 of MAPS which was declared
commercial on 27 January 1984 has
been performing satisfactorily. During
the year 1985, MAPS-1 generated 946
million units at 46 per cent capacity factor and 55 per cent availability factor.
Performance of the unit could have been
better but for the vibration problem in
the turbine generator which caused two
major outages during the year. BHEL and
their collaborators GEC, UK worked
together with the station personnel during these outages to reduce the vibration level. Modifications suggested by
them were implemented and have
resulted in some reduction of the vibration levels. Unit-2 of MAPS attained
criticality on 12 August 1985 and
was synchronised to the grid on
20 September 1985. At present both the
units are operating at near full power.
Narora Atomic Power Project
Erection of equipment and piping is
progressing. Tne main holdup is the
receipt of steam generators. Erection sequence of critical equipment is being
modified to minimise the delay in project completion resulting from the delay

in delivery of the steam generators. The
two units of NAPP are scheduled to be
completed by 1987-88 and 1988-89
respectively.
Kakrapar Atomic Power Project
Main plant civil work is progressing
satisfactorily. Placement of orders for major nuclear and conventional equipment
has been completed. Manufacture of
calandria for Unit-1 was completed and
it has been delivered at site. Fabrication
of other major equipment such as end
shields, main circulating pumps is progressing. Letters of intent for manuracture of steam generators and turbogenerators have been issued The two

units are expected to be commissioned
in 1990-91 and 1991-92 respectively.
New Projects
This year, work was initiated at a new
site Kaiga in Karnataka in the Southern
region and at Rajasthan in the Northern
region as an expansion of the existing
RAPS. Each of these projects consists of
two units of 235 MWe which are expected to be commissioned in 1994-95.
Advance procurement of raw materials
and fabrication of critical items for Kaiga
and RAPP-3&4 is progressing. Letters of
intent for manufacture of calandria, end
shields, main circulating pumps have
been placed.

Action has been initiated for advance
procurement of material and components and for placement of orders for
indigenous manufacture of long deliver/
equipment.
500 MWe Project
Conceptual design, preparation of
feasibility report, appointment of main
consultant for all conventional system
and all plant structures for reference inland cite were completed. Preparation
of detailed project report is in progress.
Action has been initiated for advance
procurement of material and components and for placement of orders for
indigenous manufacture of long delivery
equipment.

500 MWe pressurised heavy water reactor being developed indigenously

Heavy Water Projects
Heavy Water Plant Nangal
The heavy water plant at Nansal
draws its pre-ennched hydrogen from
the fertiliser plant of NFL and enrichment
is achieved by low temperature
hydrogen distillation. As a result of
reduced availability of power to the
electrolysis plant, the heavy water plant
continued to operate at reduced capacity this year also. The Bhakra-Beas
Management Board has agreed to continue the supply of power to this unit at
tne existing level for two more years. As
such, the plant can continue to operate
at the present capacity for some more
time. In the meanwhile, procurement activities are in progress for the setting up
of a plant based on a chemical process
followed by pressure swing adsorption
f
or the production of pure hydrogen.
This plant is likely to be installed and
commissioned by the end of 1987. It
would generate pure hydrogen to meet
the requirement of the heavy water
plant wi f h a relatively very small power
consumption and it would be possible
to dispense with the energy intensive
electrolysis plant.
Heavy Water Plant Baroda
The performance of the Baroda plant
• improved further with the production of
the previous yesr having been exceeded m the first seven months of operation
curing the current year. While on more
than one occasion tne monthly performance exceeded the target, m one
,-iontn it was close to 95 per cent of the
•irfective capacity.
it .s expected that wirh tne present
oerformance, t would be possible to
meet or even exceed the annual target.
Further modifications such as augmenting the refrigeration capacity, major
repairs to the existing synthesis gas comoressor besides installation of an additional compressor are expected to be
completed before August 1986. With
this the performance of the plant would
improve further leading to realisation of
the effective capacity in 1987-88.

Heavy Water Plant, Baroda

The pilot plant for water-ammonia exchange was operated for collection of
data. Futher tests will be carried out with
modified internals for assessing the performance with different types of internals. It is also proposed to involve consultants to analyse the data collected on
the plant and to design an industrial
scale unit.
Other developmental activities that
are being carried out relate to develop.mg indigenous catalyst, refractory
material and incoloy-625 tubes for the
ammonia cracker and setting up of a
facility for testing the indigenous canned motors developed at BARC for use
on the submersible pumps under
simulated conditions of ammoniahydrogen exchange process.
Heavy Water Plant Tuticorin
The heavy water plant at Tuticorin
maintained a performance which was
equal to or better than that of the corresponding months of the previous year.
It is expected that the current year's pro2.5

duction would exceed that of the last
years. The performance during the next
year is expected to improve further
since the cracker and converter catalyst
which have been in service for nearly 7-8
years are being replaced during the annual turn-around
in
December
1985-January 1986. The vacuum distillation unit commissioned during the
previous year has been working very
satisfactorily. This enabled maximising
production from the main plant by keeping the concentration lower since it
could be enrictied to nuclear grade m
the vacuum distillation unit. The heavy
water despatched from the plant during
the year was of nuclear grade.
Heavy Water Plant Talcher
This plant depends on the Fertiliser
Plant of the FCI for its requirements of
feed synthesis gas and utilities like steam,
ammonia, nitrogen etc. The feasibility of
heavy water production by bithermal
ammonia-hydrogen exchange process
was conclusively established during the
trials carried out during September

Heavy Water Plant Tutlcorin

1984-March 1985. Though the operation was intermittent, during these trials
some product too could be realised
from the plant. However, coinciding
with the power cut imposed on FCI, the
plant was shut down to undertake the
maintenance, additions and alterations
contemplated earlier. Since on the
resumption of the power supply, it took
quite some time for the fertiliser unit to
stabilse and thereafter for attending to
the problem that developed within the
plant, the plant could be brought back
on line only from December 1985. In
view of the intermittent supply of gas
and interruptions in the supply of other
inputs like steam etc., it has not been
possible to stipulate a target. However,
the plant is being operated as and when
inputs are available to realise whatever
production is possible.
Heavy Water Plant Kota
The Kota plant, which uses water as
feed stock, consists of a three stage preenrichment section based on the bitherrrial hydrogen sulphide-water exchange

process followed by a five stage vacuum
distillation section for final enrichment
The first stage of the pre-enrichment unit
has three sections. The earlier trials were,
however, restricted to one out of the
three sections in the first stage of the preenrichment section. During the year, the
entire plant was brought into operation
which has been performing satisfactorily. The operating pressure, to start with,
was maintained at half the design
pressure which, on satisfying about the
integrity of the system after each step,
would be increased in steps till the
design pressure is reached. The opera
tion was interrupted on two occasions
due to H;>S leaks that developed in
some areas necessitating repairs follow
ed by a thorough survey of the plant
from pollution control and safety angles.
For part of the time, the plant was not
in operation due to nonavailability of
steam. The plant is currently operating
satisfactorily. From an analysis of the
data obtained so far, it was found that
the plant is able to meet the design ex
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pectations. In order to ensure a m c v
steady operation of the plant on a co r l
tmuous basis, a standby captive ste.v
generation unit is being proposed
Heavy Water Project Thai
The work on the project made 3 sign '
cant progress during the year. A i •'•,<•
procurement items from oversea:* sup
pliers and most of the items ordered o"
indigenous suppliers were received T#v
erection and piping work are r i pro
gress. This includes the supply m s e r ' o "
of the high pressure exchange tower, ov
Bharat Heavy Plates and Vessels Ltd. involving welding and testing at site. Of
these, one has already been erected
Since the work on the tower internals
being developed indigenously, has been
slightly behind schedule as a result o'
labour problems at the fabricators shop,
the erection sequence has been so ad
justed as to ensure that this delay is not
going''to affect the overall schedule. I;
is expected that the plant would
become operational by the beginning of
1987 as per the original schedule.

Heavy Water Plant, Kota

Heavy Water Project Manuguru
The progress of the project has been
quite satisfactory. Ail the civil
mechanical contracts have been awardi?d. Orders for all major procurement
items have been released. 20 out of the
22 heavy exchange towers have been
erected after site fabrication, heat treatment and testing. The start of work on

the fabrication of tower internals, which
had been delayed due to delay in arrival
of the raw materials, is being followed
up closely and efforts are on hand to cut
down the delivery time so as to ensure
that it would not seriously affect the sequence of site activities. The slight delay
in the supply of the steam generators
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wnich is being followed up vigorously
•s aiso not likely to affect the overall commissioning schedule. Many of the utilities
and off site items will be completed in
the coming year. It is anticipated that the
project w o u l d be completed on
schedule and production will commence by early 1988.

Nuclear Fuel
Complex
The Nuclear Fuel Complex (NFC) at
Hyderabad continued to manufacture
two types of power reactor fuels - PHWR
fuel and BWR fuel - for operating
RAPS, MAPS and TAPS reactors respectively,
zircaloy
mill
products,
subassemblis for FBTR, iltrahigh purity
and special materials, and seamless
stainless steel, ball bearing, and other
strategic material tubes.
Fuel & zircaloy for power reactors
Fuel
Two types of fuel, namely natural
UOK PHWR fuel bundles starting with indigenous magnesium diuranate (MDU)
supplied by UCIL and enriched UOv
BWR fuel assemblies starting with
imported UFi, are made in NFC,
PHWR fuel is made in a battery of two
plants, namely, Uranium Oxide Plant
(UOP) for converting MDU to highpurity
UO; powder and Ceramic Fuel Fabrication Plant (CFFP) for its further conversion
to fuel bundles. The plants met the
startup fuel requirement of MAPS-II and
operational needs of MAPS-I and RAPS.
In UOP, an indigenously designed rotary
calcination equipment suitable for
operating in hydrogen atmosphere at
750°C was commissioned. This is
expected to improve product quality
and reduce overall recycle load in fuel
production. In addition to regular production, CFFP manufactured special
thoria bundles for trials in MAPS-II
reactor and first lot of the high performance rated splitwart type PHWR fuel
bundles for NAPP-I reactor.
Enriched BWR fuel assemblies are
made in another battery of two similar
plants, namely, Enriched Uranium Oxide
and Enriched Fuel Fabrication Plants. The
Fabrication Plant was initially designed
to manufacture 6 x 6 fuel assemblies.
Facilities have been progressively
modified to make the advanced 7 x 7
design assemblies, which will lead to
better performance. These plants met the
operational fuel needs of TAPS reactors.

Indigenously designed and built automatic resistance welding unit for bearing pad/spacer
welding of fuel pins for PHWR bundles

Zircaloy
This production line consists of three
plants, namely, Zirconium Oxide Plant
(ZOP), Zirconium Sponge Plant (ZSP) and
Zircaloy Fabrication Plant (ZFP) for the
conversion of zircon sand mineral supplied by IRE to various zircaloy mill products as required for power reactors.
During the year, ZOP and ZSP
operated at 125 per cent and 110 per
cent of designed capacity respectively.
In ZSP, a breakthrough was made in the
design and modification of the existing
reduction assembly which helped to
increase batch size of sponge production from 250 to 350 kg. This is being
exploited to increase plant capacity from
80 to 120 tpy under Phase-I expansion
with a minimal investment.
ZFP successfully completed manufacture and supply of zircaloy core structurals, namely, calandria tubes and
seamless coolant and other tubes and
garter springs for the commissioning of
NAPP-I reactor. Towards NAPP-II requirement plant is likely to make 40 percent
of the calandria and 10 percent of coolant tubes this year. In addition manufacture of thin walled zircaloy fuel tubes
and components for inhouse manufacture of PHWR and BWR fuels were continued as per target. Towards development of new products, manufacturing
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flowsheets were standardised for thirv
walled zircaloy fuel tubes for 22 element
PHWR and 7 x 7 BWR fuel designs. One
seamless Zr-2.5 per cent Nb coolant tube
for the 235 MWe KAPP-II reactor and zircaloy calandria spools for the 500 MWe
reactor was made for trials.
FBTR facility
This pilot facility completed manufac
ture of 74 intricately designed radia1
blanket assemblies and various fuel components such as fuel tubes, top plugs,
bottom plugs, springs, spring supports,
support tubes, and discs - conforming
to very stringent
dimensional,
mechanical and metallurgical specifications - for fabrication of fuel pencils and
also completed manufacture of 'fuel
assembly' for leading into FBTR, commissioned at IGCAR, Kalpakkam. In addition,
1.518 t of thoria pellets were produced
for manufacturing fluxcontrol bundles for
PHWRs and CIRUS reactor.
Special materials
The Special Materials Plant continued
production of high purity (99.999%)
materials such as antimony, tellurium,
selenium, gold, and gold-potassium
cyanide for various electronics industries, in addition, about a tonne of
micron size zirconium powder for
detonator and defence applications and

about 10 t of masnesium shots for
manufdctunn3 uranium metal fuel for
research reactors at BARC were
produced.
Towards development of new
materials and shaped components, rew
strides in import subtitution were made
with the fabrication of special tantalum
crucibles and jigs for IGCAR, tantalum
cathode assembly for inhouse plasma
furnace, and large tantalum steam
spargems and thermocouple wells for
IPCL and GSFC. A new process
flowsheet for the direct manufacture of
Zr 2.5% Nb alloy using electron beam
melting technique was developed and
confirmatory trials are in progress. Further, a special grade of zirconium nickel
alloy powder was made for defence
application.
Technology developed for the
manufacture of high purity tantalum
powder and tantalum capacitor anodes
was transferred to ECIL for commercial
exploitation. In furtherance of this effort,
dialogue was initiated for "technology
transfer" relating to the production of
high purity tellurium and selenium with
interested parties. Towards the
requirement of Zr-Nb master alloy for
production of Zr-2.5% Nb seamless
coolant tubes for power reactors starting with KAPP-II, a pilot facility was
sanctioned Same is scheduled to be
commissioned during 1987-88.

High purity tantalum products from SMP

and suggest development strategies for
improving their commercial viability,
concluded that technology related to
manufacture of seamless stainless steel
tubes is commercially sound. Whereas
for technoeconomic reasons, the
downstream facilities of BBTP can be
more efficiently utilised with minor
modification and using imported blanks.
The study also suggested diversification
of product-mix to meet changed situa-

tion of market by taking up production
of 'h'ghvalue and low volume' demand
special products such as titanium, mcoloy
etc. In pursuance of this, experimental
production lots of seamless tubes in
silver, titanium, and incoloy 800H
materials were made for the first time in
the country. Specifically, seamless
titanium tubes of smaller dia were made
with ingots supplied by MIDHANI and
resold for onward export to Bulgaria.

Zircaloy-2 coolant and calandria tubes from ZFP for 235 MWe reactor

Seamless tubes production
Based on the production performance
upto December 1985 and projection for
remaning months, total of about 440
tonnes of seamless stainless steel tubes
of different grades, about 2000 t of ball
bearing tubes, and 70 t carbon steel
tubes will be produced for the year,
restricting to commercial orders.
Production of ball bearing tubes was
mainly from imported mother blanks to
ensure profitability and productivity.
The Administrative Staff College of
India, who were entrusted with the
responsibility for an indepth appraisal of
performance of Seamless Tube Plants
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Process and prototype equipment
development
For manufacture of nuclear materials,
many of the equipment and machinery
have to be of high precision and are to
be tailor made. Due to restrictions being
practised in the international trade for
these equipment, inhouse innovation of
processes and development of
automated and tailor-made equipment
and machinery for critical production
lines were accelerated. A significant
achievement during this year is the
development of an automated and
microprocessor controlled prototype
resistance welding machine - for
manufacturing elements for PHWR fuel
splitwart design - with 100 per cent
indigenous components, undergoing
qualification trials. Another significant
attempt is the automation of 'precompaction and granulation' of UO!
powder in CFFP.
A pilot-scale .three stage counter current polypropylene contactor 'working
on airlift principle' was developed for
solvent extraction purification of
niobium in a highly corrosive media of
HF and HiSO' solution.
Revenue Receipts
Based on the production performance
in various plants upto December 1985
and likely production during remaining
months, estimated product wise
revenue receipts for the year has been
compared with the previous year's
achievement.
Expansion
NFC was initially designed for the
manufacture of 100 t of PHWR fuel, 24t
of BWR fuel and 35 t of zircaloy mill
products, for meeting the startup and
Product

Hot extrusion press at NFC

operational requirement of five power
reactors namely, RAPS-I & II, MAPS-I and
TAPS-I & II. (Later, Seamless Stainless
Steel and Ball Bearing Tube Plants were
added to utilise the 'excess capacity' of
Extrusion Facility set up earlier for
zircaloy production). During 1979-80, to
meet needs of more reactors, namely,
MAPS-I, NAPP-I & II, sanction was
obtained for Phase-I expansion of PHWR
fuel to 210 t and zircaloy to 50 t with a
total outlay of Rs.14.84 crores. Based on
the operational experience of various
plants during the year, a detailed internal assessment of the strengths and
weaknesses were carried out. The exercise revealed that most of the plants had
Revenue Receipts
Actuals-1984-85
(Rs Crores)

Estimated-1985-86
(Rs Crores)

Fuel & Zircaloy
SS Tubes
BB Tubes
Special materials and others

23.34
3.45
3.50
1.17

31.00
8.00
5.00
1.00

Total

31.46

45.00
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already completed nearly 13 capacityyears of operation,- further for achieving
Phase-I target, capacities of some of the
plants can be decreased and others
have to be increased. In addition, the
need for inducting state-of-the-art
technology and equipment to improve
productivity was also recognised. As a
result, the revised project report for
Phase-I Expansion with a total outlay of
Rs.25.71 crores was approved by AEC
and is being further processed for sanction. The project is now scheduled to be
completed during early 1987-88, to be
in time with the commissioning of power
stations under construction.
To meet the PHWR fuel and zircaloy
requirements for the proposed 10,000
MWe nuclear power programme, production of these two vital inputs have
to be increased about six times, during
the next 15 years in t w o or three stages.
For technoeconomic reasons, there is
need for diversification of product-mix
in the Tube Plants. Taking these factors
into account, a comprehensive Corporate Plan is under formulation and
finalisation.

Atomic Minerals
Division

made in resource generation at Arbail
(Kamataka), Mohuldih (Bihar) and Bhandaritola and Jajawal (Madhya Pradesh).

In 1985-86, an integrated multidisciplinary approach by AMD resulted
in d e l i n e a t e many new areas of fair to
high uranium potential and more
reserves were proved in areas already
taken up for drilling. The largest single
contribution to the ore reserves is from
the Turamdih West deposit in
Singhbhum district of Bihar in which an
ore body with thickness upto 30m containing few thousand tonnes of UIOB
were proved within a shallow depth of
100-150m. Possibilities of open Cast mining are being examined. Progress was

Survey for atomic minerals
Aerial surveys and remote sensing
techniques
Airborne gammaray spectrometnc and
magnetic (AGSM) surveys and application of remote sensing techniques were
deployed to narrow down target areas
for ground checking. This brought about
considerable economy in expenditure
During 1985-86, airborne surveys were
carried out in parts of Andhra Pradesh,
Bihar, Otissa, West Bengal and Karnataka.
Contour maps for total radioactivity,

Geologists' camp at Meghalaya

Radon emanometry survey

uramurr,, thorium and potassium content
and U/Th, U/K and Th/K ratios were
generated for an area of 9-1,000 sa km
over which AGSM surveys were com
pleted during the period 1978 1984. The
inhouse computer system-332 was utilised for this purpose and the required
software was developed in the Division.
Reconnaissance surveys
As a result of ground survey., extensions of the radioactive quartz-pebble
conglomerate with uranmite, pyrite and
sporadic traces of gold have been
traced in North and South Kanara,
Shimoga, Chitradurga and Tumkur
districts of Karnataka. New horizons with
both uraninite and other uraniumthorium minerals were discovered in
Dhanjori formations in Singhbhum
district, Bihar and in GorumahishaniBadampahar iron-ore sequence in
Mayurbhanj district, Orissa. Systematic
investigations were taken up in all the
iron and iron-manganese belts of India
to locate such uraniferous horizons and
delineate commercially exploitable
resources.
At Arbail-Shevkar in North Kanara
district of Karnataka drilling was intensified over a 4 km strike length and the
continuity of mineralisation was
established upto 225 m depth from the
surface. Study of Ore characteristics from
borehole core samples are under way.
Integrated geophysical surveys (induced
polarisation and magnetic) were carried
out in this area to trace extensions of the
mineralisations in areas of cover and the
depthwise behaviour of beds. Regional
gravity measurements to decipher base-
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Achievements and Targets for the Principal Activities of AMD
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ment topography and to fix targets of
subsurface drilling was also undertaken
this year.
Significant uranium anomalies have
also been detected in Subansiri and
West Siang districts, Arunachal Pradesh,
near Antri-Beharipur in Mahendragarh
district of Haryana and along the Eastern
margin of the Cuddapah basin in
Kasturigutta, Nellore district, Andhra
Pradesh. Further investigations are in
progress.
Exploratory drilling
Priorities for drilling were reviewed
and recast in the light of past results. Part
of the total meterage drilled (51045m)
was for evaluation and part for exploratory purposes. Evaluation drilling at
Mohuldih, Turamdih in Bihar, Bodal,
Bhandaritola, Jajawal in Madhya Pradesh
and Arbail-Shevkar in Karnataka met with
considerable success as a result of which

40 Sq km.

I ACHIEVEMENTS 1984-85

I I

ACHIEVEMENTS 1985-86

• •

TARGETS 1986-87

additional reserves of uranium could be
proved. Other localities drilled for exploration of uranium during the year aie
at Bhatin, in Singhbhum district and
Nagnaha in Palamau district of Bihar,
Brijranigarh in Tehri district of Uttar
Pradesh, Waljkunji, Yellaki in South
Kanara district of Karnataka, Gomaghat,
Philongdiloin in Khasi Hills district of
Meghalaya and in the Siwalik sandstones
of Hamirpur basin in Himachal Pradesh
and in Saharanpur districts of Uttar
Pradesh.
Exploratory mining
Exploratory mining was carried out on
a limited scale at Bodal and Jajawal in
Rajnandgaon and Sarguja districts of
Madhya Pradesh and at Khya and
Andalda in Hamirpur district of Himachal
Pradesh, to understand the nature of ore
bodies at depth and to increase the confidence level of the data deciphered
from the surface drilling.
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Niobium-tantalum and beryllium
investigations
Surveys for niobium-tantalum and rare
earth investigations were continued in
Andhra Pradesh, Karnataka and Madhya
Pradesh. The production of niobiumtantalum concentrates in the mechanised pilot plant continued only at
Marlagalla-Allapatna in Mandya district,
Karnataka and 3.5 tonnes of concentrates were recovered. Production of the
concentrates was reduced this year
because of their adequate stockpile with
AMD and manpower was diverted to
uranium investigation.
Thorium and beach sand
investigations
Reconnaissance surveys, sampling by
drilling and laboratory investigations for
estimation of heavy minerals reserve for
monazite, ilmenite etc. were carried out
covering an area of 25.26 sq km in beach

and coastal dune sands in parts of
Kerala, Tamil Nadu, Andhra Pradesh and
Orissa and Teri sand/soil deposits of
Tirunelvelli district of Tamil Nadu. A 2 km
stretch of the Kalpakkam coast has also
been sampled for heavy minerals and
monazite content. Export consignments
of ilmenite and garnet from IRE, Kerala
Metals & Minerals Ltd., and Indian Ocean
Garnet Sand (P) Ltd., Tuticorin were
sampled for monazite content and certificates issued before export. Reserves
of placer sands in India, both coastal and
inland, have been revised recently and
it is estimated that about 12.4 million
tonnes of zircon, 146 million tonnes of
ilmenite, 8 million tonnes of rutile and 4.5
million tonnes of monazite are available
in the placer sands.
Laboratory investigations
Laboratories at Hyderabad and at the
regional levels handled during the year
many important analytical work,
research and development, and provided day-to-day support to the survey,
prospecting and evaluation activities.
Radiometric analysis of surface
samples, borehole cores and mine
samples, gammaray
logging of
boreholes/shot holes/probe holes
(58,674 m), radiometric assay of
borehole cores (13,873 m), shielded
probe logging of trenches, pits and mine
faces (2472 m) and bulk ore grading of
mine tubs(6308nos) were the principle
field activities of the Physics Group. Rare
earth element estimation is being carried
out by neutron activation method
utilising reactor facilities at BARC-105
samples were dated by Rb-Sr method
and facilities for dating geological
samples by U-Pb, Pb-Pb and Sm-Nd
methods are being developed jointly
with the Radioisotopic Division of BARC.
K-Ar mass spectrometer fabricated by
8ARC was installed and the assembly of
argon extraction apparatus completed
and performance tests undertaken. A
microprocessor based system was
designed for reading data written on
"mag" tape so that the performance of
the gamma spectrometer system could
be checked after the day's flight itself.

Plane table survey at Bodal, Madhya Pradesh

Sulphur isotopic studies were also conducted on field samples of suphides and
sulphate.
Analytical Chemistry Laboratories carried out 50,652 determinations for
different radicals and over 300 samples
were analysed for complete chemical
analysis. Two mobile van^ were
deployed in Madhya Pradesh and
Andhra Pradesh to give a quick feedback of analytical data during
geochemical surveys.
In the Petrology Laboratories 835
samples of rocks, minerals and placers
were examined. An
automatic
microphotograph attachment and
cathod luminiscence attachment were
installed to facilitate study of minerals
and rocks.
The Mineral Technology Laboratories
carried out beneficiation tests on ores
from various prospects in the country
and different parameters were established for mineral recovery.
A 40 tpd Wolframite Recovery Plant
having facilities for crushing, sizing, grinding, jigging and wet tabling was set up
at Degana utilising flowsheet designed
X-ray Laboratory.

by AMD. After satisfactory trial run thib
plant was handed over to the Rajasthan
State
Tungsten
Development
Corporation.
X-ray Fluorescene Laboratory handled
652 samples, Spectrograph Laboratory
3,700 samples and X-ray Diffraction
Laboratory analysed 255 samples for
various investigations.
Training
A one month training course was held
for field geologists. Opportunities were
provided to the scientists to visit various
units of DAE. A short term course on
Fortran-IV computer language for AMD
scientists and a 15 day refresher course
for chemists were also organised.
Collaboration with other scientific
organisations
AMD continued to collaborate in
scientific investigations with sister
organisations, Central and State Government departments, public sector undertakings and universities. Under the programme boreholes drilled at different
places were gammaray logged.
Technical assistance was provided to a
number of organisations like Geological
Survey of India, Hutti Gold Mines Ltd.,
National Mineral Development Corporation, Fertilizer Corporation of India,
Neyveli Lingnite Corporation and
universities.
The Division actively participated in
the meetings of the working groups
formed by Site Selection Committee and
by the Civil Engineering Division of
Nuclear Power Board for geological and
seismotectonic evaluation of various
reactor sites in Eastern and Southern
regions.
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RESEARCH AND
DEVELOPMENT
Bhabha Atomic
Research Centre

VEC to investigate the shrinkage of
deutron clustor in ^Li in relation to fixed

Physical sciences
Nuclear physics
Experimental research in nuciear
physics was earned out utilizing the Van
de Graaff accelerators at Tromoay and
>"?. Variable Energy Cyaotrcn ;V£C, dt
Calcutta. Erpenmentai measurement
/-itn :<;oha oartiC «s of ?"ergy T, ;he
>?nge of 25 to 37 million JO'IS (MeV)
oomcafciinq m^g^esium-^ ".atgets yeidc.a new information en t^e 'ntermed'ate
-iructtire resonances in '•he compound
•iuc>eus silicon-28. Angular correlations
of fission f ragments ;r> 'ission of
uranium-238 induced by alpha particles
of energy from 40 to 60 MeV were
measured to determine the distribution
of momentum transfers in the events
leading to fission. The angular distributions in elastic and inelastic scattering of
50 MeV alpha particles from bismuth-209
were measured and the results were
analysed to obtain information on the
various optical model parameters. In a
study carried out in collaboration with
TIFR, it has been shown that, contrary to
earlier conjecture, the 2256.3 KeV high
spin isomer in Rhenium-182 has a three
neutron and one proton configuration.
The excitation of the giant resonance in
the inelastic scattering of 270 MeV
helium-3 beam on nickel-58 was
investigated in a collaborative experiment with Indiana University Cyclotron
Facility, USA.
The angular distributions were
measured in 6Li ( « , d) 4 He at 45 MeV
alpha bombarding energy obtained from

Pelletron
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<x-d scattering. Using the 5.5 MV Van de
Graaff accelerator and Lexan detectors,

coulomb subthreshold fission crosssections of uranium-235 and uranium-238
at proton energies below 4 MeV were
measured. Proton induced X-ray emission studies of samples of normal and
cancer tissues of laboratory animals are
beins carried out for possible differences in trace element concentrations.
The installation of the main accelerator
tank and the four sulphur hexafluoride
gas storage tanks of the Medium Energy
Heavy Ion Accelerator (14 UD Pelletron)
now being set up at the TIFR as a joint
BARC-TIFR project, has been completed.
The civil work on the construction of a
tower around the main accelerator tank
and the associated laboratories has
reached the final stage. Electrical and airconditioning works are also nearing completion. Work on setting up of the main
accelerator column has started. Significant progress has also been made on the
fabrication of the experimental facilities
for use with this accelerator.
Condensed matter physics
Neutron diffraction studies of the alloy
systems, terbium-manganese-iron and
iron-manganese-tin, were carried out to
understand their magnetic structures. A
small angle neutron scattering spectrometer was set up at CIRUS. It was used
to study inhomogenities in beryllium oxide, high carbon steel and aluminiumzinc alloys. In collaborative experiments
carried out in Brookhaven and Argonne
National Laboratories (USA), phonon
dispersion relations and phonon density of states in the geophysically important mineral, Forsterite (MggSiO^were
measured. The results are in excellent
agreement with predictions made at
Trombay. The first triple axis spectrometer complete with microcomputer
control was commissioned at DHRUVA
reactor for inelastic neutron studies. A
four-circle diffractometer and a profile
analysis spectrometer were also installed
at the reactor.
Using the 'Compton profile' technique,
a new method of determining band
occupancies in transition metals was
developed and was applied to nickel

Triple axis neutron spectrometer for DHRUVA.

and manganese. Computer simulation experiments revealed new plausible
pathways of reorientation of NH4 + ions
in ammonium halides and of S O 4 — in
UKSO4. Raman spectroscopic study of
Antimony showed that the interaction of
interband electronic excitations with
optic phonons leads to the observed
symmetric (Fano) line shape of phonons.
The dispersion of the existing laser
Raman spectrometer was enhanced by
adopting a grating with 2000 lines/mm.
Effect of disorder on superconductivity was investigated by subjecting
samples of the compound, CU2M06S8,
to a high-power laser pulse; the drop in
the critical temperature T c correlates
with the estimated shock-pressure. Based on Jahn-Teller model, a theoretical
study was made on how the martensitic
and superconducting transitions in AT5
•compounds influence each other. An
asymmetric split-pair superconducting
magnet using indigenously developed
niobium-titanium wire capable of giving
a central field of 4 Tesla and a peak field
of 7.6 Tesla was fabricated and tested.
A high-homogeneity superconducting
solenoid to provide a field of 6 Tesla was
wound and tested. A liquid helium
cryostat with a low helium consumption
rate for housing an 8-Tesla superconducting magnet was built.
In the area of High Pressure Physics, the
equations of state of Group IV elements,
3.2

titanium, zirconium and hafnium were
calculated using first principle electron
band theory methods. The expected insulator to metal transition of materials like
caesium iodide at high pressure was
theoretically examined. In conformity
with theoretical predictions new highpressure phase transition in Cd-Hg
system, Pr-Th alloys and the organic compound P-C6H4CI2 have been found using X-ray diffraction technique. A novel
phase transition in tetracyanoethylene at
a pressure of 2 GPa from the ambient
monoclinic phase to a cubic phase via
an amorphous phase was also
discovered.
Biophysics
A complete set of computer programmes for protein crystallographic research
has been implemented on the recently
acquired Norsk Data computer system.
For the first time, the enzyme carbonic
anhydrase from the blood of the Indian
buffalo was purified by affinity
chromatography
techniques and
crystalized. The structure of triclinic
lysozyme has been refined to a residual
error of 14.3 per cent, which is one-of
the lowest that has been reported
anywhere. Experiments based on NMR
and calorimetric techiques were used for
identifying the interaction of the antileprosy drug dapsone (DDS) with
model membrane systems. A dynamical
Mossbauer spectroscopic study was

ZPinch fusion experiment.

