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Reactor safety vassal being taken to the reactor containment building for assembly and
installation at the Fast Breeder Test Reactor at Kalpakkam near Madras.
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Atomic Energy Establishments in India
The BHABHA ATOMIC RESEARCH CENTRE, Trombay, which was set
up as the Atomic Energy Establishment in 1957 and renamed in 1967,
is the national centte for research and development work in nuclear energy
and related disciplines. Its facilities include four research reactors, namely,
CIRUS (40 MW), Apsara (1 MW), ZERLINA (a zero energy thermal
reactor), and PURNIMA (a zero energy fast reactor), a 5.5 MeV Van de
Graaff accelerator, a H-400 computer, a BESM-6 computer, and various
special laboratories. It also has a uranium metal plant, a fuel element
fabrication plant, a plutonium plántete.
The REACTOR RESEARCH CENTRE has been set up at Kalpakkam, Tamil
Nadu, adjacent to thé Madras Atomic Power Station. The most important
facility in this Centre will be the Fast Breeder Test Reactor which will
provide experience in the design, construction and operation of a plutoniumfuelled, sodium-cooled fast reactor. It will also serve as an irradiation
facility which is essential for developing fuel for the large fast breeder
reactors of the future. The other facilities at the Reactor Research Centre
will help in the construction and operation of the Fast Breeder Test Reactor
and use of the test reactor for studies in connection with future fast breeders.
The GAURIBIDANUR SEISMIC STATION (of the Bhabha Atomic
Research Centre), 80 kilometres north of Bangalore, was set up towards
the end of 1965 in collaboration with the U. K. Atomic Energy Authority.
It has an array of 20 short-period seismographs and 3 long-period seismographs deployed over an area of 25 km x 25 km. It helps in the detection
and identification of underground nuclear explosions and also facilitates
seismic research.
The NANGAL HEAVY WATER PLANT in the Punjab, operated in
conjunction with the Nangal Plant of the Fertilizer Corporation of India,
was commissioned in August 1962. It has an annual capacity of about
14 tonnes.
The KOTA PLANT being built by the Department of Atomic Energy next
to the Rajasthan Atomic Power Station will produce about 100 tonnes
of heavy water a year. The plant is based on the know-how generated
byBARC.
The BAR0DA PLANT based on the ammonia hydrogen exchange process
developed by a French consortium, is ¡inked to the synthesis gas stream
of the Fertilizer Plant at Baroda of the Gujarat Fertilizer Corporation. Its
capacity is 67.2 tonnes of heavy water a year.
The TUTICORIN PLANT will be similar to the Baroda Plant and will be
linked to the fertilizer plant of the Southern Petrochemical Industries
Corporation. Its capacity will be 71.3 tonnes of heavy water per year.

The TALCHER PLANT, equipment and know-how for which are being
obtained from a West German firm, will use the synthesis gas stream of
the Ammonia Plant being set up at Talcher by the Fertilizer Corporation
of India. It will produce 62.7 tonnes of heavy water a year.
The NUCLEAR FUEL COMPLEX in Hyderabad, which is designed to meet
the fuel requirements of nuclear power reactors consists, of the following: 1. Zirconium Oxide Plant. 2. Zirconium Sponge Plant. 3. Zircaloy
Fabrication Plant. 4. Uranium Oxide Plant. 5. Ceramic Fuel Fabrication
Plant. 6. Enriched Uranium Oxide Plant. 7. Enriched Fuel Fabrication
Plant. 8. Special Materials Plant. Two more plants—a Seamless Tubes
Plant and a Titanium Pilot Plant—are also being set up in the Complex.
The POWER REACTOR FUEL REPROCESSING PLANT. Tarapur, has been
built by the Bhabha Atomic Research Centre. This plant processes the
irradiated fuel from the Tarapur and Rajasthan Atomic Power Stations.
The VARIABLE ENERGY CYCLOTRON has been set up at Bidhan Nagar.
Calcutta, by the Bhabha Atomic Research Centre. It is a national facility for
advanced work in nuclear physics and for the controlled direct irradiation
of biological and agricultural products.
The HIGH ALTITUDE RESEARCH LABORATORY, Gulmarg. which wasset
up by the Department of Atomic Energy in 1963, provides facilities for high
altitude research to all scientific institutions and universities in the country.
The N UCEAR RESEARCH LABORATORY, Srinagar, is devoted to applied
research in nuclear and radiation physics, with particular emphasis on local
problems.
The ATOMIC MINERALS DIVISION is responsible for surveying, prospecting and exploratory development of atomic minerals required for the
atomic energy programme. It carries out various types of surveys, such as
airborne, jeep, ground ano' offshore submarine surveys. These field activities
are supported by well-equipped petrology, minerals technology, chemistry
and physics laboratories.
The TARAPUR ATOMIC POWER STATION, 100 kilometres north of
Bombay is the first atomic power station in India. It has two boiling
water type reactors fuelled by enriched uranium with a total output of
400 MWe, which is supplied to Maharashtra and Gujarat.
The POWER PROJECTS ENGINEERING DIVISION undertakes the design,
construction and commissioning of nuclear power plants. It is presently
engaged in building the second unit of the Rajasthan Atomic Power Project,
and the Madras Atomic Power Project. It has also taken up work on the
fourth atomic power station at Narora.
The RAJASTHAN ATOMIC POWER STATION at Pana Pratap Sagar in
the State of Rajasthan is under construction. It has two natural uranium-

fuelled and heavy water moderated Candu-type reactors (one already
operating), with a total output of 440 MWe.
The MADRAS ATOMIC POWER STATION, about 80 kilometres south of
Madras, will have two Candu-type reactors similar to the Rajasthan reactors.
It will be indigenous to the extent of about 80 per cent. There is no foreign
collaboration in its construction.
The NARORA ATOMIC POWER STATION, U. P.. will consist of two units
of 235 MWe each of a modified design.
The INDIAN RARE EARTHS LTD., a Government of India company functioning since 1950, operates the mineral sands industry in Manavalakurichi
and Chavara, and the rare earths industry at Alwaye. It also produces thorium
products at Trombay on behalf of the Government.
The ELECTRONICS CORPORATION OF INDIA LTD., Hyderabad, was
formed 'm April 1967 and gradually took over the work of the Electronics
Production Unit of the Bhabha Atomic Research Centre. It produces on a
commercial scale a variety of nuclear and non-nuclear instruments, control
equipment, components etc. developed by the Bhabha Atomic Research
Centre and the Tata Institute of Fundamental Research.
The URANIUM CORPORATION OF INDIA LTD., Jaduguda, was formed
in October 1967. It is responsible for the development of the Uranium Mine
and operation of the Uranium Mill at Jaduguda.
The TATA INSTITUTE OF FUNDAMENTAL RESEARCH, Bombay, was
founded in June 1945. It is the national centre for Nuclear Science and
Mathematics. It has two schools: the School of Mathematics and the
School of Physics (Experimental Physics, Theoretical Physics, Astrophysics,
Geophysics, Computer Science. Molecular Biology and Radio Astronomy).
Its special facilities include a National Computation Centre (with a CDC
3600-160A computer system), a Balloon Fabrication and Flying Facility
(at Hyderabad), Tritium Laboratory for hydrological studies, and Electron
Microscope, a 1 MeV Cascade Generator, a 3 . 5 MeV Electron Linear
Accelerator, X-ray Units, an Electromagnetic Mass Separator and Liquid
Nitrogen and Liquid Helium Plants.
The TATA MEMORIAL CENTRE, Bombay, comprises two institutions:
The Tata Memorial Hospital and the Cancer Research Institute. In addition
to being one of the foremost cancer treatment centres in the country, it
afso conducts extensive research on cancer.
The SAHA INSTITUTE OF NUCLEAR PHYSICS, Calcutta, was formally
opened in June 1950. Its fields of research include: electron microscopy,
EPR spectroscopy, mass spectrometry, microwave absorption spectroscopy,
molecular biology, NMR spectroscopy, NQR spectroscopy, nuclear
activation, nuclear reactions, nuclear spectroscopy, radiochemistry, solid
state physics, structural crystallography, technical physics and theoretical
nuclear physics.

General Survey
T H E Power Reactor Fuel Reprocessing Plant at Tarapur, which is wholly
indigenous in design and construction, is complete and is already on
an initial run reprocessing spent fuel.
The Variable Energy Cyclotron (VEC), Calcutta, was commissioned for
the internal beam. A circulating beam of alpha particles accelerated to
energies where it can produce radioactivity in copper, was first obtained
at 6 a. m. on June 16, 1977. During the subsequent runs, alpha particles
were accelerated upto the full radius of 99 cm, which is the design radius
for the extraction of the beam outside the cyclotron chamber. The
complete assembly was done by BARC entirely indigenously with the
assistance of some of the leading public and private sector industries in
the country. The programme for obtaining an external beam is continuing.
The 100 M W thermal research reactor project ( R - 5 ) , with 100 per cent
indigenous design and detailed engineering, is progressing at Trombay.
Its building superstructure upto the roof level is almost complete and major
components such as the reactor vessel, coolant channel assemblies etc.
are under fabrication. The reactor will give great impetus to research and
development activities in the country in the fields of nuclear engineering,
physics, chemistry, activation analysis and biology. It will also produce
radioisotopes of specific activities higher than what is hitherto possible at
Trombay.
Another important R & D project on hand is Magnetohydrodynamics
( M H D ) Power Generation. Located at Tiruchirapalli, the Project is a joint
venture of BARC and Bharat Heavy Electricals Ltd. The M H D technique
relates to the direct conversion of thermal energy to electrical power. The
technology is expected to improve the thermal efficiency of fossil-fired
power plants from the present 30-40 per cent to 5 0 per cent, and even
higher.
A computer based control system for operating fuelling machines of the
pressurised heavy water (PHW) type of reactors which are at the Rajasthan
Atomic Power Project and under construction at Kalpakkam and Narora
has been developed during the year. This is the first sophisticated computerised control system wholly developed in the country and marks a major
advance towards eventual computer control of a nuclear reactor.
BARC has also built and commissioned a flash X-ray generator in a national
laboratory at Chandigarh. The flash X-rays have many applications in
high-speed radiography, pulse radiolysis and X-ray cinematography.
Production of a wide range of radioisotope preparations and associated
equipment is a major activity at the BARC. During the year the Centre
supplied over 40,000 consignments of various radioactive products to users
in India and abroad.

Important developments in this area include installation of a 50,000 curies
cobalt-60 panoramic batch irradiator at Baliapatam, Kerala and receipt of
an order for the supply and installation of a similar unit with 75,000 curies
of cobalt-60, on a turn-key basis, at the Pasar Jumar Research Centre.
Indonesia. A scale-up process for wood-polymer composite has also been
developed. This process will help the country tide over the scarcity of
high-grade timber by upgrading the inferior native timbers with monomer
impregnation and gamma irradiation. The Nuclear Research Laboratory
at Srinagar, has also been carrying on radiation polymerisation studies on
cheap and fast growing local woods, willow and poplar, to assess the
commercial feasibility of using them in the wood-carving industry.
ISOMED, the radiation sterilisation plant at Trombay, sterilised a total of
1,130 cu. m. of various medical products during the year. Some 1,50,000
ready-to-use surgical kits were also supplied by it for use in minor surgical
operations.
Trombay Groundnut (TG) strains were multiplied in Saurashtra, Maharashtra.
Madhya Pradesh and Andhra Pradesh. About 2,000 tonnes of improved
seeds were raised for further distribution. Yield studies have shown that
TG-17 is suitable for Gujarat and TG-3 for Madhya Pradesh.
Five Trombay jute (TJ) mutants were grown at different locations in
Eastern India along with check varieties in yield trials under the All India
Co-ordinated Programme on Jute and Allied Fibres. One of them (TJ-32),
gave 26 per cent more fibre yield compared to the highest yielding check
variety. Two other mutants were also found to be significantly superior
to the best check variety.
As a follow-up of the work on uranium exploration (BARC-TEFUREX)
developed earlier, a field study was conducted in Romehra in Himachal
Pradesh. The results obtained in this area and other areas surveyed earlier
are promising enough to encourage massive application of this technique
all over the country.
The country-wide personnel monitoring service for evaluating radiation
exposure covered around 45,000 workers from nearly 2,400 institutions.
The country-wide radiological protection surveys, covering source-loading
operations of teletherapy units also, were conducted in 138 institutions
consisting of 113 medical, 19 industrial and 6 research institutions.
Reactor Research Centre
With the substantial completion of the major civil works pertaining to the
Fast Breeder Test Reactor (FBTR), and the good progress made in the
manufacture of important components of the reactor, such as the reactor
assembly, control rod drive mechanism, sodium pumps etc, the FBTR
Project will be shortly entering the phase of installation of equipment.
Research and development activities in the areas of sodium technology.

material science, metallurgy, reprocessing and safety, as part of the fast
breeder programme, have made impressive progress during the year.

Nuclear Power
The year has witnessed fluctuations in the output of power from the Tarapur
Atomic Power Station, and Unit-I of the Rajasthan Atomic Power Station.
The record of output from Tarapur under the given circumstances has
been very good. During the first 11 months of the year the station
generated 1.910 million kwh, registering a capacity factor of 57 per cent. It
supplied 988 million kwh to Maharashtra, and 773 million kwh to Gujarat.
This is 103 per cent of the generation target for this period as accepted
by the Central Electricity Authority. Unit-I of the station achieved an
uninterrupted run of 140 days at normal output from May 14 to October 1,
1977, which is among the longest for large units in the country. Its monthly
capacity factor of 95.1 per cent during July 1977 was the highest since
its commissioning in 1969.
Owing to changes in the nuclear policy of the US, fuel supplies are becoming
more stringent, and future supplies are not assured notwithstanding the
contractual obligations of that country. A dialogue is continuing with the
US government in this matter.
The Tarapur station's boiling water reactors are amongst the earliest of
that type. As such a number of design changes running to more than
200 have been incorporated in them by TAPS personnel.
At the Rajasthan Atomic Power Station, Unit-I generated 198 million kwh
during the year. It was shut down for annual maintenance on July 2,1977,
but maintenance work could not proceed apace because of a strike
which crippled all work between September 8,1977 and January 7,1978.
The maintenance works are now on.
At the Madras Atomic Power Project, major nuclear and conventional
equipment for Unit-I have been erected and construction testing of the
common services and power supply systems completed; the 230 KV
switchyard has also been energised. For Unit-ll, the steam generators,
and turbine and condenser are being erected and the generator transformer
has been installed. The calandria has been fabricated, and manufacture
of the end shield is in an advanced stage.
At the Narora Atomic Power Project, most of the process design and flow
sheets have been finalised and piping layouts are in progress. The main
plant civil works are in full swing and major nuclear and conventional
equipment are under manufacture.

Heavy Water
The schedules of the heavy water projects have had to be readjusted.
The Kota Heavy Water Project was affected by the-strike at Rajasthan
between September 1977 and January 1978, while the Baroda Heavy
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Water Plant has been shut down due to an accident on December 3.1977.
The Tuticorin Heavy Water Plant has been tested and commissioning
operations are on. At the Talcher Heavy Water Project, the civil works
have been completed and the plant is expected to be ready for precommissioning tests by July 197S.

\)

Nuclear Fuel
The Nuclear Fuel Complex at Hyderabad supplied coolant tubes for the
Madras Atomic Power Project, Unit-I, and the initial core requirement
(4,000 fuel assemblies) for Unit-ll of the Rajasthan Atomic Power Project
during 1976-77 and 1977-78. Supply of coolant tubes has resulted in a
saving of foreign exchange of Rs. 1.8 crores. The Special Materials Plant
of the Complex perfected the tantalum powder production process, the
technology for selenium doping and production of sodium iodide. This
development will help meet almost the entire requirements of the country
in these three items. Three more plants viz. 2.000 tonnes Stainless Steel
Seamless Tube Plant, 21,000 tonnes Ball Bearing Tube Plant, and FBTR
component assembly shop are also being set up in the Complex.
Atomic Minerals
Intensified efforts by the Atomic Minerals Division during the year has
brought to light promising uranium occurrences at Bhandaritola in Rajnandgaon district (Madhya Pradesh), Ingedinala in Then district (Uttar Pradesh)
and Gomaghat-Alukwadi in Khasi Hills district (Meghalaya) where subsurface exploration by drilling has commenced. The Division has also
produced around 11.41 tonnes of columbite-tantalite during the year.
Exploratory drilling during the vear by the Division aggregated around
18,038 metres.
Public Sector Undertakings
Indian Rare Earths Ltd- The company celebrated the completion of 25
years of its Rare Earths Factory at Alwaye (Kerala) in December 1977.
The work on the first stage of its Orissa Sands Complex Project near
Chhatrapur is in progress. There was a short-fall in the export turnover
of the company during 1977-78 due to inadequate supply of monazite
because of depletion of mineral sands reserves in the coastal mining areas
at Manavalakurichi. A plant for recovery of helium as a by-product in
monazite procsssing is exp3cted to go into production shortly.
The Electronics Corporation of India Ltd- For 1976-77, the Corporation
earned a net profit of Rs. 32.64 lakhs and supplied approx. Rs 132.56
lakhs worth of instrumentation to various nuclear power and heavy water
projects of the Department.
Uranium Corporation of India Ltd- At the Jaduguda Mine, the mine
shaft was deepened from the depth of 315 m to a depth of 640 m. The
ore body was intercepted at two levels with completion of cross-cuts
from the shaft; development of ore has started.