Precision position manipulator for sample handling in ultra
high vacuum developed by BARC.

A GlFFORD-McMAHON Cryorefriger»tor
for very low temperatures (BOK)

undertaken
to
investigate
the
photochemical oxidation-reduction processes in iron atoms present in the
respiratory pigment of rhodospirillum
rubrum bacterium. It was found that the
upper limit to the reversible biologicalswitching time is about 25 milliseconds.
Reactor physics
A major thrust was on the development work connected with the physics
design of large sized (500 MWe) PHWRs.
The physics analysis of these systems is
far more involved than that of the
existing (235 MWe) systems due to new
bundle design, multiplicity of regulating
and safety devices, inherent zone flux
instability of the system leading to xenon
oscillations and complex fuel management schemes. A number
of
mathematical models relating to the
above were developed and verified.
PURNIMA II : India's first uranium-233
fuelled experimental reactor facility
PURNIMA-II, which attained criticality last
year, was utilised to check the
reproducibility and reliability of the
various control and safety devices. A
comprehensive experimental study was
carried out to deduce the minimum
critical mass for the system. The lowest
critical mass obtained was 397 gm of
uranium-233. Other investigations carried out include measurement of level
coefficient of reactivity, power calibrations and reactor noise studies.
KAMINI : Fabrication of most of the major components such as reactor tank,
beam tubes, core internals and
biological shield bricks needed for the
30 KW neutron source reactor KAMINI,
for neutron radiography at IGCAR,
Kalpakkam has reached an advanced
stage. The demineraliser unit and
associated pumps needed for online
polishing of pool water has been installed at site. Trial fabrication of fuel alloy
plates has been taken up. Prototype
safety control plate drive has been
fabricated and is currently undergoing
testing.

Theoretical physics
The theory of (alpha, d) reactions was
developed in the framework of full ranged distorted wave born approximation
(DWBA). This will help analyse data
obtained from experiments with the VEC
cyclotron. Non-nucleonic degree of
freedom were further analysed in the
framework of DWBA. In a further study
of the nonnucleonic degrees of freedom,
the p(^He, t) A 1 " + reaction was also
analysed in the framework of DWBA.
Three body coupling effects were investigated from the clustering knock out
reactions. Theoretical studies of the subthreshold pion production in intermediate energy heavy ion collisions
were carried out. The nucleon exchange
processes in heavy ion deep inelastic
collisions were also theoretically
investigated. The fragment angular
distributions for a number of heavy ion
induced reactions were analysed with
the preequilibrium fission model
developed earlier at Trombay. Detailed
microscopic investigations led to the
understanding of the factors responsible
for sudden onset of large deformations
at specific neutron number in nuclei with
atomic mass around 100. New analytical
results were obtained on the growth of
Rayleigh-Taylor instability in multistructured shell targets of interest in inertial
confinement fusion experiments. New
theoretical results were obtained.
The research programme on high
resolution atomic spectroscopic studies
of rare earth atoms and ioas and the
spectra of these ions in crystalline environment was continued. The contributions of crossed second order (CSO) effects in the spectra were investigated by
analysing isotope shifts in spectral lines
of some elements. Molecular spectroscopic studies were carried out in
order to establish the identity of transient species produced in the flash
photolysis of thiazole, isoxazole and
oxazole. A number of special materials
needed in nuclear, electronics and
semiconductor technology were analysed. About 1050 samples involving
8,200 determinations were analysed by
using optical emission spectroscopic
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(OES) and X-ray fluorescence (XRF)
techniques. A nondispersive infrared
analyser was fabricated for the analysis
of hydrogen fluoride impurity in uranium
hexafluoride. The instrument can detect
less than 50 ppm hydrogen fluoride. A
line tunable carbon dioxide laser was
fabricated for laser optogalvanic and optoacoustic studies. An experimental
setup for the study of laser induced
fluorescence of free radicals produced
by the flash photodissociation of
molecules was assembled and tested.
Seismology
The Gauribidanur Seismic Array near
Bangalore continued to detect and
report underground nuclear explosions
and earthquakes. The array detects
about 4000 seismic events annually. During the year 1985 twenty of the detected
events were due to nuclear explosions.
The new techniques based on the time
structure and spectral energy distribution of direct and core-reflected seismic
signals, which were developed here for
discriminating sources of explosions and
earthquakes, especially the weak ones,
were successfully tested on a number of
"difficult" cases of explosion-like
shallow-focus small earthquakes and
vice versa.
A prototype single-channel wireless
telemetry of seismic signals made with
indigenous components was tested over
a 10 km range. This will be modified to
a multichannel system with a view to
establishing wireless-telemetered networks for continuously monitoring
seismicity of the Bhatsa dam region in
Maharashtra and at other project sites in
India.
Nuclear Research Laboratory,
Srinagar and High Altitude Research
Laboratory, Gulmarg
Two sources, Cygnus x-3 and Geminga
were tracked by the gamma ray
telescope at Gulmarg to detect ultrahigh
energy gamma rays from these sources.
No periodic signal was detected from
Cyg. x-3 during 1984 and 1985 which is
in agreement with the observations
elsewhere. However, instances of

gamma ray burst type signals were
observed in October, 1985 when the
source was having an unusual flarins
activity at radio frequencies. The source
Geminga was tracked for a total of about
50 hours. Preliminary analysis indicated
a periodic emission at a period of 60.25
sec. A detailed analysis, is in progress.
The gamma ray telescope is also beins
updated with two additional mirrors of
one
metre
diameter
and
a
microprocessor for recording of the
data.
The PANBIT gamma irradiation source
was made available as a routine facility
to local hospitals for the sterilization of
various medical products as a part of an
effort to promote radiation applications
in the Kashmir valley. This facility has
been also extended to Kashmir University and University of Agricultural
Sciences & Technology, Srinagar, for
their research programmes. A study of
various elements in the 'loess-paleosol
sediments' in Kashmir valley was conducted as this can provide clues to
major climatic changes that could have
occurred in the past 200,000 years. The
study revealed that rubidium, iron,
titanium, manganese, copper and zinc
have generally high concentrations in
clay rich horizons of past soils formed
under warm humid climate whereas
loess horizons' deposited under cold

Gamma ray telescope at Gulmarg
and arid climate have high concentration
of calcium and strontium. Further, the
concentration of iron and titanium is considerably higher in loess profiles on Pir
Panjal mountain flank compared to profiles on Himalayan mountain flank suggesting that loess minerology is controlled to a great extent by nearby rock
types in the valley. As a supporting
facility to the multiple parameter sampling station is being set up at Gulmarg.
This involves simultaneuous measurements of meteorological parameters like

Experimental setup for determining the radial sap between pressure tube of calandria by eddy
currents technique
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wind speed and direction, fluctuations
in ambient temperature, humidity and
pressure. A simple and versatile
photometer for solar radiation measurement was further developed to correlate
it with changing concentrations of trace
compounds in the atmosphere.
Variable Energy Cyclotron Centre
The Variable Energy Cyclotron at
Calcutta operated during the year with
a new schedule which was found to be
very satisfactory. The utilization programme included experiments in nuclear
physics, nuclear chemistry, analytical
chemistry, radiation damage studies,
isotope production, activation analysis,
space physics studies and biophysics.
Scientists from about 20 institutions such
as TIFR, SINP, BARC, IGCAR, IITs and
universities utilised the accelerator.
Several advanced experimental set ups
like helium jet recoil transport system for
investigating short-lived isotopes and gas
ionization counter with 10 millisteradian
solid angle to detect low energy heavy
ions were developed and used in the experiments. A compton-suppressed
gamma ray spectrometer w i t h a
multiplicity filter was also developed
and used in experiments with the VEC
beam. A number of surface barrier
silicon detectors for various nuclear

physics experiments were fabricated at
VECC. The beam quality both in time and
enersy resolution was improved by
developing a new technique usins an
unbevelled slit at the ion source. A new
data acquisition system based on Norsk
Data computer ND-560 with CAMAC interface was commissioned for online
experiments.
Plasma physics
In recent years, thermal plasma at atmospheric pressures and elevated
temperatures ranging from 2000 to
20,000 degrees have attracted considerable attention. Several computer
codes were developed for the analysis
of the thermodynamics, transport properties and dynamics of such plasmas.
The modelling of plasma flow with th
presence of condensed phase simulating
the melting and evaporation of solids in
high temperature medium, were also
carried out and codes are now available
for predicting the rate of evaporation.
On the experimental side, the measurement of important plasma parameters
like temperature, electrical conductivity,
electron/ion concentration, velocity etc.
in the high temperature environment
need special diagnostic equipment.
Several instruments were developed for
this purpose. Some of these instruments
were successfully used during the commissioning of the Indian MHD plant at
Tiruchirapalli.
The technological applications of thermal plasmas were also explored. Plasma
spraying of ceramics is one of the important areas of investigations. A novel
technique for preparing several
millimetre thick ceramic coatings on
metals using a reinforced-pin structure
was developed. Thick zirconia electrodes prepared by this technology
were tested for applications in oxidizing
atmospheres.
Chemical sciences
Basic chemistry
Progress was maintained in the thrust
areas of radiation and photochemistry,
laser chemistry, reaction dynamics,

Variable Energy Cyclotron at Calcutta

isotope effects, interfacial phenomena,
and structural chemistry. A few
sophisticated instruments and facilities
needed for advanced research in these
areas, such as nanosecond time domain
fluorescence spectrometer, special type
of lasers, a quadrupole mass analyser,
and a high current nanosecond pulsed
electron accelerator are under various
stages of installation and commissioning.
The molecular beam chemiluminescent
equipment built at Trombay started providing information on dynamics of
chemical reactions in short time scales.
Infrared laser induced pumping of
vibrational levels of perfluoropyridine
molecule for the first time showed light
emission in the visible region, therby indicating energy transfer to electronic
levels of the molecule which has considerable theoretical and practical
implications.
Theoretical model proposed earlier for
valence and magnetic transitions in
mixed valence solids was successfully
used to explain experimental results. A
two ptiase cluster model proposed
earlier for one component inorganic
glasses and their melts was found to be
consistent with the observed trends in
their physical properties. A new
theoretical approach of general applicability for studying metal complexes
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by ion exchange techniques was
developed. Viscoelastic behaviour o f
hydroxy benzoic acids in micellar
systems was satisfactorily explained on
the basis of NMR studies.
Experimental evidence was obtained
for the incorporation of aliphatic
hydrocarbon solvent molecules m the
polymer chain produced by gamma
radiation induced polymerisation of
methylmethacrylate. New research and
development programmes initiated include synthesis and investigation on
magnetic and superconducting properties of a series of substituted
molybdenum chalcogenides, theoretical
and experimental efforts to understand
structured fluids, and molecular beam
chemiluminescent studies in the interaction of metal vapours with organic and
inorganic small molecules.
Water chemistry
The facilities in the newly established
Water and Steam Chemistry Laboratory
at Kalpakkam are being augmented to
cater to the requirements of our programme. A minicomputer, installed
recently, is being used to simulate the
chloride build up in MAPS-I secondary
system as a function of time and condenser tube leakage. The software
package works as an early warning

device to initiate corrective action in the
event a sea water leak occurs. Some of
the other important aspects of direct
relevance to FBTR and MAPS that are
being currently pursued are physico
chemical features of coastal waters,
marine biofouling at the intake jetty,
water quality survey in open reservoir,
characterisation and activity monitoring
of the PHT system of MAPS-I. Components for a high temperature-high
pressure loop for model steam generator
studies are being assembled.
As part of a back-up for the design of
500 MWe PHWRs, normal and peak
purification flow rates for PHT system
were computed and the performance of
nuclear grade indigenous ion exchange
resins for PHT system were evaluated for
osmotic shock resistance, as well as for
mixed bed performance. The R&D efforts
also include studies on cooling water
chemistry in heavy water plants.
Improved chemical processes were
developed for plugging of micro holes
in pipes in inaccessible locations of
nuclear installations.
Considerable expertise has been
developed in computer plotting of complex molecules with a stereo view.
Fuel chemistry
Thermochemical studies on FBTR fuel
and clad were continued to assess the
fuel-clad compatibility. These included
the study of carbon potential of the fuel
and the clad as a function of
temperature. Carbon monoxide pressure
in equilibrium with the fuel at high
temperatures was also measured to
assess the transport of carbon from the
central high temperature region of the
fuel to the clad. Direct solid-solid reaction between the fuel and the clad was
studied in the temperature range of 1220
to 1660 K

measurements on refractory materials at
high temperatures Oxygen potential of
mixed uranium-thorium oxide fuel containing 10-20 per cent thorium was
measured using a solid state galvanic
cell. Thermodynamic parameters of fission product compounds of caesium
were obtained using solution calorimeter
and a high temperature calorimeter.
Chemical, thermal and X-ray methods
were used for characterisation of newly synthesised uranates as well as for
solid state reactions of plutonium oxide,
uranium oxide and thorium oxide with
ammonium sulphate at a temperature of
280°C.

samples. Atomic absorption spectrometric studies of the atomisation processes of boron in carbon rod atomiser
showed that atomisation efficiency
improves considerably in the presence
of ascorbic acid and titanium indicating
their possible use as efficient matrix
modifiers. Spark source mass spectrometrically determined relative sensitivity factors for different lanthanides
were correlated to their physicochemical properties which are useful for
determining lanthanides in various fue1,
matrices without requiring the trace constituent standards.

Phase equilibrium and phase transition
studies on certain ceramic compounds
such as molybdates, tungstates, uranates
and perovskites were investigated and
the energetics as well as structural
aspects were determined. Kinetics of the
fission gas release from irradiated fuels
was investigated.

Radiochemistry

Thermal lonisation mass spectrometry
and alpha spectrometric studies were
carried out with a view to simplifying the
procedures for determining plutonium
concentration in dissolver solution of
irradiated fuel.
Inductively coupled argon plasma
atomic emission spectrometric method
was standardised for the determination
of lanthanides after their chemical
separation in uranium-aluminium alloy
kadiochemistry Laboratory

Thermodynamic studies of a number
of systems relevant to understanding of
fuel and fission products reactions in an
operating fuel were carried out. One of
the spinoffs of this work is the design
and fabrication of a high temperature
Knudsen cell for vapour pressure

3.6

The programme of work centered
around physico-chemical studies on
actinides and fission products. Neutron
induced fission of Np-237 and Pu-241
was studied with the objective o!
understanding the nucleon pairing ana
shell affects on charge distribution in lov\
energy fission. Alpha partcle induced fission of U-238 and Th-232 was studied to
get important information about the fission process. A new and simple methoo
of correction for self-multiplication of
neutrons in samples containing large
amounts of plutomum was evolved
leading to accurate estimates of
plutonium in sealed containers by the
neutron coincident counting technique.
Precise and accurate value of half-life of

Pu-241 was determined by t w o
independent methods and this work
resolved the discrepancies existing in the
earlier values reported in literature.
Studies were carried out on the
synergistic extraction of curium from
aqueous thiocyanate medium and from
non-complexing perchorate medium.
Equilibrium constants were also determined for the various species in these
studies. Investigations were carried out
on the synergistic extraction behaviour
of uranium and plutonium. Electron
paramagnetic resonance studies were
carried out on gamma irradiated
ammonium uranyl phosphate.
Analytical chemistry
Development and validation of
analytical methodologies for the R&D
programmes of BARC and other constituent units of DAE was continued and
this constituted a very major part of the
analytical chemistry effort. The important
analytical chemistry work done during
this year includes determination of gases
in samples of stainless steel from
DHRUVA and TAPS, zircaloy from NFC,
iron and vanadium alloys and superconducting niobium-titanium alloys. A
number of special analytical services
were provided to several institutions
outside DAE. These include analysis of
amzirol (a high conducting high endurance alloy developed in BARC for use
in HAL, Hyderabad), copper contact
wire from Ministry of Railways, gold in
sea sediments for Customs, lead in blood
samples from workers of spray paint
shop of Air India, iron, chromium, nickel,
aluminium and titanium in engine oils of
Air Bus and cadmium in cartridge brass
samples from Ordinance Factory,
Ambernath. Analytical service was also
rendered for MIC residue analysis after
the Bhopal gas leakage.

Existing facilities for instrumental
analysis were augmented by installation
of a special spectrometer provided with
a dynamic background corrector to be
used for a quality assurance programme
of analysis jointly with five national
laboratories under a collaborative pro-

Heavy Water upgrading plant at Kalpakkam.

gramme of the Department of Environment. An intercom parison work was
completed and the results were communicated
to
the
concerned
laboratories. A workshop on Quality
Assurance of Analytical Data was also
organised in BARC as part of an integrated programme of the Department
of Environment on heavy metals.

Materials

its performance was excellent. Another
Heavy Water Upgrading Plant was commissioned at RAPS, Kota. The Upgrading
Plant at BARC functioned very satisfactorily an the heavy water which was
degraded in the CIRUS and DHRUVA
reactors was purified to reactor grade
using this plant. Work on setting up of
the Final Enrichment Plant for the Heavy
Water Plants at Manuguru and Thai and
on the Upgrading Plant at Narora made
satisfactory progress.

Heavy Water: A Heavy Water
Upgrading Plant based on vacuum
distillation process was successfully
commissioned at MAPS, Kalpakkam and

Since hydrogen sulphide is an important feed material in the production of
hevy water, work on setting up of a pilot
plant for the production of high purity

Materials and material sciences
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hydrogen sulphide through direct reaction of hydrogen with sulphur was set
up. Based on the data collected through
the successful operation of this plant, a
commercial size plant is being disigned.
Encouraging results were obtained from
basic research carried out in the identification of a suitable catalyst for waterhydrogen exchange studies which may
also prove useful in removing tritium
from heavy water. As a part of the
preparation of heavy water standards
for use in mass spectrometric analysis,
"near 0 ppm", heavy water was produced by double distillation technique. The
national survey for studying the variation
in deuterium concentration in natural
water sources was continued.
Rare earths and other materials
The solvent extraction process for
individual Rare Earth separation was further developed to produce samarium
oxide of 99 percent purity starting with
concentrate of 60-70 percent purity.
Similar R&D work aimed at production of
gadolinium and yttrium of high purity
has been taken up. In collaboration with
Hindustan Zinc Ltd., a process for the
production of high quality copper
sulphate as a by-product from their zinc
plant residue was developed and a semi
pilot plant has been set up for testing
the process. If the process is successful,
there is scope for an annual production
of 500 tonnes of copper sulphate which
has a ready demand from Hindustan
Zinc Ltd. A process for recovery of
cobalt from zinc residues was also
developed and is awaiting tests at the
plant by Hindustan Zinc Ltd. If it succeeds it will be the first indigenous production of cobalt. Hafnium, a nuclear
poison which has to be removed from
zirconium, has accumulated as a crude
concentrate at NFC, Hyderabad. A process of extracting and purifying hafnium
from this concentrate was developed
and will be implemented at NFC,
Hyderabad.
Work on the development of processes for the recovery of lithium from
lepidolite ore, separation of thorium
from uranium solution and purification

of helium was continued. A high
pressure unit based on condensation
and cryogenic adsorption of nitrogen for
separation from helium is being set up.
Studies on separation of stable isotopes
by various methods were continued.
Nitric acid containing 40 per cent
nitrogen-15 was produced and was used in the preparation of N-15 compounds like urea, ammonium sulphate,
diammonium phosphate, ammonium
nitro-phosphate, which were supplied
to various institutions for agricultural
research. Assistance was rendered to
M/s. Rashtriya Chemicals & Fertilizers at
Trombay in setting up a plant for large
scale production of N-15 enriched nitric
acid based on the process developed
in BARC. Production of scintillation
chemicals PPO and POPOP was continued t o meet the increasing
requirements of the nuclear power
plants and various research organizations. Development work on the production of plastic scintillator materials was
continued. In pursuance of the further
development work on fluorine production technology, a 500 A fluorine cell
with improved design parameters was
commissioned. The performance of this
cell was found to be satisfactory. The
fluorine produced in the cells is being
utilised for the preparation of sulphur
hexafluoride and certain metal fluorides.
Fabrication of a 1500 A fluorine cell is in
progress.

Material sciences
Considerable advances were made in
the programmes on boron carbide product development, molybdenum
metallurgy, mineral processing, and alloy
development. A process for producing
BORAL (a composite of boron carbide
and aluminium matrix) has been standardised. These materials were supplied to
various users both within and outside
DAE.
Facilities
for
recovering
molybdenum from its primary source,
molysulphide, and from its secondary
sources such as molybdenum scrap and
lamp industry effluents were established. The alloy development programme
principally oriented towards aluminiumzirconium and rare earth-silicon alloys
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was successfully scaled up. These
alloys were supplied to defence
organisations and steel plants. In the
field of minerals, studies were made on
ilmenite and sillimanite which are products of OSCOM. Laboratory processes
to upgrade the ilmenite to synthetic
rutile and to convert sillimanite into a
granulated product for refractory brick
manufacture are being developed.
Substantial progress was made in the
important areas of electrometallurgy and
application of lasers in metallurgical
research. Among the various electrometallurgical processes developed,
extraction of lanthanum and cerium,
electroless nickel plating of metallic and
ceramic materials, electroplating of thin
layers of aluminium from organic baths
any electroplating of zircaloy billets
deserve special mention. Electroless
nickel plated alumina blocks made in
BARC and installed in the recently commissioned MHD channel at BHEL at
Trichy are performing well. Copper
plated zircaloy billets are under evaluation with a view to replacing the
elaborate procedure of mechanical cladding followed in the large scale fabrication of zircaloy. A 100 W continuous
wave CO2 laser facility was successfully
operated and the possibility of its
application in drilling, cutting threads,
scribing on sintered alumina bodies, etc.
is being explored.
The material evaluation programme
has been mainly devoted to the study
of corrosion of nuclear construction
materials. Some of the important studies
in this programme are assessment of fuelclad and coolant-clad interactions, stress
corrosion cracking bahaviour of steam
generator tube materials and special
steels chosen for use as in-core material
in the BWR at Tarapur. In the course of
studies on hydrogen embrittlement of
zirconium-niobium alloy coolant tubes,
a new technique was developed for
charging hydrogen into the alloy. Compatibility studies were also carried out
on copper, nickel based alloys and
titanium alloys for their use in saline
water environment encountered in
power reactors and desalination plants.

Investigations pertaining to the
behaviour of alloys in different thermal,
chemical and radiation environments
were carried out with special reference
to structural materials used in nuclear
power plants and heavy water plants.
These included studies on changes in
microstructures and mechanical properties of nickel based alloys in high
temperature service, steels in hydrogen
environments, and zircaloy and nuclear
steels under cyclic loading.
Zirconium-niobiuiTi alloy, the pressure
tube material for the latest generation
pressurized heavy water reactors, was
systematically studied in collaboration
with Nuclear Fuel Complex with a view
to optimizing the fabrication parameters.
An in-pile creep facility was fabricated
for installation in DHRUVA with a view
to generating data on Zr-Nb and other
alloys which will be useful in the construction of future PHWRs. Different
methods of solid state bonding of zircaloy with zircaloy as well as with
stainless steel were attempted and the
mechanism of bonding was studied.
Rapid solidification was employed in
preparing a variety of metallic glasses,
microcrystalline nickel based superalloys
and quasicrystalline materials.
Shape memory alloys like nickeltitanium and copper-zinc-aluminium
were developed and a working model
to demonstrate the principle of a solid
state heat engine was constructed.
Work on the development of niobiumtitanium superconductor wires was continued. 50 kg of 45-filament wire of 0.5
mm diameter was fabricated.

to the setting up of 425 m3/day Multistage Flash Desalination plant has been
completed. Erection of equipment and
piping is in progress. The plant is expected to be commissioned by June,
1986. Erection work on the 30 m3/day
ship-borne desalination plant has been
completed and trial runs will be started
shortly. Process design of the 250
m 3 / d a y VTE-MSF (Vertical Tube
Evaporation-Multi Stage Flash) process
desalination plant has been completed
and mechanical design is in progress.
R&D work related to the development of
materials suitable for sea water services
and for advanced heat transfer tubes
was carried out.
Two reverse osmosis desalination
plants of 10 rr)3/day capacity (based on
8 hr/day operation) were set up in Gujarat and Andhra Pradesh. These plants
supply drinking water to the villagers
from the only available source of
brackish water. Performance data obtained from the reverse osmosis
demonstration unit at the Ennore Thermal Power Station in Tamil Nadu indicated that combined reverse osmosis
and ion-exchange process is suitable for
economical production of boiler grade
water for thermal power stations. Small
reverse osmosis units of 30 lit/hour
capacity, suitable for use as portable
fresh drinking water supply units in canteens, hospitals, etc. were assembled
and demonstrated at various exhibitions.

R&D won< for development of new
memoranes for reverse osmosis process
was continued.
Hydrogen production
All the civil and air handling work for
the 70 kg/day Electrolytic Hydrogen
Plant was completed. Work is in progress on the installation of electrical, process and mechanical equipment.
Technology for electrolytic production
of 3 kg/day hydrogen was transferred
to M/s. Gujarat Machinery Ltd. on a nonexclusive basis.
Tin pilot plant: Based on the process
technology developed in BARC, a pilot
Tin Extraction Plant was set up at Raipur,
Madhya Pradesh, in collaboration with
the M.P. State Mining Corporation. The
plant was formally inaugurated by the
Chief Minister of Madhya Pradesh on
14 June, 1985. Plans are on hand to extend the necessary technical help to
M.P. State Mining Corporation for setting
up large scale plants.
Others: The significant achievements
in the development of new processes
and products were 50 g scale preparation of gallium phosphide — a high
technology electronics raw materials;
demonstration of high temperature
catalytic activity of a new hydrophobic
catalyst for dueterium exchange in liquid
water and scaled up preparation of
coumarin laser dyes.

Shri Motilal Vohra, Chief Minister, Madhya pradesh, while
inaugurating tin pilot plant at Raipur.

In view of their promise as a potential
new class of ferro-electric materials,
several vanadium oxyfluorides were investigated to locate the phase transitions
as well as to obtain the enthalpies and
also to define their thermal stability
range. A notable accomplishment is the
setting up of a computerised
crystallographic data base system.
Process technology
Desalination: Fabrication work related
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Beryllium technology: Vacuum hot
pressed beryllium blocks were produced in kilogram quantities from India beryl
ore after streamlining
process
parameters, and components of intricate
shape were machined for use by Department of Space. Large quantities of copper beryllium alloy ingots were also
made for further fabrication into the requisite shapes for use in electronics
industry.
Life sciences
Molecular biology
A DNA repair gene isolated from a
species of bacteria (Haemophilus
influenzae) was cloned. This DNA clone
when added to repair deficient cells of
the same bacteria made them as resistant to the action of ultraviolet light as
the normal cells.
A small plasmid with the molecular
weight as small as 6x10.6 was isolated
for the first time from the bacteria,
Rhizobium meliloti. This plasmid could
be detected physically but its presence
could not be monitored genetically.
DNA of this plasmid has now been
cloned in E. coli with another plasmid
which contains genetic markers and can
now thus be tracked genetically.
Streptomycetes are economically
important microorgansims for production of several antibiotics. A temperate
phage (virus) isolated from Streptomyces
can infect several species of this genus
and can bring about heritable changes
in the host following integration of
phage DNA.
In the absence of sodium, nitrogen fixation does not occur in cyanobacteria.
Presence of sodium ensures adequate
levels of nucleoside phosphates which
seem essential for
processing
nitrogenase to convert nitrogen to
ammonia. Field experiments demonstrated drastic fluctuations in the type
and number of cyanobacteria present
during the monsoon rice crop season.
Two strains of cyanobacteria were
found to be efficient in nitrogen fixation
under monsoon climate.
Transposon 9 (Tn9), which is one of
the mobile elements in bacterium E. coli

and carries a gene for resistance to
antibiotic chloramphenicol, can increase
or decrease the number of its copies
depending on the genetic background
of the host cells. Six new genes were
implicated in the amplification and one
in deamplification of Tn 9.
Favourable effect on grain yield in
barley by foliar sprays of growth
regulators at flag leaf senescence
initiation stage was found to be due to
higher contribution from 5th onward
secondary tillers.. A concentrationdependent antagonistic interaction of
morphactin with gibberllin was noted in
barley.
A new method for efficient fusion of
yeast protoplasts using electrical fields
was devised. In many respects this is
superior
to
the
conventional
polyethyleneglycol method.

magnitude of the dose and time of point
of irradiation with respect to time of sen
sitisation. The cell transfer studies
indicate that radiation causes lymphopenia as a result of which very few
number of effector cells are developed.
The effector function of these cells,
however, is found to be impaired by
radiation.
Cytogenetic monitoring of newborn
infants has been undertaken to study the
incidence of constitutional chromosona!
anomalies and its time trend progression.
Two hundred and sixty cord blood
samples from 140 male and 120 female
infants have been screened so far.

The effect of a common anti-cancer
drug, melphalan, on a solid malignant
tumour in mice was found to be considerably enhanced when it was given
in combination with trimeprazine, which
is a potent sensitiser for tumour cure by
radiation and hyperthermia.

The frequency of chromosomal aberrations in peripheral blood lymphocytes
has been shown to be a reliable
parameter to estimate equivalent whole
body exposure dose in accidental
exposures or suspected over-exposures
to radiation. Such studies were carried
out in 44 cases belonging to industrial
and medical applications of radiation
and to nuclear industry. The studies indicate low incidence of exposure of a'l
the persons.

Radiobiology

Biochemistry

The technique of flow cytometry was
employed for the evaluation of testicular
biopsies in male infertility studies. The
studies indicate that flow cytometric
analysis provides more rapid quantitative analysis of the specimen as compared to conventional cytological
examinations. Further, the technique also
facilitated detection of karyotypical
abnormalities in spermatozoa in some of
the specimens.

An international collaborative study
was undertaken to evaluate the germinal
mutagenic activity of two unknown
carcinogens.

Studies on alloantigen expression in
syngenic tumours gave some new
results. Cell culture facility was established for maintemance and cryopreservation of some important cell lines.
Antilymphocytic sera (ALS) with selective immunosuppresive action elicit interest because of their potential clinical
application. A new ALS that can prolong
allograft survival in mice was prepared. Gamma radiation was shown to
induce suppression of delayed
hypersensitivity. The degree of suppression was found to depend on the
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Serum samples collected from 35 MICaffected persons were analysed for any
possible alterations in their protein pattern. About 17 protein bands were
obtained and general pattern was comparable to that of the healthy samples.
However, in some MIC-samples, a
distinct extra protein band was obtained
in the globulin region.
Efforts were made to analyse structures of DNA segments having crucial
regulatory functions. Low doses of
ultraviolet radiation were found to inflict
injury preferentially on segments of yeast
mitochondrial DNA involved in initiation
of mitochondrial DNA replication and
transcription. Structure-function relationships of a number of proteins and enzymes having important roles in cell
metabolism and regulation are being

Tissue culture of oil palm plants.

elucidated. Studies on carbohydrate
metabolism in halobacteria revealed that
normal pathway of glucose breakdown
is replaced by a modified pathway. A
number of model systems were studied
to understand chemo-biological interactions and their roles in drug action and
toxicity. Among the studies carried out
are action of the beta-blocker drug propranalol in regulating cardiac functions,
action of the antidepressant drug
imipramine on brain proteins and pertubations in biomembrane structures
brought about by the leprosy drug, dapsone. Investigations on the or ••
metabolising enzymes and their induction by normal metabolities were continued. It was demonstrated that normal
metabolities such as nicotinamide,
methionine, and reduced glutathione,
could effectively enhance activities of
the drug metabolising enzymes in lives
of normal and tumour-bearing animals.
This phenomenon could have relevance
to cancer-chemotherapy.
Simple test systems based on covalent
interactions with DNA were developed
with a view to identifying substances
that may have potential to antagonise
carcinogenic propensities of certain
chemicals. Promising results wer obtained with some natural and synthetic components, viz., vitamin-A, vitamin-B2, and
their
physiological
derivatives,
flavonoids, copper, and synthetic antioxidants. Studies are being carried out to
develop newer diagnostic methods based on biochemical principles for certain
disorders like cancer and cardiac
malfunctions. Oxalate oxidase was
purified from plant sources including
banana peel with the aim of using it in

enzyme therapy for kidney stones.
Studies on metabolism and elimination
of radionuclides, viz., radium, thorium
and strontium in animals are being
continued.
Bio-organic chemistry and
biotechnology
Research pertaining to the propagation of economic as well as crop plants
through tissue and cell cultures as well
as isolation of bioactive compounds
from plant sources were continued.
Embryogenic tissue cultures of sand a l w o o d were maintained and
periodically plantlets were derived from
them. As a part of technology transfer
48 test tube raised plants of sandalwood
were supplied to Sandal Research
Centre, Bangalore and 85 invitro derived
plants of mulberry were given for field
trials to the Central Sericultural Research
and Training Institute, Mysore. Investigations on the multiplication of oil palm
through tissue cultures were intensified.
Methods for mass cultivation of plant
cells in bioreactors were standardised.
Cell suspensions of certain plants were
successfully grown in seven litre
capacity air-lift bioreactors. A twostaged cultivation of some of the plant
cells in bio-reactors resulted in
significantly higher production of
ajmalicine and serpentine, which are
used to treat human circulatory
disorders.
Acute toxicity evaluation of Tylophora
alkaloid extract was completed and the
drug was found to be safe. This alkaloid
extract was found to be antimutagenic
in experimental models. Certain
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chemicals useful in the treatment of
diseases such as liver cirrhosis and jaundice were extracted from some of the
commonly occurring plants.
Work on scaling up the process for
continuous hydrolysis of sucrose to produce syrups containing fructose and
glucose using immobilized yeast cells
was started. Ureolytic organisms which
tolerate high concentration of urea and
ammonia were isolated. A yeast variety
rich in D-amino acid oxidase and catalase
was immobilized in polyacrylamide
beads using gamma rays.
Totapuri mango pulp was found to
contain limiting amounts of pyruvate and
pyruvate decarboxylase to generate
aroma. The incorporation of exogenous
sodium pyruvate and yeast pyruvate
decarboxylase developed aroma intensity in Totapuri pulp.

Nuclear agriculture
Experiments carried out during the
year generated new materials and information useful for genetic improvement
of crop plants, enhancing the efficiency
of fertilizers and micronutrients, and
understanding the environmental impact
of agro-chemicals and organic manures.
The Ministry of Agriculture, Government of India, released varieties of
pigeon pea, black gram and groundnut
developed in BARC for commercial
cultivation. Kerala State Seed Committee
released two groundnut varieties for
cultivation. In the widely grown bread
wheat variety, Kalyansona, two alien
genes for stem rust resistance from rye

were incorporated. These lines have
shown a high degree of resistance to all
the races of stem rust prevalent in India.
New low cost nitrophosphate fertilizers
(ENPEX) developed by Projects and
Development India Ltd., Sindhri, were
evaluated. In general, ENPEX fertilizers
were found to be equal or superior to
the currently used phosphatic fertilizers
diammonium orthophosphate (DAP) and
ammonium nitrate phosphates (ANP) in
two soil types. Iron is an important
rnicronutnent required by many plants,
and non-availability of iron causes
chlorosis and reduces yield. A chemical
was identified which when supplied to
chlorotic sorghum makes iron available
to the plants which turn green within 24
hours of application.
Application of pesticide lindane to
crop plants resulted in the formation of
unextractable residues in soil. Investigations carried out suggest that bound
residues of lindane may not be of any
toxicological singnificance. Higher
cadmium levels were found in plants
grown in soils manured with sewage
sludge and city compost containing
cadmium which is needed in applying
sludge and compost containing even
low levels of cadmium to farm lands.
Pest control
It was found that contrary to Hopkins
hypothesis, spotted bollworm females
do not show any preference for oviposition to the host plant on which its larvae
were reared. By selective screening and
breeding through !*2 generations a
population of the khapra beetle with
considerably reduced male response to
the female sex pheromone was
obtained. The pheromone secreted by
the females of the selected population
was found qualitatively different from
that of the parent population. Treatment
of potatoes with a microbial insecticide
dust gave protection from the tuber
moth damage for more than three
months. A microsporidian isolated from
the American Cotton Bollworm was also
found pathogenic to the tobacco leaf
eating caterpillar.

Stem rust resistant (left) and susceptible (right) plants of wheat variety Kalyansona.

Several plant extracts and synthesised
compounds were tested for their insecticidal, hormonal and anti-feedant action
in'insects. A few of these compounds
were identified for detailed work. Sex
pheromones of potato tuber worm
moth, black cut worm, and Crematogaster ants were synthesised.
Food technology
Research on the application of radiation to the preservation of a variety of
food materials was continued. A delay
in the time of •• irradiation following
harvest was found to result in a transient
stimulation of sprouting in "Rabi" onions
during storage. Preliminary results
indicated that holding irradiated onions
at temperatures above 30°C for 20 to 30
days prior to transferring to lower
temperatures significantly reduced the
transient stimulation of sprouting.
Biochemical basis for the apparent
susceptibility of gamma-irradiated
potatoes to soft rot was investigated
with reference to phenyl propanoid
metabolism. Experiments have shown
that irradiated potatoes treated with a
species of bacteria (Bacillus thuringiensis)
could cause reduction in spoilage by
soft rot organisms. The mechanism of
protein degradation and the resultant
spoilage processes was studied in fish
skeletal muscle and other tissues. A
3.12

method to differentiate a fresh fish frorr
the stored one is being developeo.
Detoxification of lipopolysacharides
from common pathogens in flesh foods
was accomplished by irradiation at 3.0
Mrad. Exposure to gamma radiation
effectively sterilised some of the common Indian spices without any
deleterious effects on the quality. The
method is effective in eliminating
microbes in prepacked ground spices
obtained from local markets which are
found to be highly contaminated'with
bacteria and fungi. The volatile oils from
the leaves, stalks and mature green berries of pepper were isolated and analysed. Methods to control aflatoxin producing fungi in groundnuts and maize were
developed. Alphonso mangoes ripened
at a temperature above 30°C developed
b r o w n discoloration of the skin.
However, ripening at 20°C was found
to avoid such discoloration in ripe fruits.
These fruits could then be stored for
about 2 weeks at 10°C. Green Alphonso
mangoes stored for 30 days at 10°C and
subsequently ripened at 30° to 35°C
could be held for a further period of 2
weeks at 10°C without any damage.
Radiation medicine
Animal models for cirrhosis of the liver
and parasitic diseases were standardised. Animal models for brain tumours

were developed and the usefulness of
various radiopharmaceuticals as imaging
agents is being evaluated.

Radioisotopes and irradiation services from BARC (1985)
{Figures in Rupees lakhs)

New methods are being developed
for the evaluation of certain thyroid hormones (free T3 and free T4) which will
be useful in day-to-day clinical assessment of thyroid diseases as well as in
experimentally induced disorders of
thyroid. Monoclonal antibodies to serum
thyroglobulin were developed.
The radioimmunoassay developed for
detection of TB antigen has proved to
be very useful in the diagnosis of nonpulmonary tuberculosis and also in studying the response to treatment.
Radioimmunoassay for some of the common brain antigens like Myelin Basic protein and cilial fibrillary acidic protein are
being standardised to study the effect
of brain involvement due to infections,
tumours and toxins resulting in brain
damage. Methods are being developed
to study diseases such as leprosy and
malaria.

Total sale value of radioisotopes services offered during 1985: Rs 231 lakhs

2.50r

Sale value of radioiostopes and related products
(1980-85)

231
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Radioisotope production
During the year 1600 samples of
various target materials were irradiated
in the CIRUS and APSARAreactors.These
included a set of 12 antimony pins
irradiated in CIRUS for producing
150 curies of antimony-124 for use in
start-up neutron sources for FBTR reactor at Kalpakkam. Trial irradiation of
molybdenum was carried out in the
DHRUVA reactor for the production of
molybdenum-99. A total of 50,000 consignments of radioisotopes and related
equipment valued at Rs 2.3 crores were
supplied to the users in the country and
abroad. Major supplies included 9
cobalt teletherapy sources supplied to
various cancer hospitals, 4 gamma
chamber units supplied for radiation
research and 135 kilocuries of cobalt-60
sources installed at Isomed Plant at
Trombay.
Radlochemlcals
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rid oisotopes totalling 950 curies of
activity were processed during the year.
About
1000
consignments
of
phosphorus-32 labelled superphosphate
were supplied for use in agricultural
research. A total of 1000 tritium filled
self-luminous sources were supplied to
various defence establishments and 66
consignments of promethium-147
activated self-luminous compound were
supplied to various units of Indian Air
Force.
Radiopharmaceuticals
During the period 29,000 consignments of radiopharmaceuticals were
supplied to over 100 user institutions in
the country for use in nuclear medicine.
It is estimated that about 500,000
patients would have benefited from the
diagnostic and therapeutical applications of these products. Some of the
more important applications include cardiology, early detection of endocrine
disorders including hypothyroidism in
new born babies and diagnosis of
disorders of kidney, liver, lungs and
brain. A new generator system for the
production of technitium-99 m, from its
parent molybdenum-99, at the hospital
site, has been developed. Considerable
progress was made in the development
of new radiopharmaceutical products
such as DMSA, BCA-glucose, BCA-fatty
Pipe leak detection usins radioisotope
technique

acids for early detection of cancer,
disorders of brin and heart function
studies. Radioimmunoassay procedures
have been developed for the mass
screening of new bom children for
neonatal hypothyroidism.
Development of RIA procedures for
testesterone, aldosterone for use in early diagnosis of puberty disorders and
hypertension has been undertaken. A
hybridoma laboratory is being set up for
large scale production of highly specific
monoclonal antibodies required for
improved RIA and immuno-scanning
procedures. Extension services were
provided to several hospitals and
medical institutions from the regional
centres for distribution of radiopharmaceuticals set up a Bangalore, Delhi
and Dibrugarh.
Tritium, carbon-14 and
phosphorus-32
Labelled compounds of tritium,
carbon-14 and phosphorus-32 were
supplied to a large number of institutions
in the country for use in research in biosciences e.g. genetic engineering,
biochemistry, drug research, enzyme
biochemistry, etc. The R&D work for the
indigenous production of P-32 labelled
nucleotides required for use in
biotechnology programme in the coun-

try was continued. The construction of
the new C-14 and H-3 labelled compounds laboratory at Vashi, New Bombay is progressing as scheduled and is
expected to be commissioned by
mid 1987. The design of the laboratory
for the production of P-32 labelled compounds has been completed and the
construction work is expected to commence shortly.
Radiation sources
A total of 2300 consignments of radiation sources of all types with an activity
of approx 200,000 curies were supplied
to various users. These include 11,600
curies of iridium-192 sources supplied
for use in industrial radiography, 142,000
curies of cobalt-60 for use in industrial
and research irradiators, 40,000 curies of
cobalt-60 for use in cancer therapy.
Thirtysix numbers of tritium tagets were
supplied during the year.
Radioisotope applications
Tracer Applications in Industry &
Hydrology.
Radiotracer investigations were carried
out off the coast of Karwar to study the
dispersal of effluents discharged by a
caustic soda manufacturing unit, into the
sea. The dilution of the effluent in different directions at known distances

Groundwater velocity measurement in Manjur Acquifer.
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from the discharge point was evaluated
from the studies in order to confirm that
the desired degree of dilution takes
place in actual practice. Radiotracer
investigations carried out at an alumina
plant confirmed that the mean residence
time in different digestors of the alumina
plant corresponded to the design value
and that the residence time distribution
corresponded to plug flow condition. A
minute leak in the buried pipeline laid
between the oil refineries at Trombay
and Poona for the transport of
petroleum, was detected using
radiotracer technique. The leak was
detected within a very short-time and at
a low cost, thus enabling Hindustan
Petroleum Corporation to rectify the
pipeline in time for commissioning the
same. Radioisotope studies were also
carried out on this pipeline for locating
blockages in the pipeline prior to its
commissioning. A simple radioisotope
based device has been developed for
ONGC for providing an early warning of
the arrival of a tool used in some of the
production operations at the surface of
oil well from inside the deep well. The
early warning helps in preventing
damage to it in the event it strikes against
the derrick due to overshooting during
the speed of retrieval operations.

authorities in assessing the suitability of
the site currently being used for dumping the silt dredged from the Calcutta
port.
Radiation technology
The design and development of
medium scale cobalt-60 gamma irradiation plant for research/commercial
applications was continued. A large
cobalt-60 irradiation facility is being
installed at the Sri Ram Institute for
Industrial Research, New Delhi, for work
relating to radiation polymerization for

Isotope studies carried out for the
Irrigation Department of the Tamilnadu
Government at the Minjur aquifer have
shown that the salinity observed in the
aquifer is largely due to the sea water
intrusion to the groundwaters. The rate
of inland movement of fresh water — salt
water interface has been measured using
the radiotracer method. The high salinity
observed in certain pockets in the area
is attributed to the leaching of salts in the
nearby salt pans. Environmental stable
isotope studies carried out in the
Cauvery delta near Tanjavur in Tamilnadu
showed that the shallow and deep
ground waters in this area derive water
from different sources. Radiotracer
investigations carried out in the Hooghly
estuary have provided useful information on the direction and rate of movement of silt on the river bed. These
results will be helpful to the port
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research and pilot scale application. A
project has been undertaken for the setting up of medium sized (300 kilocuries
cobalt-60) gamma irradiation plant for
sterilization of medical products at the
Kidwai Memorial Institute of Oncology,
Bangalore, in co-operation with the
Government of Karnataka. The civil
works of the Sewage Hygeinisation
Research Irradiator (SHRI) to be set up
at Baroda for the treatment of domestic
sewage is at an advanced stage of completion. The other works of the project
are progressing satisfactorily and it is

expected that the plant will be commissioned by early 1987.
Radiation sterilization of medical
products
The Isomed Plant at Trombay continued to offer samma radiation services
for sterilization of medical products to
over 100 user industries. A total of 5,114
cu metres (180,646 cu ft) of medical products were sterilized at the plant thus
registering an 18.6 per cent increase
over the volume of products sterilized
in the plant during the previous year.
Research and development work on the
feasibility of radiation sterilization of
pharmaceutical substances was continued. The physiochemical investigations carried out on gamma irradiated
samples of nitrofurazon, sodium carboxymethyl cellulose and psyllium husk,
showed the feasibility of sterilizing these
products by radiation.
Industrial radiography/nucleonic
gausing
Twelve training courses in the field of
industrial isotope radiography were conducted during the year which were
attended by 475 industrial personnel,
qualifying them to carry out either industrial radiographic inspection or to act
as site-in-charge of industrial radiography
installations. The scientists of Isotope
Group actively participated in the
activities of the UNDP (RCA) Project in
Nondestructive Testing, for bringing
about uniformity in the national training
and certification programmes in the
countries of south east Asia. Specialised
inspection services were provided to
Koyna Hydro Power Station for following up of Jnherent defects in the buckets
of the peltron wheel. A breadboard
model of a pipe gauge for detecting
blockages in pipes of dimensions varying from 25 mm to 70 mm using a single
probe has been developed.
Reactors
DHRUVA reactor
One of the major highlights of the year
was the successful commissioning of the

fifth research reactor DHRUVA. The reactor attained criticality on 8 August, 1985.
It is a 100 MW heavy water moderated
and cooled thermal neutron reactor
completely designed and built in India.
The design of the reactor incorporates
many new features which were the
result of considerable research and
development work carried out at
Trombay. A number of Indian industrial
firms and BARC between them
shouldered the responsibility of
fabricating all the major components of
the reactor such as the reactor vessel,
fuelling machines, heat exchangers and
coolant circulating pumps. The maximum
thermal neutron flux of 1.8x1014
neutrons per cm2 per second makes
DHRUVA one of the high flux research
reactors in the world. The first batch of
radioisotopes produced in DHRUVA for
use in nuclear medicine was supplied on
8 October, 1985. The reactor was
dedicated to the nation by Prime
Minister Rajiv Gandhi during his visit to
BARC on 11 November, 1985.
Reactor engineering
The major thrust of the work was in
providing engineering R&D support for
the 235 MWe and 500 MWe Pressurised
Heavy Water Reactor (PHWR) systems,
and in commissioning of DHRUVA.
A number of special engineering
facilities have been set up for acceptance testing of some of the important
pieces of equipment and components
of the power reactors under the
pressure and temperature conditions
prevailing in an operating power reactor. The coolant circulating pump in a
PHWR is one of the most critical pieces
of equipment and one of the last to be
indigenised. The indigenously manufactured coolant pumps to be used in the
second unit of the Narora Atomic Power
Station were successfully tested and
have been sent for installation at Narora.
Acceptance testing of the adjuster rod
drive mechanisms for both the units at
Narora was completed. One of the
novel features of the Narora Atomic
Power Station would be the use of liquid
poison shut off system as the secondary
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reactor shut down device. The development work needed to finalise the design
of this system was completed. The Fuelling Machine Test Facility used since 1974
to test all the nine fuelling machines for
RAPS-II, MAPS-I and MAPS-II was extensively used to find solutions to some of
the operational problems encountered
in the operating power stations. Calibration and testing of the first fuelling
machine head for NAPS was started
using the newly commissioned testing
facility called Integral Thermal Facility.
The compatibility of the 22 element fuel
bundle with the fuel handling system
was evaluated and it was found that the
current 19 rod bundles and the new 22
rod bundles cannot be handled by the
same fuelling machine.
Theoretical
and
experimental
investigations related to the loss of
coolant accident in a PHWR were carried
out.
Stress analysis of RAPS-I endshield was
carried out taking into consideration the
current state of cracking. Work on the
development of coolant channels made
of zirconium-niobium alloy for 235 MWe
ad 500 MWe PHWRs was carried out. In
light of the pressure tube cracking
observed in Canadian PHWRs due tc
displacement of garter springs, the
creep behaviour of coolant tubes under
conditions of displaced garter springs
was investigated, and, in parallel, work
was done on the development of
devices for in situ repositioning of garter
springs.
In order to reduce the heavy water
escape from RAPS, some modifications
were proposed in the design of the
calandria vault pressure relief system. A
detailed analysis was carried out to
study the impact of these modifications
on the calandria vault components. As
an alternative solution, a new design of
the blow out panel was also worked
out. Tests were carried out to ascertain
the acceptability of the new design.
As a part of the commissioning of
DHRUVA reactor a few modifications to
piping system and measurement of heat
generation in top plenum of calandria
were carried out.

Prime Minister
at
BARC
The 100 MWt research reactor OHRUVA was
dedicated to the nation by Prime Minister
Shri Rajiv Gandhi during his visit to BARC on
11 November 1985. The design of the reactor
incorporates many new features which are the
result of considerable R&D carried out at
Trombay. The reactor is one of the high flux
research reactors in the world.

1. Prime Minister Shri Rajiv Gandhi being
received by Dr. P.K. lyengar, Director, BARC.
Dr. Raja Ramanna, Chairman, AEC is also seen
in the picture
28.3. The Prime Minister in BARC laboratories
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Work related to the replacement of
feed water spargers at TAPS was completed and a state of readiness to
execute this job was maintained. The
condition of the nozzles was analysed
from the point of view of fracture
mechanics.

pleted and was successfully hydrotested. Instrumentation and electrical
works are in progress. For the 150 KW
inpile loop meant for irradiation testing
of single fuel pins, all the major components have been ordered. Inspection
of main loop pumps is in progress.

Considerable work is being done to
provide the design and development
support needed to finalise the design of
the 500 MWe PHWR. Seismic analysis of
the reactor building was completed.
Other components and sytems of the
500 MWe PHWR which were studied in
detail with a view to freezing the
preliminary design were calandria, end
shield, reactor vault, coolant header,
liquid poison shut d o w n system,
pressurizer and the fuel handling system.
Steady state sub channel analysis also
was carried out for the coolant channel
with 37 element fuel bundles proposed
to be used in 500 MWe PHWRs.

Instrumentation and power supply
work needed for the satisfactory running of all the engineering test facilities
was done. Process intrumentation of all
the systems for the DHRUVA reactor
were commissioned.