International Relations
For the 21 st year in succession since the inception of the International
Atomic Energy Agency, India was designated a member of the Agency's
Board of Governors. This is based on India's position as one of the nine
most advanced member-countries in the technology of atomic energy in
the world. India has been actively participating in major discussions on
peaceful uses of atomic energy, and in sharing knowledge in this area
with developing countries. An Indian delegation led by the Chairman of
AEC, Or. H. N. Sethna participated in the 21st regular session of the IAEA
General Conference held in Vienna during September-October 1977. An
Indian delegation also participated in the International Conference on
Nuclear Power and Its Fuel Cycle organised by IAEA at Salzburg, Austria
in May 1977. India was also a participant in the International Conference
on Transfer of Nuclear Technology held at Shiraz, Iran, in April 1977.
IJ

India continued to provide training facilities to foreign personnel nominated
by the IAEA for training in this country under its Technical Assistance
Programme, and to scientists from countries with whom Bilateral Collaboration agreements have been signed.
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RESEARCH AND DEVELOPMENT
Bhabha Atomic Research Centre
During the year, the Bhabha Atomic Research Centre was reorganised into
the following Sections, Divisions and Groups:
Nuclear Physics Division
Training Division
Seismology Section
Neutron Physics Section
High Altitude Research
Laboratory, Gulmarg, &
Nuclear Research Laboratory,
Srinagar
Library and Information Services

Physics
Group

Metallurgy Division
Atomic Fuels Division
Radiometallurgy Section
Ore Dressing Section

Metallurgy
Group

Í

Chemistry Division
Radiochemistry Division
Health Physics Division
Division of Radiological Protection
Spectroscopy Division
Analytical Chemistry Division

"1 Analysis
j Group

Reactor Operations Division
Safety Evaluation Section

j Reactor Operations
V-and Maintenance
/ Group

Chemical
Group

Isotope Division
Radiopharmaceuticals Section
Primary Isotopes Section
Radiation Technology and Industrial
Applications Section

Isotope
Group

Bio-Chemistry & Food Technology Division
Biology and Agriculture Division
Bio-Organic Division
Medical Division
Radiation Medicine Centre

Bio-Medical
Group
(com.)
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Electronics Division
Computer Section
Reliability Evaluation Laboratory
Glass Blowing Section

}

Electronics
Group
Electronics
and Instrumentation
Group

Technical Physics Division
Laser Section
Opto-Electronics Section
Plasma Physics Section
BESM-6 Computer
VEC Project
Reactor Control Division
Reactor Engineering Division
Experimenta! Reactor Physic Section
Theoretical Reactor Physics Section
Reactor Analysis & Studies Section
Chemical Engineering
Division
Ore Extraction Section
Uranium Metal Plant
Fuel Reprocessing Division

1

Reactor
Group

Chemical
• Engineering
Group
Engineering
Group

Central Workshops
Heavy Water Division
Heavy Water Project (Kota)
Heavy Water Plant, Nangal
PREFRE, Tarapur
Technical Services Division
Desalination & Effluent Engineering Division
Waste Management Operations Section
Waste Immobilisation Project,
Tarapur & High Level Waste
Management Section
Air Cleaning Engineering Research Section
Centralised Waste Management Facility,
Kalpakkam
R-5 Project

Engineering
Services
Group

Civil Engineering Division 1
Architectural Section
f
Landscape Ô Cosmetic Maintenance Section

}

Personnel Division
Accounts Division

Administrative
Group
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BASIC RESEARCH
PHYSICAL SCIENCES
Nuclear Physics
Nuclear reactions involving calcium-48, calcium-40 and fluorine-19 were
studied using alpha-particles and protons from the 5.5 Mev Van de Graaff
accelerator. Some features of these measurements yielded information on
states in the nucleus titanium-44.
The possible existence of an exotic nucleus made up of six to eight neutrons,
called the Polyneutron, was investigated at the CIRUS reactor in the slowneutron-induced fission of M S U . Search for the evidence on super heavy
nuclei in the monazite sands from South India was undertaken using
photon-induced X-ray analysis and alpha -and X-ray spectrum studies.
No conclusive evidence for the presence of super heavy elements was
found above the detection limit of 10 ppm for the element 126. Binary
and ternary fission processes were studied in the thermal neutron fission
of 2 3 5 U, the data being gathered on magnetic tapes.
Studies of heavy-ion collisions yie ded insight into the energy dissipation
in heavily damped collisions. A nucleón level density formula with shell
effects has been developed. This has applications in nuclear data for reactor
design. Nuclear optical model studies were continued to understand the
isospin dependence of the nucleon-nucleus optical potential. Pion-induced
reactions were studied in the strong absorption model to understand the
dynamics of pions in the nucleus.

Solid State Physiss
A variety of techniques like neutron scattering, laser light scattering,
Compton ;ine profile analysis and Msssbauer spectroscopy have been
employed for basic investigations of the solid state. Many experiments
have been initiated at liquid helium temperatures.
The dynamics of the ammonium ion in different ammonium and mixed
halides have been studied using elastic, quasi-elastic and inelastic neutron
scattering as well as laser Raman scattering.
Phonon dispersion relations in potassium nitrate have been measured
using neutron inelastic scattering.
The technologically important Heusler alloys, like RhjMnSn. and solid
solutions of CugMnAI and Pd2MnAI have been studied for their magnetic
behaviour using Mössbauer spectroscopy and neutron diffraction. Using
polarised neutrons, the full, three-dimensional magnetic structure amplitudes
in nickel-rich, nickel-ruthenium alloy single crystals were measured.
Liquid crystals like p-n-alkoxy-benzylidene-p-aininobenzoic acid have
been studied using a polarising microscope to determine their texture.
13

It has been shown that light scattering in the liquid crystal MBBA is mainly
due to non-equilibrium processes.
The new class of substances called Spin Glasses have been investigated.
A model has been developed for random solutions of ferro and^antiferromagnetic pairs.
The charge transfer from aluminium to cobalt and iron in the alloys CoAl
and FeAl has been determined using Compton line profile analysis.
The minerals, ilmenite and alumosilicate, have been studied by Mõssbauer
spectroscopy.
Neutron Physics

I]

r

High pressure phase transformations in titanium and zirconium were studied.
The Shock Hugoniot equation of state has been derived for aluminium.
The intrinsic resistivity of indium metal depending on impurity, concentration was explained by a solution of the Boltzmann equation with Umklapp
scattering. The ferroelastic behaviour of orthoboric acid has been understood on the basis of proton transfer along the hydrogen bond. Crystal
structures of DL-aspartic acid, prolyl valine and estra-sulfone have been
studied using X-ray and neutron diffraction.
Work on the " S U fuelled, 30 KW neutron source for neutron radiography
has been continued. Preliminary experiments have been carried out using
a Mather gun-type dense plasma focus device to study the mechanism of
neutron production from high temperature deuterium plasmas. Over 10 s
neutrons/burst have been detected with about 100 joules of energy.
Investigations have been carried out on tritium production in natural lithium
and lithium-6 samples.
High Altitude Research
The Gulmarg Supernova detection system has revealed a class of cosmic
X-ray bursts which appear to come from the general direction of the Crab
Nebula. A scheme has been worked out to improve substantially the
sensitivity of ground-based monitors for the detection of cosmic X- and
gamma ray bursts. A feasibility study for the detection of high energy
photons in the cosmic gamma bursts has been completed.
Cosmic ray data obtained from Gulmarg for the period 1970-76 were
analysed for the study of long-term changes. The study reveals a special
class of diurnal variation, particularly during the minimum solar activity
period.
A geomagnetic observatory has been set up at Gulmarg by the Indian
Institute of Geomagnetism.. The Observatory forms an important link in
the chain of other stations along this geomagnetic longitude. The
geomagnetic data will prove helpful in the interpretation of various
solar-terrestrial effects.
14

SPECTROSCOPY
High resolution spectroscopie studies of the molecular species SXO, SiS
and the rare gases in the vacuum ultra-violet region was continued. Significant amount of work on absorption and emission spectra of new molecules
of spectroscopie interest was done in the visible and ultra-violet regions
using different sources of excitation. Laser-induced photochemical reactions
between chlorine and hydrocarbons are being studied using the nitrogen
laser. A detailed spectroscopie investigation of SF„ a molecule of great
importance in the separation of sulphur isotopes employing laser techniques,
was undertaken.
A humber of computer programmes and calculations were evolved to
arrive at and improve upon the various molecular properties like energy
levels, population, symmetry species, force constants etc. of several
molecules CF3SeCI, CF3SeBr, CF3SeCN, MoF,, CF,SeCH3 borazine and
rare earths formates.
CHEMISTRY
Research efforts were continued on : (i) radiation and photochemical
reactions and mechanisms (ii) phase transitions at high pressures and
temperatures (iii) spin orientation effects of alloys (iv) thermo-chemical
studies of materials and (v) physico-chemical properties of inorganic
compounds. A new programme was initiated to study inorganic metal
complexes, especially organo-metallics with a view to study interrelationship of chemical bonding and volatility.
The radiation and photo-chemical reaction pathways in a number of
systems such as vitamins, aminoacids and proteins were studied.
The mechanism of CO methanation, photo-chemical investigations of
dye solutions and photo-electrochemical reactions on semiconductor
electrodes have yielded very encouraging results. The phenomena of phase
transformation in solids, thermal degradation of metal formates, oxidation
and reduction kinetic reactions of various uranium oxide phases and
quardrupole interaction in rare earths alloys were investigated.
RADIOCHEMISTRY
Basic research in nuclear and radiation chemistry, heavy element chemistry,
process chemistry, complex formation and structure investigations were
continued.
Experimental work on the charge distribution in the spontaneous fission
of californium and in the neutron-induced fission of i 4 5 Cm was completed.
As part of a long range programme of work on absolute yield measurements in the fission of actinide isotopes, a fission-track-cum-gamma ray
spectroscopie technique was developed and standardised by measuring
accurately the yields of a dozen mass chains in the thermal neutron fission
of 235 U and ä3SPu. The half-lives of some important actinide isotopes * " P u ,
IB

2JÍ

Am, «»Am and 212Cm were accurately redetermined by mass spectrametric and conventional techniques as these half-lives are of crucial
importance in nuclear material accounting. The thermodynamic parameters
associated with the extraction of U(VI) and Pu(IV) with tributyi phospates
were evaluated from a study of the extraction behaviour at different temperatures. A new method was developed for the extractive-photometric determination of Pu(IV) in microgram levels using xylenol-orange. Investigations
of the structure and formation of complex oxides by interaction of fuel
with clad materials and fission products under irradiation, were continued.
Studies on structural changes during the oxidation of single phase 30%
Pu02-U0» pellets were carried out.

LIFE SCIENCES
BIOLOGY AND AGRICULTURE
The basic studies in biology and agriculture included bacterial genetics,
radiosensitization with drugs, thermoluminescence in photosynthesis and
plant and animal metabolism.
Induction of a Latent Virus from Bacterial Cells Exposed to Heterospecific Transforming DNA
Transfer of DNA from one species of bacterium Haemophilus to another
refated one by transformation resulted in lethality of a large fraction of
the recipient cells. The lethality was due to the induction of a latent
defective virus.
Mechanism of Genetic Recombination During E. Coli Conjugation
Oriented transfer of chromosome from male (donor) to femal colon bacterium E. coli requires for its integration into the recipient chromosome
the products (enzymes) of Ree F and Rec B C pathways. It was proposed,
and additional observations and thermodynamic considerations support the
idea that Ree F pathway integrates single strands of donor DNA whereas
the Rec B C pathway predominantly mediates double-strand exchanges.
The enzyme exonuclease V of Rec B C pathway appears to be implicated in
duplication of the single strand DNA transferred from donor prior to its
integration in the recipient chromosome. In the absence of exonuclease
V, another enzyme exonuclease I degrades the unduplicated donor DNA.
lowering the yield of recombinants.
Radiosensitization of Bacterial Cells with Drugs
Paracetamol, a frequently used analgesic and antipyretic drug was found
to sensitize colon bacterium E. coli B/r to gamma-rays, preferentially
under hypoxic conditions. Addition of procaine to bacterial cells irradiated
anoxically, in presence of chlorpromazine, caused an increase in cellular
lethality greater than what was observed in the presence of oxygen.
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Effects of Gamma-Days on Erythrocytes (Red Blood Cells)
Erythrocytes irradiated at room temperature under isotonic conditions
were observed to first lose their haemoglobin gradually followed by sudden
complete hemolysis and total release of all haemoglobin. The presence of
lignocaine during irradiation did not cause any change in the pattern of
lysis but procaine was found to protect erythrocytes against lysis and
chlorpromazine caused an increase in release of haemoglobin.
Estimation of Oil and Enzyme Content o f Groundnut
The estimation of oil content in groundnut seeds by the technique of
pulsed NMR was standardized. Attempts are being made to estimate the
oil content without drying the seeds so as to preserve their viability (permitting their use in breeding).
In a chlorophyll deficient mutant of groundnut, the activity of dehydratase
enzyme required for chlorophyll development was found to be lower.
Relative Radiation Sensitivity of Plant Functions
Irradiated Kidney bean seedlings showed lower radiosensitivity of growth
than water absorption and transpiration. Experiments on Kidney bean
seedling irradiation showed lower radiosensitivity on growth than water
absorption and transpiration. (In irradiated plants fed with tritiated waterrelatively higher radioactivity was retained in roots and primary leaves
which always exhibited higher chlorophyll levei both on area and weight
bases).
Effects on Iron Transport in Plants by Fertilizers and Growth
Substances
Both ammonium sulphate and urea increase iron transport in plants.
Use of chelates decreased total absorption but facilitated transport to
other organs. Transport (especially to root) was also improved by certain
growth substances.
Distribution of Plutonium-239 in Bean Plant Grown in
Containing Nutrient Solution

239

Pu

The distribution of s39Pu in the tissues of the bean plant was found to
be largely in the roots. Chemical characterization of plutonium in the
pods of the plants grown to maturity indicated that nearly 50% of plutonium
was associated with ionic form.
BIO-ORGANIC RESEARCH
Using radiolabelled physalins, the role of physalin B, epoxyphysalin B
(13, 13-seco-16, 24-cyclo-steroids) in the biosynthesis of physalin D
(dihydroxy-5, 6-dihydrophysalin B) in cell-free extracts prepared from
Physa/is minima (Gooseberry) plants was studied.
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The biosynthesis of precocenes I and II was carried out using sodium
acetate-2-"C and mevalonic acid-2-14C in intact Ageratum conizoides
(Goat weed) plants as well as in cell-free extracts derived from these
plants.
Enzymatically isolated protoplasts of Phaseolus aureus (Mung bean)
and Atropa belladonna (belladonna) tissues were fused with Amoeba cells
in the presence of polyethylene glycol.
Studies on plant regeneration in organ and tissue cultures of Physalis
(Gooseberry), Brassica (Mustard) and other economically important
plants were continued and the patameters controlling were established.
The morphogenetic and biosynthetic ability of tissue cultures established
from haploid and diploid plants of Atropa belladonna was investigated
with respect to alkaloid content.
The blood volume of Sarcophaga ruficornis (Flesh fly) was estimated
with a view to study the hormonal regulation of macromoiecular metabolism
during larval development.
Microwave-generated singlet oxygen, on reaction with tryptophan, led
to the formation of dioxindolylalanine. However, when chemically generated
source of singlet oxygen-(triphenyl phosphite-ozonide adduct) in methylene
chloride was used, kynurenine was formed instead of dioxindolylalanine.

BIOCHEMISTRY
In biochemistry, researches covered the areas pertaining to structurefunction of enzymes and proteins, energy metabolism, functions of
vitamins and hormones, biosynthesis of proteins and nucleic acids
during cell growth and differentiation.
The presence of heavy water (D,O) considerably modified the allosteric
functions but not the catalytic activity of rat liver UDPG-dehydrogenase.
Among other studies on structure-functions of enzymes were characterization of L. casei lactic dehydrogenase, elucidation of the regulatory role
of protein phosphatase in tumour ceils, and identification in potato buds
of an enzyme protein which exhibited dual activities of asparagine synthetase
and amidating enzyme. Yeast cells to which fungal glucose oxidase was
artificially attached via Con A, could be entrapped on a polyacrylamide
gel to serve as an efficient immobilized 'catalase-invertase-glucose
oxidase multi-enzyme system for the production of fructose and gluconic
acid from sucrose.
Studies were carried out on the distribution of various enzymes and
proteins in different tissues, cell types and sub-cellular components. An
extensive study has been made on the levels of high and ¡ow molecular
weight r ¡ypeptides in the brain of various vertebrate animals such as
lizard, pigeon, rat and mouse. £. coli ribonucleotide reductase has been
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solubilized from a DNA-membrane preparation. There are subtle differences
between the membrane-bound and the soluble enzyme in their ATP and
M g 2 + requirements and the effects of EDTA.
Various aspects of intermediary metabolism, biosynthesis of macromolecules and regulation of intracellular functions have been studied in
animals and other organisms under conditions such as nutritional deficiencies, hormone and drug administrations, exposures to environmental
chemicals, malignant transformation and aging. The radiation-induced
changes in RNA synthesis in the liver have been found to be solely due
to abscopal (neuroendocrine) mechanisms, those in the spleen largely duo
to the direct radiation injury on the spleen itself, and those in the thymus
partly from the direct effect on the thymus and partly from the abscopal
mechanisms. Mitochondria biogenesis occurring during the shift in the
growth of S. cerevisiae from anaerobic to aerobic conditions was extremely
sensitive to ultra-violet radiation; the impaired process however could be
completely restituted by exposure of ultraviolet irradiated cells to visible
light.
Biochemical and electron microscopic studies on the development of
endoplasmic reticuliim membranes in rat placenta reveal a close correlation
between membrane characteristics and the appearance of microsomal
mixed function oxidases at 15 days of gestation. The component of the
microsomal mixed-function oxidase system could be successfully induced
in rat and mouse liver by a single injection (i. p.) of nicotinamide, a normal
metabolite. The induction of this enzyme system was successfully applied
to enhance the decreased activity of drug-metabolizing enzymes in the
livers of animals bearing transplanted tumours.
Benzo (a) pyrene, a carcinogen present as a pollutant in city air, undergoes
metabolism by the liver mixed-function oxidase to produce several metabolites. Studies on the mammalian metabolism of lindare, a chlorinated
hydrocarbon pesticide, have revealed some hitherto unknown pathways;
these include aromatisation, dechlorination and hydroxylation, as also
ring fission. The body retention of the pesticide is significantly influenced
by the nutritional status of the animal, diet restriction resulting in faster
excretion.
Under a variety of experimental conditions which are reported to influence
aging in mice, several biochemical parameters such as lipoperoxidation,
accumulation of lipofuscin pigment, Superoxide dismutase activity and
membrane damage have been examined. The findings provide experimental
evidence in support of the 'free radical' theory of aging.
The programme on the radiation injury and repair mechanisms at physiological, cellular and molecular levels was continued.
Vitamin E in lipoprotein-bound form was found to govern the activities
of acylating enzyme complexes of mitochondria and microsomes in the
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ratliver. A M g + + -dependent ATPase as jociated with epithelial membrane
fraction has been found to generate the necessary acidic micro-environmant for the passive diffusion of dietary folates at the absorption site of
the small intestine. In lymph node leukocytes of mice, the activity of lysozyme
was found to be the highest in microsomal fraction. The enzyme is immunologically different from hen egg-white lysozyme. The existence of lysozyme
was also established in human leukocytes.