Development of fuel handling system
for the 500 MWe Prototype Fast Breeder
Reactor (PFBR) was taken up. Conceptual
design of some of the subsystems was
completed and work on testing the
design with models is in progress.
Thermal deformation behaviour of control rod drive mechanism of FBTR was
analysed in detail.
As a part of a research contract with
IAEA, the potential growth of installed
nuclear capacity with PHWRs working on
thorium fuel cycle was investigated. The
feasibility and merits of plutonium
recycling in RAPS in combination with
natural uranium, depleted uranium and
thorium were investigated.
One thorium oxide-plutonium oxide
fuel cluster is being irradiated in the
CIRUS pressurised water loop. Fabrication of the modified (7 x 7) fuel for TAPS
is at an advanced stage, and it will be
loaded in the reactor during the coming
refuelling shut-down.
All the major components of the 2 MW
inpile loop in Dhruva meant for the
development of 500 MWe reactor fuel,
were installed. Interconnecting piping
between various components was com-

Reactor analysis
An integrated dynamic model is being
developed for Narora Atomic Power
Plant. The model includes primary heat
transport system coupled with the
steam generator. The model will help to
find out the control strategies for the
steam generator feed water control. The
logic and analog models of RAPS-I
primary heat transport system and boiler
have been completed for incorporation
in the Nuclear Power Plant Simulator.
The first phase of the development of
a comprehensive computer code for the
analysis of loss of coolant accident
(LOCA) in Pressurised Heavy Water reactors was completed. Fuel management
service for TAPS regarding reload pattern, cycle length, shutdown margin,
control rod patterns and maximum reactivity at cold condition was provided.
Preliminary physics calculations for the
500 MWe PHWR design were carried
out.
Scaling laws were developed for peak
ground acceleration and response spectral values to arrive at site specific design
response spectrum for a seismic design
of nuclear power plant components.
Spectrum compatible ground motion
was generated for structural analysis.
Experimental reactor physics
Physics parameters of interest were
measured at DHRUVA reactor during
commissioning at various low power
levels to determine critical moderator
level and absolute fluxes for power
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calibration, and for the assessment of
heat generation rates. Monitoring system
for startup of NAPS reactor is being
made. Surveillance techniques by noise
analysis were examined to ascertain their
suitability for routine use with on-line
processing. Shielding measurements
with laminar model were made at APSARA. Damage cross sections were
determined for radiation damage assessment. Work has been undertaken for
developing suitable irradiation conditions for transmutation doping of silicon
for BHEL
Reactor control
All the safety, control and monitoring
systems of DHRUVA reactor were commissioned and made operational. The
automatic power control system of the
reactor to permit safe operation at any
desired power level was put into service. A modern data handling system
with CRT displays to present to the
operator reactor sub-system operational
status and alarm information on console
CRTs, was installed at DHRUVA. Nine
shut-off rod drive systems of DHRUVA
reactor were fabricated and commissioned. A sequential control system for
moving samples for irradiation in and out
of the reactor was also made
operational.
The 150 KW DC motor drives for
primary coolant pumps, and the 65 KW
DC motor drives for secondary coolant
pumps of FBTR were commissioned.
A microprocessor based channel
temperature monitoring system to
monitor the outlet temperatures of 306
coolant channels was installed at the
Madras Atomic- Power Station. The
system performs reactor protection
functions by computing safety
parameters
based on
channel
temperature data and provides alarm annunciation on CRT and on the printer.
This system provides the operator with
precise information for effective reactor
management.
The development and life testing of
mechanical shut-off
rod
drive
mechanism for NAPP reactor was com-

pleted. Production of shut-off rod
assemblies
is in prosress.
A
microprocessor based reactor resulatins
system prototype for NAP-P was
developed and was fully tested. The
system will be used to automatically
control the reactor power from a few
watts to 230 Megawatts level.
The fuelling machine control system
for the Integral Thermal Facility was commissioned and is now capable of
operating in semi-automatic mode using
a satellite microcomputer. Tests for completely automatic operation of two fuelling machines working in synchronism are
being carried out.
Reactor operations, services and
maintenance
The reactors APSARA and CIRUS were
operated safely and efficiently. Irradiation testing of thorium oxide-plutonium
oxide fuel assemblies for thorium utilization in power reactors, and continued
radioisotope production were the main
on-going activities. The newly installed
solid state control systems of APSARA
and CIRUS accumulated more than one
year of trouble-free operation.
Fuel cycle
Ore dressing
The major thrust of th studies carried
out centered on maximizing the
recovery of uranium from the tailings of
copper plants in Singhbhum, and on the
feasibility of employing benefication
techniques for exploiting low grade
uranium ores. An integrated gravity
benefication flow sheet to subtantially
improve the existing recovery of uranium
values from tailings of Mosabani, Surda
and Rakha copper plants in Singhbhum
was developed. The flow sheet employs
special fine particle separating units.
Laboratory scale continuous pilot plant
tests have given a recovery factor of
more than 45 per cent from the
Mosabani tailings, and over 65 per cent
from Rakha and Surda tailings. These
recoveries are respectively 100 per cent
and 50 per cent improvements over the
performance of existing procedures.

Encouraged by the result obtained large
scale tests are being carried out at
Mosabani plant site in association with
UCIL, to facilitate techno-economic decisions on the implementation of the
recommended flowsheet. Experiments
are being carried out on low grade ores
from Jaduguda, Narwapahar and Turamdih in Singhbhum. Preliminary results obtained are encouraging. Considerable
work has been carried out on the
recovery of another strategic material
tungsten by beneficiation. Tests carried
out on a low grade wolframits ore from
Degana in Rajasthan containing 0.013 per
cent tungsten oxide has shown that it is
possible to increase the concentration
to 10 per cent. Further upgradation to
marketable grades will be attempted by
chemical methods. The process will
facilitate extensive exploitation of low
grade tungsten deposit at Degana,
Rajasthan. At the request of Hindustan
Copper Limited, extensive studies have
been conducted on Malanjkhand Copper Ore with a view to improving the
existing copper recovery at the Malanjkhand Copper concentrator. Detailed
minerological and liberation studies have
indicated the presence of a number of
copper minerals, both in sulphide and
oxide forms, which have different floatation characteristics. Studies have shown
that copper recovery exceeding 95 per
cent is possible with some modifications
in the existing process. Fundamental
studies in different aspects of mineral
beneficiation were also carried out.

Uranium metal production
The project for the expansion of the
uranium metal plant has been completed with the commissioning of all the
sections of the plant and uranium metal
of nuclear purity was produced and
made available for fabrication of nuclear
fuel for CIRUS and DHRUVA reactors.
After carrying out development work on
the recovery of uranium from the leach
liquors obtained from slag processing,
the process has been applied on plant
scale.
Uranium fuel fabrication
The natural uranium fuel fabrication
facility fabricated and supplied to CIRUS
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reactor 167 metallic uranium fuel
elements (x-rods), about 3700 x-rod components and 3 cobalt slug J-rod
assemblies. For DHRUVA reactor 29
metallic uranium fuel clusters, 3 tray
rods, one pneumatic carrier rod and
aluminium shields were supplied. More
than 250 nitrided power reactor components, 1265 zirconium-niobiumcopper alloy garter springs and 14 intricate zircaloy guide tubes for mechanical
shut-off rods and one in-core flux mapping tube for NAPP were fabricated and
supplied. Subsequent to the satisfactory
performance of prototype control
blades in TAPS, fabrication of regular
control blades was undertaken and one
control blade has been supplied.
With a view to achieving higher burnup and simplifying fabrication steps in
metallic uranium fuel, work was carried
out to develop hollow uranium rods by
extrusion and rolling segmented uranium
rods, multimould castings of uranium
and x-rods of adjusted uranium. One
cluster made out of adjusted uranium
and another made out of multi-mould
casting of uranium were fabricated and
supplied to CIRUS for in-pile tests.
Development work: Low temperature
sintering of natural uranium oxide fuel
fabrication technology has been
developed and 100 kg of UO2 pellets
were produced. Experimental PHWR
bundles will be made for trial irradiation.
Preparations are in progress for fabrication of plate type fuel for the neutron
source reactor at Kalpakkam
Development work was also continued on full length welding of bearing
pads and spacers on zircaloy fuel
sheaths for PHWR fuel bundles, clad
ballooning experiments and on electropolishing of zircaloy tubes. To
minimize pellet-clad interactions and to
improve performance of BWR fuel,
development of zircaloy tubes with an
inner layer of zirconium was undertaken.
An engineering scale semi-continuous
facility was set up and successfully
operated for the preparation of 500 g
per day uranium oxide microspheres by
sol-gel process.

Sintered mixed carbide fuel pellets

Quality assurance: Quality surveillance
work on fuel bundles, zircaloy components and core assembly components
meant for PHWRs and BWRs, fuel pins
and fuel cluster assemblies for FBTR,
LPRMS for TAPS; SS sheets for HWP etc.
were carried out. Against specific requests from other DAE Units and ouside
agencies, material evaluation, specialised NDT, heat treatment, machining,
welding, rolling, extrusion and drawing
of various materials were undertaken.
Plutonium fuel fabrication
Mixed carbide fuel for FBTR: Required
quantity of the mixed carbide fuel pins
for FBTR was transported to the reactor
site at Kalpakkam. This fuel was manufactured using all indigenous materials and
has a unique composition developed for
the first time in the world. It is also the
first time in the world that a mixed carbide fuel manufacture programme of this
magnitude has been successfully
accomplished. Valuable technical data
were collected on the characteristics of
the fuel during the fabrication process.
The post-irradiation examination of the
experimental MOX fuel pin clusters, successfully irradiated in CIRUS reactor, was

started and useful data were gathered.
Computer predictions of the performance parameters were also made.
Several irradiated components
received from RAPS and TAPS were subjected to extensive metallurgical
investigations. Experimental DHRUVA
reactor fuel elements were examined to
assess the behaviour of the fuel elements
and for improved design inputs. Under
an IAEA research co-ordinated programme, impact testing of different
pressure vessel materials, after irradiation at CIRUS, was carried out to determine the changes in the nil ductility transition temperature and other properties.

materials and fabrication of process
vessels and components are making
satisfactory progress. A Management
Information System (MIS) has been
developed for monitoring the progress.
Work on the setting up of the Operations Test Facility (OTF) for process
simulation studies and equipment testing
has been completed.
Project proposal has been prepared
for setting up a larger engineering scale
facility for reprocessing irradiated
thorium from CIRUS and DHRUVA in
order to separate U-233.
Radioactive waste manasement

Fuel reprocessing
The Plutonium Plant at Trombay continued to reprocess fuel discharged from
the research reactor CIRUS. The Power
Reactor Fuel Reprocessing Plant at
Tarapur completed the third campaign
by reprocessing spent fuel bundles from
RAPP. This plant is now under an
extended maintenance outage before
processing of shorter cooled PHWR fuel
expected to be taken up soon. In the
Kalpakkam Reprocessing Plant construction of buildings, procurement of

MOX fuel pins
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Construction of the Solid Storage
Surveillance Facility (S3F) at Tarapur,
meant for interim storage of solidified
high level radioactive waste packages
produced in the Waste Immobilisation
Plant (WIP) at Tarapur, has been completed. Commissioning tests and installation of process equipment are nearing
completion. The facility is expected to
be in operation by the middle of 1986.
Hot Cells associated with S3F meant for
product evaluation and characterisation
are expected to be commissioned by
the end of 1987. Design of Waste
Immobilisation Plant already sanctioned
by the Atomic Energy Commission and
meant to handle the highly radioactive
waste generated in the expanded
Plutonium Plant at Trombay is at an
advanced stage. Civil engineering works
related to the Waste Management Plant
designed for treatment of radioactive
waste generated in the NAPP is nearing
completion. Erection of equipment and
piping is progressing on schedule and
the facility is expected to be commissioned six months prior to the operation

S3F facility at Tarapur.

of the power plant. Work on the design
of a plant to augment the facilities for
immobilisation of spent ion exchange
resins at Tarapur has been started.
Detailed cost estimates based on a
revised design of the Alpha Waste
Management Facility (AWMF) proposed
to be built at Kalpakkam is under
pieparation. A plant for regenerating the
alkali contained in the effluent from
Zirconium Oxide Plant of Nuclear Fuel
Complex at Hyderabad was installed
Operating experience from this plant will
provide data for designing a larger plant.
Facilities for management of radioactive wastes and chemical effluents at
Tarapur, Rajasthan, Trombay, NFC at
Hyderabad. IRE at A'waye, ECiL at
Hyderabad and at Kalpakkam functioned
satisfactorily. Information gathered from
the operation of these facilities is
expected to provide feed back for
designing future radioactive arid effluent
management facilities.

Various glass compositions with promising characteristics as a matrix for fixing high level radioactive waste were
identified as a part of continued R&D
work. Investigations dre being carried
out on the suitability of a number of
materials as chemical barriers in radioactive waste repositories. As a part of the
on-going field evaluation of deep
geological formations for radioactive
waste disposal, an array of bore holes
were drilled at a depth cf 1 km in an
abandoned mine chamber in order to
conduct thermo-mechanicai experiments. Electrical heaters, thermocouples
and other necessary instruments have
been installed for simulating radioactive
decay heat, and for observing the
associated thermo-mechanicai effect.
The effect of such heaters was simulated
using a computer and the experimer,
tal data will be used to verify the com
puter simulation. R&D work related tc
decontamination of nuciear facilities was
also continued.
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Health and safety

Health physics
Detailed radiation surveys were co;1
ducted during commissioning of DHRLJV-reactor and Lmac facility at BARC, ano
MAPS-II and FBTR al Kalpakxarr. "i;...
radiation exposures in various DAE
facilities were analysed and founa u- J<-'
withm tne permissible ''mirs. ADO...
3,000 radiation workers were monitor?;;
by whole-body counting and bioas:-; .
and in ail cases the internal expos .;-<:p'were founa to be wei-; beiow ire permissible limit. At RAPS and MAPS irv.c
nal exposure from tritium was beiov
tPdt of the previous years. Members o!'
ojb'ic from the critical group w e ? j ' ; c
monitored at power =;;a'.on su?> .vd • "
significan1 ZKposure attf.bi.;;.'^-; 'o
power station operation w&s d f ' . ' ' "d
Environmental surveniaoce at c-.'fritnt
DAE installations showed, as m previous
years, that there is no iign/fioi1";; con
tnbuhon of radioactivity due to opera-

Wholebody countins for internal exposure measurements.

tions carried out at the site. Measurements in the surrounding areas upto a
distance of 10 kms showed no increase
in background radiation due to nuclear
operations. The accident prevention
programme, which covers all industrial
type accidents, showed that the safety
standards in BARC were maintained at
a high level as in the past.
The programme of measurement of
external background radiation throughout the country was completed by
taking the measurements at 214 stations
spread over different parts of the
country. The natural background radiation was found to be the lowest in the
basaltic areas as in Maharashtra, and high
Multipollutant air monitor

in the granitic areas as in Andhra Pradesh
and Bihar. In the field of micrometeorology, study of heavy gas dispersion has
been undertaken in order to assess the
potential consequences of releases of
heavy gases like hydrogen sulphide,
chlorine, etc. A passive dosimetry
system was developed at the Health
Physics Unit at Jaduguda for assessment
of exposure to radon daughter
products.
Radiological protection
Implementation of radiation safety
programme in about 2500 institutions in
India using radiation sources for application in medicine, agriculture, industry
Programmable cryostat for T.L. Studies
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and research was continued. Personnel
monitoring service was provided to
31,500 radiation workers. A system to
electrochemically etch plastic detector
foils was developed for fast neutron personnel monitoring. Radiological protection surveys were conducted in 210
medical, research and industrial institutions. Eighty medical diagnostic, therapy
and nuclear medicine departments and
twenty industrial radiography installations were given authorisation and
approval. Development of special
measuring instruments for protection
monitoring, cancer therapy and
dosimetric research was continued.
Dosimeters were supplied to various institutions using radiation sources. A scanning densitometer for beam distribution
studies in radiotherapy and a
microprocessor based secondary standard dosimeter for measurement of
X-ray and cobalt-60 beam output were
developed. About 70 radiotherapy
institutions including a few froTi
Sri Lanka and Burma participated in an
intercompanson study for checking tne
output from their machines. Fifteen
nuclear medicine departments using
lodine-131 participated in a radioactivity
quality assurance programme. BARC
maintains primary dosimetry and
radioactivity standards and calibrated
several types of instruments referred to
it from various institutions in the country, it is currently associated with a
scheme initiated by the Department of
Science & Technology to evolve a

National Measurement System in order
to promote uniformity and improve
accuracy of measurements.
Contrywide environmental monitoring
for natural and fall-out radionuclides was
continued. Characteristics of radiolytic
aerosols were studied for evaluating
radionuclides inhalation dose to workers
in uranium mines. Two new programmes
on indoor radiation environment study
and monitoring of non-ionising radiations
were initiated during the year.
Samples, fly-ash, coal and slag around
a thermal power plant were assessed for
their natural radioactivity content. The
know-how for plutonium-in-air minitor
was developed. A microprocessor
based multipollutant air monitor station
was installed in Bombay for routine
monitoring. This system automatically
monitors and records important gaseous
products like oxides of nitrogen and
sulphur, ozone and carbon monoxide.
The know-how of several instruments
and systems developed was transferred
to ECIL and other establishments for
large scale production.
Monazite survey project
This project is concerned with the
evaluation of the detrimental effects of
the relatively high natural background
radiation on human populations residing
in the monazite bearing areas of Kerala.
The results obtained so far do not
indicate any adverse consequences. The
work is being continued.
Electronics and instrumentation
Electronics
A multi-bus compatible, Intel 8086
based computer with 512 K bytes
memory was developed and coupled to
Norsk Data computer ND-560 for
development of lntel-8086 based programs using cross assembler on ND. A
file transfer utility was developed for
8086 to download object code from ND
to 8086 computer and transfer back the
debugged object file. A 16-bit Micro
Computer System with 2 Floppy disk
drives and with CP/M 86 operating

laser assembly

system was developed for software
development. Control, Process and
Health instrumentation required for
"Dhruva" were commissioned. This is
the first time that Campbell based control channels are used in closed loop to
control the power of a reactor.
Instruments were designed to withstand environmental as well as seismic
tests. Notable feature
of these
instruments
is
the
use
of
microprocessors to reduce hardware
but to increase the processing power of
instruments.
A gamma ray level detector system
was installed at Uranium Metal Plant for
monitoring the progress of reduction of
uranium fluoride to uranium metal using
magnesium. A shut down area monitor
was successfully tested for seismic conditions and was approved by Nuclear
Power Board for production.
Development work on Fuel Rod
Scanning System, Gamma Camera, and
Ultrasonic Imaging Systems is nearing
completion. Camac and fast bus
instrumentation and multiprocessor
based Data Acquisition System are
under development.
Expertise developed in microprocessor based instrumentation techniques is being applied to the development of Impedance Cardio-graph, real
time ultrasonic image processing system
and other medical instruments.
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Instrumentation
Work related to the development and
production of vacuum devices, various
mass spectrometers, surface analytical
instruments, electronic instruments,
crystals, detectors and devices for the
nuclear programme was continued.
Besides, expertise in the field of vacuum
and cryogenics was made available to
the Indian Space and Defence
organizations.
An apparatus for monitoring hydrogen
concentration in sodium was successfully developed for FBTR, Kalpakkam. An
ultra high vacuum outgassing system
was set up for assessing the vacuum
capability of materials for use in
accelerators and in fusion research.
A large ultra high vacuum chamber of
450 litres volume at 1 x 1 0 ~ 9 Jorr, and
a large high vacuum system of 20 m3
volume at 10~ 2 Jorr were designed for
a gravitation experiment being conducted by TIFR. A thermovac chamber
3m diameter and 3.5m long was
designed for Space Application Centre,
Ahmedabad for testing optical payloads
(cameras, etc) of the Indian Remote
Sensing Satellite (IRS) and the Communication Satellite (INSAT II). A high
altitude chamber, 4m diameter and 10m
long, was designed for DRDL,
Hyderabad for testing defence
payloads.

Automatic microprocessor based sample inlet systems are beins installed with
mass spectrometers for continuous online, isotopic ratio measurements on
3aseous sampies of nuclear materials. A
quadrupole mass spectrometer was
developed for reactor cover gas
analysis. A microprocessor based signal
averager for biomedical applications and
a programmable stepper motor speed
controller and sequencer for crystal
puller were developed.
For infrared detectors special crystals
of lead germanate, tnglycine sulphate
and mercury cadmium tellunde, and for
laser application lithium niobate and
potassium dihydrogen phosphate
crystals were grown and characterized.
A special crystal puller for the growth
of the laser crystal YAG:Nd is being
installed. Production of optical windows
and semiconductor detectors was
continued.
Computer based instrumentation
Laboratory Automation: Work has
been undertaken for the development
of multichannel analyser logic which will
be of use in both single and
••iUitiparameter experiments. The entire
nardware logic for a 4K time analyser has
been completed. Using two low cost
nicrocomputers, a Data Acquisition
System for Laser Raman Spectrometry
nas oeen designed for automatic control
01 a Laser Raman spectrometer. A
Pinter-plotted peripheral has been
^legrated with a Mass Spectrometer.
;.,-,ng 3085 microorocessor a Digital
a
vcraqer with v'/F converter has been
an ..eloped. There is considerable
jpmand for this unit. A microprocessor
•;jbed data aquisition system tor
/vossbauer Spectrometer has been
ove<opea. A Polarised Neutron Spec•.' v-eter Control System was developed
ahd implemented on the spectrometer
l
h a f was supplied to the Korea
Advanced Energy Research Institute,
Korea (KAERI). The system is reported to
be functioning very satisfactorily.
Instrumentation for PHWRs: A Window
Annunciator Logger (WAL), which is very
useful for operational diagnostics, has
oeen installed in RAPS-II. It has been
functioning very satisfactorily for the

past several months. Similar units are
required for RAPS-I and MAPS. A system
has been designed and fabricated for
quality surveillance programme for the
purpose of non-destructive testing of
cylindrical tubes using eddy current
measurements. The material defects
along with the relative positions can be
pin-pointed with the help of this system.
Control engineering
The control system of the 2.3 metre
telescope of the Indian Institute of
Astrophysics a \avalur was commissioned. The control system is capable of
acquiring and tracking accurately any
selected star, planet or any other
astronomical object in the sky. Since
November 1985 this telescope has been
successfully used to track and
photograph Halley's Comet.
About one hundred canned motors of
3.75 KW capacity were fabricated and
despatched to Heavy Water Projects.
Two of these motors are installed in
Tuticorin Heavy Water Plant. These
motors have stainless steel canned
stators and rotors with special glass to
metal seals for power supply connections. These have been tested continuosiy for one and a half years in corrosive potassium amide and liquid ammonia at a high pressure of 650 bars.
A microprocessor based image
analysis system for quantitative
metallography was fabricated and commissioned at the Radiometallurgical
Laboratories at IGCAR. In this system a
solid state charge coupled device
camera views tne sample or micro-graph
and the information is digitized and
stored in memory. The analysis is carried
out for computation of geometrical
parameters and the formated results are
printed out
A five hundred counts per revolution
optical shaft encoder was developed for
sensing precision robot arm position
movements.
A microprocessor based control
system for the positioning and display
of rotary and linear motions of Electron
Beam Welding Machine, was designed
and fabricated. The system employs AC
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servomotors for the drive system and incremental encoders for accurate positioning. The controller provides
automatic welding sequence for the
pulse track welding of tubular parts.
Electrical and mechanical design of
automatic resistance welding machine
for welding end caps for special
materials was completed. Mechanical fixtures were fabricated and the testing of
electrical circuits is in progress.
The installation and commissioning of
a two phase chopper of 1500 KW rating
at 1500 volts for the motor coach of an
Electrical Multiple Unit was comple'ed
and field trials were carried out. The
regenerative braking system is found to
save energy to the tune of 20 percent
compared to that of conventional
rheostatic controlled coaches. These
successful prototype trials could lead to
the conversion of all motor coaches in
the suburban section of Western and
Central Railways resulting in the saving
of 100 million units of electrical energy
every year.
The installation of the giant 300 tonne
moving magnet at the pilot plant in
Trichy was completed. The magnet
power supply having a rating of
3000 Amps, 1.6 MVA was commissioned and the magnet was energized.
Castor oil filled, polyestor dielectric
film capacitors of 50 micro farad, 7 KV
rating were developed and tested. The
design of 100 micro-farad, 5 KV rating
capacitor has been completed. These
capacitors find applications in Lasei and
Fusion programmes oi DAE.
An electronic telecryptor which permits safe transmission of soeciai coded
messages through telex lines was
developed and commissioned. A two
key electronic combination lock was
developed, which can be opened by
operators after entering proper codes in
a predetermined sequence in a
specified time interval. An integrated
security alarm reporting system was
developed and commissioned around
Radiological Laboratories at Trombay in
October 1985. The system uses signals
from micro-wave and infra-red intrusion

detectors placed at strategic locations in
Radiological Laboratories.
An ingenious scheme for the allotment
of short and unique identifying code to
every person in the country was
prepared after reviewing the numbering
systems of many countries. The plan is
based on the concept of six digit
phonetic code numbers of radix 128
which can be written in any Indian
script.
Computer research
A video digitiser has been intrfaced
with the Norsk Data computers as an
image input device. Three major functions have been implemented using
M680Q0 microprocessor, such as transfer
of entire image from digitiser to ND,
transfer of entire image from ND to
digitiser, transfer of a part of an image
from ND to digitiser. Software has been
developed to create a picture bank and
link it with a personnel Data Base. Plot
10 IGL V24 supporting colour graphics
has been implemented, for study of
engineering structures, 3D distributions,
image analysis etc.' A Window Annunciator Logger for RAPS-II has been
delivered and has been functioning very
satisfactorily. Status changes in 640 inputs are indicated which are in parallel
with the existing window annunciator
system. Hard copy print out generated
by WAL are very useful for operational
diagnostics. Similar units are required for
RAPS-I and MAPS.

medical research, statistical analysis, etc.
It will also include facility for scheduling
and management of various hospital activities. A patient Monitoring System for
critical care unit with menu driven programmes, data base package for storing
and retireval of patient information and
for display of various parameters in
graphic form has also been developed.
Using SIBAS, a CODASYL based DBMS
package available on ND system, an information retrieval system making use of
the INIS output magnetic tapes obtained from IAEA has been developed. Using this system a user can perform a
search on any of the several access
points such as author, title, subject,
category and descriptors. Personal computers have been used for computer
animation. A package has been
developed for dynamic presentation of
slides explaining topics relating to the
various tecnincal activities of BARC.
A two dimensional drafting package
useful in engineering applications, and
colour graphics have been implemented. A link has been provided between ND computer and VG 3400 3D
graphics system. This permits display of
graphics image on high resolution VG
3400 system.
MHD generator with magnet (right).

A system has been designed and
fabricated for quality surveillance programme for the purpose of nondestructive testing of cylindrical tubes
using eddy current measurements. The
material defects along with the relative
positions can be pin-pointed with the
help of this system.
Software Development: Design and
development of a software package on
. MD computer has been taken up for Tata
Memorial Centre in order to provide
facilities for online storage and retrieval
of medical information for patient care,
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MHD generation
The MHD Research Project sponsored
by the Department of Non-Conventional
Energy Sources is being jointly executed
by Bhabha Atomic Research Centre,
Bombay and Bharat Heavy Electricals
Limited, Tiruchirapalli. This includes the
creation of a suitable base for research
and development work in the field of
MHD power generation and setting up
of an experimental plant at Tiruchirapalli
at a thermal power level of 5 MW. BARC
has developed most of the key components of the facility including the MHD
generator, 300 tonne electromagnet,
special plasma diagnostic equipment,
high temperature ceramic materials and
control and instrumentation system for
the experimental plant. The plasma
generation experiments were carried out
during March 1985, yielding MHD grade
plasmas at a temperature of 2700 K and
an electrical conductivity of 5 mho/m.
Following the plasma generation run, the
first successful power run of the plant
with cold oxidizer using 60 per cent
oxygen enrichment was accomplished
during August 1985. The power mode
operation lasted for about 2 hours. The
successful testing of the facility
demonstrated that the Indian MHD facility operated as an integrated unit and

substantiated the physical concepts,
computer codes, design features and
special processing techniques. It also
established the suitability of the materials
used in the development of MHD plants.
Pulse power and particle beams
technology
Pulse power techniques and particle
beams have potential applications in
materials research, fusion research,
defence and industry. The 1 kJ pulse
power system for relativistic electron
beams (REB-1000) based on deionised
water, assembled during the last year,
was satisfactorily tested at 150 kV and
15 kA. Further tests to operate at full
ratings are in progress. The spark gaps
and trigger circuits of the 100 kJ
capacitor bank are being modified to
improve its performance. Fabrication of
a 5 kJ, IMV pulse power system is in progress. To facilitate measurement of low
level diagnostic signals in the presence
of high electromagnetic impulse produced by the pulse power systems, an electromagnetic shielded enclosure with
overall dimensions of 6 M x 3.7 M x
2.2 M was produced and installed. The
REB-200 system built earlier was
modified with an all-metal interaction
chamber and a 40 cm diameter magnet
coil mirror magnetic field. Diagnostic instruments were incorporated for
measuring plasma temperature, plasma
density and beam energy loss. A 35 GHz
microwave interferometer for electron
density measurements on this system
was assembled and preliminary tests of
the interferometer are in progress using
a plasma gun.
REB transport calculations were carried out for a 1 MeV, 15 kA, 30 ns beam
in giving optimised maximum transport
of 85 per cent at 0.1 Torr in argon and
0.5 Torr in hydrogen. A practical application of magnetoimplosive effects of high
pulsed magnetic fields is repositioning
of garter springs located in the annular
space between the pressure tube and
the calendria tube of PHWRs.
With the 25 kJ capacitor bank, a
displacement of 25 mm was obtained

per discharge shot in a simulated set-up.
Based on these studies a scaled-up
system is being designed.
Electron beam is a highly energy efficient heat source for metallurgical
applications and is indispensible when
working with highly reactive and high
temperature materials required in
nuclear and aerospace industry. Two of
electron beam systems rated at 150 KV,
6 kW beam power are being built for
Electron Beam Welding Machines for
special applications. An electron beam
melting furnace with 80 kW power is
being built for melting of hafnium and
niobium. An electron beam evaporation
system of 20 kW power and mean
applications is being designed. The electron beam welding machine developed
and built earlier was used to do some
of the special jobs within DAE and for
the Departments of Space and Defence.