MEDICINE
Basic Investigations on the Surface Properties of Immunotompetent Cells:
Lymphocytes are a kind of white blood cells which are instrumental in
endowing immunity against infecting organisms and foreign molecules
(antigens). Mechanisms involved in the antigen recognition are still not
cfearly understood. This process requires participation of specific receptors
on cell surface. Interaction with plant proteins like concanavalin A (Con A)
stimulates lymphocytes and the mechanism of this interaction is believed
to simulate that of antigen recognition. A sensitive technique involving the
measurement of cell surface charge density was used to quantitate the
changes induced by Con A. It was also seen that lymphocytes from
leukaemic animals, differ from their normal counterparts vis-a-vis their
interaction with this plant protein.
Similar information was obtained on the status of another type of receptor
molecules on lymphocyte surface called surface immunoglobulin.
Some lymphocytes possess receptors to bind heterologous red cells
and this association results in the formation of "rosettes". The "resetting
technique" has immense clinical value in assessing the status of a sub-type
of lymphocytes in physiological disorders and cancer. In the mouse strain
AKR, it was observed that the resetting ability remained unaltered at 2 to 5
months of age, fell sharply at 6 months or more and in old as well as
ieukaemic animals, it was drastically reduced. Treatment of lymphocytes
with surface modifying enzymes such as sialidase enhanced rosetting
frequency.
Studies on Immunosuppression: Immunosuppression denotes the blocking
of immune reactivity of the lymphoid system against antigens. Specific
immunosuppression is required to be achieved for longer survival of skin
grafts. Anti-lymphocytic sera ace being used for this purpose, in practical
situations, the suppression is to be affected after transplantation or antigen
administration. Two types of antilymphocytic sera (ALS) were prepared
to study post-antigenic suppression of immune response in rats viz. ALS
against unstimulated lymphocvtes-ALS(N) and ALS against antigen
stimulated lymphocytes-ALS(l). It was observed that ALS(I) suppressed
the primary as well as secondary humoral (circulating antibody) immune
response post-antigenically but ALS(N) did not. Both the sera could
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suppress primary cellular-response (mediated by activated lymphocytes)
when administered before antigen.
Cancer Immunology: Immuno-therapeutic studies using BCG vaccine
showed that BCG produced anti-tumour immunity in mice when given
in close proximity with tumour cells could be transferred to normal animals.
Anti-tumour immunity was detected in animals bearing a progressively
growing tumour. Investigation on the role of this immune surveillance
suggested that it may be responsible for preventing oimour spread (metastasis) from one site to another.
Immunological Tolerance: While immunosuppression is necessary for
successful grafting, selective unresponsiveness (tolerance) to an antigen
can be developed using the antigen itself. These studies on immunological
tolerance give an insight into the mystery of non-reactivity against self
tissues. It has been observed that high antigen dose given to new bom
mice resulted in a state of unresponsiveness. It is further observed that
X-irradiation of thymus tissue, in combination with neonatal antigen
administration, prolonged the state of unresponsiveness to that antigen.
Chemical Radioprotection: The protection afforded by chemicals AET
(aminoethyl thiouronium) and 5 HT (5 hydroxy tryptamine) against
the late effects of radiation was probed in female Swiss mice. Both AET
as well as 5 HT reduced the incidence of mammary tumours.
RADIOLOGICAL PROTECTION
Radiological investigations with yeast cells were carried out to obtain
parameters of interest in radiotherapy. Preheated cells were found sensitised
to subsequent gamma irradiation.
The G values for the radiolysis of cytosine, deoxycytidine and cytidinemonophosphate, the constituents of DNA molecule, were obtained for
both aerated and anoxic irradiation conditions.
The role of singlet molecular oxygen in various atmospheric chemical
reactions was further investigated. Rate constants for reactions involving
different forms of oxygen with different atmospheric reactants were determined using a specially designed system. Light emission from UV irradiated
oxygen in the near infra-red region have been analysed for singlet oxygen
production.
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APPLIED RESEARCH
VARIABLE ENERGY CYCLOTRON (VEC)

¡ i

The Variable Energy Cyclotron (VEC) located in Calcutta has been commissioned for the internal beam. A circulating beam of alpha particles
(doubly charged helium ions), accelerated to energies where it can produce
radioactivity in copper, was first obtained at 6 a. m. on June 16, 1977.
During the subsequent runs, alpha particles were accelerated up to the full
radius of 99 cm, which is the design radius for the extraction of the beam
outside the cyclotron chamber. Nuc tear reactions were produced with the
51 MeV alpha particles to determine the beam energy. All neutron and
gamma detectors located in the vault, pit and other areas, were operated
and radiation levels recorded. Tie artificial radioactivity produced in the
reactions was studied. The commissioning of the cyclotron and its operation
have been greatly hampered due to the non-availability of continuous power
at the VEC site. For example, the total number of power trips during the
calendar year 1977 was 724.
The diffusion pumps were operated to obtain the required vacuum. Since
the number of power failures were too many, the vacuum system had to be
geared so that the working vacuum can be obtained within 2 to 3 hours after
each trip.
Fabrication of switching magnet-1 was completed at Bombay and it was
transported to Calcutta and installed in the vault. The other systems like a
pair of quadrupole magnets, bending magnets, shield wall plugs were
fabricated, tested and installed so as to take the extracted bt^m to the
experimental cave. Work is also progressing on the fabrication of the
analysing magnet. Components for the data processing system fabricated
at the Central Workshops of BARC were transported to Calcutta and
installed for preliminary checking. The PDP 16/76 computer system is
now operating. The nuclear interface for on-line data acquisition from
the cyclotron experimental set-up was tested and software was debugged.
The 300 lines/minute printer was installed.
R-5 PROJECT
Detailed engineering design of the major systems and equipment for
R-5, a 100 MW thermal research reactor, were completed. Design analysis,
piping stress analysis, system dynamic analysis and safety evaluation of
various systems are now in progress. Various engineering experiments for
assessment of the design are in progress and development work to
facilitate fabrication and installation of major components are underway.
Several experiments, such as ripples on the moderator surface, vibrations
in the guide tube during moderator dumping and evaluation of spray header
cooling of reactor vessel internals, were taken up on a half-scale reactor
vessel model. Modifications for the intake caisson of the sea water system
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were finalised based on the model studies conducted at the Central Water
and Power Research Station, Khadakwasla.
Experiments were completed at ZERLINA and Apsara reactors for studies
of a liquid poison shut-down system, a power monitoring system, shielding
adequacy i f beam hole gates and optimisation of beam tubes. Zero energy
physics experiments on fuel clusters are in progress in ZERLINA.
The analog simulation of the control system of R-5 reactor was completed.
Modified prototype shut off rod and emergency safety system are being
tested. All the embedded parts required for the control system in the reactor
building and reactor components were fabricated. Lighting scheme and
all civil engineering details of control, instrumentation racks, control panel
and control consols were completed. Design of adjuster rod absorber,
shield and drive mechanism was also completed.
A computer-based system for data acquisition and processing is being
developed. The system will also display plant status information and
alarm conditions.
Out-of-pile testing of fuel assemblies was continued and another fuel
assembly was installed in CIRUS for in-pile irradiation testing. Development work in connection with production planning of fuel sub-assemblies
was in progress. Test on the on-power fuelling machine megazine and
the spent fuel buggy was continued and the design was finalised. Various
model studies for neutron shielding of the fuelling machine were conducted.
Design of major reactor components, coolant systems, fuelling machines,
fuel assembly, electrical power systems and effluent collection system
were completed. Design of process instruments, their locations, signal
tubing and cable routing for the various systems were finalised. Inter-lock
logic scheme for various sub-systems was worked out.
Fabrication of the reactor vessel and coolant channel assemblies is in
progress. Fabrication of other major components such as the end-shield,
the annular shield, reactor outlet header, deck plates, heat exchangers,
500 KVA diesel generator sets, 10 MVA transformers, switchgear, 75/15
tonne main crane etc. were in progress at vendors' works.
The reactor building super-structure work up to the roof level is nearing
completion. Civil works for service building, reactor annexe, attached
laboratory and guide-tube laboratory were commenced.
PLASMA PHYSICS
MHD Power Generation Project: The MHD power generation project, to
be located at Tiruchirapalli, is a joint venture between EARC and Bharat
Heavy Electricals Ltd. At site, the civil works on buildings and facilities
have started and some of the laboratories are being shifted to the site.
The final design of all the systems and equipment at the complex is in
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progress. The design of M H D channel with copper electrodes and alumina
insulation, was completed after detailed thermo-dynamic, gas-dynamic,
thermal, thermo-hydraulic and hydraulic calculations. Development of high
temperature refractory materials of required quality such as alumina,
magnesia, and lanthanum enrómate specially required for M H D generator,
is being carried out and necessary laboratories are being set up. Most of
the fabrication drawings for the 2 testa magnets were completed.
Two experimental facilities, one based on combusion plasma and the
other on seeded argon plasma, became operational and are now used
routinely for plasma investigation. A larger combustion plasma is being
set up for testing materials, diagnostic equipment and channel modules.
Plasma Technology: Plasma spray technology is being developed as a
technique for obtaining refractory material coatings and compacts. This
technique is being improved to make electrodes for M H D generators.
The know-how of the 100 kW plasma cutting torch was transferred to a
manufactu or.
Electron Beam Technology: The portable electron beam welder being
developed for the R-5 project for tube-to-tube sheet welding of the
calandria was completely assembled. Trials on this machine are continuing
to establish its reliability. Considerable progress was made on a welding
machine being developed for the Gas Turbine Research Establishment,
Bangalore.
Relativistic Electron Beams: Development work on relativists electron
beams (REB) is oriented towards plasma generation and heating, using
pulsed high current electron beams. A generator of 75 joules capacity,
using pulsed power supply was developed and experiments are now in
progress. Different cathode geometries are presently being studied in
the field emission diode to produce high current beams. Experiments
are being planned to study the beam generated plasma and necessary
diagnostics are being developed.
Energetics: The 75 joule pulsed power supply has been in continuous use
for the generation of pulsed high current electron beams.
A Tesla transformer-oil transmission line system was given for fabrication.
The design of a system based on a water transmission line was taken up.
Design of high pressure triggered spark-gaps, for fast transfer of energy
is in progress.
A coil assembly for the generation of a pulsed magnetic field for use with
REB system was fabricated and tested.
LASER
Work was continued on the development of a variety of layers. The
high power neodymium glass laser has reached the first target of producing
a pulse of 100 watts. Optimization has resulted in obtaining a beam,
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which, focussed to a spot less than a tenth of a millimetre in diameter,
gave power densities of about 1 0 " watts/cm 3 . This laser is being used
for the production and study of very high temperature plasmas. Temperatures in the region of 10 million degrees have been generated in plasmas
from targets of copper, carbon and deuterated polythene.
An improved version of the nitrogen laser was designed and built which
produces pulses of 1 megawatt peak power. A continuously operating
4 0 watt carbon dioxide tunable laser which operates without flowing
helium is being developed as a general purpose research instrument.
The technical know-how for the fabrication of light-emitting diodes was
transferred to Central Electronics Limited, a public sector undertaking
of the Department of Science and Technology. Severa! instruments
which are used in laser and laser applications were fabricated and testedConsiderable progress was made in laser instrumentation. A Rhodamine
laser is under development and two helium-neon lasers were fabricated.
A small co-axial flash lamp for dyelaser and a spectrum analyser to
study the output of lasers are being fabricated.
ELECTRONICS
Nuclear Instruments: An advanced photon-counting system wes developed
for studies in Raman spectra etc. A simple, inexpensive gamma ray
spectrometer was developed for radiometallurgy studies. Nine criticality
monitoring systems were fabricated for installation in the radiometailurgy
laboratory to detect criticality accidents during fuel processing and sound
an emergency warning for the evacuation of personnel. A low-level
alpha-counting set-up was fabricated for testing the reactor fuel pins.
An electronic system, which can simulate radiation dose patterns arising
out of nuclear fallout, was fabricated. Two ruggedised scintillation
detectors for high altitude operations and a simulator for testing these
probes were also fabricated. Electronic instruments for analysing the
data from pulsed neutron oil logging experiments were tested at site at
Ankleshwar. The logger probe, housed in a 2m. long pipe suitable for
approx. 10 cm oil wells, was developed for ONGC. The probe is designed
to operate at 120°C and to transmit information to surface instruments.
An instrument with digital processing methods to quantitate the plutonium
waste, was developed and fabricated and is at present under evaluation.
A liquid scintillation counting system and an on-line tritium monitor
were fabricated for nuclear power projects. Stack-gas and processliquid monitors and a differentia! temperature measuring unit for TAPS
were also developed.
Health Instruments: A number of prototypes were developed for radiation
monitoring for R-5 reactor, for health physics and process instrumentation
applications, including low-level and high-level area gamma monitors,
contamination monitors with digital readout, tritium-in-air monitor,
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neutron-rem counter and bulk coolant monitors. Design improvements
are being made in the light of operational experience. A programmable
hand and foot monitor, with background cancellation and a widerange gamma monitor, with digital read-out, were developed.
Reactor Instruments: A display terminal using a standard TV monitor
was developed as a part of R-5 display system.
The instruments based on valve designs, operating at Apsara, ZERLINA
and CIRUS are presently being replaced by integrated circuits and other
sophisticated products.
The reactivity channel fabricated for FBTR was tested at Apsara. Delayed
neutron detector, gaseous fission products detector, source range channel
and the reactivity channels, all intended for FBTR were handed over
to ECIL for production. The control channel for R-5 reactor was tested
at Apsara and its parameters were optimised. Among other instruments
developed for R-5 are an autoranging seven-decade reactor power monitor
and a safety channel.
Medical Instruments: Work was initiated to develop a medical system
called Computerised Axial Tomograph (CAT), using the latest technology,
to obtain X-ray pictures of internal organs. It determines the density distribution in a body section by measuring a large number of X-ray transmission
profiles at different angles. Using simulation technique and computer
methods, reconstruction of geometrically defined structures is seen possible.
Development work was undertaken of ultra-sonic methods of viewing
internal organs.
An electromyograph signal processor was fabricated and installed at the
KEM Hospital, Bombay. Two types of studies were undertaken /. e. to
examine the electrical activity in neuro-muscular disorders like muscular
dystrophy and to study muscular insufficiency in leprosy. It is proposed to
correlate findings of this study with those of the clinicians of Acworth
Leprosy Hospital, Bombay, on a long-term basis. An impedance plethysmograph was developed and installed at BARC Hospital. Analysis of the
experimental results shows that morphological asymmetry in kidneys could
be diagnosed. The system was found useful to study blood circulation
in the extremities.
OPTO-ELECTRONICS
Work on the development of image intensifier tubes as well as systems
for night vision applications was continued. Efforts are being made to
fulfil the stringent standards required for the field use of the infra-red
sensitive image converter tubes. It is planned to transfer the technical
know-how developed to the Pune unit of BEL. The monocular and binocular night vision systems developed earlier were further modified to achieve
efficiency and portability. The monocular system is intended for use by
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security personnel in industrial complexes while the binocular will be
useful for night driving applications. The requirement of such night viewing
systems is being studied with a view to develop suitable optical components.
Basic research in photoelectronic phenomena leading to device development and work on the development of vidicon-type of camera tubes were
continued.

INSTRUMENTATION
A number of sophisticated instruments such as field ion microscope,
field emission microscope. Auger electron spectrometers, mass spectrometers for ¡sotopic ratio measurements, helium leak detectors etc were
devetoped. Imaging of practical surfaces was successfully accomplished
in the field ion microscope. A series of electronic instruments such as
lock-in-amplifiers, digital units for vacuum measurements, NMR digital
gaussmeter, special purpose high stability electromagnets were developed
and are now in batch production.
Design and development of Roots and rotary mechanical pumps was
completed. A number of air-cooled diffusion pumps, high vacuum angle
valves, special purpose ultra-high vacuum manipulator and leak valves
were fabricated. A two-stage cryocooler and cryogenic centrifugal pump
were designed. Kyropoulus technique was introduced for crystal growth
and a number of crystals were grown by this technique. Optical modulators using crystals grown by the solution technique have been prepared
for laser applications. A high vacuum coating plant was installed at the
Indian Institute of Astrophysics, Bangalore, for aluminising the telescope
mirror. At present, this is the largest indigenously developed plant in the
country. The designs for a larger plant have already been worked outThe design of 4 m simulation chamber for ISRO Satellite Centre, Bangalore
was taken up for testing space components and sub-systems at very low
temperature high vacuum conditions. Two thermovac chambers for the
ISRO Satellite Centre, and Space Applications Centre, Ahmedabad, were
commissioned. A High Altitude Test Facility for Vikram Sarabhai Space
Centre for testing microthrusters was designed.
A 2 MeV terminal Tandem Van de Graaff assembly and testing work is on.
The installation and vacuum testing of the accelerator tubes are in
progress. The 5.5 MeV Van de Graaff accelerator in use for the last 15
years is now undergoing a prolonged overhaul.
The assembly of the DUMAS isotope separator was completed and preliminary runs are in progress.
Glass cryostats having a capacity of 1.25 litres of liquid helium were made
for testing superconducting coils. The helium liquefier was operated and
1500 litres of liquid helium produced was distributed to users in BARC
and TIFR.
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For handling minute quantities of impurities, a micro-cell and a vacuum
system were designed, fabricated and tested. Design and fabrication of
the various components of the non-dispersive gas analyser was continued.
Several optical components were fabricated and tested for use in fields
like infrared, Raman, interferometry and lasers. Optical design of an infrared sensor to be used in satellites was completed. An a. c. amplifier operating at 5 KHz, a phase sensitive demodulator and a d. c. amplifier, were
fabricated and tested. These form part of a servo-loop required for frequency
stabilization of a helium-neon laser where the laser frequency has to be
locked on to the centre of the Lamb dip. A photon counting unit consisting
of a pulse pre-amplifier and a rate-meter was fabricated and tested.
A portable helium monitor for use at the Indian Rare Earths Factory at
Alwaye was designed and fabricated. An instrumental method based on
gas chromatography is being developed to estimate trace levels of CO in
synthesis gas stream used in heavy water plants. A batch of twelve mercury
analysers were fabricated and supplied to outside institutions before
transferring the know-how to ECIL for regular production. A facility for
gas sampling from six locations at regular intervals, a low pressure apparatus
for estimation of traces of carbon dioxide in liquid ammonia at the Heavy
Water Project, Baroda and equipment for evaluation of demulsification
number and viscosity of turbine oils at RAPS were set up.
A new calorimeter for direct calibration of clinical dosimeter in terms of
absorbed dose in soft tissue was completed. Primary cavity chambers for
cobalt-60 gamma exposure were redesigned to minimise air volume
uncertainties and the new standard was compared with that of the National
Bureau of Standards, USA. A neutron telescope was developed as a
primary standard for the measurement of mono-energetic fast neutron
fluxes. A polythene moderating assembly, incorporating helium detectors,
was also developed as a secondary standard for neutron source calibration.
A TLD badge reader and a film dosimeter reader were designed for largescale countrywide personnel monitoring. Suitable interfaces for transferring
the personnel and dose data to a teleprinter was developed.
Improved versions of instruments required for protection dosimetry were
developed such as secondary standard dosimeter, digital X and gamma
ray ionization meter, rectal dose monitor and TLD reader. The instruments
developed for area monitoring included low level gamma ray exposure-rate
monitor using halogen-quenched counter, stationary monitor with alarm,
integrating alarms and high range gamma survey-meter.
Special instruments such as colour densitometer, radiographic exposure
time-indicator, 512 channel analyser and electrometer for various applications, were developed. An ultra-violet dosimeter using glass was developed.
An instrument for monitoring very low levels of tritium in presence of
high gamma background field for use in heavy water reactors was develop28

ed. Development of pollution monitoring included a system for sulphur
dioxide monitoring. Investigations have also been carried out on a new
dosimetry system based on lyoluminiscence phenomenon aimed at developing economic and versatile dosimeters for medium and high dose rates.
An annealing controller was designed and fabricated to generate a desired
linear temperature profile up to 1000° C in a six zone, 300 Kw furnace at
NFC for annealing zircaloy tubes used in reactors.
A computer-based system that is used to acquire, record and monitor data
in stress analysis loop and safety experiments was commissioned.
A computer-based on-line heart-rate analyzer and a "computerized X-ray
tomography scanner" are being developed. The latter uses a computei
to reconstruct detailed pictures of sections of human body from a number
of X-ray readings taken around the body to help in medical diagnosis and
detection of tumours.
A thyristor-controlled drive system for the simultaneous control of two
1420 H. P. traction motors of the WAG-1 type electric locomotive was
fabricated and lab-tested. The system enables automatic speed or tractive
effort control of the locomotive. Installation of the system in the locomotive
and commissioning of the drive system on the locomotive is in progress.
The thyristorized control of electrode drive for submerged arc furnace of
the Phosphorus Pilot Plant was commissioned.
A servo-system to track the National Oceanic and Atmospheric Administration (NOAA) satellite for weather prediction, through a 9 m. antenna
dish was developed, installed and commissioned at the Space Applications
Centre, Ahmedabad and eight servo-systems for tracking low altitude
orbiting satellites required by Space Applications Centre, Ahmedabad,
and Defence are being developed.
A numerical control system for an electron beam welder to be used for
welding zircaloy spacers for TAPS fuel pins is being developed. An
automatic fraction collector unit to be used in continuous chromatography
was designed, fabricated and tested. A whole-body scanner system is
being designed to provide direct estimation of the activity retained by the
patient. Work on space quality silicon solar cell is in progress. An efficiency
of 1 0 . 5 % has been obtained.
A gamma spectrometer for assay of Pu in process wastes from fuel fabrication
plants was set up. The monitor displays directly 241 Pu and 239 Pu content
in samples.
A high volume air-sampler, a sequential air-sampler, a wide-range surveymeter, an automatic telemeter area monitor, a low background beta counting
set-up, and an alpha-counting system were fabricated. A TLD system
was fabricated for PRL, Ahmedabad. Fabrication of specialised meteorological instruments like sensitive anemometers, flux measuring instruments
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and their associated data processing system were taken up for development.
Personal protective equipment such as respirators, air-harness, air-hoses
and protective suits were produced on a large scale.
RELIABILITY EVALUATION
The Reliability Evaluation Laboratory continued to offer environmental/
electrical testing, electronic instrument calibration, and training services to
industries and institutions located in western region of the country. During
the year, a variety of electronic and allied components and equipment
such as capacitors, switches, resistors, transistors, insulating oils, transducers of various types, oscilloscopes, T V receivers; calculators, time and
frequency counters, digital tachometers, nuclear radiation monitors etc,
were evaluated to national and international standards. The information
obtained enabled the manufacturers to improve the quality and reliability
of their products. Testing work for standardization of fluorescent fixtures,
and their components was done. A number of instruments such as digital
multimeters, automatic voltage regulators, resistance boxes, decade capacitors, lock-in amplifier etc. were calibrated.
SEISMOLOGY
The seismic and microbaiographic arrays at Gauribidanur were in continuous
operation. All the major underground nuclear explosions were detected,
located and their yields were estimated to be less than 150 kilotons of
TNT. Low yield atmospheric nuclear explosion over Lop Nor on 17-9-1977
was also detected and its yield estimated to be in the range 40 to 100 KT.
A prototype digital data acquisition unit which converts directly the field
data into computer compatible digital format is being developed and
tested for deployment at Gauribidanur.
Based on the experience gained in the development of seismic instrumentation, a timing system was set up for Philippines Atmospheric Geophysical Astronomical Service Administration (PAGASA) and deployed
in the seismic system established under the auspices of UNDP. Several
such timing systems are in demand in view of their low cost and high
reliability.
A portion of the rock-burst monitoring system which is being developed
for Bharat Gold Mines Ltd., Kolar, was tested and found satisfactory.
Seismic signals were telemetered and recorded from 2 seismometers
installed for this purpose.
New methods for noise suppression were adopted to obtain stable spectral
estimation of seismic signals. Non-linear digital data analysis procedures
were adopted for the detection of weak signals, thereby lowering the
detection threshold without increasing the false alarm rate.
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RADIOISOTOPES
The isotope programme was expanded and diversified to ensure adequate
and timely availability of a wide variety of radioisotopes and radiation
sources for manifold applications in medicine, agriculture, industry and
research.

MEDICINE
The most important contributions in the field of medicine have been the
production and supply of a wide range of radiopharmaceuticals, development of radio-immunoassay procedures and services, supply of high
intensity sources for teletherapy and brachytherapy, and radiation sterilization of medical products.
Radiopharmaceuticals: Over 30,000 consignments of 46 radiopharmaceuticals were processed and supplied to hospitals and medical research
institutions in the country during the year. It is estimated that more than
140,000 patient investigations have been carried out in the country using
the radiopharmaceuticals and services offered by BARC. Important radiopharmaceuticals such as labelled vitamin B12 have been exported to other
countries, including advanced countries such as Australia, Denmark and
France. A number of new radiopharmaceutical formulations of short-lived
generator-produced technetium-99 have been developed. These are of
great potential interest in kidney, bone and lung scanning and the early
detection of pulmonary embolism. The know-how for another important
preparation, namely, radio-iodine-labelled fibrinogen which is widely
employed in advanced countries for early detection of post-operative deep
vein thrombosis has also been developed.
Radioimmunoassay: Important achievements in the field of radiommunoassay have been development of kits for the thyroid hormones (T3 and T4)
which are of great utility for early detection and management of thyroid
diseases. Another radioimmunoassay kit developed earlier (for the hormone
human placental lactogen) has been extensively used during this period for
the early diagnosis of complications in pregnancy and management of risk
pregnancies.
High Intensity Teletherapy and Other Radiation Sources: High intensity
sources of cobalt-60, totalling an activity of over 2400 curies have been
supplied for cancer therapy. A variety of sources of caesium-137, cobalt-60
and gold-198 have also been fabricated and supplied for brachytherapy
and for interstitial and intra-cavitary therapy of cancer.
Radiation Sterilisation of Medical Products: The ISOMED plant continued
to offer radiation sterilisation service to manufacturers of medical devices,
hospitals and pharmaceutical industries. A total of 1,130 cubic meters of
various medical products was sterilised during the year. Some 1,50,000
ready-for-use surgical kits were supplied for use in minor surgical operations.
31

AGRICULTURE
The most important contributions in the field of agriculture have been the
development and supply of (1) isotopically labelled fertilisers, (2) special
radioisotope preparations for ground water and soil moisture movement
studies and (3) investigations carried out for the study of seepage from
hydel channels.
Labelled Fertilisers: Fertilisers labelled with radioactive isotopes of phosphorus, sulphur and calcium find extensive applications in agronomy for
plant nutrition studies. Phosphatic fertilisers, including nitrophosphates of
varying water soluble P»O5 content have been developed and supplied
to a number of agricultural research institutes in the country. Many of
these products have also been exported to Columbia, Peru, Sri Lanka and
Syria.
Special Tracers: Special complex compounds of cobalt and chromium,
labelled with radioisotopes, have been developed for use in hydrology as
ground water tracers for soil moisture movement studies.
Hydrology and Tracer Investigations: A radiotracer investigation was carried
out at the hydel channel of the Beas-Sutlej Link Project for the study of
seepage from the channel to the surrounding area. Using short-lived bromine-82 as the radiotracer, the investigations showed that there is no
channelling from the hydel channel as suspected. Field investigations are
underway at Chikkali village in Maharashtra using cobalt-60 and tritiated
water as tracers lor the study of moisture movement for estimating the
direct recharge to the ground water.

INDUSTRY
The most important applications of radioisotopes and radiation in industry
have been isotope radiography, radiation processing and development of
a variety of useful process control and other instruments.
Isotope Radiography: A wide variety of radiography sources were supplied
to a number of industrial establishments for use in non-destructive testing.
Isotope radiography equipment, including radiography cameras were also
supplied for routine use in industrial non-destructive testing. Significant
progress has been achieved in the development of a new procedure known
as Isotope Zero Radiography.
Radiation Processing: In the field of radiation processing a scale-up process
for wood-polymer composite was developed. The process will help to
tide over the scarcity of high grade timber by upgrading the inferior native
timbers with monomer impregnation and gamma irradiation. For the first
time, wood-polymer-composites were tested in large quantities in chemical,
construction and textile industries and as high tension electrical insulation
in railway traction. It was found that radiation processing of wood increased
the useful life of wood by three times in the chemical plants. A process
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for radiation polymerisation of acryfamide with cobalt-60 gamma rays was
developed. The polymer has wide application in oil-well operations, paper
and pulp industry, sewage water treatment and mining operations.
A number of research and pilot plant type irradiators for feasibility studies
of production of wood polymer composites and evaluation of radution
processes have been designed, fabricated and installed at various indusi^'
and research centres. Special mention may be made of a Panoramic
Batch Irradiator installed at a plywood factory at Baliapatam.
Kerala. A similar irradiator is also being supplied on a turn-key basis to
the Pasar Jumat Research Centre, Indonesia. The development of an
improved research irradiator (gamma chamber) having superior stability
and integrity and a medium-scale commercial radiation sterilisation plant
called ISOPAN have been other important achievements.
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INSTRUMENTS
A useful range of instruments using radioisótopos and radiation has been
developed for various industrial applications. A specially designed system
for detecting the filling-up of a raw mill feed duct in a cement plant (due to
obstruction in the line) was supplied to a cement manufacturing company.
Nucleonic gauging and advisory services were offered to a number of
industrial units. A combination of nucleonic density and level gauges
has been used to evaluate the performance of an operating sieve tray
column at the Heavy Water Project at Baroda.
A static charge eliminator system incorporating thallium-204 sources
was supplied for installation in the photo-film production line at the works
of a film manufacturing company.
A radioisotope smoke alarm system suitable for use in mines is being
developed. An on-line isotope liquid density gauge was developed and
supplied to a well known soap and detergent manufacturing concern.
In addition to the above, several special radioisotope products and sources,
including self-luminous light sources, tritium targets and Messbauer
sources have been developed and fabricated. Self-luminous compounds
have been supplied for use in dial painting of varioi: instruments.
A substantial number of tritium targets have also been supplied for use in
specialised instruments employed in analytical studies of insecticides and
fertilisers.
Applications in Research: A large number of carbon-14 and tritium labelled
compounds have been produced and made available for advanced research
work in the field of biochemistry, biological chemistry, agriculture and drug
research. In order to fully explore the innumerable potential applications
of isotopes and radiation sources, an active development work is underway for the standardisation and production of new radioisotope preparations,
radiation sources and instruments. Oil soluble special preparations incor33