Technical services
Civil engineering
The Civil Engineering Group of BARC
is responsible for design and construction of all works related to BARC
activities at Trombay, Vashi (New
Bombay), Tarapur, Srinagar and
Gauribidanur work included completion
of t w o engineering laboratories and an
office building. Several projects at
Trombay are at various stages of
implementation. At Vashi, Labelled Compounds Laboratory is nearing completion and work on administrative and
common service facilities has been
started. At Tarapur construction of Soild
Storage Surveillance Facility (S3F) has
been completed. Construction of
residential quarters also have been completed at Tarapur. Construction of additional residential quarters at Tarapur and,
Waste Disposal Facility and physical protection measures is at various stages of
progress. At Srinagar, civil engineering
works for extension of workshop, stores,
computer facility and residential
quarters have been completed. The
Architectural section of Civil Engineering
Group continued to render architectural
3.25

services not only to all the projects
undertaken by BARC, but also to other
units of DAE and to some of the outside
agencies like the Department of Electronics and the Department of Science
and Technology.
Electrical and mechanical services
Operation and maintenance of all the
electrical installations, pneumatic,
hydraulic and vacuum systems, cranes
and airconditioning equipment was carried out. Electrical and mechanical services for six projects at Trombay, Tarapur
and Srinagar was completed.
Central Workshops
Central Workshops of BARC continued
the work on design, development and
fabrication of special components and
equipment required for the various units
of DAE. The total cost of the components and equipment made during
this year would be about Rs.5 crores.
Some of the important jobs carried out
by CWS are the following: design and
development of six axes multipurpose
robot of 50 kg capacity, design and
fabrication of a Triple Axis Neutron Spectrometer with rotating monochrometer
drum which provides shielding at all
angular positions with the help of moving wedges,- design and fabrication of a
vertical honing machine which can be
used for honing of large size components of power reactor fuelling
machine head; a spent fuel chopper
assembly consisting of fuel feed system,
shear system, distributor system and
associated drives, and high pressure
high capacity hydraulic cylinders for use
in power reactor fuel reprocessing
plants. Some of the important jobs
which are nearing completion are the
design and fabrication of work handling
unit for electron beam welding
machines, manufacture of fuelling
machine heads, end-fittings and linear
tubes for the KAPP, neutron radiography
rig for IGCAR, Kalpakkam, ionisation and
scattering chamber for MEHIA Project.
Development of different types of spectrometers for basic research is in
progress.

1

Vertical honing machine and CNC horizontal boring machine
from Central Workshops

2

CNC horizontal boring machine carrying unit

3

6 axis multipurpose robot developed by Central Workshops.

Remote handling and robotics:
Robotics and remote handling devices
play an important role in handling
radioactive materials and components.
In order to minimise e.<nosure of
operators to radiation, a variety of servo
manipulators, remote viewing TV
systems and automatic handling devices
are being developed. A prototype fiveaxis articulated robot was designed,
manufactured and tested. This type of
robot will be useful in low activity hot
cells and glove boxes employed in the
production
of
plutonium
and
uranium-233 contained fuel. Work has
been initiated on the development of a
completely indigenous mobile robot
which could move around under radio
control and perform operations required
in reactor maintenance, decontamination and decommissioning of nuclear
facilities.
Computer Centre
The network of Norsk Data super mini
computers with a large number of terminals distributed in the various
laboratories continued to provide the
basic computational support to the
scientists and engineers in BARC. Besides
prime usage for scientific computing,
these machines are also being extensively used for applications in the field of
computer graphics, database management and information processing.
Several new features have been added
to the ND operating system, such as
facility for deferred spooling, command
modifications, users dialogue facility, implementation of NAG library V.11 on ND
systems, and Fortran library modification
using array processor.
Technical information
BARC Library has now nearly 730,000
documents icluding about 76,000 books,
54,000 bound volumes of periodicals,
19,300 patents and standards and more
than 580,000 technical reports. More
than 1,800 scientific and technical journals are received in the Library, the majority of which are received on subscription and the remaining ones either on exchange basis or free of cost. During this

year some of the activities of the Library
were computerised making use of the
PRIME-450 computer installed in the
Library & Information Services premises.
Necessary software was developd on
the ND570 computer at the BARC Computer Centre so that the INIS output tape
received from IAEA could be processed at Trombay for dissemination of
bibliographic information on selected
topics which are of interest to individual
BARC scientists. Work on creating a
database related to the catalogue of
books in the BARC Library is progressing. Books circulation has already been
computerised. India's participation in
the International Nuclear Information
System (INIS) at Vienna was continued.
During this year about 600 technical and
scientific titles published in India were
added to the INIS database.
During this year about 100 technical
publications were brought out, of which
90 were technical reports and rest were
proceedings of symposia and seminars.
Translation
Translations were done from French,
German, Italian, Japanese and Russian
languages at the request of scientists and
engineers of BARC and other constituent
units of DAE. Copies of the translations
were deposited in the National Science
Library, New Delhi for the National Data
Bank of Translations. Interpretation service in foreign languages was also provided on many occasions.
Landscaping
Landscaping was done on about
39,000 m2 area in
Trombay,
Anushaktinagar and Tarapur. Rejuvenation of about 3,800 m2 garden in Trombay was also carried out. About 350,000
saplings of various types were planted
and about 150 kg seeds of different
types of trees were sown on Trombay
Hills for afforestation purposes. About
2,400 trees were planted at the Centre
for Advanced Technology, Indore.
Contributory Health Service
The scheme at present covers 62,600
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beneficiaries. BARC Hospital and zonal
dispensaries continued to extend
diagnostic and therapeutic facilities to
the beneficiaries. At present the BARC
Hospital has 160 beds.
Active family welfare programme was
continued. The Social Service Section
continued to render assistance to the
beneficiaries and more than 14,500 cases
were given counselling. The Trombay
Dispensary continued its Occupational
Health Activities and the Accident
Prevention Programme.
An intensive cardiac care unit with 8
beds was commissioned in the BARC
Hospital on 24 June, 1985 The unit has
equipment for monitoring by telemetry,
resuscitation, and pacing. Supportive investigative facilities such as Stress Test
and 2 DE are being fully utilized.
Radiation medicine service
Radiation Medicine Centre continued
to provide clinical nuclear medicine
facilities to all cases referred to it from
many parts of India. A number of investigations like scintigraphic imaging of
thyroid, brain, bone, kidney, heart, gall
bladder, lungs, liver, etc. are performed
every day. A large number of in vitro
radioimmunoassary (RIA) are also done.
Altogether approximately 22,000 investigations were done during this year.
This year there was considerable increase in the number of nuclear cardiology studies like myocardial imaging
and ejection fraction studies. The
ultrasonic scanner played an important
role in the complementary assessment of
thyroid diseases, liver, kidney pelvic and
abdominal masses. The usefulness of this
method in pediatric cerebral abnormalities is undoubtedly one of the major
investigative measures in children.
Radioiodine therapy for thyroid cancer
and hyper-thyroidism was carried out.
During this year 5,700 patients came for
follow up in the thyroid clinic.
Human resources development
One hundred and ninety scientists and
engineers who successfully completed
the 28th course of Training School were

absorbed in August, 1985 in various
units of DAE. Currently 243 scientists and
engineers are undergoing training in the
29th course. The training programme
was suitably modified so that the
requirements of unit like CAT, Indore,
envisaged expansion of Power Projects
and Heavy Water Projects also could be
met. Steps have been initiated to train
candidates specifically for O & M of fast
reactors, and in subjects like Accelerator
Physics, Fusion Physics, Microprocessor
System development, Robotics, etc.
Short term courses on microprocessors
and computers were run for the BARC
personnel.
At the request of IAEA, an interregional training course on radiation protection was conducted at Trombay during December 1984 to May 1985 in
which 1T 'raineesfrom foreign countries
participated.
Training courses were conducted to
meet the man-power requirement of
medical physicists and radioligical safety
officers. Short-term courses were also
conducted on safety aspects associated
with industrial radiography, erection and
maintenance of nucleonic guages,
research applications of radioisotopes,
etc.
Two training courses in RIA techniques
were offered to medical and
paramedical personnel from the leading
hospitals in the country. Scientists from
Isotope Group participated in the training course conducted by the IAEA for
RIA and hospital pharmacy.
Under the Faculty Improvement Programme of the UGC three lecturers are
carrying out research in BARC. Under
various schemes 4 scientists from Syria,
3 scientists from the Philippines and one
each from Bangladesh, Vietnam and Iran
were trained in BARC.
Technology Transfer
BARC is a task oriented research centre with the primary objective of providing backup to the Indian nuclear programme and production and utilisation
of radioisotopes and radiation. As
primary inputs to the nuclear pro-

gramme and production and utilisation
of radioisotopes and radiation. As
primary inputs to the nuclear programme, technologies like electronics
and materials were developed. Because
of the exigencies of sophistication and
time schedule, the productionisation
also had to be undertaken by DAE by
setting up units like ECIL and NFC. This
facilitated efficient transfer
of
knowledge. The range of products
varied from relatively simple devices like
GM counters to control systems for reactors in electronics and special materials
like zirconium and niobium to nuclear
fuel materials like uranium oxide. In the
context of continuous updating of these
technologies, the wide research and
development base at BARC has provided the necessary support to these production activities. In addition, it has also
made possible to extend it in the direction of newer technologies like fast
breeder reactors, special fuel and other
materials required for them and the
engineering backup. Monitoring of the
quality and efficiency of technology
generation and delivery is inlaid in the
system by movement of personnel between research and development and
production units and a very close interaction between them. However, the
Centre's activities interface with many
areas, a few examples of which are the
following.There has been a very close interaction with engineering and fabrication industry for some of the crucial components like fuelling machines, large
calandrias, heat exchangers, etc. This led
to generating a strong capability in the
Indian Industry for undertaking fabrication of very sophisticated jobs with extremely rigid specification. It may be difficult to find a better example of quality
technology generation and delivery to
the Industry.
Another successful method of
technology transfer is demonstrated in
the case of BARC-IBP collaboration.
Vacuum Technology — a vital input to
the nuclear programme, was developed
and transferred to IBP with knowhow
and personnel. Then the process of
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weaning was initiated in this strong interaction and today IBP is selfsustaining
with its own expertise and ability to
meet many of the sophisticated
requirements for large systems in the
country. There ore some high technology
products which BARC had to undertake
at production level. Beryllium, for instance is required in the Indian space
programme and by electronics industry
as Be-Cu alloy. This technology was
developed and the production plant
was set up by BARC. Similarly superconducting materials and wire drawing
technology were developed which will
have to be undertaken at BARC. The
expertise in extractive metallurgy was
used for developing a flowsheet and setting up a 2 tonne/year tin production
plant at Raipur. This technology is being
transferred to the Madhya Pradesh
Government and continuous collaboration will be required.
Many of the industrial activities like use
of radiotracers in hydrology and
desilting operations, radioisotopes for
radiography, level gauging in large tanks
etc. cannot, at the present stage, be
transferred in the conventional sense,
and BARC has to take these up with an
extensive effort, for user education.
An effort has been made for the last
2 years to reorient/modify processes
and instruments worked upon for the
nuclear power programme and make
them useful for industry. Over 200 of
such items were listed in two volumes
which were distributed free amongst
industrial organisations, state industrial
development
corporations
and
industrial associations. In the last couple
of years 13 technologies were transferred, 17 are ready for transfer and 35 are
under various stages of evaluation. All
these items are a step ahead of the
technologies being presently used by
the industry and a special effort is made
to help the industry .to overcome initial
problems, if any, in manufacturing by
interaction with BARC scientists.
In agriculture mutation breeding was
researched at BARC for over a decade
now. 49 varieties of pulses/grains etc.
were identified with superior properties.

Six of these have already undergone the
various steps involved in field trials and
upgrading the scale of testing and were
released by the Seed Corporation of
commercial use. Several others are at
various stages of testing. This is a fine
example of high quality agricultural
research delivering direct commercial
benefit to the country. In addition to
other qualities like disease resistance etc.
these varieties have a 15-20 per cent
highger yield. Considering the present
prices and the fact that 15,000 hectares
are already under cultivation of these
varieties, the financial benefit is already
in terms of crores of rupees. The seed
multiplication for distribution every year
is very substantial and hence these gains
will increase rapidly.
In the field of health, while
developments like bilirubin strips for
early detection of jaundice will facilitate
medical work, specially in rural areas
where trained manpower is scarce,
technologies developed in BARC are
such that they are not presently
amenable to conventional transfer to the
industry. The sterilisation of medical products is a very apt example. As the industry is not able to take up sterilisation
plants yet BARC has set it up for the
users. Similarly production of radiopharmaceuticals was taken up by BARC but
the health sector utilises them. Use of
radiations and radioisotopes developed
at BARC is being put to practice by the
RMC. BARC supplies 40,000 consignments of different isotopes to 1400
institutions. Radiopharmaceuticals are
being produced for use by over 400,000

patients. The imapact of these
technologies on the health sector are
very far reaching.
General
About 7,000 persons including Heads
of States, Ministers, Parliamentarians,
diplomats, defence personnel and
visiting scientists visited BARC. On an
average, one Trombay Colloquium was
held every month.
About 100 scheduled castes and
scheduled tribes candidates were
recruited to various posts in BARC. During this year 35 staff members passed
Hindi examination and 17 staff members
appeared for Hindi typing examination.
A Hindi Workshop was organised for
senior administrative officers and a
seminar on future directions of Indian
Science was organised in Hindi in which
a number of eminent national scientists
participated.
The Benevolent Fund set up in 1963
has now more than 3,000 members and
disbursed about Rs 30,000 during this
year. Besides, a Family Relief Scheme is
also in force by which all the members
make a one time contribution towards
financial assistance to the family of any
member who dies.
Centre for Advanced Technology,
Indore
Work on setting up the Centre for
Advanced Technology is in the first
phase. Effort is concentrated on accelerator and laser development programmes. About 20 scientific officers
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and 20 technical staff have already moved to Indore to carry out development
programmes. Laboratory space of about
3,225 sq m has been kept ready during
this year. Two workshops of 3,720 sq m
area are under construction. A housing
complex was completed and which is
ready for occupation.
The design details of a weak focussing 450 MeV Synchortron Radiation
Source was completed using the
facilities at BARC. Fabrication drawings
of some of the major components such
as dipoles, radiofrequency cavities and
vacuum chamber are under preparation.
This synchrotron radiation source (SRS)
will have the critical wave length of
61 A 0 at 100 mA current and will give
a flux of 4.8x1011 photon per second
per milli radian in the band width of
.5 per cent. The life time will be of
several hours. This machine is expected
to be powerful vacuum ultraviolet
source for spectroscopy studies and for
carrying out work in the fields of photo
disorption and photo dissociation.
The two laser programmes to be
undertaken at CAT initally are development of copper vapour laser (CVL) and
development of transverse flow high
power carbon dioxide (CO2) laser. Some
work in these areas has been already initiated at BARC. A 10 watt CVL was
developed. The laser operates at 5 KHz
and gives a peak power of 100 KWt in
20 pulses. Basic design of the CO2 laser
has been completed. The laser will be
modular in construction with each
module of 2 KW power.

Indira Gandhi Centre
for Atomic Research
Kaipakkam
The Indira Gandhi Centre for Atomic
Research (IGCAR) (formerly known as the
Reactor Research Centre) is devoted to
the development of liquid metal cooled
fast breeder reactors. The most significant event during this year was the
achievement of the first criticality of the
Fast Breeder Test Reactor (FBTR) on 18
October 1985. The Prime Minister of India visited Kalpakkam on 16 December
1985 and dedicated FBTR and MAPS to
the nation and named the Reactor
Research Centre as Indira Gandhi Centre
for Atomic Research.
Fast Breeder Test Reactor
The commissioning of FBTR was earned out successfully. The loading of the
indigenously
developed
mixed
plutonium-uranium
carbide
fuel
subassemblies into the reactor had
started on 2 October, and criticality was
achieved on 18 October with 22 fuel
subassemblies. (The calculated number
of subassemblies for criticaiity was 21 ±
2). The commissioning of the reactor was
very smooth. Low power physics
experiments like determination of controi rod and core subassembly worths,
measurement of radiation doses in
various cells, have since been completed successfully.
The reactor will be shut-down to carry
out Phase-ll construction works like
installation of steam generators,
hydrogen leak and sodium aerosal
detection systems, flooding circuit,
decontamination and dismantling
facilities. Some deficiencies noticed during the Phase-I commissioning of the
reactor will also be rectified during
Phase-ll. Recommissioning of the reactor
is expected to start in July and power
operation is likely to start by December
1986.
On the analytical side, evaluation and
validation of nuclear data for
thorium-232 and uranium-233; validation

Prime Minister Shri Rajiv Gandhi while planting a banian sapling at IGCAR. (r to I) Dr. Raja Ramanna,
Chairman AEC, Shri C.V. Sundaram, Director IGCAR, Dr. P.K. lyenagar, Director BARC, and
Dr. M R . Srinivasan, Chairman NPB

of the code for describing reactor
behaviour, under total power failure
condition coupled with loss of control
action, have been carried out.
Prototype Fast Breeder Reactor
Design work on prototype fast
breeder reactor was continued. The
Highlights of the work are: preparation
of design specifications for the main
components and systems, conceptual
design of the main components, studies
on the heat transfer from sodium pool
to the top shields and optimisation of insulation thickness, design of primary
control
rod drive
mechanism,
mechanical stress analysis of small
rotating plug and double envelope, ineiastic analysis of the inner vessel, design
of onmary sodium purification circuits
a r d mechanical design of intermediate
heat exchanger and steam generator.
Drawings were prepared for 1/10 scale
model of the reactor assembly. Materials
were supplied to the Central Workshop
and fabrication of the model is in progress. Two models of the tilting device
for inclined fuel translift mechanism were
fabricated. Definition of engineering
research and development work, their
priority and work that can be done in
the Engineering Development Section of
IGCAR were outlined. Identification of
the nature and extent of technology
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development for the critical com
ponents was also done. Preparation of
specifications for the materials to be procured for the technology development
is in progress. A document on the scope
of consultancy work is being prepared.

Engineering development
In continuation of the engineering support for FBTR, a sodium loop for calibration of hydrogen leak detector was
commissioned and a diffusion tyoe
detector using a thin nickel tube was
successfully calibrated in sodium. The
rupture discs of FBTR steam generator
were tested in sodium loop for thermal
shocks. Commissioning of the 500 KW
sodium loop with all the components is
;
n progress. Work on ultrasonic undersodium image device and sodium boning detector is in progress. A hydraulic
test loop has been constructed to test
tne indigenously
designed and
manufactured small centrifugal sodium
p u m p . An induction type elec
tromagnetic pump was constructed
inhouse.

Metallurgy
During the year there was increased
emphasis on the evaluation of candidate
materials (AISI 304 and 316) for FBTR,
besides continuing work on the
characterisation of FBTR materials. Effect

of ageing on deformation dynamics and
evaluation of damage during fatigue
loading at elevated temperatures were
studied. A method was developed for
determination
of
elastic-plastic
toughness
parameters
from
instrumented, subsize impact test
specimens. Studies were carried out on
electrochemical potentiokinetic reactivation technique for insitu evaluation of
sensitisation in stainless steel. Studies on
the corrosion of type 308 and 316 weld
metals with varying nitrogen contents
were carried out in aqueous chloride
solutions. To understand the corrosion
behaviour at high temperatures, the
thermodynamic activities of Fe, Cr, Ni
and Mn in type 316 stainless steel were
determined in the range of 773 to 1173K.
Research in the area of microstructural
characterisation of rapidly solidified
Th-Fe and Al-Mn alloys yielded informative results. In the latter the exciting
new discovery of quasicrystalline phase
has opened up questions of composition, nature of defects in and stability of
the phase. The melting and processing
techniques required for the development of titanium bearing 15 Cr-15 Ni-2.5
Mo stainless steel were standardised.
The hot torsion testing machine and the
triple action hydraulic press were commissioned. Preliminary experiments on

the torsion deformation behaviour and
stretch forming characteristics of
austenitic stainless steel was taken up.
Weld joints between 2.25 Cr-1 Mo steel
and type 304 stainless steel using incoloy
800 as the transition material were
fabricated and evaluated for mechanical
properties and microstructural features.
Using a specially designed welding
system, assembly and endplug welding
in a hot cell of the neutron source tube
containing irradiated antimony oxide
pellets were carried out. Acoustic emission technique was employed successfully to detect positions of leaks in
RAPS-I. An eddy current probe was
developed and optimised, and test conditions were standardised to determine
accurately the location of the garter
springs between the pressure and
calandria tubes of PHWRs. Microfocal
X-radiography was used to standardise
the test conditions for high levels of sensitivities in critical nuclear components
like end plug welds of the fuel pins of
FBTR, and tube-to-tube sheet joints of
steam generators.
Radiochemistry
High temperature thermodynamic
studies relevant to breeder reactor
technology were continued. For
instance, to understand and predict fuel-

clad chemical interaction, it is essential
to obtain data on the formation of the
tellurides of iron, chroium and nickel.
High temperature mass spectrometric
techniques were used to obtain the
basic thermodynamic data on all the
relevant compounds. Several fission product compounds such as alkaline earth
zirconates, which are likely to be formed
in the fuel, were prepared and their
thermodynamic function obtained from
calorimetric measurements. A new
model for the oxygen potential of
uranium-plutonium mixed oxide was
developed. The reactions of hydrogen
and nitrogen with uranium carbide were
studied keeping in view their possible
application in process control and in fuel
reprocessing. Wet chemical methods
were developed for the determination
of carbon and uranium in uranium
carbide. Studies were initiated on the
photochemical reduction of Pu(IV). A
new and inexpensive online meter for
monitoring oxygen in sodium was
developed. Long term testing of these
meters in sodium loops is in progress.
The laboratory continued to provide
analytical services, often developing
analytical procedures for specific
samples. During the year 393 samples
were analysed requiring 1097 determinations, methods were standardised
for the determination of tritium and
iodine-131 in FBTR sodium samples.

The Prime Minister being briefed by Shri C.V. Sundaram, Director IGCAR

Fuel reprocessing
Reprocessing Laboratory is engaged in
the development of process, process
equipment, instrumentation and special
hot cell techniques related to the
reprocessing of the fast reactor fuel. In
addition, it is responsible for the design
of the fast reactor part of the fuel
reprocessing plant of Kalpakkam
Reprocessing Plant. In the concrete cells,
a simulated study on one cycle of operation was carried out on round-the-clock
basis for testing equipment flow sheet.
The lead cells after cold trials are getting
ready for hot operation. The complete
facility will be commissioned to full pilot
scale hot operation in a phased manner.
Engineering studies on nonradioactive
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basis were completed for the horizontal
baffle contactor. Development of bank
type of centrifugal contactor was completed and the bank was tested. The
single pin chopper was modified for
remote operation and a microprocessor
based controller was designed and
tested for chopping uranium carbide
pins. The first phase of sintered filter
system was completed. A high speed
centrifugal is being tested for feed
clarification. The flow sheet formulated
by using a modelling technique was
tested on uranium-plutonium system in
a glove box using a mixer settler. This is
being used to test the extraction
behaviour, third phase formation
phenomena and equilibrium data.
Studies on partitioning of uranium and
Plutonium using electrolytic method is
under progress. The dimensional
parameters of the electrolytic cell as well
as the operational parameters such as
current density, temperature, concentration of acid used, hydrazine concentration are being studied in relation to efficiency of partitioning. Analytical
development studies related to low concentration of hydrazine, uranous (IV)
were completed. Investigations on
dissolution of uranium carbide are carried out, to study offgas evolution, and
to examine alternative anode materials
in place of platinum, interferences of
rutile and problems due to hydrocarbon
evolution etc. Dissolution of simulated
pins was completed. Simulated operation on the pilot scale in concrete cells
were carried out for a period of more
than 5 months on round-the-clock basis,
simulating flow sheet with uranium for
a period. Remote maintenance of components was attempted. The lead cell
was tried with a simulated system for a
smaller scale. Installation of associated
equipment is nearing completion. Design
of ventilation system for the FBTR part of
KARP was completed and drawings
needed for tendering purpose were
released. Fire protection manual and
physical protection manual were also
prepared. Detailed design of cells and
the stack are in progress.

Thermal desorption spectrometer for the study of helium

Safety and health physics
In safety experimentation related to
fuel-coolant interation phenomena,
detailed investigations were made for
the molten tin-water system with
systematic variations of mass ratio and
temperatures of tin and water.
Refinements were carried out in the
calculational code developed to take
account of the fact that heat transfer
results from debris particles occurring in
a distribution of sizes rather than from
particles of one size. Exploding wire
technique was used to generate copper
oxide aerosols and the effects of thermal
gradients and relative humidity on the
halftimes for the decrease of their concentrations in air were measured.
Experiments on small scale sodium fires
were continued to obtain information on
smoke release rates of stagnant pools
and on ignition temperatures of stirred
pools. The 14 MeV neutron generator
built to study neutron shielding properties of materials is being modified to
enhance the neutron yield. A 600 KeV
accelerator is under construction. Concrete, multilegged ducts are being examined for their characteristics of
attenuating neutron and gamma ray
spectra.
Spectral
shapes
of
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bremsstrahlung radiation generated by
complete absorption of beta radiation
(T1 204) in various materials were
measured. Self-absorption offered by
these materials to the bremsstrahlung
radiation generated was also studied
experimentally. The equation of state used in the disassembly code (VENUS)
widely applied in accident analysis was
modified to take into account that
materials are present in liquid phase mixtures. To facilitate a rapid assessment of
internal contamination of radiation
workers especially by radionuclides like
iodine-131, caesium-137, cobalt-60, a
shadow shield whole body counter was
installed. Bioassay analysis carried out in
the laboratory employing chemical and
radiochemical analysis of excreted
matter also complements the external
measurements. Instrumentation design
and developments carried out inhouse
included a nuclear ADC evaluation
system. Throughout the operations
leading to attainment of criticality of
FBTR, constant radiological monitoring
converage was provided at the facility.
Material science
Detailed experimental studies of the
nucleation and growth of helium bubbles in neutron-irradiated dilute copper-

boron alloys were carried out using position annihilation spectroscopy. Studies
of the effect of helium and defects produced by alpha particle irradiation of
metals and alloys using the Variable
Energy Cyclotron are continued. Surface
damage produced by low energy
hydrogen, helium and argon ions on
metals and metallic glasses was
investigated. Solidified argon bubbles in
nickel irradiated with low energy argon
ions were investigated using glancing
angle X-ray diffraction. Void swelling
and creep in the presence of radiation,
computer simulation of dislocationcarbon interaction in nickel and
measurements using thermal helium
description spectrometer are in
progress.
Theoretical work on the influence of
irradiation on spinodal decomposition,
microstructural growth in concentrated
alloys, and swelling in Ti-modified SS 316
are in progress. High pressure, high
temperature resistivity measurements on
nickel and iron showed interesting
features associated with changes in the
Fermi-surface
across the Curie
temperatures. Colloidal suspensions of
polystyrene in water were studied using
angle resolved polarized light scattering.
A pilot plant for helium recovery from
monazite sand is being set up for IRE.
High quality crystals of Al-Zn, Al-Ag and
Langbenite were grown in sizes upto 12
mm in diameter and a few centimetre
long. Parts of the 2 MV tandem
accelerator were assembled and tested.
Electronics and instrumentation
The following instrumentation projects
were completed: the hardware of data
logger for the creep laboratory was
renewed for improved reliability and the
software was rewritten for making the
system easier to use; a microprocessor
based event sequence recorder was
installed at the Heavy Water Project
Kota; additional hardware to increase its
capacity by 164 channels was
fabricated. The instrumentation projects
which are in progress are: instrumentation and control for the neutron source
reactor, computer based data acquisi-
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tion system for the Heavy Water Plant
Kota, colour graphic CRT display system
for MAPS and design and fabrication of
test vehicles for large scale integration
chips.
Computer centre
In order to meet the computational
needs of the growing number of scientists and engineers it was decided to
enhance the number of time sharing terminals from 12 to 30, and distribute the
additional terminals in the various
laboratories. Accordingly the networking hardware and eight such terminals
have been installed and commissioned.
The installation of the remaining 10 terminals is in progress. A computer aided
drafting system was developed using
Tektronix 4014 graphic terminal and a
FBTR criticallty : Chart record
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Benson digital plotter. This system can
be operated by draughtsmen with every
little training and it is being used for
creating electrical wiring diagrams, flow
charts and complex mechanical drawings. Plans have been made to install full
fledged computer graphics work stations consisting of a high speed computer and a number of graphic terminals.

Civil engineering
The Civil Engineering Group of IGCAR
handles all aspects of civil works of the
Centre and renders services for other
DAE projects at Kalpakkam.
The inside fencing for the physical protecting measures for FBTR and phase-ll
A of Radio Metallurgy Laboratory was
completed. The contract for the con-

struction of General Services Building
phase-ll was awarded and tender action
for Radio Metallurgy Laboratory phasell B was initiated. For the Kalpakkam
Reprocessing Plant, the work on
underground sump and service building
was almost completed. For the low
block building 48 per cent of the work
was completed. Tenders received for
the main building were also evaluated.

Central Workshop
The Central Workshop continued to
manufacture different components
required for FBTR and KARP projects and
research and development laboratories.
The important components manufactured during the year are dismantling cell
guide tube, CRDM parts, experimental
devices for FBTR, pipe spools,
embedded parts, reactor tank for the
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neutron source reactor, glove boxes,
hydrogen meter, cold trap, economises
magnets, and a large number of materials
testing specimens.

Tata Institute of
Fundamental
Research
The Tata Institute of Fundamental
Research (TIFR) has completed four
decades. It was founded in the year
1945 with four main streams of research
activity - pure mathematics, theoretical
physics, cosmic rays and nuclear
physics. In due course, efforts in these
areas not only multiplied and diversified
but several other disciplines namely
astronomy and astrophysics, solid state
physics and electronics, molecular
biolosy, chemical physics and computer
science were also added to the main
stream. Besides its major thrust in some
of the frontier fields, the Institute took
up from time to trme special projects of
national relevance requiring high science
and technology inputs and expertise for
governmental agencies like the Department of Space, Science and Technology,
Electronics,
Defence,
Railways,
Meteorology etc.
The academic work of TIFR is carried
out in two schools - The School of
Mathematics and School of Physics.
School of Mathematics
Work was continued in the School of
Mathematics in central areas where
strong groups were developed over the
years. Apart from fields like algebraic
geometry, number theory,- lie groups
and algebra, research work in other
areas such as ergodic theory, combinatorics and mathematical physics was
also pursued vigorously. In Bangalore, as
part of the TIFR-IISc collaboration programme in applications of mathematics,
work continued with emphasis on
numerical analysis, partial differential
equations and stochastic process.
School of Physics
The School of Physics has both
theoretical and experimental groups.
Theoretical studies
In Theoretical Physics, the main thrust
of investigations is in the studies of the
structure of quantum field theories,
quantum
chromodynamics,
the

phenomenology of high energy interactions, quantum fluids, surface physics,
percolation theory, critical phenomena,
manybody microscopic theories for
nuclear models and the implications of
strong interaction models towards the
nature of nuclear interaction.
In Theoretical Astrophysics, gravitational lens models continued to be an
interesting research area. The evolution
of stars of 10OMowith zero metallicity is
being investigated with a view to
understanding the Pop.Ill objects. The
work on mass loss also continued. It was
conclusively proved that rotation
enhances the rate of mass loss per unit
surface area in O & B stars. Evolution of
very massive Pop.Ill stars in binaries is
being studied. The depletion of elements
in interstellar medium was observed to
be correlated better with mean density
defined as column density divided by
the distance of the star than with the
column density. An explanation was
provided for this observation. The imaging of a diffused background source by
a point mass gravitational lens was examined to demonstrate the phenomenon of a "gravity ring" under a wide
range of circumstances. The observation
of gravity rings is expected to provide
a valuable diagnostic tool in estimating
masses of pulsars, distances to lensing
objects etc. Analytical study of the small
oscillations of coflisionless seffgravitatirtg
systems was completed. A study on the
effect of quantum gravitational fluctuations on other quantum fields showed
that quantum gravity can provide a
natural ultraviolet cutoff required in field
theories.
A quantitative model describing the
selfconsistent distribution of the galaxies in a cluster and that of the stars within
a galaxy was developed. The model
reproduces the distribution of galaxies
in a cluster, explains the high stellar
velocities recently measured in dwarf
spheroidals as well as the tidal stability
of these systems, fits the profiles of surface density of dwarf spheroidals, ellipticals and spirals, and gives rise to flat
or gently rising rotation curves observed in the optical and 21 cm bands. It
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was shown that when stars form in an
isothermal gas cloud embedded in a
much more massive and denser cloud of
neutrinos, they acquire a Maxwellian
distribution of velocities. These clouds
contribute on an average, a density
adequate to ensure the closure of the
Universe.
Research in experimental areas
Gravitation
Facilities for testing the differences in
the acceleration of bodies of different
composition to 1 0 " " accuracy in a
given gravitational field (equivalence
principle) are nearing completion.
Specially noteworthy developments
were autocollimator capable of measuring angular changes to 10~10 radian
resolution, an oven with thermal stability of 10" 3o C under laboratory conditions, magnetic shields of cum dimensions with I<10~ 3 Gauss and with diurnal wave of amplitude <10~* Gauss and
ultra-high vacuum chamber of volume
~cum suitable for 10~10 Torr and
degassing rate~10~ 12 1 Torr c m ' V
The above equipment was fabricated
and is undergoing tests.
Astronomy
In the field of astronomy there are
groups working in $amma ray, X-ray,
infrared ray and radio astronomy.
The High Energy Cosmic Ray Group
detected a short duration burst of
gamma rays from the Crab pulsar with
a large si3nal in alignment with the radio
phase of the pulsar. The Group is also
engaged on setting up a new laboratory
in Pachmarhi for better observations
with a new and larger Cerenkov radiation telescope. The extensive air shower
arrays at Ooty and the Kolar Gold Fields
were modified to achieve excellent
angular resolution of better than 1.5
degrees. These have been collecting
data for a search for cosmic sources of
ultrahigh energy gamma rays. Muon
detectors associated with KGF array are
expected to be operational soon to provide much better discrimination against

cosmic ray showers improving the sensitivity of the array for ultra high energy
gamma ray induced showers.
X-ray Astronomy Group have several
programmes. Hard X-ray observations of
the Quasar 3C273 and several binary Xray sources including SCO X-1, CYG X-1
etc. were successfully carried out in a
balloon flight with Nal/Csl Phoswich
Counter Telescope. Preliminary analysis
of data indicates long term variability in
hard X-ray from 3C273. In a separate
balloon flight binary X-ray sources 4U
1907 + 09 and CYG X-1 were observed
to study X-ray pulsation and energy
spectra of these sources. Analysis of an
X-ray flare detected in the RSCVn binary
Sigma Corona Borealis with the monitor
proportional counter on the Einstein
Observatory indicated that the energy
spectrum during the X-ray flare was
harder with temperature of 2.5 x 10rK.
The flare lasted for 208 minutes and
released X-ray energy of 2 x 1034 ergs.
X-ray pulsar GX 1 + 4 was also studied
with the Einstein Observatory to determine the pulse period and spinup time
of the neutron star. Analysis of X-ray
observations of t w o supernovae
remnants Monoceros and HEh, was also
completed. Optical studies of several
new cataclysmic variables were carried
out to study optical pulsations and other
kinds of light variations.
The one metre balloon borne farinfrared telescope was flown on 2 March
1985 for mapping several HII regions in
the 100-200 jj.m wavelength band.
Analysis of the data is being carried out
to generate flux contours with a resolution of about a minute of arc.

planetary nebulae showed that their
infrared and 5 GHz luminosities are correlated and their infrared luminosity and
the dust temperature appear to
decrease with increasing nebular size.
Correlations between the far-infrared,
optical and CO luminosities of spiral
galaxies were studied. Star formation
activity associated with supernovae
shocks was studied. A study of association between 117 SNRs and IRAS
sources, with dust reradiation spectrum
indicated an excess of associated
sources, occurring preferentially in the
shell.
In the area of radio astronomy, while
the operation of the Ooty synthesis
radio telescope (OSRT) will be continued, plans were finalised for constructing one of the largest meter wavelength
radio telescopes in the world based on
the knowhow developed in building the
Ooty telescope. A suitable site was
located near Narayangaon, district Pune.
With the installation of a 156-channel
digital delay line correlator for the OSRT
and the resulting ability to correlate
signals from all possible combinations of
antennae it became possible to synthesize maps faster and of wider fields
of view. High dynamic range maps of
several strong radio sources, both galactic and extragalactic, were made using
the new system at 326 MHz. Several

nearby galaxies were observed with
OSRT as well as at higher frequencies
with the Very Large Array (VLA)
telescope in New Mexico, USA.
The results provided evidence for the
presence of a dynamic halo in the case
of NGC 4631. The VLA was used to
study a variety of radio astronomical objects ranging from nearby stars to distant
quasars. New evidence show that maximum sizes reached by double radio
galaxies have been changing with
cosmic epoch.
The President, Giani Zail Singh visited
the Radio Astronomy Centre, Ooty on 11
September 1985. He was greatly
impressed by the unique design and
installation of the telescope.
Cosmic rays and high energy physics
The project "Anuradha" designed to
study extremely low energy end of
cosmic ray spectrum was executed as a
collaborative effort of TIFR and Physical
Research Laboratory (PRL) scientists with
technological support from BARC, ISRO
and Satellite Centre, and using the
facilities made available on the American
space shuttle. The shuttle, Challenger,
with Anuradha on board Spacelab-3
was successfully launched on 29 April
1985. Anuradha performed excellently.
The analysis of the tracks recorded in
payload is in progress. Initial studies of

ANURADHA in space. It is seen (box) exposed to free space, mounted on spacelab-3

The near infrared photometer is now
ready for astronomical observations of
Halley's comet and other objects.
Radiation transfer of infrared radiation
was studied in optically thick clouds and
a scheme of linear superimposition of
energy was proposed for calculating the
dust temperature in a cloud with multiple sources.
The far-infrared data from IRAS survey
on various kinds of objects were
analysed, in combination with other
observational data, to make statistical
deductions. The data on optically faint
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the track density of cosmic ray events
have demonstrated the recording of
high quality events of about 10,000
alpha particles and a similar number of
CNO and heavier ions of anomalous
cosmic rays. The analysis is in progress.
Using a nuclear emulsion stack exposed to low energy cosmic rays in a
balloon flight, an upper limit of antiproton flux of 4 x 10"" per sqm s r '
per sec MeV in the energy region of
50-150 MeV was derived. Upper limit of
4 x 10" 4 for P/P ratio in the above
energy region was obtained. The
recently determined abundance of
ultraheavy nuclei in cosmic rays was
used to compare with the prediction of
cosmic rays.
The KGF experiment has so far identified 4 events as possible candidates of
decay of nucleons inside the iron nuclei
of the detector. A lower limit of 3 x
1031 years has been set by these data.
Phase II of the proton decay experiment
is being set up at a depth of 2 km in a
newly established laboratory deep
underground in the KGF mines. New
features include very advancedelectronics to provide continuous
monitor of individual counters and good
quality information on pulse heights and
time of flight in the detector.
In the field of high energy physics, the
Bubble Chamber Group continued its
studies of problems in hadron physics
using the accelerator facilities at CERN
and Fermilab. In the thrust areas of heavy
flavour production, the experiment to
study charm production in pion proton
collisions using a high resolution bubble
chamber and a sophisticated downstream spectrometer was completed.
The analysis of a similar experiment to
study charm production in protonproton collisions is in progress. The
Group has recently joined two experiments one of which is an international
collaborative experiment using a high
resolution bubble chamber and multiparticle spectrometer and the other is an
experiment using nuclear emulsion
technique. The exposures for both these
experiments were carried out at

Fermilab. For the large scale international
collaborative experiment on electronpositron annihilation to be carried out at
the large electron-positron collider LEP
under construction at CERN, the Group
was involved in fabricating part of the
chambers for the hadron calorimeter
and the development work is in
progress.
Nuclear and atomic physics
An emerging field in nuclear physics
is the study of interactions through
accelerated heavy ion beams. The 400
KeV ion accelerator at TIFR is used extensively for a variety of experiments. The
BARC-TIFR 14 UD heavy ion accelerator
project has made good progress. Civil
works in the TIFR campus are necring
completion; the assembling of the
Pelletron machine is to start soon. Experiments with 45 MeV alpha particles
from VECC yielded the g-factor of the 88
nsec isomer indicating the 4 quasiparticle nature of this state. An experiment
to look for the long range nature of
nuclear forces is underway at the Van
de Graff accelerator, BARC.
The role of additives in discharge
plasmas was studied using a nitrogen
laser fabricated in the laboratory. The
study of electron capture and loss
processes in low energy CHn (n = 1-5)
ions with atomic and molecular targets
yielded hitherto inaccessible values of
the double ionization potentials of these
molecules.
Condensed matter physics
The programmes in Condensed Matter
Physics and Solid State Physics Groups
cover a wide range of subjects. Conversion electron Mossbauer spectroscopy
was effectively utilised to study inter and
intra-molecular bonding in metallic glass
samples. A variety of interesting
magnetic behaviour ranging from ferro,
antiferro, superparamagnetism and giant
spin polarisation were observed in
Fea-«Ru,<Si
alloys.
Interesting
magnetoresistivity studies were carried
out on a reentrant AuFeis alloys. Further
new insights are likely to emerge from
the study of A-15 superconductors like
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V3AU, V3Pt and V3Ga alloys. Investigations of hyperfine interactions in
beryllium single crystals established
selective occupancy of the implanted
probe atoms at substitutional or unique
interstitial site depending on the direction of implantation. This unique result
is expected to lead to important practical applications and also give an impetus to the study of ion-atom potentials. Amorphous alloys of Ru.Feeo-.Bso
(0<: x $ 22) in ribbon form, fabricated
at the Institute show very interesting
changes in magnetic behaviour with Ru
concentration and temperature. Distinct
regimes
occur
which
favour
ferromagnetism, reentrant magnetism
and spin glass like behaviour. Ru is very
effective in altering the exchange
distribution in these alloys. With the new
pulsed NMR spectrometer a variety of
solids were studied, some of them exhibiting mixed valent behaviour. Superconductivity in chevral phases, possible
heavy Fermion systems, coexistence of
superconductivity and spin glass ordering are under active investigation.
Materials Science Work has revealed
a particle-size induced phase transition
from alpha FesCb to gamma FesCb to
amorphous FesCh. An instrument for
the measurement of the hysteresis
parameters of magnetic materials in
fields upto 2 Tesla at room temperature
and 3 Tesla at 77K were developed. A
method for the measurement of
ultrasonic velocity with resolution of one
part in a million was developed and
preliminary results in superconducting
lead was obtained. Under the
biophysical work in the Group, the
binding site of Glucose on the enzyme,
brain hexokinase was mapped.
Physics of semiconductors and solid
state electronics
In the area of physics of semiconductors, work continued on silicon-silicon
dioxide system by avalanche hole injection technique on device quality oxides,
laser recrystallization of polycrystalline
silicon on insulator giving metal oxide
semiconductor field effect transistor
(MOSFET) — device structure, laser

induced chemical vapour deposition
(LCVD) of polysilicon, reactive ion
etching (RIE) with sulphur hexafluoride
Sas mixture for various materials used in
devices including problems of radiation
damage and anisotropy, amorphous
hydrogenated silicon for temperature
dependence of mobility edge in conduction band by internal photoemission,
role of defects in Group Ill-V compound
semiconductor ternary and quaternary
alloys and modulation doped field effect
transistor (MODFET) fabricated on
molecular beam epitaxy (MBE) grown
heterojunction structure.
In the area of semiconductor device
technology, design and fabrication of a
256-element linear Charge Coupled
Device (CCD) was effected. Various computer aided design (CAD) tools for very
large scale integration (VLSI) design software packages were d e v e l o p e d
successfully.
Chemical physics
In the Chemical Physics Group 500
MHz FTNMR and laser Raman spectroscopy were employed to understand
the structure and functions of biologically important molecules. Novel two
dimensional NMR techniques were
developed and utilized for studies of
nucleic acid fragments: Time domain
spectroscopic studies were carried out
utilizing electron spin resonance and
nanosecond laser techniques. Quenching of dyes were investigated with
recently d e v e l o p e d
picosecond
facilities. Electro-chemical studies on
polycarbozole and its unusual properties was conducted to understand its
conduction mechanism and to increase
its conductivity. Coenzyme immobilized
electrodes were fabricated for use in
biochemical fuel cells.

uptake. The study of interneurons suggested that at least 4 areas of the central nervous system are involved in taste
perception.
These neuroanatomical studies on
taste and smell sensory systems of the
fly revealed that the projection patterns
of nerve cells are predominantly dependent on the type ot sensory organ rather
than its location.

This group was nominated as the
nodal agency for work on voice
input/output systems under the 5th
generation computer programme of the
Department of Electronics.
The architecture of distributed parallel
processors for fifth generation systems
were actively studied to evolve a
suitable architecture.
Microwave engineering

Computer science
The National Centre for Software
Development and Computing Techniques (NCSDCT) which was being
operated by the Institute for the
Department of Electronics was set up as
an independent unit and renamed as
National Centre for Software Technology
(NCST) and is in the process of moving
to its new premises in the Juhu - Vile
Parle area. The activities in the area of
theoretical computer science, programming languages, speech and digital
systems and communications will
however continue in the Institute.
In the area of computer systems and
communications, speech research continues to be under active interest. The
use of fuzzy sets and picture processing techniques for the analysis of speech
spectrograms is under investigation.
Significant results were achieved in
digital signal processing.
A child working out a problem at HBCSE

Molecular biology
Neuroanatomical studies on taste and
smell sensory systems of the fly revealed several new sensory organs. How
these sensory organs are connected
with the brain was determined by Golgi
silver impregnation and cobalt (II)
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The microwave engineering activity of
the Institute which grew out of the
efforts to build linear accelerators and
which over the years contributed in a
very substantial way to the development of critical microwave components
and systems required by various governmental agencies like Defence, Space,
Mereorology, Railways, etc., has now
been set up as an independent organisation SAMEER (Society for Applied
Microwave Elecronics Engineering &
Research) under the administrative control of the Department of Electronics.
The new laboratory buildings will come
up in the IIT Campus at Powai, Bombay
over the next few years.
Homi Bhabha Centre for Science
Education
During the year, HBCSE continued its
research programme in three bread
areas:

Basic Science Education: The main
thrust, of HBCSE continued to be the
study of socio-cultural, linguistic,
cognitive and pedegogic factors that
hinder the progress of the first generation learners. The programme for
developing remedial measures to boost
the scholastic
achievement
of
economically backward scheduled
castes students has now been running
for four years and has succeeded in
boosting significantly the scholastic
achievement of the project students. The
report on this project "Talent Search and
Nurture among the Underprivileged"
evoked considerable response. Other
ongoing projects include studying the effect of language simplification,
generating science-based curriculum for
nonformal education for rural school
dropouts. Some fundamental work on
children's perspective of specific topics

in science is in progress.
Advanced Physics Education: This
year HBCSE organised the Homi Bhabha
Study Circle and expanded the activities
to cover higher education. Under the
programme bright and motivated
college students in Bombay were
offered instructions once a week in
advanced topics in physics. This programme is becoming popular among
college and university students.
Computers in Science Education:
HBCSE continued to function as a
Resource Centre for the Government
sponsored CLASS project. A new
activity of developing computer-based
learning packages in mathematics and
science was initiated. Another dimension of research activity of the Group
related to "mathematical modelling of
educational processes"
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HBCSE continued its programme of
science dissemination by publishing
several books in mathematics and
science for the children.
Basic dental research
In the field of Basic Dental Research,
intervention trials were conducted in
districts under study. It consisted of
reexamining the population and
simultaneously exposing them to various
communication inputs. The intention of
these efforts was to make people quit
their tobacco habit and measure its
effect in terms of the changes in the
incidence rates of oral precancerous
lesions. A fall in the incidence rates of
precancerous lesions may mean a potential drop in the risk of development of
oral cancer. Also reevaluation of the
malignant potential in oral submucons
fibrosis and oral lichen planus was done.

Saha Institute of
Nuclear Physics
The activities of the Institute encompass the area of experimental nuclear
physics, atomic, molecular and solid
state physics, bioscience, plasma
physics, nuclear chemistry, instrumentation and theoretical physics and include
a one-year post M.Sc. training programme in these fields. The Institute also
provides facilities for Ph.D. work.
Experimental Nuclear Physics
Work in this area is mostly centred
around the VEC and comprises studies
on nuclear spectroscopy, nuclear reactions and scattering, and radiation
induced damages. The time structure of
the VEC alpha beam was studied and
the beam energy spread was improved
to about 55 KeV. A multiplicity filter
system was successfully used to select
reaction channels in reactions induced
by alpha particles producing one or
more neutrons and gamma rays. Using
Doppler shift effect the life times of
nuclear states in several cobalt and iron
nuclei were studied.
The following experiments with the
VEC alpha beam are completed: (a)
investigation of anomaly in back angles
in the elastic alpha scattering on
silicon-28, (b) search for unnatural parity
stages in oxygen-16, (c) studies of elastic
and inelastic scattering of alpha on
tellurium-120, (d) investigation of fission
produced by alpha with solid state
nuclear track detectors, (e) measurement
of (L + M + ...)/K capture ratio for
second forbidden transitions in
bismuth-207,
barium-133 " and
polonium-209.
In the horizontal neutron generator a
total neutron flux of 10 million neutrons
per second was obtained. Remote control devices for the neutron generator
were constructed, and a 1.5 KHz static
inverter for the generator was successfully run at 1.5 KW. A multiwire proportional counter was fabricated and a
position resolution of 1 mm was
achieved with delay line readout. Two
parameter intensity mapping was done
for a 5 x 5 matrix. A low pressure posi-

tion sensitive Breskin detector was built,
and the breakup of lithium ions was
studied using the facilities at Karlshruhe.
A gas jet system was constructed and
tested satisfactorily with the VEC beam.
The positron annihilation technique was
extensively used to study alpha-induced
damages.
Atomic, Molecular and Solid State
Physics
The earlier work on ion-solid interaction was continued. The sputtering of
silver atoms and the channeling of argon
ions in GaAs semiconductor were
investigated. Secondary ion mass spectrometry was employed to study properties of secondary ions emitted from
metal surfaces under bombardment with
ion beams. An auger electron spectrometer is being constructed as a more
refined tool for such studies. Both the
inner and outer shell excitations in atoms
are in the process of investigation with
a 100-300 KV ion accelerator. A PIG ion
source was used to produce negative
ions of hydrogen and oxygen. These
studies will be extended to produce
several other negative ions and to
evaluate the impurities in plasma and for
neutral beam production.
3-fluorobenzonitrile molecule was
studied by radiofrequency microwave
double resonance technique together
with Stark modulated microwave
resonance.
Conductivity and dielectric properties
of mixed halides were studied in the frequency range 1-10 MHz to clarify the
mechanism of superionic conduction
which has a potential application to
industry.
Fe-57 Mossbauer spectroscopic
investigation of layered materials and
their intercalates with molecular and
metallic guest species revealed
interesting features of electronic charge
transfer in these systems.
Transmission optical spectra of various
alums and diffuse reflectance spectra of
gamma irradiated nickel complex
revealed formation of N i 3 \
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The elastic constants of beta-brass
single crystal were measured.
The electron spin resonance (ESR) and
optical work on the solute-solvent
interaction in DMSO and chloranil were
completed.
Frequency dependent dielectric constant of crystalline mercuric iodide
showed significant decrease of its value
in the range 1-10 KHz and thereafter a
fairly constant value upto 100 MHz.
In molecular physics, theoretical
studies are continued on the effects of
electron correlations on solitonlike
excitations in long chain organic
molecules. The diamagnetic susceptibility of water molecule using a
generalised gauge-variation method was
also
computed.
The tranverse
susceptibility of the linear antiferromagnet CssCrCIs, 4HsO and the
susceptibility of KCoFs were calculated.
The magnetic and optical behaviour of
platinum and palladium group of complexes, the magnetism of transition metal
surfaces and electronic damping in
ferromagnetic semiconductors were also
studied.
Phase transition work on ABF?, D:O
system was continued. Some interest
persists in ZnTiFt,, 6H?O and MnTiFr,
6D?O. The work on mixed conductors
entered an interesting phase with low
temperature
nuclear
magnetic
resonance (NMR) and susceptibility
studies of the semiconducting beta
bronze and metallic VoCK?. Systematic
dielectric,
NMR
and
optical
measurements on liquid crystals are
being planned.
Properties of superconductors and
some
dielectric
crystals
were
investigated in the region of liquid
helium and liquid nitrogen temperatures.
Behaviour of superconductors in
magnetic field and the transition in structural phase of dielectric crystals were
studied. Theoretical investigations were
carried out on the properties of a transistion metal surface and the fracture
properties of solids.

Bioscience
The mechanism of killins and mutation
by radiations and alkylating agents in
cultured mammalian cells continued
with V-19 cells. Studies of crystal structures of antibacterial, antitumour, sympathomimetic agents continued.
Structure studies on important eye lens
protein support the proposed three
layer model for the protein. Ultrastructural studies on interaction between
collagen and proteoglycans were continued. Studies on conformational and
electronic aspects of biomolecules such
as gamma-amino-butyric acid (GABA)
and its agonists yielded valuable information about drug recepter interaction.
The crystal structure of xylometazoline
HCL, aminoacridine complexes of sulpha
drugs, morephreding, phthalimidesulpharcilamidothiazole were solved.
Some progress was achieved in the
crystalization of proteins, abrin and
ovalbumim.
The methods for the essay of
prophage-lambda
induction
in
escherichia coli by chemicals and radiations were developed and standardised
in the laboratory for screening of potential carcinogens. The method was
already used in detecting the potential
carcinogenic activity of furazolidone —
a drug used in human therapy. Also the
potential carcinogenic activity of UV-A,
the ultraviolet component of sunlight
that reaches the earth's surface, was
detected by using the same method. The
mechanism of skin cancer induced by
UV-A is under study.
Plasma Physics
The 'Hot Plasma' project aims at installing a tokamak machine and developing
various facilities around it for the studies
of magnetically confined plasma. The
design of the basic machine and its
accessories was completed. The
machine is being fabricated and the
infrastructural facilities are being
developed. The data acquisition system
was planned, and a few diagnostic
systems are under development.

A linear Z-pinch system is being set up
for making preliminary studies on high
temperature transient plasma. The other
areas of interest comprise the studies of
wave propagation in collisional plasma,
the studies of beam plasma interaction
and the production of negative
hydrogen ions.
Nuclear Chemistry
Work on radiochemical separation is
continuing. Reversed phase extraction
chromatographic
methods were
developed. Mechanism of mass transfer
involving a strong surface active
molecule as the extractant is under
study.
A membrane was prepared by radiation induced grafting which might be
useful in desalination. The effect of different types of clays in the photoinduced electron transfer process is
being studied.
Instrumentation
The construction of a 4-8 GHz YIGtuned oscillator was completed. The
sealer for scaling down frequencies are
under construction. Theoretical and
experimental analyses of the effect of
varacter nonlinearity on the performance
of the frequency synthesizer were
made.
The construction of a radiofrequency
sputtering unit is under way. With this
unit thin films will be formed on dielectric laminates to obtain microstrip lines
and surface acoustic filters for
microwave application.
A beam current intergrator based on
ICL 7107 chip and analog to digital converter was constructed which performed satisfactorily. A microprocessor
controlled infrared image furnace in the
working range - 50°C to 150°C is under
fabrication.
A new approach was employed for
amplitude-rise-time compensation and a
resolving time of 5 nanoseconds was
achieved. Further improvements are
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being made.
An apparatus for the measurement of
radiative life-time of atoms was
commissioned.
Theoretical Physics
Theoretical investigations cover
anomalies in chiral gauge theories,
gravitational and conformal anomalies,
gauging of Dirac-Kahler fermions on
lattices, staggered fermions on lettices,
solitons in 1+1 dimensional supersymmetric theories, conservation laws in
supersymmetric Sine-Gordon model and
perturbative approach to functional
stochastic quantization.
On the more phenomenological side
multiparticle production models in high
energy collisions, bounds on flavour mixing contributions to the down quark
mass matrix and analytic bounds on
Higgs boson mass in N = 1 supergravity
theory and properties of dense hadronic
matter and the quark-gluon plasma were
studied.
Deep inelastic heavy ion collisions
with stochastic nucleon exchange, effect
of vacuum polarization on the nuclear
ground state masses, statistical theory for
strongly overlapping resonances,
transport coefficients and thermalization
of quark-glucon plasma and the role of
break up in transfer reactions were
studied.
Group theoretical methods for Ml and
GT strengths, non-Markovian effects on
statistical transport processes, large
transverse momentum processes in
ultrarelativistic hardronic and heavy ion
collisions, nuleonic mean free path in a
nuclear medium, transverse response
functions for finite Fermi systems and
microscopic study of nuclear fission in
the ATDHF framework and instability in
magnetohydrodynamic plasmas dre
under investigation.
In micromolecular physics thermodynamics of supercoil-induced structural transitions like B-Z in closed circular
DNA were worked out which agreed
well with experimental observations.