porating radioactive cobalt are under development for oil-well logging studies A method has been developed fot the production of very high specific
activity molybdenrm-99 which finds extensive applications in nuclear
medicine an a source of technetium-99. In collaboration with various
leading hospitals and medical research institutions in the country, development work is unde/way to introduce new and improved radio-pharmaceuticals and radioimmunoassay reagents and kits for studies of various
tropical diseases. Other areas where active development work is underway
include radiation sterilisation of Pharmaceuticals and synthesis of isotopically labelled insecticides.
METALLURGY
The major applied research programmes in metallurgy have been concerned
with: (i) development of processes forthe extraction and refining of strategic
metals and special materials of interest to nuclear engineering, electronics, aero-space, and chemical industries, (ii) studies on the physical,
mechanical and corrosion properties of these materials, (iii) development
of high temperature ceramic materials for advanced applications, as in the
MHD programme and (iv) development of special fabrication techniques,
involving powder metallurgy and electroforming. Basic research programmes
are in the areas of metallurgical thermochemistry, diffusion, structural
metallurgy, radiation damage, corrosion kinetics and sintering. Assistance
was extended to several organisations, meeting their specific material
requirements, and participating in investigations on materials performance
and failure analysis.
The setting-up of a Beryllium Pilot Plant (Initial annual capacity of 10
tonnes of Cu-2% Be and 250 Kg vacuum hot-pressed beryllium metal),
in collaboration with th*" Department of Space and Department of Electronics, has been approved. There has been good progress on the development
of graphite-coating of zircaloy tubes, to minimise pellet-clad interaction in
power reactor fuel. Ring-shaped boron carbide-aluminium composites
have been successfully fabricated for use as control rod material. Attractive
pyro-and hydro-processing schemes have been evolved to recover nickel
and molybdenum values from the sulphide concentrates in the by-product
recovery plant at Jaduguda. Process flowsheets for the recovery of vanadium in diverse industrially important usable forms, such as pure vanadium,
ferro-vanadium and vanadium oxycarbide have been developed, starting
from by-products of the aluminium industry and also from vanadiferrous
slag. A plasma furnace facility is being set up for investigating new extractive processes at high temperatures. Molten salt electro-winning and
electro-refining processes were continued to produce ductile titanium and
hafnium, and for the reclamation of zircaloy scrap.
Extensive work has been carried out on phase transformations, structureproperty correlations, solid state diffusion and radiation damage. These
studies include: the martensitic transformation and the precipitation of
meta-stable and stable intermetallic phases in the binary systems of zirco34
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nium as well as titanium; rationalisation of the observations in terms of
computer-generated free energy versus composition data; the influence
of the second phase on the strength properties of these alloys; the effects
of a variety of heat treatments on the micro-structure and the mechanical
properties of important structural alloys like zircaloy-2, etc; establishment
of a detailed structure-property correlation in the reactor pressure
vessel steel HY-130; the mechanisms of solid solution hardening in
a number of zirconium alloys; micro-structural characterisation of some
important super-conducting alloys and compounds; the effect of neutron
irradiation on the mechanical properties of some titanium alloys; ionirradiation induced blister formation on several nuclear structural materials;
and setting up of a versatile gas pressure bonding assembly for studying
the diffusion bonding behaviour of zircaloy-2. Apart from these research
programmes, service facilities' were provided to external users, for transmission and scanning electron microscopy, electron probe micro-analysis,
and Instron testing.
Studies on the high temperature corrosion of zircaloy-2, containing aluminium as impurity have shown that aluminium contents up to 140 ppm
can be tolerated from the view-point of acceptable corrosion rates. In the
high temperature corrosion of carbon steel in lithiated water at an oxygen
level less than 0 . 0 5 ppm, the corrosion product release rates have been
observed to be extremely low. High temperature autoclave collapse tests
for ridging on RAPPfuel pins have indicated that low yield strength fuel-clad
may be accepted provided the pellet-clad gap is less than 0 . 0 0 3 inch.
Studies on stress corrosion cracking of zircaloy-2 in iodine have shown
that annealed tubes are susceptible to stress corrosion cracking by iodine
during internal pressurization. As regards the effects of alloying elements
on the stress corrosion cracking of zirconium, it has been observed that
iron and copper are not as effective as chromium ¡n imparting resistance.
Nickel, both in the wrought and electro-deposited form, has been found
to be resistant to corrosion in highly alkaline solution, but this resistance
is affected by impurities in the alkaline solution, particularly H,S. Studies
on sea water corrosion in CIRUS jetty have shown that a copper-base
alloy, Cu-9%Sn-4%AI is resistant to sea water. Electroplating of antimony,
Ni-Mn alloys, Ni-TiO, composites, electrophoretic deposition of NiO,
electroforming of porous nickel tubes, and particle-bed electrolysis of
dilute copper solutions have been successfully carried out in the electrometallurgy programmes.
In the field of nuclear ceramics, R & D studies are being carried out on
UO 2 , UO a ZrO2 and BeO. A programme on the development of high-density,
thin sintered platelets of U 0 2 and U0 2 -Zr0 x was taken up. For the platetype fuel development, the powder preparation and fabricational parameters
have been successfully optimised. In the field of high temperature materials,
for the development of high temperature oxide ceramics for the M H D
channels. Ft & D studies are being carried out on AI,O„ MgO and ZrO,.
Sintered high-density bodies of AI,O S and MgO with optimum porosity have
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been successfully developed, basedon admixtures of fused and active oxides
which would withstand the severe service conditions in the MHD channels.
Work was also initiated on rare-earth stabilised zirconia for use as the hot
electrodes in these channels. In the field of electrical ceramics, in addition
to the R & D studies on barium titanate capacitor and Ni-Zn ferrite bodies,
work has been taken up to develop high-density impervious high alumina
components to very close dimensional tolerances which is of great
mportance to the electronics industry.
RADIOMETALLURGY
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Irradiated fuel elements were examined in the Hot Cell of the Radiometallurgy Laboratory. These included three failed fuel elements from the
TAPS and one failed fuel element from CIBUS. Extensive investigations
were carried out to ascertain the causes of the failure. The Hot Cell has
been equipped for gamma-scanning work. In addition, a puncture chamber
for fission gas collection and a ring tensile testing grip for studying mechanical properties of irradiated cladding tubes were fabricated. Studies of
unirradiated RAPP-type fuel elements were carried out to investigate the
ridge formation or collapse of the cladding tubes for various fuel-clad gaps.
Significant progress was made in optimising the process parameters for
the manufacture of mixed oxide fuels. A dry method of fabricating low
density UO,-PuOt pellets by a thermal deactivation treatment of powders
under controlled atmosphere has been established. The outstanding feature
of this method is the excellent reproducibility and dimensional regularity
of the sintered pellets. Work was also taken up for the development of
advanced fuels for fast breeder reactors and the initial experimental results
were found to be very encouraging. Considerable efforts have been made
to develop welding techniques and inspection procedures for welding of
end-plug to thin-walled cladding tubes of fuel elements. In this connection,
an inert gas recirculation and purification system for supplying high-purity
helium gas through a welding train of glove-boxes is being set up.
ORE DRESSING
The research and development programme includes: (i) studies on adsorption of stabilitic type of collectors on sulphide minerals (ii) studies on
selective flotation of minerals (iii) equipment design and fabrication (iv)
studies on the influence of additives on grinding of ores (v) quantitative
determination of rhenium using dye adsorption method and (vi) physicochemical studies on the adsorption of collectors on sulphide minerals.
A flow-sheet was developed, based on the batch-scale experiments, to
upgrade the fluorite ore from Kahila, Rajasthan. Pilot runs on bench-scale
plant were carried out to optimise the process parameters.
Investigations on the beneficiation of multi-metal ore from Deri, Rajasthan,
were completed and the project report was submitted to the sponsor.
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Attempts are being made to recover rhenium from molybdenite. The rhenium
present in the fuel gases, during roasting of molybdenite, is scrubbed
with water. Further investigations are in progress to concentrate the rhenium
in the scrub liquor by ion exchange and solvent extraction.
Detaifed studies on the mineralogy, petrology and geo "henristry of uranium
prospects from parts of Singhbhum Shear Zona, Bihar, were carried out.
The mineralogy and beneficiation characteristics of several phosphorites
from U. P. and Rajasthan wera studied in detail.
Petrographic and geochemical studies on the carbonatite veins of Mundwara
igneous complex were carried out.
SPECIAL MATERIALS
Work was continued on the purification of thorium, recovery of helium
and production of stable isotopes, scintillation chemicals and labelled
compounds of nitrogen and deuterium.
Based on pilot-plant scale studies and preliminary equipment design,
capital and production cost estimates have been prepared for changing
over the process in the existing Thorium Plant at Trombay, to the solvent
extraction route. In order to recover thorium from the scrap generated
in the production of sintered thoria pellets, a pilot-plant scale dissolution
set-up is being installed. Experimental studies were completed on the
grinding of calcium carbide in inert atmosphere for preparing material
suitable for the production of potassium metal. Based on the pilot-plant
trials conducted on the recovery of helium from monazite, a scheme for the
collection and partial purification of helium during monazite processing in
the IRE plant at Alwaye has been proposed. Work on collecting various gas
samples and determining the helium content in them is being continued.
The pilot plants for the preparation of nitrogen-15, boron-10 and argon-36
isotopes were operated. Labelled compounds of nitrogen-15 were prepared for supply to various research organizations. Experimental data was
also collected on the separation of boron isotopes by ion exchange method
and a comparison of this method is being made with the exchange distillation method being used on the pilot-plant scale. Preparation of some
scintillation chemicals, and deuterated labelled compounds was continued
and supplied to various users including other research organisations.
Production of plastic scintillator blocks was started and multiple layer
casting technique is being used for upto fifty centimeters thick blocks.
Studies on incorporating heavy elements such as tin and gadolinium in
plastic scintillator blocks with a vie v to improve their sensitivity are in
progress. The fluorine cell using potassium bifluoride as electrolyte and
carbon as anode was operated and the fluorine gas was used for preparing
kilogram quantities of »ulphur hexafluoride. Analysis of the sulphur hexafluoride has showed that it is of acceptable quality for commercial use in
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high voltage equipment. An increase in the scale of its production is being
contemplated.
Production of nuclear grade uranium metal was continued for making fuel
elements for CIRUS. In order to meet the additional requirement of fuel
for R-5 reactor, it has been decided to cany out expansion of this plant
to about three times its present capacity. Based on trials on magnesiothermic reduction, it is proposed to adopt this process in place of calciothermic reduction being used now.
Work was carried out on the recovery of uranium from its ores, development
of a process for semi-conductor grade silicon and silicon compounds, and
separation of rare earths.
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A moving bed ion exchange unit was set up for studying the recovery
of uranium from sulphate leach liquors. In order to investigate the recovery
of uranium from low grade ores, a counter-current percolation leaching
system was tried on a laboratory scale.
In order to utilise silicon tetrachloride obtained as a by-product in the
purification of trichlorosilane required in the preparation of semiconductor
grade silicon, a process for producing octyl silicate was worked out. This
compound is now being tested for use as a diffusion pump liquid.
Studies were undertaken on reversed phase chromatography as a technique
for the separation of lighter rare earths. A solvent extraction process for
obtaining 98% gadolinium oxide from a concentrate containing about
15% was finalised on a laboratory scale.
ENERGY RESEARCH STUDIES

Desalination
Thermal Desalination and Corrosion Testing: Erection work of the experimental desalination facility was completed and the plant was commissioned.
During operation, the plant gave its maximum designed output with a
product water purity of 4 to 8 ppm.
Procurement of materials and equipment for the 225 M3/day multistage
flash evaporation experimental plant was continued. Preliminary design
of 225 M s /day vertical tube evaporation multistage flash pilot plant was
carried out and a project report prepared. A feasibility report was prepared
for the Government of Gujarat for setting up a 4500 M3/day multistage
flash evaporation desalination plant at Kandla.
Detailed design and specifications for a 48 Te/day flash-type ship-borne
desalination plant were provided to the Indian Navy. This involved the
design of a 2 Te/day flash-type pilot plant and a 1 Te/day horizontal
falling film-type pilot plant.
Erection work of the corrosion test loop was completed. Investigations
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on the behaviour and development of various alloys for sea water service
was initiated.
Membrane Processes and Chemical Control: lhe 10 M*/d reverse osmosis
pilot desalination plant was operated. The data collected indicated its
suitability for conversion of brackish water of dissolved sah concentration
upto 1 % for period upto six months. Incorporation of porous fibre glass
reinforced plastic tubes as support resulted in membrane lifeof more than one
year. Two new compact designs were developed and tested, and a porous
fibre module similarto hollow fibre design is under fabrication. A continuous
membrane casting system for porous nylon and polyester fibres was
designed. The dependence of scaling on various parameters in sea water
distillation plants was evaluated. Laboratory studies on electrolytic scale
control were completed, and pilot plant tests are underway. Studies on
electrochemical corrosion in sea water distillation plants are continuing.
Electrothermal Phosphorus
Erection of the 1 tonne/day phosphorus pilot plant was completed and
the plant is now undergoing trial runs. A few tonnes of phosphorus of
right quality were produced, during commissioning runs, from medium
grade phosphate rocks from Maton in Rajasthan. This grade of phosphate
rock was directly fed to the electric arc furnace without beneficiation
Action was initiated to transfer the know-how, for commercial exploitation,
to outside parties. Based on the development work done earlier, work
on making refractory carbon bricks on a semi-commercial scale was
undertaken in order to provide import substitution.
Electrolytic Hydrogen
Work on the development of electrolysis module, using indigenously
developed porous nickel electrodes, was continued. Based on the experience
of operation on the laboratory scale, of a 300 litres/day electrolysis unit, a
portable electrolyser unit of 1500 litres/day capacity, was designed. Procurement of various equipment and instruments for the 2 8 cubic metres/day
pilot plant was completed. Development studies on fuel cells were continued.
SPECTROSCOPY
A number of special materials needed for electronics, reactor and
semi-conductor technologies have been analysed employing the
spectro-chemical. X-ray fluorescence, gas Chromatographie and infra-red
techniques. Quantitative and semi-quantitative spectro-chemical methods
have been developed for the analysis of certain types of geological samples,
monazite and rock phosphate.
Setting up of an arc and spark stand to extend the use of direct reader
for the analysis of different types of samples using different excitation
sources was completed. Additional channels for nickel, chromium, manga39

nese. molybdenum and copper on direct reader were installed and
calibrated for the analysis of stainless and low alloy steel samples.
Experiments using thorium oxide as a host have given encouraging results
to show that it may be possible to analyse rare earths from uranyl nitrate
at trace levels by X-ray excited optical luminescence by taking them in
thorium oxide host.
X-ray fluorescence methods for the direct determination of trace calcium,
rare »arths and thorium in high purity U3O, and alkali elements in ThOa
were developed.

CHEMISTRY
Current programmes pursued in the field of chemistry are: (a) radiationinduced grafting of vinyl monomers on polypropylene fibres (b) radiationinduced chlorination of terylene fibres (c) screening and modification of
lubricants for radiation stability for use in reactor environments (d)
preparation and testing of several kg/batch of high temperature oxide
electrode material required in the MHD programme and (e) development
of a method of defect-induced sintering of pure oxides, also required in
the MHD programme. The development of the latter method of preparing
high density bodies of the pure oxides (MgO etc) at temperatures of about
1500'C is a major contribution since such oxides are normally sintered
at temperatures in excess of 1700nC.
At the request of the Ministry of Steel and Mines, work was initiated
for the recovery of gallium from Bayer liquors. Conditions have been
established for the electrolytic recovery and large-scale experiments are
being planned at BALCO, Korba, to optimise conditions for full-scale
operations.
Compositional and structural analysis of about 700 different materials
was carried out using different instrumental methods at the request of
users in DAE and some outside organisations.
The laboratory at Srinagar carried out radiation polymerization studies
on cheap and fast growing local woods, willow and poplar, to assess
the commercial feasibility of use in wood carving industry. Considerable
improvement has been achieved and it was found that willow wood
loaded with 35% polymer is best suited for the carving work. Possible use of
this wood for commercial production of small and relatively cheap consumer
articles, is being explored in association with a few state and private
agencies.
A series of metallo-polymer compounds have been developed. The dielectric
constant of some metallo-methacrylate polymers has been found to increase
considerably. Possible use of these compounds as microwave guides is
being investigated.
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RADIOCHEMISTRY
The applied research and development programme in radiochemistry is
centered around the nuclear fuel cycle. Significant progress was made
in the areas of work concerned with the preparation of fuel materials,
pre-and post-irradiation studies of fuels, process chemistry and radioanalytical chemistry.
As a follow-up of the work on uranium exploration (BARC-TEFUREX)
developed earlier, a field study was conducted in Romehra in Himachal
Pradesh. The results obtained in areas surveyed are promising enough to
be considered forextensive application of this technique all overthe countryFor this purpose, a team of geologists was trained both in the theory and
methodology of the technique. The work on sol-gel process for the preparation of fuel materials was continued and defect-free U0 4 microspheres
were prepared on a laboratory scale. In connection with the work on
chemical quality control of fuel materials, methods for the determination
of gramme and milligramme quantities of uranium, nitrogen and tungsten
with high precision were developed. A method for the estimation of trace
concentrations of refractory elements such as hafnium, niobium, tantalum
and tungsten in uranium, and a method for the direct determination of
nanogram amounts of silver, cobalt and chromium in uranium solution are
being developed. Efforts are underway for the determination of cadmium
and lithium in U3Og by direct atomization of solid samples using this
technique. X-ray fluorescence methods were standardised for the estimation
of uranium, thorium and nickel in U0 2 -Th0 : pellets and thorium in tungsten
electrodes.
Post-irradiation studies on irradiated fuels are being made on TAPS fuel
specimens to determine the burn-up at each of the positions, the axial
and radial burn-up profiles and the isotopic abundances of heavy elements.
A new method using lead as tracer (known as LEADTRAP) was developed
for the determination of total uranium and plutonium in the input accountability tank at the reprocessing plants as an alternative method for a similar
technique using magnesium tracer (M AGTRAP) developed earlier. Development work on the waste drum monitor for the estimation of plutonium
in waste cans was completed. Work on the design and fabrication of a
fuel pin scanner for non-destructive estimation of uranium/plutonium
in fuel pins is underway.
A chemical assay standard for americium and working standards for
plutonium and mixed oxides with known metal concentrations were
prepared and successfully used in the chemical quality control programmeANALYTICAL CHEMISTRY
Mass spectrometric analysis and certification of zone-refined indium and
tin for very high purity and analysis of impurities in low melting gallium
metal were carried out.
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Atomic absorption spectrophotometric estimation of traces of bismiKh
in nickel and lead in teeth after its prior separation were done.
Spectrophotometric determination of thallium in mercury cutouts used
in electrical devices, silver in lead and zinc ores after their prior separation,
traces of hydrofluoric acid in air samples and fluoride retained on stainless
steel surfaces after pickling, were also carried out.
Moisture content of sintered thoria pellets to be used in FBTR was
determined.
New analytical procedures developed include separation of radium from
calcium in the spring waters from Gujarat direct determination of silver
in lead concentrates; estimation of molybdenum in ferro-molybdenum;
direct fiuorometric method for boron in uranium borohydride; photometric titration of milligram amounts of beryllium; simultanious determination of manganese and nickel in electro-deposits by polarography
and radio-chemical neutron activation analysis of copper in blood samples
of women using copper-based IUDS.
Research in areas of analytical importance included neutron activation
methods for trace element characterisation of hair, soil, moon rock samples
brought by Luna-24 and bullet characterisation in forensic investigation.
BIOLOGY AND AGRICULTURE
Trombay groundnut strains were multiplied in Gujarat, Maharashtra,
Madhya Pradesh and Andhra Pradesh. About 2000 tonnes of improved
seeds were raised for further distribution. Yield studies have shown that
TG-17 is suitable for Gujarat and TG-3 for Madhya Pradesh.
Four cultures of Trombay tur strains are now being tested in 19 different
locations under All India Coordinated Trials. Two jute mutants gave higher
yields in the second year in 4 out of 5 locations tested. Three mung mutants
gave higher yield than the control variety S-8 in a small-scale trial. Two
sugarcane mutants, TS-1 and TS-2, are being multiplied at Somaiya
Sugar Works, Sameerwadi. One mutant bred true for thick stem and high
sucrose content and the other bred true for profuse tillering and two
mustard mutants are included in the All India Coordinated Trials for yield.
An artificial diet has been developed for rearing red palm weevil larvae.
Ten generations have been successfully reared without any debilitating
effects on the development, behaviour, vigour and reproductive potential
of the weevil.
Near complete sterility could be induced in potato tuber moth males
by gamma radiation when administered to newly emerged adults. Although
survival of sterile males was not affected, their mating competitiveness
was considerably reduced. Radiation sterilization of Earns vitella (spotted
bollworm moth) reduced mating competitiveness of males by about 50%
and caused deviation in the 'calling' rythm of females.
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Blue green algae of paddy fields are major contributors of nitrogen fixation.
Further evidence has been obtained in favour of heterocysts as the sites
of nitrogen fixation. An extra cellular substance, possibly a sugar protein,
which stimulates heterocyst formation has been isolated from the algae
Anabaena. A co-ordinated research project on evaluation of ammonium
nitrate phosphates and ammonium polyphosphate fertilizers for cereal
crops on major Indian soil types was completed. The results obtained
demonstrate the potential of the new pyrophosphates viz. tri-and tetraammonium pyrophosphates, for cereal crops. They are in general, superior
to the ammonium nitrate phosphates. Moreover, among the ammonium
nitrate phosphates, the fertilizer having higher water soluble phosphorus
content was superior to that having lower water-soluble phosphorus
content.
Oil extracted from groundnut varieties TG-8, 9, Spanish Improved and
J-11, which had been previously sprayed with insecticide Sevin, did not
show any detectable residues. A commercial process of alkali refining and
bleaching removed much of the insecticides in the groundnut oil. Studies on
benzene hexachloride in soil showed that adding rice straw enhances the
degradation of the pesticide.
Dormancy (60 days) in seeds of groundnut variety TG-1 was successfully
reduced by pre-soaking the seeds in certain ehemals with no adverse'
effect on harvest characters.
BIO-ORGANIC RESEARCH
The work on pharmacologically active compounds, propagation of plants
through tissues culture technique and insect hormones as an alternate
method of insect control was actively pursued.
Pharmacological studies on Tylophora asthmatica (Antamul in collaboration with the Haffkine Institute) were continued. Individual pure alkaloids
were tested this time for their biological activity.
The structure of two alkoloids isolated from a medicinal plant Cassia
spectabilis has been established and a new alkaloid has been named
as cassinicine.
Anti-juvenile hormones precocenes have been isolated from Ageratum
(Goatweed) conizoides plants.
Pineapple plant lets were obtained in large numbers by culturing the
auxiliary buds from the crown. The plantlets thus raised under experimental
conditions underwent successful field trials at the Indian Institute of Horticultural Research, Bangalore. Studies are underway to induce mutants by
exposing the buds to ionising radiations. Likewise, multiple shoot buds
culminating in young green leafy plants were obtained in the sandalwood
tree. Also, successful regeneration of plants was achieved in organ cultures
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of hybrids of Solatium (egg-plant) as well as Capsicum (red pepper)
plants. The regenerated plants have been transferred to soil.
Possibility of using "Diuresis" as a means of insect control has been
demonstrated using gossypol and benzylisothiocyanate in Dystercus
koenigii (red cotton bug) and Culex pipens (mosquito). When last instar
nymphs of D. koenigii (red cotton bug) are treated with juvenile hormone
analogues Altosid and Law's mimic, the compounds persist upto the adult
stage, resulting in partial sterility in females. Anti-juvenile hormones,
precocenes induced sterility in adults of D. koenigii.
RADIATION PRESERVATION OF FOODS
A number of studies carried out in food science and technology
pertained to the development of procedures for the conservation and
preservation of foods and food products. As in previous years, the emphasis
has been on the radiation processing of foods.
Studies were carried out on the isolation and characterisation of flavour
components from fresh unprocessed and radiation-processed fruits and
vegetables. An aroma concentrate isolated from ripe Totapuri mango
could be resolved into 9 components by gas chromatography. Chromatographie analysis of generated flavour compounds from white onion substrate
and garlic enzyme revealed several peaks comparable to that of freshly
cut onion. The flavour characteristics of freeze and osmotically dried
mangoes were very similar and deteriorated to the same degree on storage
for long time at room temperature conditions.
One of the major carotenoid markers of red pumpkin sustains processing
conditions and appears as a distinct spot. This has been a reliable method
developed for detecting the adulteration of tomato ketchup by red pumpkin.
Design and fabrication of food plant machinery for research and development projects formed an important part of activities as in previous years.
Bulk processing of mango pulp and its storage at room temperature
conditions for one year was completed. The binding strength of fish rolls
prepared from shark meat and other trash fish varieties was found to have
increased as salt and phosphate content increased from 1.5 to 2.5%.
Number of batches of dehydrated peel, equivalent to approximately 20-25
kg of fresh peel, were treated for pectin extraction, and the yield of the
resulting dried pectin was 15%. The possibility of the use of radiation
treatment for extending the life of cofd-stored potatoes is being investigated
as it was observed that potatoes bought from commercial cold storage
sprouted within 10 days when stored at room temperature. After exposing
the desprouted tubers to radiation no sprouts reappeared, whereas nonirradiated tubers resprouted after removal of sprouts.
Studies on the biochemical changes of fish during storage under a variety
of conditions have been carried out. Examination of spoilage has substan44

tiated the earlier finding that de-skinning of several fish varieties resuits
in the extension of the shelf-life of fish fillets. Studies on the feasibility
of radiation treatment for increasing shelf-life during storage and transport
of fish are being continued. Irradiated fresh-water and marine fish could
be transported in ice in good condition by rail from Bombay to Calcutta.
A regional project of fisheries, involving coordination with a number
of South Asian countries on radiation preservation of mackerel, is being
conducted. A wholesomeness evaluation programme of mackerel was also
carried out. No deleterious effects due to consumption of irradiated fish have
so far been detected. The textural properties of the treated mackerel remained unchanged for 20 days while those of unirradiated fish were
significantly impaired within 10 days.

RADIATION MEDICINE
IJ

During the year, the Radiation Medicine Centre (RMC) moved to its
new premises in the Tata Memorial Centre Annexe, where it occupies
nearly 5,575 sq. m. area spread over 5 floors. Nearly 12,000 radioisotopic
investigations for diagnosis and therapy were done during the year. In
the new building, the Centre has a provision for 24 in-patients. A new
whole-body scanning facility, the only one of its kind in India at present,
was installed. Many of the research projects are oriented towards the
development of newer radioisotopic techniques for diagnosis, treatment
and for understanding of the basic mechanisms underlying disease processes
common in the country. The RMC continues to be the World Health
Organisation collaborating centre in nuclear medicine for the South East
Asia region. Dr. Rosalyn Yalow, the Nobel Laureate in Medicine worked
for nearly a month as a Visiting Scientist assisting in setting up radioimmunoassay for detection of circulating hormones and infective agents.
Scintigraphy: About 4,000 organ imaging studies were done during the
year. This included liver, brain, bones, thyroid, kidney, heart and lungs.
The imaging procedures are helpful in diagnosis and deciding the course
of treatment of the patient. A whole-body scanner installed during the
year is useful in search for spread of cancer in skeleton.
Dynamic Diagnostic Studies: The on-line computer with 16 K memory,
together with the scintigraphy-camera, was used for rapid dynamic studies
of the heart, lung, liver, brain and kidney. The technique of cardiac dynamics
has been well established in the detection of congenital left to right shunts
in the heart and is routinely employed in the evaluation of heart patients
referred to the RMC. Similar studies are used for the diagnosis of obstruction
in major blood vessels. A technique for studying the efficacy of drugs dieting
gastric mobility was established by determining gastric emptying times
after ingestión of a meal primed with a radioisotope. A new apparatus
developed at BARC, which is less expensive and more efficient than
imported equipment, is used for ¡nhalatk n of radioactive aerosols for
obtaining lung images.
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Radiopharmaceuticals: Ready to use kits which make it possible to use
radiopharmaceuticals for examining functions of various body organs were
developed. A variety of new kits were especially useful in finding the cause
of jaundice in a patient.
Haematology: White blood cells labelled with radioisotopes are being
evaluated for finding abscesses in various organs. A similar technique
using labelled red blood cells is being applied for blood pool scanning.
Immunological Studies: The immunological reactions of patients
Tropical Eosinophilia were studied. These studies proved that this
common disease causing cough and breathlessness is probably due
filarial parasite. About 50 thyroid cancer patients were evaluated for
immunological competency by studying blood lymphocytes.
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Thyroid: A large number of patients are referred to RMC for thyroid function
studies, which include radioiodine uptake studies, scans, radioimmunoassays of thyroid and thyroid stimulating hormones. 52 thyroid cancer
patients and 40 patients of hyperthyroidism were treated with radioiodine.
Thyroid functions are being evaluated in various non-thyroidal diseases
such as infective hepatitis and chronic renal failure. A major part of the
effort was directed towards a better understanding of the mechanism of
goitre formation which is widely prevalent in the country. Action of antithyroid drugs in the thyroid gland and in otherorgans like liver and kidneys
was investigated. It was established that a significant number of patients
with Mongolism had abnormal thyroid functions. The number of patients
attending the follow-up clinics has increased to 8000. Every thyroid
cancer patient is evaluated periodically to detect evidence of cancer
spread in various organs of the body.
In Vitro Procedures: Isolated liver perfusión experiments were carried
out to measure rates of protein synthesis in the liver affected by alcohol
administration. A radioimmunoassay for circulating thyroglobulin was
found to serve as a marker for the spread of thyroid cancer in the body.
Techniques were established for detection of microorganisms in urine
and for finding out the most effective drug for controlling such
infection.

Reactor Research
REACTOR ENGINEERING
Reactor engineering work was primarily concerned with research and
development work needed to support the on-going nuclear power projects
and the future nuclear power programme.
Component Design and Analysis: Computer cedes were developed for the
design and dynamic analysis of different structural configurations.
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A full-scale mock-up facility was installed for training 3 batches of RAPS
operations staff to remove irradiated cobalt absorber assemblies from the
reactor during the 1977 shut-down.
Development work required for the blow-out panels in the
fuelling machine vault was successfully completed.

MAPP-1

A parametric study of the stripper used in RAPS to remove fission gases
from the primary coolant to detect cladding failure, was carried out with
a view to improve its design.
Experiments for the evaluation of stresses on the FBTR pressure vessel,
energy absorber device for NAPP coolant channels and PREFRE chopper
blades, and for the determination of the natural frequency of power reactor
coolant channels, were completed.
Detailed design was carried out for structural modification to ZERLINA
for lattice experiments using alternative fuel.
Component Testing and Testing Facilities: Using the primary pump testing
facility, the unusual noise and vibrations experienced with one of the pump
motors at RAPS were studied. The motor had to be dismantled for checking
for cracks in the rotor bars. The facility was modified for testing MAPP
pumps also.
Cobalt bundles designed for irradiation in fuel channels, instead of the
cobalt absorber assemblies, were tested. Post-testing examination of
the bundles is now in progress.
At the request of the Oil and Natural Gas Commission, a crude oil test
facility was designed, fabricated and commissioned. Preliminary flow
studies were carried out on 'Bombay High' crude. The facility was transferred to ONGC.
The acceptance-testing of the third fuelling machine head for RAPS-II
was completed and testing of the first head for MAPP-I was started.
Work on setting up a 2 M W in-pile test loop in R-5 reactor for fuel irradiation
was continued.
Fabrication and installation of a facility being set up for testing the NAPP
coolant channel assemblies, fuelling machines and fuel handling system
made significant progress.
Evaluation testing of process instruments for use in nuclear reactors was
continued.
Fuel Design and Development: Natural uranium oxide and mixed fuel pins
for power reactors were designed for irradiation in the pressurised water
loop in CIRUS.
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Heat Transfer and Fluid Mechanics: A computer code COBRA-3C for
sub-channel analysis of nuclear fuels was commissioned and a computer
code DECOND for the process design of surface condensers was developed.
Computer code THABNA was modified to analyse quarter core of TAPS.
As a part of the fuel management service for TAPS, thermal hydraulics
analysis of core was carried out.
An analysis of the temperature differential across the walls of the solid
storage vault to be set up at TAPS was carried out.
Work on setting up the 1.2/3 MW Boiling Water Loop was continued.
A facility for emergency core cooling studies and another for the study of
blow-down from a high pressure system are being set up. A few trial runs
on a tubular test section in 100 KW Boiling Water Loop were made to
measure heat transfer coefficient and critical heat flux.
Nuclear Economics and Fuel Cycle Studies: An investigation on utilising
thorium in heavy water reactors with special emphasis on arriving at a fuel
cycle which is self-sustaining was started. A few lattice experiments with
thorium fuel were analysed using the available computer codes.
A comparative evaluation of the capital investment required in a coal-fired
power programme and a nuclear power programme has been made.
REACTOR ANALYSIS
Plant Dynamics and Simulator Project: Dynamic modelling of the entire
reactor systems, steam generators, boilers, turbines, feed-heating systems,
with corresponding controls was completed. The coupled performance
of such complex reactor systems with electrical power systems is also
being investigated. Detailed dynamic modelling for transients such
as start-up of pump-motors, turbines, generators etc. was also done.
Performance of systems under various modes of operations as well as fault
conditions is now being investigated.
Safety: Mathematical modelling of primary coolant system for different
types of reactor systems was completed and more details are being incorporated for the understanding of core heat transfer. Safety work regarding
modified ZERLINA for handling special types of fuels was completed.
Thermo-Hydraulics: Several of the thermo-hydraulic codes were modified
and extended to handle different types of reactor systems to study their
behaviour under unbalanced pump operations, decay heat removal conditions etc. Steady state and dynamic analysis of the vertical U-tube type
of steam generators is being carried out. Certain insight has been
developed into the performance of steam generator internals and designs
are being prepared for testing and evaluating their performance.

48

REACTOR CONTROL
During the year, development work on control systems, components and
reactor system analysts was carried out.

Project*
Sodium Pump Speed Control System for FBTR: This system is being
developed for flow control of liquid sodium coolant in two primary and
secondary loops of FBTR. Flow control is achieved by controlling the
speed of the pump motor. Design of field amplifiers for varying the field
of Ward-Leonard generator was completed. Fabrication drawings of the
central panel were prepared.
Computerised Fuelling Machine Control System: A computer-controlled
system for operating two fuelling machine heads, carriages and fuel
transfer system is being developed. The control system comprises two
micro-processors which control the fuel handling system and a minicomputer for controlling overall system operation. The system configuration,
including manual back-up, was finalised.
Power Reactor Fuel Reprocessing System: A data acquisition system for
PREFRE was designed. The system will be used for alarm monitoring,
data acquisition, material balance and performance calculations. It will
also control a mass spectrometer used for the separation of radioisotopes.
Design of real-time sub-systems was completed.
Computer-Based Gamma Scanner for Scanning FBTR Pins: This system is
being developed for scanning the irradiated fuel pins of FBTR to determine
the burn-up and to detect physical and metallurgical damage to irradiated
fuel elements. A computer-based 4K pulse-height analyser was developed.
Application programs developed for the system were tested. Design of the
interface unit for a 9 track magnetic tape drive was completed.
Computer Control of Reactors: A proto-type of the human-engineered
operator information display system for RAPS moderator system data and
alarm presentation was developed.
Development Activities
Noise Analysis: This work was initiated for studying natural frequency
and damping ratio of vibration of the calandria tube and the coolant channel
of NAPP using correlation techniques. Impulse response measurements for
NAPP coolant channel were carried out to calculate resonant frequency and
damping ratio.
An electronic loop was designed, fabricated and tested for directly estimating
the flow velocity of coolant in RAPP-II.
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EXPERIMENTAL REACTOR PHYSICS
Shielding experiments were completed at Apsara for the NAPP and
design of experiments for other configurations was completed. Noise
analysis experiments were done on CIRUS to obtain data relevant to
reactor operation. Design work was completed for modifications of
ZERLINA for making detailed measurements of neutron spectra for purposes
Of verification and improvement of reactor physics codes. Experimental
and theoretical work was continued in the area of nuclear data relevant
to the utilization of thorium in nuclear reactors.
THEORETICAL REACTOR PHYSICS
The fuel management service for TAPS was taken over. The RAPS-I
fuelling scheme was simulated on a continuing basis and a review was
made of the entire operation to find out whether fuel bundle and channel
power limits were exceeded.
The possibility of using thorium bundles in heavy water reactors during
initial core loading was considered. Core optimization studies for 500
MW(e) reactor with ¿>7 rod fuel clusters were done.
Evaluation of the multigroup model developed for single pin calculations
was carried out and extended to include fuel cluster geometry for
tight water reactors.
A Monte Carlo code for light water lattices was developed and two benchmark problems were analysed successfully.
Some models for the, dynamic analysis of reactors were developed for
predicting the power at any point in the reactor following a movement
of the control rods and checked against standard experiments.
REACTOR OPERATIONS & DEVELOPMENTS
The research reactors, CIRUS(40 MW). Apsara(400 KW) and ZERLINA
(100 W) were operated satisfactorily for research, and also for isotope
production. Expertise and assistance were provided, as required, to the
nuclear power stations and projects. More than 80 per cent of the CIRUS
reactor vessel lattice tubes were scanned and were found to be in good
condition. The sea-water pump-house for CIRUS was readied for civil
engineering modifications to be carried out to enable its use both for
CIRUS and R-5 reactors. To meet the experimental requirements, the
lattice pitch of ZERLINA core was reduced.
Prototype testing for modernising the regulation and protection system
for the three resei ch reactors was started..
SAFETY EVALUATION
Safety evaluation for irradiation of plutonium, xenon gas in CIRUS, reactor
physics experiments with R-5 fuel clusters; liquid poison tubes in ZERLINA,
SO