Tata Memorial
Centre
Tata Memorial Centre, comprising of
the Tata Memorial Hospital (TMH) and
the Cancer Research Institute (CRI) continued its activities in the diagnosis, treatment and research on cancer. The Centre
continued its training programmes and
educational activities.

Tata Memorial
Hospital
During the year, 20,000 new patients
were registered and over 10,000 cases
diagnosed as cancer patients. About
17,821 surgical procedures, 20,086
histopathological examinations and
60,000 radiological procedures were
carried out during the period. The whole
body CAT Scan equipment installed last
year helped in the diagnosis of cancer
and benefited a large number of poor
patients. Over 1,000 such examinations
were carried out and 8,000 patients
were admitted in the wards.
During the year, the hospital commissioned three more operation theatres
with modern equipment. The Nargis
Dutt Critical Care Unit which provides
4 each of
aseptic and septic beds
with facility to monitor temperature,
arterial blood pressure etc. and 14 beds
for postoperative recovery care was
commissioned. All patients admitted to
this Unit can simultaneously be
monitored on the central station screen.
A NORSK DATA ND 500-CX computer
with 24 interactive terminals was
installed and commissioned. This would
be used mainly for storing medical information of patients attending the hospital.
A software package suitable to hospital
services was developed. The computer
will be used for instant data retrieval for
patient care and clinical research. The
Tumour Registry of the Hospital will be
coordinating with the National Cancer
Registry Project of ICMR and reporting
cancer cases diagnosed in the hospital
every year.
Clinical studies were undertaken in the
treatment of cervical cancer, breast
preservation techniques, new methods
of adjuvant treatment in leukaemia and

The Director, TMC, briefing Prime Minister Shri Rajiv Gandhi on the new operation theatre

lymphoma. Recently the offset portion
of TMH annexe covering 27,000 sq.ft.
area was added to TMH complex for
augmenting additional facilities in the
treatment of cancer patients and clinical
research.
TMH is a postgraduate university training centre and registers students for
courses such as MD, MS, Ph.D. and M.Sc.
During the year 70 students were
registered for various specialities. Over
25 students from all over India attended
special continuing training on onco/ogy
programme in the areas of cancer
diagnosis, treatment and basic research.
Community Rural Centre at Barsi of
Sholapur District, Maharashtra, continued conducting rural camps.

Cancer Research
Institute
CRI continued multidisciplinary
research activities on various aspects of
cancer. The Institute studied on methyl
isocynite (MIC) afflicted population at
Bhopal and development of antileprosy
vaccine. Scientists from this Institute
visited the Bhopal gas tragedy site and
collected samples for investigation and
helped in setting up proper laboratory
facilities, training of scientific personnel
at Bhopal etc. The immunological studies
conducted showed that while there was
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no gross change in immunoglobulin
levels and response to skin test antigens,
there was a slight deviation in the
preparation of cells involved in immune
regulation in the afflicted individuals.
Various studies conducted indicated
that although the level of toxicity to MIC
to these individuals was slow, it was
essential to conduct similar studies to
assess the persistence of these effects.
Antileprosy vaccine
The Phase I and II clinical trials using
ICRC antileprosy vaccine, conducted in
the last few years, suggested that the
vaccine
could
be
used
for
immunotherapy as an adjunct to
chemotherapy and immunoprophylaxis.
During the year t w o main objectives
were fulfilled namely initiation of
Phase III trials in Maharashtra and identification of the molecular subunit
responsible for cell mediated immunity
with a view to using the same for
synthetic vaccine. In the phase III trials,
healthy household contacts of leprosy
patients were randomly given ICRC, ICRC
+ BCG and BCG alone irrespective of
their lepromin reactivity. The vaccines
were well tolerated and eisht months
later the conversion rate of initial
lapromine negative subjects was 100 per
cent.

The Institute conducted special study
to identify the causes for gradual decline
of cancer of the cervix uteri and the
increase in cancer of the breast ofwomen in Bombay. Study of birth
cohorts showed that the incidence of
cervix cancer declined in successively
later birth cohorts indicating progressively declining exposure to some etologic
factor. The cohort effect was not so
obvious for breast cancer. The decline
in cervix cancer in Bombay would commonly be due to rise in age of marriage.
Tobacco is the most environmental
carcinogenic agent. The scientists in the
Institute were able to modify Beedi using
simple cotton silver filters, perforation of
bud ends and use of powdered
tobacco to reduce the tar and nicotine
levels by over half. Half of the filter

beedies were field tested and found acceptable. The habit of chewing tobacco or application of masher roasted
charred tobacco on teeth and gum is
commonly practised in India, lobacco
specific nitrosamines were synthetised
in the laboratory and found to be
cytogenic. These compounds will now
be used to investigate their carcinoma
potential in the laboratory animals.
Besides tobacco specific nitrosamines
saliva of tobacco chewer was found to
contian t w o other nitroso compounds.
Saliva of masheri users was also found
to have nitrosamines content. Intensive
studies have been conducted to isolate
and study the chemical nature of
molecular structure of some of the active principles from turmeric. Besides the
invitro assays of turmeric powder is

Septic Unit of the Critical Care Unit

tested for its anticarcinogenesis activities in animal models.
Proliferactive
response
of
T-lymphocytes in a major way and production of T cells groups factor for InterLeukin-2 (IL-2) and the ability of activity
of T cells to express receptors for IL-2.
Studies conducted at CRI indicated that
there was no significant difference in IL-2
absorption. Patients with specific form
of chronic myeloid leukaemia (CML)
undergo a series of remissions and
relapses finally culminating into blastic
crisis. These studies of effector and
regulatory mechanisms in CML under
remission was investigated. Experiments
are under way to study the effect of IL-2
alone or that interferon in augmenting
the NK activity of CML low responders.
Trie rmmurto competents of cancer of
the uterine cervix patients was conducting evaluating changes in immuno status
that may be associated with the clinical
stage of the disease. Circulating immune
complex (CIC) levels in the sera of
untreated cervical cancer lesions were
evaluated. These studies demonstrate as
to when this parameter could be used
as a prognostic marker and/or monitoring treatment.
The Hybridoma Laboratory of the CRI
conducted five fusion experiments since
its inception. To understand basic
defects and deviations in cancer cells
and to correlate cell structure and functions, the Institute undertook several
sophisticated biochemical and cell
biological studies. For most of these
studies, basic material used is cells of
haemopoietic cell lineages and their
malignant counter parts.
Tumour and invitro transformed cells
exhibit several alterations in their plasma
membrane. As a consequence of these
changes, the cells acquire a high
agglutinability with lectins. Attempts
were made to elucidate the agglutination mechanisms, using erthyrocyte
membranes.
Host tissues located distantly from the
tumour and free of metastasis, show
alterations in their structure and function.
To investigate the mechanism by which
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the tumour exerts these effects on host
cells, an animal model system is under
investigation.
To senerate specific monoclonal
antibodies, a human fetal and mouse
epidermal keratins were used for
immunization of BALB/c mice.
Hybridomas generated by fusing spleen
cells of these mice in myeloma cells are
being studied for production of
monoclonals against keratins. These
monoclonals will be used to study the
regulations of keratin gene expression,
keratin patterns of oral mucosa and oral
tumours and expression of keratins after
mitogenic stimulation by growth factors.
Attempts are being made to
characterise CML cells using various cell
biological parameters such as the
philadelhia (Phi) chromosome, cell
adhesiveness, chemotaxis, phagocytosis
etc.
Chromosome preparations from
leukaemia patients had given highly
condensed metaphases. With the use of
propidium iodide extended, well
handed chromosome preparations were
obtained. When methotrexate (MTX) and
bromodeoxy-uridine (BrdU) were used
as synchronizing agents for bone
marrow preparations and peripheral
blood preparations respectively, good
metaphase yields for high resolution
banding were obtained.
A haematopoietic cell line - AR 150
was established from the bone marrow

of a juvenile acute nonlymphocytic
leukaemia (Ms type) patient. It is a slow
growing aneuploid line consisting of
cells with immature morphology.
Ultrastructural studies reveal cells with
bilobed nucleus and scanty ER which is
characteristic of an undifferentiated
myeloid/monocytoid cell.
Studies conducted at the Institute
showed that epidermal growth factor
(EGF) could be oncogenic product
which could express in excess and
stimulate
cells
to
undergo
transformation.
The Institute has been conducting
intensive investigations on the
occurrence of Inhibin • a polypetide
hormone, the different size, its biosynthesis and its relationship on malignancy.
Information on radioprotective or
radiosensitizing activity of biomolecules
is of immediate relevance in the clinic.
Insulin appears to be radioprotective
under toxic condition, and radiosensitive
under hypoxic condition, when tested
both invitro using human amnion cells
and invivo using BALB/c mice subjected
to irradiation. Mouse spleen colony
assay, used to assess the protection
offered by insulin to damage of
haemopoietic tissue, confirmed the
radioprotective activity of insulin invivo.
Attempts were made to potentiate the
cytotoxicity of hydroxyurea to human
chronic myeloid leukaemia and murine
tumour cells by using iron-chelating
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agents, 2.2 bipyridine.
For experimental studies, a major aim
of cancer researchers is to develop
animal model closer to the human situation, on which experiments can be conducted at will, or which can be used for
better understanding of the etiology of
spontaneous disease. Spontaneously
developing canine mammary tumour
appears to be a good animal model for
experimental studies as a parallel to
human
breast
cancer.
The
epidemiological studies from the Animal
Hospital of the Bombay Veterinary
College revealed the prevalence of
5.05 per cent (106/2098) in female and
0.212 per cent (7/3294) in male dogs of
breast cancer. The peak incidence of
breast cancer was found to be in 7-10
years old animals. The prevalence was
found more in the nulliparous than the
multiparous animals. The animals
oophorectomized before puberty were
found rarely affected with mammary
cancer.
The hairless mouse model is also being
used for the studies in ultraviolet (UV)
carcinogenesis, along with another
mouse strain O developed at the
Institute.
The Institute continued its training and
academic activities which included 10
seminars.
Eight students obtained Ph.D. and
three M.Sc. degrees by research through
the Institute.

ATOMIC ENERGY
REGULATORY BOARD
The Board met five times during the
year 1985. During the year three nuclear
reactors - DHRUVA at Trombay, FBTR and
the power reactor MAPS-II at Kalpakkam,
went critical. AERB made an analysis of
the safety aspects of all the reactors based on the information supplied by DAE's
SRC and on its own independent assessment and approved the commissioning
of these reactors.
Each of the two Advisory Committees
namely the Advisory Committee on
Nuclear Safety and the Advisory
Committee on Radiation Protection,
which had been constituted by the
Board to advise them on certain major
issues related to nuclear safety and
radiation protection, met twice during
the year. The Advisory Committees suggested priority lists for framing codes,
guides and standards and have also
recommended the various stages for
processing the papers for final approval.
The AERB has constituted the following Advisory Committees to lay down
the required codes, guides and standards for nuclear and other installations:
(a)
(b)
(c)

(d)

Committee for codes and guides
for quality assurance.
Committee for codes and guides
for design of nuclear power plants.
Committee for codes and guides
for industrial applications of
radiation.
Committee for codes and guides
for medical application of
radiations.

These Advisory Committee? are
reviewing the several draft documents
prepared by the AERB secretariat/other
agencies/units of DAE, etc.

AERB has constituted the following
Committees to review the safety related aspects and other safety related
generic issues for a number of nuclear
installations, and medical and industrial
units:
(a) Review of operational safety for the
TAPS.
( b ) Review of unusual occurrences at
RAPS during the last five years
(1980-84).
( c ) Review of quality control and quality assurance programmes for
nuclear power activities.
( d ) Review of radiation protection
measures in hospitals and industries.
( e ) Review of industrial safety activities
in DAE units.
All the Committees started their work
and several meetings were held. The
Committees' reports are likely to be
ready by the middle of 1986.
The AERB also formulated a check list
for the inspection of nuclear installations
in the country. Such regulatory
inspections are aimed at ensuring
adequate compliance with the safety
regulations and acceptable dose limits
both to working personnel and to the
general public. These inspections are
proposed to be carried out at least once
in three months for each DAE unit. Two
such regulatory inspections were carried
out at RAPS and TAPS. Inadequacies in
respect of the implementation of
rules/procedures are being brought to
the attention of the respective station
superintendents.
A "Safety Research Advisory
Committee" was constituted to recommend research work to be carried out
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in areas related to reactor safety, radiation protection, risk assessment, etc
which will be funded by AERB. The
Committee will recommend, evaluate
and monitor appropriate research projects in these areas. Several project proposals were received, and are under
review.
A workshop on "Safety Analysis" from
20-24 January 1986 in collaboration with
the IAEA,Vienna was organised.
AERB is also organising a two-day
national seminar on "Radiation
Exposures in Medical X-ray Practices:
Consequences and Control" in March
1986. The seminar will make an attempt
to focus the attention of the relevant
organisations, professional bodies and
administrative authorities, both at the
State and Central levels, to the hazards
involved in wrong practices in X-ray
diagnostics and advise them of
appropriate corrective measures to be
taken.
AERB organised a number of invited
lectures as well as lecture series for the
benefit of the scientific staff. During the
year fourteen such lectures were
arranged.
Prof. A.K. De, Chairman, AERB, visited
few countries in Europe to study the activities of the nuclear safety organisattons
in those places and establish personal
contacts with his counterparts there.
The Member-Secretary, AERB, visited
IAEA, Vienna to finalise the Manual of
Radiation Protection Procedures.
Six members of the scientific staff were
deputed to RAPS to undergo a
familiarisation course on the design safe-

ty aspects of PHWR systems. This coursewas held in August 1985 for two
weeks.
, A r n n „,
, ^ ,
A quarterly AERB Newsletter was
brought out. The newsletter is meant to
keep the public informed about both
nuclear power activities in the country
and radiation protection and safety
measures in DAE and non-DAE
installations.

The total number of volumes in AERB
Library has reached 772. The Library is
subscribing to 17 scientific and technical
.
°
J o u r n a sA minicomputer SN-23 was ordered.
The computer will be used for the
storase, retrieval and analysis of
information required to support AERB's
regulatory and control activities. AERB
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also acquired radiation measuring equipment donated by the Division of Radiation Protection of BARC.
The AERB Scientific Secretariat has today, a total staff of 14 people,

PUBLIC SECTOR
UNDERTAKINGS
Indian Rare
Earths Limited
Sales turnover and profit
During the financial year ended
31 March 1985, the Company attained a
sales turnover of Rs 19.87 crores. Inspite
of several constraints the Company has
faced during the year such as declining
quality of sand due to natural causes,
etc. its net profit during this year was
Rs 4.92 crores.
Outstanding export performance
The Company has contributed to the
national exchequer foreign exchange
earnings of Rs 10.72 crores.
Dividend
The Company has consistently been
paying dividend to the Government for
the last two decades. The dividend paid
during the year was Rs 21.64 lakhs.

Indian Rare Earths Limited
Year

xport

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

4.37
2.81
5.97
4.86
4.64
5.44
5.52
6.26
9.48
8.60
10.72

Production scenario

Research and development

On the production front, the
Company was faced with severe problems of prolonged power cuts, declining quality of raw sand due to natural
causes etc. However the value of products produced by the Company was
of the order of Rs 11.2 crores. The
capacity utilisation of Rare Earths Division
was 86 per cent and Minerals Division
was 73 per cent.
Orissa Sands Complex (OSCOM)

Research and development activities
have been centered on diversification in
the Rare Earths Division. Efforts were
made in the Minerals Division, especially
in developing zirconium derivatives.
Most of the research and development
activities were carried out in collaboration with BARC wherever required.
Some efforts were made to diversify the
product range on a small scale by producing compounds of individual rare
earths, zirconium chemicals and zircon
based products. The Company has laun
ched schemes to .go in for large scale
diversification in the field of separation
of high value rare elements from mixed'
rare earths, which is an area of great
significance to the Company. Further, a
new thrust has been aimed at reonen
ting research towards developing the
product-mix to maximise the added
value. The research and development
efforts were also concentrated on cost
reduction measures.

The Dredge and Wet Concentrator
Plant commenced operation and produced over a lakh tonnes of concentrate. The Dry Mill was commissioned
and the trial runs are m progress.
Already about 30,000 tonnes of ilmenite
has been produced. The work on the
commissioning of the synthetic rutile
plant is in the final phase. Slippage in the
delivery schedule by various contractors
has further affected the completion
schedule of the synthetic rutile plant.
Nevertheless steps are being taken to
expedite completion of the project. The
Company has incurred an expenditure
of Rs 98.96 crores upto 31 March 1985.

Gross Profit
Rs in crores
2.28
2.45
3.75
2.25
2.15
2.17
2.07
3.65
3.63
1.81
5.03
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Future plans and outlook
During 1985-86, the.Company hopes
to obtain better price realisation for its
main products • ilmenite and rare earths
chloride (REC) in the export market. The
production at Rare Earths Division is
expected to improve due to better
availability of power and water. The
demand for diversified products like
samarium, gadolinum, yttrium and
europium concentrates has picked up.
These value-added products will
increase export earnings and add to the
increased profitability. However, in the
case of the Minerals Division, the inadequate availability of raw sand is causing
concern. Despite this position, no
erosion in the profitability is anticipated.

To augment the raw material supply,
various steps have been planned. At
OSCOM, even though the Dry Mill for
separation of minerals has started working partially, the process parameters are
yet to be optimised and full recovery of
minerals is yet to be achieved. All efforts
are being made to overcome the process and equipment deficiencies and the
Company has booked export orders
worth Rs 1 crore for sale of ilmenite.
Noncompletion of port facilities at
Gopalpur is a major handicap in exporting products. As it may take a year or
two to overcome the various constraints,
the OSCOM operations are likely to affect the overall profitability of the Company during 1985-86.
Throrium plant
During the financial year ended
31 March 1985, the thorium nitrate
produced was of the order of 96 tonnes.
The production was regulated taking
into account the demand for the thorium
nitrate. Since the plant is very old, major
repairs to plant are being undertaken
during the year 1985-86.

Electronics
Corporation
of India Ltd.

Production and income for the year
1984-85 reached Rs 77.22 crores and
Rs 73.39 crores respectively. The
Corporation earned a net profit of
Rs 2.40 crores.
The working results of the Corporation
for the year 1985-86 in the areas of production, income and net profit are
estimated to be Rs 109.54 crores,
Rs 109.92 crores and Rs 4.51 crores
respectively.

Participation in DAE's programmes
During 1984-85, the Corporation supplied Rs 4.59 crores worth of instrumentation and control systems to BARC and
various projects of DAE including MAPS,
NAPP and FBTR.

Control and instrumentation system for MAPS 2.
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During the year 1985-86, it is planned
to supply instrumentation, control and
computer systems worth Rs 9.80 crores
for the nuclear power projects and other
atomic energy programmes. For NAPP,
the Corporation is planning to supply the
instrumentation and control systems,
more specifically core flux mapping
units, FMC computers, control rooii
panels, CPDP panels, AC/DC cells, FM
consoles and DNM head assembly. For
KCR project, the Corporation is planning
to commence the supply of field
instruments and control panels.
Other highlights
The Corporation continued to progress in its chosen thrust areas name.y
the computer systems, control and
instrumentation systems and communication systems. The Micro-32
computer has been well received in the
market and a number of systems were
delivered to the users. Among the major
projects completed were the computer
systems for West Bengal Police and store
and forward telegraph system for the
Post and Telegraph. The Corporation has
also supplied a number of compute^

based radar data handlms systems to
the Indian Air Force.
Tne Corporation has contributed to
major national projects by supplyins
control and instrumentation systems to
Tandur Cement Plant and Bhilai Steel
Plant, computer-based data acquisition
systems to thermal power stations at
Raichur, Korba and Ramasundam and
computer-based
telesupervisory
systems to Oil and Natural Gas
Commission and Indian Oil Corporation.
In the field of communications, the
Corporation has made sisnificant contribution to the success of television
broadcasting programme in the country
by supplyins more than 50 per cent of
the TVRO antennae and some of the
communication equipment required for
low power TV transmitters. Further, VT
fuze products to Defence, air-traffic controllers to the Indian Air Force and
Department of Civil Aviation, HF SSB
receivers to the Department of Civil Aviation and earth station and line of sight
antennae to the Department of Telecommunications were supplied.

7.5m auto track satellite communication antenna

The colour TV of ECIL design was very
well received and the production and
supply of colour TV sets improved
substantially.

Outlook for the period 1985-86
In the light of accent given to electronics by Government of India and
the massive Nuclear Power Programme
of DAE, the outlook for the Corporation
is very bright. In the field of computers,
the Corporation has the best infrastructure available in the country. The
technology being obtained from abroad
for the 32 + bit mainframe computers,
supermini computer and computerbased telex systems would improve the
operations in this field. Increased con'.nbution to 10,000 MWe Nuclear Power
Programme of DAE, the other programmes of DAE such as Heavy Water
Projects and the memorandum of
understanding with Seimens for turbine
lu'.omauon system would substantially
"iprove (he operations in the area of
.. on'.roi systems. The Corporation hopes

Fourth seneration microcomputer system Micro-32.
to participate in the telesupervisory segment of the HBJ pipeline project. In the
area of communication systems, the
Corporation plans to supply microwave
antennae for earth stations and line of
sight applications. It also plans to supply
VT fuze products for Defence and obtain
approval for the new product in this
line. Equipment in the HF, VHF and UHF
ranges comprising of air-traffic controllers and transreceivers; microwave
products such as high power amplifiers,
disaster warning systems and direct
reception systems will continue to be
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made. Very good image and excellent
order-book coupled with measures
taken to improve the production plann
ing and material management holds
great promise for the Consumer
Electronics Group. The Instrument
Group booked major orders for X-ray
baggage inspection systems from Inter
national Airport Authority of India and
plans to supply a major portion dur
ing the year. The Components Group,
besides producing promising com
ponents such as thick film devices, nickel
cadmium batteries, ceramics, power

]9«78B 68-69 69-70 70-71 71-72 72-73 73-74 74-75 75 76 76 77 77-78 78 79 79 80 80-81 81 82 82-03 83-84 84-B5

transistors and PCB's, is augmenting the
production capacity of colour TV sets.
As a step towards increasing productivity, and improving management of
working capital, the Corporation has
institutionalised systems towards more
coordinated short-term planning and
more effective monitoring. As yet
another step towards increasing productivity, the Corporation has initiated
measures to progressively even out the
quarterly production targets. These
measures would inevitably lead the Corporation to excellent performance during the coming years.

Uranium
Corporation
of India Ltd.
During the year 1984-85 UCIL established an all time high production record
of uranium concentrate. Though the
average grade of ore processed was
lower, the over-all recovery was higher.
The capacity utilisation of mine was
88.96 per cent and the capacity utilisation of mill in terms of ore processed
was 97.86 per cent as against 84.57 per
cent and 92.77 per cent during the
previous year respectively. The produc-

tion of uranium mineral concentrate from
Rakha Uranium Recovery Plant exceeded
the target. The production from Surda
Uranium Recovery Plant was affected by
erratic power supply and therefore was
marginally less. The production of
by-products viz. molybdenum concentrate, copper concentrate and magnetite
was higher than the targets.
Financial performance
The increase in earnings due to higher
production was set off to a large extent
by the inevitable increase in production
cost. The cost went up mainly due to
upward revision in salaries and wages
as a result of long term wage settlement
for workmen, payment of higher
dearness allowance to employees,
power tariff, prices of stores and
chemicals etc. Inspite of the income of
the company increasing to Rs 14.87
crores from Rs 12.71 crores during the
previous year, the profit was less at
Rs 1.17 crores as against Rs 1.29 crores
during the previous year before
adjustments etc.
Expansion Programme
The Government has approved the
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project on sinking of underground shaft
required for mining of ore located in
deeper levels below the present work
ing at 555 m below surface and the work
on the project will commence in 1986.
Construction of mine at Bhatin is
expected to be completed next year.
The work on the other two on-going projects namely the Uranium Recovery Plant
at Mosaboni and expansion of mill at
Jaduguda is progressing as per schedule.
Pending approval of the project for setting up uranium mine and mill at
Narwapahar and Turamdih, action on
preliminary works are being taken.

Research and development
A major thrust was put on investigation work to improve uranium recovery
from copper tailings. Final tests are likely
to be completed by the end of this year.
For production of high grade magnetite
of finer size, action is taken for setting
up of an- integrated plant. Pilot plant
scale studies were continued for
recovery of nickel and small quantities
of nickel sulphate crystals are being produced regularly.