and R-5 shielding experiments in Apsara were carried out. In addition,
during the year, over 2,900 samples were evaluated for reactivity effects,
heat production and radiation shielding.
The work of evaluating R-5 safety aspects, core physics design, emergency
cooling logic etc. was carried out.
Economic aspects of the mixing of existing and fresh reload fuel elements
for Apsara were studied and an optimised scheme for the mixing of the fuel
elements was evolved.
Work was carried out for the preparation of a reporting format for safety
related unusual occurrences, safety evaluation aspects of the flooding
circuit at FBTR and the safety criteria to be adopted at TAPS for fuel
thermal limits.
NEUTRON PHYSICS
Physics calculations and engineering design of PURNIMA-II, an experimental thermal reactor using beryllium oxide reflector and uranium-233
fuel, were completed. The reactor will have a critical mass of about half a
kg. of uranium-233. The core vessel for this experimental reactor was
machined out of zircaloy. Design and development of the control system
was completed.
REACTOR CHEMISTRY
The expertise established in the field of water chemistry (corrosion behaviour,
compatibility of materials under different water chemistry conditions and
in the presence of inhibitors and floculating agents) was utilised by the
nuclear power stations, heavy water plants, and the Electricity Boards of
Maharashtra, Madhya Pradesh and Tamil Nadu. The study undertaken
for the monitoring of fuel performance at TAPS from off-gas and iodine
release rates have helped in developing prediction capabilities for locating
fuel/clad defects that would have developed during the fuel cycle. These
capabilities were utilized in the location of defective fuel bundles in TAPS.
Substantial progress was made in the investigations on radiation damage
in reactor materials.
For the smooth operation of the research reactors, water chemistry of the
process systems was maintained within specifications. Valuable assistance
in the field of isotopic purity analysis of heavy water, mass spectre-metric
analysis for isotopic abundance, complete chemical analysis of raw water,
testing of ion exchange resins etc. was made available to various users,
including other research organisations in the country. Studies on exhausted
resins from reactor systems were carried out and valuable data on radiation
stability of commonly used resins was collected. Important contributions
were made to import-substitution by encouraging the local manufacturers
to make resins for use in nuclear reactors and testing their samples for suitability.
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Power Programme: Research & Development
Atomic Fuels and Other Materials
The fuel elements and components for C1RUS and prototype R-5 fuel
clusters for in-pite and out-of-pile tests were fabricated. About 1 tonne
of thoria pellets were compacted and sintered for FBTR blanket. Dummy
fissile, blanket and reflector sub-assemblies were fabricated for hydraulic
testing.
Several power reactor stainless steel components were surface-hardened
and aluminium components for the cobalt absorber assemblies for RAPS
and gaiter springs of zirconium-niobium-copper alloy were fabricated for
MAPP. About 1 tonne of brass wave-guides were fabricated and supplied
to ECIL.
Detailed plant lay-out was worked out for the FBTR core assembly fabrication plant, which is now under construction at NFC, Hyderabad.
Development work on magnesia coating on stainless steel coupons, extrusion of ball bearing steel and extrusion of 304 L stainless steel was taken
up. Development of split spacer technology for fuel bundles and attachment of spacers and bearing pads to fuel elements by resistance welding
was initiated.
Against specific requests from users, including outside organisations,
annealing, melting and fabrication of special metals and alloys, nondestructive testing and material evaluation work was undertaken.
Fuel Reprocessing Plants
In the Plutonium Plant at Trombay, construction of additional civil structures
was substantially completed. Fabrication of process equipment, procurement and testing of various items and preparations to start the installation
of equipment and piping in the process cells in which decontamination
work has been completed, are in progress.
The first commissioning run at the fuel reprocessing plant at Tarapur was
completed and an initial campaign with spent fuel is being reprocessed.
Preliminary flowsheets and layouts were worked out for the fuel reprocessing
plant at Kalpakkam. Preparation of the project report is in progress.
The engineering development studies pertaining to important areas of
interest in the field of fuel reprocessing are being continued. Work on
computer-aided data acquisition system is in progress.

RADIOACTIVE WASTE MANAGEMENT
New Projects
Waste Immobilisation Project: Construction of the waste immobilisation
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plant at Tarapur to treat highly radioactive liquid wastes from reprocessing
plants continued. The plant building was completed. The ventilation equipment was installed and most of the electrical work was completed. Installation of material handling and remote handling equipment was done.
Installation of process and services equipment in the various areas of the
building is in progress.
Solid Storage Facility: The architectural and structural designs of the solid
storage facility at Tarapur for storing fixed highly radioactive solids produced in the waste immobilisation plant for an interim period of 20 years
prior to their ultimate disposal were completed. Preliminary designs and
cost estimates have been completed.
Centralised Waste Management Facility: The building for the central
facility for treating and disposing of all low and intermediate liquid wastes
at Kalpakkam was completed. Most of the process equipment have been
procured and installation work is in progress. All the process tanks were
fabricated in the project workshop and installed. Installation of piping
has commenced. Erection of the package boilers was completed and
laying of service lines in the boiler house is in progress. The preliminary
project report for the Waste Management Facility at NAPP was prepared.
Solar Evaporation Facility: A solar evaporation facility at Rajasthan for
treating low level liquid wastes is under construction. The radioactive
waste pipeline from the RAPS to the facility was completed. The civil
construction work is in progress. Service water pipeline is Hearing completion. The necessary pumps and other equipment have been procured and
are being installed.
Effluent Management Facility for R-5 Project: System design for radioactive
effluent management in various buildings of the R-5 project was finalised.
Installation of lining for service building sumps was completed. Fabrication
of lining in other areas of the project is in progress.
Effluent Treatment Plant for IRE: Equipment layout and piping drawings
for the liquid effluent treatment plant for IRE at Alwaye were prepared.
Preparation of construction drawings for the plant building was completed.
Operation of Existing Plants
Waste Management at Tarapur: The liquid waste treatment plant serving
the fuel reprocessing plant at Tarapur received, during the year, a total
volume of 500 M 3 of average activity liquid. After treatment, 99.75% of
activity was retained as sludge for conditioning and storage.
About 30,000 M 3 of liquid effluents were received from TAPS for treatment
during the year. These wastes were treated with good decontamination
factors and sent for disposal.
A total volume of 470 M 3 of radioactive solid wastes was received for
treatment, storage and disposal; wastes received included fuel cladding
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from fuel reprocessing plant and highly active components from TAPS
fuel storage pool.
Regular surveillance and monitoring of environmental samples were carried
out and the results confirm the adequacy and safety of waste disposal
operations at Tarapur site.
Waste Management at RAPS: The waste management plant continued to
operate satisfactorily. A total volume of 11,280 M 3 of liquid wastes and
about 8 0 M a of solid wastes was treated and disposed of.
Waste Management at Trombay: The effluent tieatment plant treated
21,275 M 3 of effluents. It was possible to contain more than 95% of the
activity in the sludge. A total of 500 M 3 of solid wastes was treated and
disposed of.
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Effluent Management at NFC, Hyderabad: About 19,000 IvF of liquid
effluents were transported to solar evaporation ponds and 160 M 3 of solid
wastes were stored in trenches. 100 M T of salt and 5,000 M 3 of solution of
sodium nitrate and sodium silicate recovered from ponds were released for
sale.
Research and Development
Studies were conducted to test selected boro-silicate glass matrices to
immobilise wastes containing varying percentages of corrosion products.
Work was done to improve resistance to aqueous attack of boro-silicate
glasses incorporating high level wastes, which has resulted in development
of new glass compositions. A new glass matrix was also extensively studied
and regions of glass formation with desirable features have been identified.
Evaluation of vitrified high level waste products characteristics was continued. Evaluation of the vitrification system was successfully carried
out in the inactive vitrification mock-up plant.
Studies connected with fixation of actinide-bearing wastes from fuel
reprocessing plants were continued. Preliminary studies are progressing
on loading and retention characteristics of naturally occurring minerals
towards different radio-nuclides present in reprocessing wastes.
Studies on evolving a oesign basis for a centralised repository for immobilised high level waste products were continued. Detailed geological,
meteriological and seismic information is being obtained from various
Central and State Departments and Agencies in respect of specific localities.
Operating conditions for incorporation of intermediate level waste in
bituminous matrices were being standardised with simulated inactive wastesStudies for removal of radium and manganese from tailings and overflow
water were completed. Radium removal by co-precipitation with manganese dioxide was investigated in detail. Resin exchangers for the selective
removal of cesium activity from liquid effluents, were tested and resin
54

exchangers for the selective removal of radioiodine from power station
waste waters are under test. A chemical treatment method for the decontamination of alpha-bearing effluents from reprocessing plant was standardised. Studies on osmotic/reverse osmotic concentration of radioactive
tracer solution were continued.
Processes were developed to recover leakages of heavy water vapours
in power reactors. Molecular-sieve based systems were designed to remove
tritiated water from air streams. A suitable catalyst was developed for
recombination of hydrogen and oxygen for use in cover-gas clean-up system
of CIRUS with a view to replacing the imported material. Development of
solid absorbents for the containment of radioactive gases released during
the operation of nuclear plants was continued. Laboratory and pilot plant
studies were carried out on the removal of nitrogen oxides and sulphur
dioxide from air streams. Production of high efficiency paniculate air
filters was continued.
HEALTH PHYSICS
During the year, the health physics units located at different atomic energy
facilities continued to provide routine health and safety services and also
assisted in some specialised jobs such as reactor building leak testing and
plugging of boiler room leaks. Environmental surveillance around Trombay
was continued. The radioactivity levels in sea water, sediments, marine
organisms etc. even near the effluent discharge locations in the Bombay
Harbour Bay were extremely small. The environmental survey laboratories
at Tarapur, Kota and Kalpakkam continued their routine programmes
of monitoring radioactivity in terrestrial, marine, aquatic environment.
To assess the hazards arising from conventional air pollutants in different
industrial operations or developmental activities, periodic surveys were
made for the estimation of several harmful chemicals in the work atmosphere.
Industrial hygiene surveillance was maintained for the beryllium laboratories.
Under the Accident Prevention Programme, investigations of accidents for
possible causes, periodical releases of analyses of accidents and other
educational materials, follow-up action to ensure implementation of
recommendations etc. were continued. More than 570 work-injuries took
place during the year, 72 of them causing a loss of about 1800 man-days.
Suitable actions to improve the safety status are being taken.
Radiation Physics: The first stage of work to explain asymmetry of mass and
charge division in spontaneous fission was completed. Maximum permissible concentrations of fission product mixtures from various fission
reactions have been calculated and significant differences of radio-toxicity
have been observed between thermal fission products and fast fission
products. The analysis of gamma spectra from plutonium samples with
varying isotopic composition is being done for standarisation of an accurate
method for non-destructive estimation of isotopic composition.
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Nuclear Safety: Criticality safety aspects of Gadolina Facility at NFC,
Hyderabad were investigated and safe operating limits for the various
equipment of the plant were recommended.
Thermolurninescence & Radiation Detectors: Further progress was made
in the study of thermally stimulated exo-electron emission (TSEE) dosimetry.
A very significant effect of sensitization of TSEE signals has been found as
a result of pre-irradiation.
The technique of thermoluminescence is being used for archaeological
dating of ancient pottery samples. Work is in progress to develop its
application in geological dating.
Aerosols: Generation and administration of plutonium simulant aerosols by
inhalation to volunteers continued in an effort to obtain improved calibration
of plutonium lung counters. Aerosol generation/inhalation system developed for use in scinti-scanning of lungs continued to be used on patients
in RMC.
The double filter method of measuring the concentration of radon/thoron
in air was modified to improve the sensitivity and absoluteness of the
measurement using the principles of scavenging of the decay products
by aerosols.
Environmental Studies: investigations on the distribution and behaviour of
transuranic nuclides—plutonium and americium—in the aquatic environment were carried out at Trombay.
A study was initiated to evaluate the radioactivity contant in building
materials, coals and coal ash, fertilizers, and solid and liquid wastes generated in fertiliser production. This study will help in finding out their
contamination to environmental radioactivity and consequent human
radiation exposure.
Studies on critical pathways of radio-nuclides have confirmed that oysters
are to be considered as critical food for exposures from zinc. Laboratory
experiments carried out on pick-up of silver and tin by various marine
organisms of Tarapur coast showed that prawns, crabs and sea snail have
the highest concentration factors for these nuclides. Fresh data on dietary
consumption for Tarapur population were evaluated from new demographic
survey.
Investigations on the physical and chemical aspects of thermal discharges
into a lake water system are continuing at RAPS. At Kalpakkam, studies
on 'radium in natural and processing area and its impact on human
environment' are continuing. Samples of Neyveli lignite and fly ash,
environmental samples from IRE, Alwaye, and UCIL, Jaduguda, phosphatic
rock samples from Udaipur and elsewhere were analysed as part of the
environmental research programme.
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Micrometeorology: The diurnal variation of the height of surface layer of the
atmosphere was' studied using theoretical computation and available
empirical formulations of wind structure of the atmosphere.
A study of airflow around a stack was made by simulating the flow in a
wind tunnel. Measurements of sea-salt concentration in atmosphere
at Tarapur are being made since March 1977 and its relation with meteorological parameters is being studied.
A study of height of mixed layer and air pollution potential was made
for a few stations in India using data available from India Meteorological
Department.
Atmospheric turbidity measurements were continued. Background turbidity
levels were obtained from a field experiment carried out at Kodaikanal.
A study investigating various parameters as index of atmospheric stability
using site meteorological data is being carried out.
Tritium: The incorporation and elimination of tritium from aquatic and
terrestrial (algae, shell fishes, fishes, radish, flowering and medicinal plants)
spaces were studied in detail to understand the extent of possible radiation
hazards from such incorporations in bound form. The level of incorporation
of tritium in bound form is less in higher trophic levels and this indicates
possible discrimination against tritium as one progresses along the food
chain.
A three component compartmental model for tritium persistence in the
soil-plant system was developed using BESM-6 computer. A series of
experiments with a number of trees grown in their normal environment
were conducted to confirm the practical applicability of this methodTritium uptake through foliage of certain potted plants was studied. The
pattern of incorporation of tissue bound tritium at different time intervals
was established for the first time.
RADIOLOGICAL PROTECTION
Computations were carried out on the fast neutron and electron dose
distributions across .air-tissue and bone-tissue interfaces and bone cavities.
The results for a 14 MeV neutron beam indicated that cell layers underside
of bone receive 80% of the dose in the equilibrium zone. Similarly, bone
cavity has a focussing effect causing a hot spot on the posterior wall of the
cavity.
A simplified threshold detector system for neutron dose measurements
for criticality accident monitoring and activation methods involving bromine
contents of photographic emulsions and sodium in cotton were developed.
Emission rates of radon-222 from samples of phosphatic fertilizers
were measured and studies indicated that workers handling fertilizers in
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poorly ventilated godowns are likely to be subjected to significant inhalation
hazard from the decay products of radon-222. Calculation of bronchial dose
due to radon-222 in the environment suggested a reduction in the maximum permissible concentrations currently in use.
Detailed studies on short-lived fallout from the Chinese nuclear explosion
were carried out in September 1977 in country-wide monitoring stations
to assess the influence of this test. The programme of trace element studies
has been extended to a number of country-wide stations and includes
analysis of airborne particulate samples as well as rain water. Toxic trace
metals e. g. cadmium, mercury, zinc, lead etc. have also.been included in
the programme.

I]

Extensive measurements on board Indian Navy and USSR ships were
carried out under Project MONSOON 77 for finding out the levels of
radioactivity as well as trace elements over the ocean. These studies
required the development of special portable battery-operated instruments.
The analysis of data when completed would provide valuable information
about levels existing over the Indian Ocean and about the movement of air
masses during pre-monsoon and monsoon periods.
A programme of estimating natural radioactivity in coal and fly-ash samples
was undertaken to estimate the radiation hazard from the emission of
thermal power stations.
In order to improve the accuracy and uniformity of clinical radiation dosimetry absorbed dose, intercomparison service was extended to cobalt-60
teletherapy units in 32 hospitals in the country and this service is being
taken up in another batch of 25 hospitals in India, Burma and Sri Lanka.
From the data now available, the radiation dose delivered to the patient
in more than half of the hospitals is beyond the acceptable accuracy of
rp 5%. In order to improve the situation, follow-up remedial action was
initiated at these hospitals.
The country-wide radiation monitoring service covered about 45,000
radiation workers in nearly 2,400 institutions. The country-wide
radiological protection, surveys, including source loading operations of
teletherapy units, were conducted in many medical, industrial and
research institutions.
Advice was rendered in respect of the installation of X-ray, teletherapy
and industrial radiography units and radioisotope laboratories. Several
radiation installations were approved for final construction. Advice on
the use of radiation sources, equipment and associated safety aspects
was given to many users. Applications for procurement of radioisotopes
from potential users were scrutinised and processed after ensuring that
the proposed or existing facilities were adequate for handling radiation
sources. Draft rules for the transport of radioactive materials based on the
latest international regulations were prepared.
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HEAVY WATER PLANTS
Heavy Water Upgrading Facility: The overall performance of this plant
was satisfactory. Fabrication of most of the components was completed
for the 250 mm dia. upgrading plant. Work is in progress to install a test
facility for carrying out performance evaluation of rower internals for the
heavy water upgrading plants required for the nuclear power stations.
The design of the additional upgrading plant for RAPS was completed
and fabrication of the MAPP plant was started.
Corrosion Test Assembly: The test assembly after continuous operation
for several thousand hours was shut down. Subsequently, all the equipment
and machinery of this test assembly were inspected and tested to assess
their integrity. Some valuable information regarding stress corrosion,
cracking of bolts, etc. was collected.
Chemical Exchange Processes for the Production of Heavy Water. Separation
factor for the ammonia-hydrogen exchange process was calculated theoretically and measured experimentally. Work was initiated to develop a catalyst
suitable for water hydrbgeh exchange process by coating teflon on platinum
supported on activated charcoal catalyst. Performance evaluation of this
catalyst is in progress.
Chemical Laboratory: Experiments were carried out to select the optimum
type and size of activated charcoal required for the removal of organics from
the feed-water for the Heavy Water Plant at Kota. Experiments were also
carried out to study the reactions of CO and CO. with ammonium carbamate
in liquid ammonia. A 'glass set-up was fabricated and experiments were
carried out for the enrichment of krypton from the atmosphere.
Heavy Water Plant, Nangal: The performance of Heavy Water Plant.
Nangal, during the year has been satisfactory. Total heavy water production
for the year was ab.out.T6 tonnes, out of which nearly 3 tonnes were due to
the upgrading of dilute heavy water.