OTHER ACTIVITIES
Directorate of Purchase
& Stores
The Directorate of Purchase and Stores
(DPS) shouldered greater responsibilities
during the year 1985 due to precommissioning activities relating to
MAPS-ll,DHRUVAandFBTR;workonthe
projects under construction gaining further momentum,- large volume of
advance procurement of raw materials
and components for new power
projects.
DPS handled about 50,000 contracts/purchase orders during 1985-86
and the value of purchases amounted to
approximately Rs 300 crores.
DPS had to handle very many major
contracts during the year and this
involved very strenuous negotiations
which called for considerable skill and
expertise. Substantial savings could be
effected by professionalism exhibited by
DPS
The Transport and Clearance Unit of
DPS performed
some
special
assignments including arrangements for
movement of spent fuel by special
trains. The work load on this Unit had
also registered an increase over the
volume handled during the previous
year.
Greater responsibilities had devolved
on the various stores units particularly
in respect-of projects nearing completion and the new ones.
Substantial
expansion of storage facilities planned
for NPB Trombay is nearing completion
and the additional facilities will enable
large amount of material handling activity on behalf of NPB with greater
efficiency.
Large volume of disposal of surplus,
unserviceable and scrap items of stores

was handled by DPS during the year and
the net sale proceeds amounted to
Rs 1.40 crores.
The Technical Liaison Mission of the
Directorate at Paris had heavier responsibilities during the year in arranging
inspection of some specialised nuclear
components, followup of important supplies, and locating new sources of
supply for some of the difficult items etc.
A refresher training programme was
held for various categories of staff taking
departmental examinations for promotion to various grades in a more
comprehensive and centralised manner
during 1985 which resulted in greater
staff satisfaction.
Construction and Services Group
Civil Engineering
The Civil Engineering Division of Construction and Services Group performs
the planning, designing, construction
and commissioning of civil, P.H., electrical, airconditioning and ventilation
work in respect of housing, hostel,
school, hospital laboratory and various
other public buildings for BARC and
other DAE Units, including aided institutions, buildings located at a number of
places in the country.
Out of the 1948 flats proposed to be
constructed under the Sixth Plan, 1218
flats were completed and handed over
and 434 flats of Type IV(D) and 304 efficiency apartments, are in advanced
stage of completion.
Construction of DAE Office Complex
at Anushaktinagar was taken up during
the financial year and 20 per cent work
has been completed so far. Construction
of C-l Block, consisting of 42 flats and 38
rooms and 6 guest houses for TIFR at
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Colaba, is in advanced
completion.

stage of

Construction of 128 residential flats of
Category I and II for TIFR, Mandala is in
progress and 75 per cent of structural
work for these flats was completed and
finishing works are in advanced stage.
Construction of 64 residential flats for
Tata Memorial Centre at Mandala is in
progress and 50 per cent of structural
work for these flats was completed and
finishing works started.
Out of 56 flats forVEC Housing phase-l
at Calcutta, 42 flats were handed over
and 14 flats are being handed over.
Construction of 57 flats of different
catergories for AMD at Shillong was
completed and the flats are being handed over.
Construction of 52 flats of various
categories for AMD at Bangalore, was
taken up during 1985-86 and is in
progress.
Tenders for pile foundation work for
VEC Housing Phase-ll and SINP Housing
Phase-l at Calcutta were received and
the pile foundation work will start
shortly.
Tenders for construction of Radio
Astronomy Centre Housing at Ooty consisting of 24 flats were received and the
work will start shortly.
Tender action for construction of AMD
Housing consisting of 16 flats of Type I
and II af Hyderabad will bo taken up
during 1985-86.
Engineering Services
Engineering Services Division of Construction and Services Group maintains
5024 flats and 25 public buildings in
Anushaktinagar, Mandala and City areas
including execution of improvement

works of minor capital nature required
for these buildings. ESD is also responsible for the operation and maintenance
of the water supply distribution, power
distribution and sewage treatment plant
in the large township at Anushaktinagar.
Purchase of 24 ready made flats
of Type V is under negotiation with
builders.
Construction of off-set portion of the
balance works for extension to the new
a nnexe to TMC building and construction work in respect of surgical facility
in Tata Memorial Hospital at Parel,
Bombay were completed and handed
over to the users during the year.
Balance works for construction of
laboratory block 'D' for TIFR at Colaba
will be completed during this year.
Structural work for the construction of
pelletron t o w e r , beam hall, and
laboratory building was completed and
finishing items including air conditioning
works and electrical works are nearing
completion.
Construction of laboratory building
for AMD at Shillong and Bangalore was
taken up and 70 per cent of structural
work was completed.
The Society of Applied Microwave
Electronics and Engineering Research
Project works at Powai are proposed to
be taken up during 1985-86. Project
report is approved.
Construction of ware house facility at
Trombay Village for Kakrapar Atomic
Power Project is expected to be completed during 1985-86.
The construction work for Command
Hospital for Nuclear Medicine Centre at
Calcutta is expected to be taken up dur
ing the year.
The airconditioning works for SINP
Laboratory Phase-I at Calcutta during this
year is being completed. Construction of
Electronic Regional Testing Laboratory at
Andheri was completed and handed
over to the users.
Detailed engineering design, planning
and estimation in respect of SINP Housing Phase-I, VEC Housing Phase-ll at

Calcutta, AMD Housing at Hyderabad,
TIFR Housing at Colaba, SINP Laboratory
Phase-ll at Calcutta, and SAMEER Project
at Powai was taken up during 1985-86.
Directorate of Estate Management
DEM looks after the management of
lands and buildings owned, leased or
hired by the Department in Bombay.
During the year, 288 newly built flats in
different categories were taken over
and allotted. All applicants who joined
service till October 1969 and March
1969, were allotted type A and B
departmental accommodation respectively. Similarly applicants who joined
upto July 1971, were allotted type 'C
flats, and those who joined upto March
1968 and Januaiy 1973 were allotted
type 'D' and 'E' flats respectively.
Overall percentage of satisfaction in different types of flats has reached to 26.1
per cent.
Financial assistance
The Board of Research in Nuclear
Sciences (BRNS) of the Department of
Atomic Energy overseas all the activities
of sponsored research, fellowships, symposia etc. BRNS is composed of eminent
scientists of the country apart from
senior scientists and officers of the
Department.
As one of the scientific agencies of the
DAE, the broad objective of BRNS is to
encourage research in main branches of
science and engineering. BRNS considers
for suitable support any research
scheme proposed by a competent
investigator in the areas of special concern to DAE with an objective of
developing research and technical
manpower and facilities in these
institutions.
During the year 1985-86 BRNS recommended financial assistance of about
Rs.90.00 lakhs for conducting new and
ongoing research projects. BRNS has also
given great emphasis on the presentation of the results of scientific research
and their discussions in open seminars
and symposia attended by active
workers in the respective fields. During
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1985-86 BRNS organised around 13 symposia in the areas like nuclear physics,
solid state physics, radiation chemistry,
nuclear engineering and technology,
biology and medical, isotopes, food and
agriculture, material sciences, electronics
and instrumentation etc. In addition,
about 48 specialised seminars, symposia
and workshops were sponsored by
BRNS to promote intensive discussions
by specialists. A grant of Rs 11.00 lakhs
was provided for this purpose.
BRNS grants research fellowships
under sponsored research scheme. A
provision of Rs 15.00 lakhs has been provided for awarding of fellowships in
order to maintain uniform and high
quality of research fellows on the
schemes of BRNS every year.
The Department is fully funding 4
research institutions under
its
administrative control and a sum of
Rs 1048.00 lakhs granted for the Tata
Institute of Fundamental Research,
Bombay, Rs 744.44 lakhs to the Tata
Memorial Centre, Bombay, Rs 352.33
lakhs to the Saha Institute of Nuclear
Physics, Calcutta and Rs 55.00 lakhs to
the Institute of Physics, Bhubaneswar.
Besides this, assistance was given for the
development of mathematics to the
Institute of Mathematical Science,
Madras at about Rs 25.00 lakhs, the
Mehta Research Institute, Allahabad
Rs 10.00 lakhs and the National Board for
Higher Mathematics Rs 10.00 lakhs and
the Calcutta Mathematical Society
Rs 5000/-. A sum of Rs 25,000/- was also
provided to the Indian Academy of
Sciences, Bangalore for the publication
activities.
Management Services Group
The Management Services Group is an
inhouse multidisciplinary Group providing staff support for analysis and
dissemination of management information to senior officials. This Group conducts perspective planning exercises on
nuclear power, carries out financial
analysis, feasibility studies and
manpower
planning,
develops
computer
software,
provides
management consultancy 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,
AEC and other senior officials at the
Secretariat on (a) the physical and financial progress of major projects, under
construction and (b) the performance of
nuclear power stations, heavy water
plants, other operating units and public
sector units under the Department.
The Group also prepares background
papers for the review meetings on the
public sector units.
These reports enable the Department
to foresee major problems and
coordinate measures in solving the same.
Some specific assignments in which
the Group contributed during the year
were:
(a) Operating and maintaining the
SN-23 Computer System at
Anushakti Bhavan. This has resulted
in increasing number of personnel
at the Secretariat using Computer
facilities in their day-to-day jobs.
(b) Transferring a pay roll software and
making it operational on the inhouse
computer system so as to process
the Secretarial pay roll.
(c) Transferring the pay roll of DPS on
the inhouse computer system.
(d) Acquisition of microprocessors for
maintaining the data base and for
generation of monthly report with
emphasis on graphics.
(e) Initiating work on a data base
system for DPS.
(f) Rendering consultancy to NPB in the
design, benchmarking, evaluation
and selection of a computer for the
Kakrapar Atomic Power Project.
(S) Organising a training programme in
collaboration with IIM, Bangalore for
senior officers of the Department at
Tarapur.
General Services Organisation
General Services Organisation
Kalpakkam looks after general services at
Kalpakkam. The functions and responsibilities presently performed by GSO
are construction of residential quarters
and
public
buildings,
estate

management including guest house,
hostels and public buildings, township
maintenace including maintenance of
roads, sewage plants, parks and gardens
etc., DAE hospital, departmental
transport,
auto
garage
and
miscellaneous general services.
During the middle of 1984, GSO took
over from MAPS the construction of
residential quarters and common
facilities like hostels etc. Presently, the
construction wing of GSO is handling
the construction works worth Rs 17.66
crores.
Estate management under GSO
includes allotment of residential
quarters, recoveries of licence fee, electricity and other charges, allotment of
shopping facilities in the Township, allotment of accommodation of land and
co-ordination in respect of public services like banks, post office, telephones,
TNEB police, CISF staff, K.V. staff etc.,
running of the guest house and hostels,
acquisition of land and co-ordination
with Panchayats, Collectorate and State
Government authorities in various
matters such as professional tax, service
charges, property tax and formation of
Township Committee. Township
Maintenance includes maintenance ofroads, sewage plants parks and gardens
etc.
Maintenance of civil, electrical and
public health of the entire township consisting of 3220 residential quarters,
public buildings like schools, hospital,
CISF barracks, guest house and hostels,
shopping centres, assembly hall and
other public facilities, distribution of
water supply, maintenace of sewage
treatment plant, upkeep of roads in the
township as well as the main arterial
road upto Kokkilamedu Gate, bridge
over Sadras and Edaiyur bars, bridge
over Buckingham canal, maintenance of
parks and gardens.
Maintenance of power supply through
HT lines from MAPS site to township for
domestic purposes and street lighting.
Maintenance works at sewage treatment
plant at IGCAR and lift station at MAPS
site, maintenance of civil and electrical
works at auto garage at site.
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There is a 38 bed hospital with
diagnostic facilities namely X-ray,
pathology and clinical investigation
laboratories. There is a maternity ward,
dental clinic and operation theatre.
Specialists from Chengalpattu Medical
College & Hospital visit the Hospital
every week.
Hospital facilities are being given on
a non-contributory basis and the
treatment is regulated under CSMA rules.
Plans are being made to increase
facilities for decontamination and handling of radiation emergencies. Steps are
also under way to establish a Site
Medical Service for IGCAR/MAPS in a
full-fledged manner with one or t w o
doctors plus requisite number of
assistants. The Site Medical Service will
take care of not only the first aid
requirements, but also the statutory
requirements of providing medical
assistance plus
measures
at site
relating to decontamination before
hospitalisation.
There are at present 17 buses and 8
lorries and 6 more buses are being procured during the year 1985-86. Lorries
are mainly used for different duties of
IGCAR, MAPS and CWMF including
transportation of sensitive equipment
and conveying of heavy vater.
Maintenance of all heavy and light
vehicles of DAE Units at Kalpakkam is
carried out in the auto garage.
Maintenance of heavy tractor trailers
used for transportation of overdimensioned
equipment
and
maintenance of road roller are also carried out by auto garage
Certain functions of a miscellaneous
nature are also performed by GSO
which are making arrangements for
general functions in the township, providing assistance by way of civil and
electrical works for functions arranged
by Kalpakkam Recreation Club and other
social and cultural organisations in the
township, providing assistance in the
shape of minor civil/electrical works in
the existing Tamil Medium School run by
the State authorities, co-ordination work

ralating to Kalpakkam Management Committee and Kendriya Vidyalaya Management Committee and Co-operative canteen is run by GSO employees in the
township for providing good quality
food at reasonable prices. The canteen
is subsidised by the DAE.
The total staff strength of GSO as on
1 December 1985 is 455 which includes
212 scientific and technical personnel.

International Relations
For the 29th year in succession since
the inception of the International Atomic
Energy Agency (IAEA), India was once
again designated to the Board of
Governors as one of the countries "most
advanced in the technology of atomic
energy including the production of
source materials", underscoring her
leading status in this frontier technology.
India continued to offer training
facilities, fellowships, scientific visits, etc.
and to make available the services of its
scientists for expert assignment both
through the IAEA and to countries with
which we have entered into bilateral
agreements for cooperation in the
peaceful uses of atomic energy.

About 292 scientists/tngineeib participated in international symposia,
workshops, conferences, etc. on related
subjects held under the auspices of
various UN and other multilateral
organisations as also the IAEA. India also
hosted IAEA meetings, workshops and
a training demonstration under the
Regional Cooperation Agreement
Programme, on specialised subjects
including an international symposium on
'Fast Breeder Reactors as a Future Source
of Power' which was held at Kalpakkam
on 16-17 December 1985 to coincide
with the naming of the IGCAR by the
Prime Minister. The symposium was
attended by the Chairmen of the Atomic
Energy Commissions of Bangladesh,
France and Pakistan and by senior scientists from Argentina, China, France, FRG,
Indonesia, Italy, Malaysia, Sri Lanka, UK
and IAEA.

Use of Hindi
During the year, the Department, its
consistuent units and the public sector
undertakings under its administrative
control made further progress in the use
of Hindi in accordance with the Official
Languages Policy of the Government and
in pursuance of the Official Languages
Act and Rules made thereunder. Inservice training in Hindi, Hindi
typewriting and stenography was imparted to 197 officials, 82 typists and 3
stenographers respectively. TAPS and
IRE, in which more than 80 per cent of
the staff had acquired working
knowledge of Hindi, were notified under
the Official Languages (Use for official
purposes of the Union) Rules, 1976. The
Secretariat organised t w o Hindi
workshops - 39 and 40 employees
respectively participated in these
workshops. The BARC, DPS and ECIL
organised a Hindi workshop each and
230 employees joined these workshops.
10 more Devanagari typewriters were
purchased during the year raising the
total of such typewriters to 107. Hindi
books worth about Rs 11,400/- were
also purchased for the libraries of
various units. During the year, one post
of Hindi translator was created each in
the BARC and IRE. With this, the posts
connected with Hindi work in DAE and
its units and public sector undertakings
are: Senior Hindi Officer-1, Hindi
Officers-6, Senior Hindi Translators-4 and
Hindi Assistants/ Translators-25.
With a view to encouraging the writing
of books in Hindi on subjects pertaining
to atomic energy and on other subjects
coming under the purview of the DAE,
the "Dr. Homi Bhabha Award Scheme"
was introduced, under which three annual awards of Rs 10,000/-, Rs 7,500/and Rs 5,000/- respectively will be given.
The Scheme has been given wide
publicity and in its first year will cover
books written in 1984 and 1985.

The Second Sub-Committee of the
Committee of Parliament on Official
Languages inspected the DAE on
17 September 1985 and appreciated the

steps being taken to promote the use of
Hindi in the Department, the SubCommittee also visited office of the Electronics Corporation of India Ltd., and the
Nuclear Research Laboratory, Srint.jar
and High Altitude Research Laboratory,
Gulmarg.
The second meeting of the Joint Hindi Advisory Committee of the Departments of Atomic Energy, Space and
Electronics was held at Bangalore on
4 October 1985.
The Official Language Implementation
Committees (OLIC) of the Department
and 15 of its units and the 3 public sector undertakings met periodically to
review the position regarding use of
Hindi and consider measures to implement the official language policy of the
Government. OLIC's were also constituted for HWP, Tuticorin and HWP,
Talcher. With this, each unit and public
sector undertaking of the Department
has an OLIC.
Action continued to be taken during
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. 681 forms in use of various units of
the Department were translated during
the year raising the total number of such
bilingual forms to 1873.
Inspections of the offices of NAPP,
HARL, Gulmarg, NRL, Srinagar, AMD and
NFC, Hyderabad and DPS, Bombay were
carried out to assess the position regarding use of Hindi. Quarterly reports
regarding progressive use of Hindi in the
DAE and its units and public sector
undertakings were reviewed on a
regular basis.
The quarterly Hindi bulletin 'Parmaanu'
- which is brought out by DAE to
disseminate information on its research
and development activities, and plans
and prosrammes • entered its tenth year
of publication. A special issue of
'Parttaanu' was brought out to com-

A view of DAE's pavilion in the Indian Trade Fair held in Paris from 6-15 December 1985.

memorate the attaining of criticality by
the DHRUVA research reactor. The
Department also brings out from time to
time brochures furnishing information on
its activities in Hindi. A brochure captioned 'Vartman Bharat Mein Parmaanu
Urja' was added to this series this year.
A wall calender emphasising the importance of use of Hindi in official work was
also brought out by the Department and
displayed in all the units and public sector undertakings of the Department. A
bilingual compilation of phrases commonly used in official noting and drafting was prepared and distributed
among officers. The Hindi Vigyan Sahitya
Parishad, a voluntary organisation of
BARC, brings out a popular quarterly
Hindi bulletin 'Vaigyanik' for which this
Department
provided
financial
assistance of Rs 5,000/- this year. RAPS
brings out a Hindi quarterly housebulletin 'Anushakti'. IRE brought out in
Hindi an illustrated brochure on its activities. TAPS and NAPP also brought out

their house journals 'TAPS Patrika' and
'Anu Pushp' in bilingual form.

the use of Hindi amongst all the Central
Government public sector undertakings
in Bombay, on the occasion of the Raj
Bhasha Sammelan held on 14 June 1985
at Bombay

A 'Hindi Day' was celebrated in the
Department, RAPS, TAPS, MAPS, IGCAR,
DPS, NPB and BARC. The Heavy Water
Plant Baroda organised a Hindi Week to
popularise the use of Hindi amongst
their employees. BARC, RAPS, TAPS,
NAPP, NFC, HWP Kota, IGCAR, DPS, HWP
Baroda, ECIL and IRE organised Hindi
essay and declamation contest, Hindi
noting and drafting and typing competitions, pcetic symposia and Hindi plays.
A significant event of year was the
organising of a seminar on 'Future directions of Indian Science' by BARC on 17
January 1986. The Department provided financial assistance of Rs 32,500 to
OLIC of BARC for organising such activities this year. IRE also sanctioned
Rs 12,000 for such activities in their
company.

Reservation in Services
for SC/ST

IRE was awarded, by the Department
of Official Languages, the first prize for

The Department continued to monitor
the implementation of the orders on
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Reservation in Services
Reservation in Services
for SC/ST
The Department continued to monitor
the implementation of the orders on
reservation in services for SCs/STs by all
its constituent unis including public sector undetakinss and grant-in-aid institutions. Since reservation orders were
made applicable to the scientific and
technical cadres only from 1975 and
since there is a shortage of qualifying
and suitable candidates for recruitment
against
certain
posts

reservation in services for SCs/STs by all
its constituent unis including public sector undetakings and grant-in-aid institutions. Since reservation orders were
made applicable to the scientific and
technical cadres only from 1975 and
since there is a shortage of qualifying
and suitable candidates for recruitment
against certain posts which require
higher qualification and experience,
there is a backlog in reservation in some
of the units of the Department. Nevertheless efforts are being made to clear
the backlog. Steps such as issue of exclusive advertisement, relaxation of experience in favour of SC/ST candidates
etc have been taken and the contituent
units haveybeen instructed to clear the
backlog expeditiously.
The number of SC/ST employees
respectively rose to 6107 and 1760 as
on 31 December 1985 from 5802 and
1701 respectively as on 31 December
1984.
Inspection of the SC/ST rosters was
undertaken by the respective liaison officers nominated for each of the 16 constituent units of the Department and
remedial measures are being taken
wherever necessary.
7 persons belonging to SC/ST were
deputed for appreciation/orientation
course during the year 1985.
44 persons belonging to SC/ST were
afforded inservice training during the
year 1985.
Reservation in services for physically
handicapped persons
As on 31 December 1985, 338
physically handicappd persons were
employed by this Department and
public sector undertakings and the aided institutions under its control.

Reservation
ex-servicemen

in

favour

of

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 Employment and
Training, in the Ministry of Labour.
Similarly, an officer at the level of Director has been nominated as liaison officer
to oversee the implementation of the
reservation orders in respect of exservicemen. As on 31 December 1985,
1333 ex-servicemen were employed in
this Department and public sector
undertakings and aided institutions
under its administrative control.

To disseminate authentic information,
press conferences, meetings and visits
were organised with the leading journalists of international and national
media. Number of delegations from
international organisations were also
attended to. Arrangements for PM's visit
to BARC and Kalpakkam during dedication ceremony were made by the
Publicity Division.

Information and Publicity

Atomic Energy Education Society.

The Publications Division of DAE
brings out information literature in Hindi
and English for media and public and
also caters to the other publication
needs of the Department and its Units.

The Society has continued to maintain
growth and excellence in academic and
allied fields since its inception 16 years
ago and is trying to meet the ever increasing educational needs of the
children of the DAE community at 9 centres namely Bombay, Tarapur,
Hyderabad, Narora, Jaduguda, Kakrapar,
Manuguru, Chhatrapur and Indore. The
school at Indore for CAT projects- is an
addition from the academic year 1985.
AEES has a student's strength of about
15,500 and staff members over 800.

This year more printed material was
produced in comparison with the
preceeding year. Three brochures on the
subjects: 15 year nuclear power profile,
various aspects of nuclear energy and
FBTR, wer produced. Folders covering
panoramic view of atomic energy in India were brought out in Hindi, English,
Russian and French. Another one introduced AMD and its activities to
public. A compilation of Financial Rules
for DAE was brought out. Another such
compilation is in the final stage of
publication
Publications Division also brings cut
two periodicals: Nuclear India (Monthly)
and Parmanu (Quarterly) in English and
Hindi to disseminate information to
public on plans and programmes and
research activities of the Department.
The Publicity Division of DAE looks
after the publicity and public relations
activities of the Department. During the
year under report, the Department participated in and organised several exhibitions including 'Science & Technology
Exhibition1 in USSR, 'Indian Trade Fair' in
France and participated in the 'May Day
Celebrations' in Bombay by contributing
a tableaux on power reactor.
To popularise the activities of the
Department, two films on 'Energy from
Fast Breeder Reactor' and 'Development
of Fast Breeder Reactor Technology'
were produced and one of them was
screened on national hookup.

6.6

In the XII examination of Pune Board,
AEJC Bombay and Tarapur attained
95 per cent success rate with 68 distinctions and 127 first grades. In class X examination the success registered was
90 per cent.
The number of students secured admissions in IIT and other professional institutes. Students from Bombay,
Hyderabad and Narora participated in
athletic meets and various games at
district zonal state and national levels.
One student from Bombay represented
India in the Ershad Tennis Tournament
at Dhaka.
Ministry of Education allotted two computers for schools at Bombay and Narora
for introducing course on computer
science
Cooperative canteens
Employees cooperative canteens running at certain DAE units continued to
provide subsidised food to employees.
The total subsidy paid to the canteens
during the year was Rs 45.35 lakhs.
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Abbreviations
AERB

:

A t o m i c Energy Regulatory Board

MAPS

AMD

:

A t o m i c Minerals Division

MHD

Megnetohydrodynamics

BARC

:

Bhabha A t o m i c Research Centre

NAPP

Narora A t o m i c Power Project

BHEL

.-

Bharat Heavy Electricals Limited

NFC

Nuclear Fuel Complex

CAT

:

Centre for A d v a n c e d Technology

NPB

Nuclear Power Board

DAE

:

Department of A t o m i c Energy

NRL

Nuclear Research Laboratory

DPS

:

Directorate of Purchase & Stores

OSCOM

Orissa Sands Complex

ECIL

:

Electronics Corporation of India Ltd.

PREFRE

Power Reactor Fuel Reprocessing

FBTR

:

Fast Breeder

HWP

:

Heavy Water Project

RAPS

Rajasthan A t o m i c Power Station

HARL

:

High A l t i t u d e Research Laboratory

RCF

Rashtriya Chemicals and Fertilizers

IAEA

:

International A t o m i c Energy A g e n c y

SAC

Space A p p l i c a t i o n s Centre

IGCAR

:

Indira Gandhi Centre for A t o m i c

SINP

Sana Institute of Nuclear Physics

Research

TAPS

Tarapur A t o m i c Power Station

:

Madras A t o m i c Power Station

Plant

Test Reactor

IRE

:

Indian Rare Earths Ltd.

TIFR

Tata Institute of Fundamental Research

ISRO

:

Indian Space Research Organisation

TMC

Tata Memorial Centre

KAPP

:

Kakrapar A t o m i c Power Project

UCIL

Uranium Corporation of India Ltd.

KARP

:

Kalpakkam Reprocessing Plant

VECC

Variable Energy Cyclotron Centre

Glossary
ACCELERATOR: A machine used to accelerate
charged paticles 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.
BECQUEREL: Currently used unit of
radioactivity, defined as the quantity of any
radioactive material in which the nudides are
decaying at the rate of one disintegration per
second.
BETA PARTICLE: An electron, positive or
negative, emitted from the nucleus in certain
types of radioactive disintegration.
BLANKET: Fertile material put around 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 coolant 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 bums. 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.
CHAW 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 reactor.
COOLANT: A liquid or gas 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.
CURIE: A unit of radioactivity, defined as the
quantity of any radioactive material in which
the atoms are decaying at the rate of 3.7 x 1 0 1 0
disintegrations per second (dps). Curie is
replaced by Becquerel now.
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 S. It is often called heavy
hydrogen and forms heavy water with oxygen.
DIFFUSION PLANT: Plant for enriching uranium
with high uranium-335 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 per cent uranium-235.
FAST BREEDER REACTOR: A reactor that
operates with fast neutrons and produces
more fissionable material thin 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 like a 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 isotooes U ! 3 3 ,
U S3S , Pu 83 *, and Pu841 are fissile.
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 crosssections 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 proces of building up more
complex nuclei by the combination or fusion,
of simpler ones. The formation is usually
accompanied by the release of energy.
GENETIC EFFECT OF RADIATION: Changes in
the reproductive cells in living matter
produced by absorption of ionizing radiation;
effects that can be transferred from parent to
offspring.
G A M M A RAYS: The high energy shortwave
length electromagnetic radiation. These are
similar to X-rays, but are usually more energetic
and nuclear in origin
GLOVE SOX: A box used while working with
certain radioactive materials. The box may
contain an inert atmosphere.
GRAY: Currently used unit of absorbed dose
or energy imparted to matter by ionizing
radiation per unit mass of irradiated material at
the place of interest (1 Gy « 1 J Kg"').

HALF-LIFE: The time taken for the activity of a
radioactive substance to decay to half its
orisinal 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 ionizins radiation.
HEAVY WATER: Water in which hydrogen is
replaced by deuterium or heavy hydrogen. It is
present in water as about one part in 6,500. It
is used as a moderator in reactors.
HOT LABORATORY: A laboratory designed for
safe handling of radioactive materials.
ION: An atom or molecule that has lost or
gained one or more electrons.
IRRADIATION: The exposure of materiab 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 bur chemically are the
same element. Isotopic nuclei contain the same
number of protons but different number of
neutrons. All naturally occuring 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
total number of hours in the year.
LOOP: A circuit, part of which may run inside
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. \f
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 45 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 outpur.
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
neutron. 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 centimeter. The nucleus contains most of the
atom's mass.
PLUTONIUM: The element number 94,
produced by neutron irradiation of
uranium-238. Its most important 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 radiaton can be produced.
RADIATION or IONIZING RADIATION: It
embraces electromagnetic 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. all 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.
RAD: A unit of absorbed dose or energy
imparted to matter by ionizing radiation per
unit mass of irradiated material at the place of
interest. Rad is now replaced by gray.
REM: A unit of absorbed dose, used in
radiation protection, obtained by multiplying
the dose in rad with appropriate weighting
factors to normalise and correct for variation in
the degree of biological effect due to the same
dose of different types of radiation. Rem is
replaced by sievert now.
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.
SIEVERT (SV): Currently used unit of absorbed
dose, used in radiation protection, obtained by
multiplying the dose in gray with appropriate
weighting factors to normalise and correct for
variation in the degree of biological effect due
to the same dose of different types of
radiation.
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 REACTOR: 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 23S. 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.
TRITIUM: The radioactive isotope of hydrogen
of mass 3. It is rare and produced by neutron
absoption In lithium.
URANIUM: RtdiOKtive element with the atomic
number 92. Natural uranium contain* both the
heavier uranium Isotope urantum-838, which is
not a flctHe material, and li the parent material
from which plutonium it created, and the
lighter isotope of uranium, urantum-235, which
Is the fissile material or fuel of moat reactors, k
140 parts of natural uranium, 139 parts are
ur«nium-83fl and one part only is uranium-fi35.
Uranium is the basic raw material for nuclear
energy.

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 enersy and related disciplines. The
facilities available at Trombay include research
reactors CIRUS (40MWt) and APSARA (1MWt).
In May, 1984 a zero enersy 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 physics. 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 which became 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
radiopharmaceuticals laboratory ISOPHARM at
Vashi. Fuel Reprocessing Plant (PREFRE) and 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 Altitute Research
Laboratory at Gulmarg conduct research in
atmospheric physics and cosmic ray physics.

The most important facility in this Centre is the
fast breeder test reactor (FBTR) which has been
commissioned this year.
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 radiemetric 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

BARC activities cover a wide range of areas
such as physics, chemistry, engineering,
metallurgy, fuel reprocessing, fuel fabrication,
radioisotopes, waste managements, 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.
INDIRA GANDHI CENTRE FOR ATOMIC
RESEARCH

At Kalpakkam, Tamil Nadu, the Centre
undertakes research and development
pertaining to fast breeder reactor technology.

the electrolysis of water and low temperature
hydrogen distillation, the Heavy Water Plant at
Nangal, 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 next to RAPS at Rawatbhat, 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 bithermal 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 plant 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 Turapur,
Rawatbhata and Kalpakkam and constructing
the Madras (Unit-ll), Narora and Kakrapar
atomic power projects.
TARAPUR ATOMIC POWER STATION: 100

kilometres north of Bombay, TAPS is the first
atomic power station in India. It has two
boiling water type reactors each of 210 MWe
gross capacity, fuelled by enriched uranium.
The station supplies electricity to Maharashtra
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: Locale,!
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 has.been
commissioned this year. MAPS is the first
totally indigenous atornic power station.
NARORA ATOMIC POWER PROJECT: The

project is under construction at Narora, Utfar
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 sross capacity.
KAIGA ATOMIC POWER PROJECT: Located at
Kaiga in Karnataka the station will have two
units of 235 MWe each.
Atomic Energy Regulatory Board (AERB):
AERB carries out certain regulatory and safety
functions envisaged under Sections 16, 17 and
23 of the Atomic Energy Act 1962. The Board
has a full-time Chairman and a full-time
Member-Secretary and consists of full time and
part time members. The Board is responsible
to the Atomic Energy Commission. The Atomic
Energy Regulatory Board has the powers to lay
down safety standards and frame rules and
regulations in regard to the regulatory and
safety requirements.

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,
theoretics 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 byithe Institute are the
Balloon Facility, Hyderabad, the Radio
Astronomy Centre, Ootacamund, and the
National Centre for Software Development and
Computing Techniques (NC5DCT) 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 institutions aided by DAE.
TATA MEMORIAL CENTRE
Located at Bombay, Tata Memorial Centre
comprised 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
5INP 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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