Services
CENTRAL WORKSHOPS
During the year, the Central Workshops (CWS) developed and fabricated
a number of items for various units of the DAE. It also extended its services
to a few other organisations by way of technical advice, precision
manufacture, inspection and testing. The value of the items manufactured
during the year is about Rs. 290 lakhs.
Development of a method for precision-casting by lost-wax process using
indigenous materials alone will result in an annual saving of about Rs. 25
lakhs in foreign exchange for stainless steel tie plates for TAPS reactors.
This method can also be applied in many other areas.
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Preliminary design of a one-metre reflecting telescope for the Physical
Research Laboratory, Ahmedabad, was taken up. Calandria and coolant
channels for R-5 reactor, fuelling machine, end-fitting bodies and line
tubes for NAPP-I are under manufacture.
COMPUTER FACILITY
New avenues were explored in the area of data acquisition systems. An
integrated 1024 channel pulse analyser was designed and developed. A
4096 channel analyser system with advanced features, including alphanumeric CRT display and very flexible programming logic was designed
and developed. The know-how for this is being transferred to ECIL
and the first production run of 5 systems will be completed by the end of
the year.
Design and development of an air-borne gamma ray spectrometer for
uranium prospecting was completed and the instrument is ready for field
trials. The design will further incorporate an advanced micro-processor
based programming system. By using the principle of voltage to frequency
converter, precision long-term integrators were designed and fabricated
and are now finding extensive applications in mass spectrometry, gas
chromatography measurements etc.
Design and development work on CRT display for recording annunciator
and window annunciator is being carried out. Design work was started
on a 'Disturbance Analyser' for RAPS, which will enable getting firsthand information about faulty points during a reactor trip. Computer
hardware development was carried out for providing BESM-6 compatible
controller for 7-track CDC-608 tape drives. This provides 14-track to
7 track conversion.
Considerable advance was made in the area of data communication and
successful development of data modems for in-plant operation has been
carried out. Various experiments were performed for extending the use
of inductively-coupled modems to long distance public-switched linesMicrocomputer Development: Significant efforts are being made to develop
hardware, software and applications of micro-processors in a variety of
fields. Hardware for a micro-computer for nuclear data acquisition systems,
a micro-procéssor fór air-bórne equipment, a micro-computer for Mõssbauer
spectrometry and a general-purpose micro-computer was developed.
Specific applications are being developed for digital control of multi-arm
neutron spectrometer and X-ray diffractometer and other numerical machine
tool control operations, digital communications, automotive control etc.
Considerable efforts are being made to develop micro-computer software.
An on-line debugging program for Hindustan teleprinter is under development. Nuclear programs are being developed for application on microcomputers. Another important area of activity has been the study of possible
-
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applications of computerisation for Indian languages. In addition to this,
consultations have been offered to users ín software areas. The other
software activities have been the development of inventory-control
programs, which include ABC analysis, computerised reporting, demand
forecasting etc.
As regards the operation of the computers, the Honeywell-400 computer
worked 256 days with an availability better than 91%. BESM-6 computer
has been operating with better than 95% availability giving, on an average,
650 hours of useful computer time per month to the scientists of BARC,
Heavy water Projects, TAPS etc. The system processes 7000 jobs per
month and more than 250 individual jobs are registered.
An off-line peripheral processing system designed around a mini-computer
TPA/1001 with 16K memory is being set up. This system will enhance
the utility and performance of BESM-6.
;•

LIBRARY AND INFORMATION SERVICES
The Library holdings now stand at nearly 100,000, comprising 60,000
books and 40,000 bound volumes of periodicals. The Library receives
1,430 periodicals, of which 1,095 are subscribed to, the rest being received
gratis and on exchange basis. The Depository Library now has some
450,000 scientific and technical reports, besides 30,000 reprints of
scientific papers. To this vast collection, one of the largest in the world
in the nuclear field, some 35,000-40,000 reports are added annually.
During the year, about 47,000 books and bound volumes of periodicals
and 14,500 reports were issued to 5,200 persons holding reader's tickets.
Bound volumes and reports were also issued to a number of libraries on
inter-library loan. 750 scientists from a number of organisations were
issued permits to use the library.
During the year, 130 technical reports embodying the results of research
and development work done in the Centre and the proceedings of symposia,
conferences etc. were brought out. These publications were distributed to
scientific organizations and institutions, universities and the national
laboratories in the country and also atomic energy organizations in other
countries. Publication and dissemination of four current awareness bulletins,
one of them computer-based, and the computer-based SDI (selective
dissemination of information) services was continued.
Translations were done from Russian, German, French, Japanese, Spanish
Rumanian and Italian languages at the request of scientists and engineers!
Nearly 300 requests for translations were complied with. The Section
brings out a tri-monthly entitled 'Translation Bulletin' embodying bibliographic details of the translations done during a quarter. Copies of this
bulletin are widely disseminated. Courses are being conducted in German
and French languages and it is planned to introduce the teaching of Russian
shortly. Interpretation service was also provided on a number of occasions.

Short term training was imparted to a number of personnel from other
organizations and institutions in library operations and computer handling
of information.
Activities were continued in connection with India's participation in the
computer-based International Nuclear Information System (INIS) established
by the IAEA at Vienna in May 1970. The input was sent partly on paper
tape and partly in OCR mode /. e. on work-sheets typed with an IBM
Selectric typewriter with a special type font so that the typed matter can
be processed directly by Optical Character Recognition (OCR) technique
at Vienna. During the year, 1,050 items falling within the subject-scope
of INIS published in India were recorded. India has so far fed 6,030
items to the System, amounting to about 2% of the items in the INIS
Data Bank.
f
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The computerised information services 'such as selective dissemination of
information, compilation of 'Bibliography of Current Reports', and retrospective literature searches were continued. At present, some 40,000 bibliographic references are available on machine-readable form. Using the DEC-10
computer of the NCSDCT, the INIS output tapes are being processed for
SDI and literature search services. The programmes are written in COBOL.
PARKS & GARDENS
Areas Jandscaped, during the year were 3,000 sq. m. on the campus,
26,800 sq. m. in Anushaktinagar and 16,250 sq. m. at Tarapur. The developed
grounds were covered with Cynodon dactylon, Stenotaphrum secundatum,
Paspalum ternatum etc. For landscaping, 2,600 trees and 1,400 shrubs
were planted on the campus and in Anushaktinagar.
2,59,000 saplings of Gliricidia maculata, Erythrina indica, Delonix regia,
Cassia siamés. Ceiba pentandra. Acacia monolaeformis, Pongamia glabra,
Syzygium cuminii and Ficus spp. were planted on Trombay Hills. 30,500
seeds of Mangifera indica. Anacardium occidentale, Madhuca indica,
etc. were alsosown ínsito for afforestating the Hills.
PERSONNEL AND TRAINING
The total strength of the Centre, including VEÇ Project, às oh February
28, 1978 was 11,993, comprising 3,172 scientific, 5,281 technical, 1.198
administrative and 2,342 generaf maintenance and auxiliary staff.
During the period from April 1977 to February 28, 1978, 131 scientists
were sent abroad on deputation for participation in international conferences,
symposia, meetings etc., and for specific Government work. 36 scientists
were deputed abroad for training/study tours under the aided schemes and
bilateral agreements, and 8 scientists granted regular leave/E. O. L. for
post-doctoral work abroad. The services of 7 scientists were placed at the
disposal of the I. A! E.A.as.the Agency's experts and 15 scientists were
deputed to render expert services under bilateral agreements. About
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20 scientists are likely to be deputed abroad for attending international
symposia, conferences, meetings, training and for Government work
during the remaining period of the current financial year.
So far, 30 Indian universities have recognised BARC as a centre for postgraduate studies in various disciplines. 112 scientists of the Centre have
been accorded the status of university teachers by various universities.
During the year, 27 scientists qualified for the award óf Ph. D and 26 for
M. Sc. degrees.
Under the collaboration scheme between BARC and the University of
Bombay, 28 students are presently doing research work leading to M. Sc./
Ph.D. So far, 14 persons have qualified for award of Ph. D. degree. Under
the Faculty Improvement Programme of the University Grants Commission,
one lecturer is doing Ph. D. programme in the Centre.
During the year more than 40,000 persons, including ministers, parliamentarians, Indian and foreign diplomatic personnel. Government officials,
visiting professors, foreign scientists, defence personnel, members of the
scientific and technical institutions and students of schools and colleges
visited the Centre.
An amount of about Rs. 2 . 0 3 lakhs was distributed ander the Family
Relief Scheme during the year upto December 1977 to the families of ten
employees who died while in service.
During the year, 142 employees passed Prabodh, Praveen and Pragya
examinations. A Hindi workshop for imparting training in noting and drafting
in Hindi to officers and staff was set up.
Two hundred graduates in science and engineering successfully completed
the 20th Course of the Training School which was conducted from August
1976 to July 1977. They were absorbed as scientific officers and engineers
in BARC and other units of the DAE. One hundred forty-five young graduates
in science and engineering, selected on all-India basis, joined the 21st
Course which commenced in August 1977.
A six weeks' Refresher Course for university post-graduate teachers in
physics and chemistry was conducted in collaboration with the University
Grants Commission during summer 1977. Nineteen university teachers in
physics and eighteen in chemistry participated in the Course.
Twenty National Science Talent Search Scholars deputed by the National
Council of Educational Research & Training for summer training in research
methodology, were given training under the expert guidance of senior
scientists of the Centre for a period of one month.
Practical training was arranged in the Centre for over 100 engineering
students from various educational institutions, as a part of their degree
requirement.
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Seven candidates completed the 15th one-year post-graduate training
course in "Hospital Physics and Radiological Physics" conducted in
collaboration with the World Health Organisation. The 16th course commenced in September 1977, with 16 candidates. In addition, one course on
the "Safety Aspects in the Medical Uses of Radiation" was attended by
11 candidates from medical and research institutions. Four courses on the
"Safety Aspects in the Industrial Applications of Radiation Sources" were
attended by 102 engineers and scientists from all over the country.
The RMC continued its educational programmes, including short courses
on Medical Uses of Radioisotopes and one year courses of Diploma
in Radiation Medicine (DRM) and Diploma in Medical Radioisotopes
Techniques ( D M RIT) of the University of Bombay. The fifth year batch of
students, the largest ever, consists of 15 students. A sizeable number
of medical and para-medical personnel were given training in various
aspects of the use of generators and kits, preparation and quality cdntrol
of labelled radio-pharmaceuticals and radio-immunoassay. A 3-month
'Hospital Radiopharmacy' training course was introduced for the benefit
of nuclear medicine centres intending to take up large-scale applications
of generator-produced radio-pharmaceuticals. The training and assistance
given enabled the establishment of 5 new radio-immunoassay centres in
different parts of the country during the year.
A "Workshop on Health and Safety" consisting of refresher lectures on
industrial hygiene and safety, and first-aid, discussions on typical case
studies and safety topics was organised. A 'Workshop on Thermal Analysis
was organised under the auspices of the Indian Chemical Society at BARC.
Twelve university teachers from different universities took practical training.
Several scientists from the universities, national laboratories and other
organisations were trained in spectro-chemical analysis, infra-red and
reflectance spectra, optical figuring and polishing.
TECHNICAL

SERVICES

At RRC, Kalpakkam, the 33 KV central switching station, with an installed
capacity of 2 nos. of 20 MVA, was commissioned. The CAP, with an
installed capacity of 4 units of 500 TR, was erected and its commissioning
is in progress. The detailed design and specifications for electrical and
air-conditioning and ventilation for the Radio-chemistry Laboratory and
the Material Development Laboratory were released. The execution of
the works is in progress.
Development of special lighting fixtures for underwater locations, upto
15 metres in depth, and a cable fault-locator using seismic techniques, is in
progress. Study and generation of supplementary design data required for
electrical equipment/components in nuclear applications was taken up.
Testing procedures, followed by standard test codes, were developed for
electrical equipment in nuclear applications. Study of electrical insulating
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materials, under accelerated radiation dose conditions, was undertaken
with a view to evaluating their suitability for nuclear applications.
CIVIL WORKS
The civil construction activities of the Centre extend over Trombay, Vashi,
Tarapur, Gulmarg and Srinagar.
Among other civil works at Trombay, expansion of the Plutonium Plant
and the extension to PURNIMA were completed.
At Vashi, construction of the Beryllium Alloy and Beryllium Metal Plant
was taken up and the planning for the Radio-pharmaceutical Laboratory
is in progress.
At Tarapur, for the Waste Immobilisation Project, the main plant building,
82 m high R.C.C. chimney stack and other ancillary structures were
completed. Two buildings for the storage of nuclear materials were completed. For handling the radioactive wastes emanating from TAPS, a scheme
of 160 tile holes and 4 large underground R. C. C. trenches was completed.
An additional set of trenches was taken up and work is under progress.
Among outstation projects, 2 non-magnetic structures required for sophisticated research by the Indian Institute of Geonmagnetism were completed
at Gulmarg. Planning done earlier for the Nuclear Research Lab. at Srinagar
was reviewed and the modified plans and designs were finalised.
For TAPS, designs and drawings were provided for the training and mockup facility and expansion of TAPS housing.
For RAPP, design and drawings were furnished for the Solid Waste Management Facility, the Solar Evaporation Facility and NTC Housing Colony,
comprising quarters, maintenance office, shopping centre, school building
and external services like water supply and sewage disposal.
For NAPP, necessary designs and drawings for the Hospital Complex,
the Shopping Centre and also quarters with services to suit phased construction programmes were supplied.
The Architectural Section continued to render architectural assistance
and work as project architects in respect of works undertaken by the
Trombay Township Project, MAPP, RRC, FBTR, NAPP, AMD Hyderabad»
ESL at Jaduguda, IRE at Manavalakurchi and SIN? at Calcutta.
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Reactor Research Centre, Kalpakkam
Reactor Engineering
In Reactor Engineering, studies are being done on advanced fast reactor
fuels capable of higher breeding ratio and resultant shorter doubling time.
Engineering development has also continued through the operation of
the 500 KW loop and development of rupture discs for sodium services.
With the objective of building a model pump, work on designing sodium
pumps has been initiated. An experimental set-up has also been fabricated
for sodium testing of control rod drive mechanisms for FBTR.
A simplified design of a "plant simulator", which can be utilised for training
reactor operations staff is being prepared. It will be basically a software
package which can be used on the TDC 316 computer forming the data
processing system of FBTR.

Material Science
The study of defects constitutes the main programme in Material Science
for understanding radiation damage to fast reactor materials. Most of the
research revolves around four aspects of defects, namely production,
characterisation, growth kinetics and dynamics, and their effect on the
various properties of materials.
Life-times of positrons in gallium-arsenide single crystals with and without
Si doping, and with various heat treatments have been measured for
studying defects and defect complexes. Preliminary measurements of the
two-photon angular correlation of positron annihilation have been made on
aluminium and perspex. The Msssbauer spectra of certain ferrites have
been measured down to 10°K.
As part of the effort in these areas, certain equipments and devices have
been designed and fabricated at the Centre. Among such items are (i)
a helium liquifier of 6 litres/hour capacity, and a nitrogen liquifier, (ii)
an apparatus to determine the transition temperature of super-conducting
materials. This unit, in conjunction with a temperature controller has
been tested to give a temperature stability of better than 0.005°K for
temperatures below 20°K. (iii) a neutron generator, installed and tested
for neutron yield. It has been modified to provide accelerated gaseous
ions upto 150 KV. The duo-plasmatron ion-source has been assembled
and tested upto 10 KV and 0.5 mA beam current, (iv) a furnace for
Mössbauer studies upto 1000°K, (v) a 30 mW helium-neon laser as a
source for laser Raman Spectrometry, (vi) a new six lead three sample
pressure cell which permits in situ calibration of pressure upto kilobar.
The pressure-volume behaviour of uranium carbide has been measured at
room temperature upto 100 kilobar using a diamond anvil camera.
In Metallurgy, continuing R & D programmes include studies on compatibi-
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lity of stainless steel in liquid sodium, the influence of grain-size and cold
work on mechanical properties and weldability of austenitic stainless
steels, the localized and atmospheric corrosion of a number of ferrous
materials, structure of the delta ferrite in stainless steel weldments, the
inter-diffusion in stainless steel/aluminium systems as well as on the
interaction of the fission products with stainless steel cladding, and use
of solid electrolytes for the development of a gas-phase oxygen monitor.
In Reprocessing, R & D activities being carried on non-radioactive basis
include work on solvent extraction equipments, off-gas treatment systems,
analytical techniques, mockup studies of hot cells, and use of inorganic
ion exchangers. A bank of air pulsed mixer settlers of capacity of 6 lit/hour
has been developed and tested and is undergoing refinement for final
fabrication. Studies on application of fluidised bed filters for off-gas treatment are planned. Simultaneously, fibrous media and sintered metals are
being evaluated for their filtration characteristics.
In Radiochemistry, design work on experimental facilities for studies on
fuel and coolant is complete and equipment are being bought. Prototype
oxygen and carbon monitors have been developed for the on-line monitoring of oxygen and carbon impurities in sodium.
In Safety Research, simulation experiments have been done to understand
the effect of sudden shock waves in reactor accidents. Studies being
conducted in this area include those on the mechanism and effects of
sudden overheating of fuel pins, evolution with time of concentration
and particle size characteristics of aerosols in sodium fires, and transport
of radio-nuclides in flowing sodium.
Instrumentation
A range of nuclear instrument modules for experimental work in nuclear
and solid state physics and chemistry is being developed. Custom built
systems such as NQR spectrometer, instrumentation for angular correlation
studies against specific user requirements are in an advanced stage of
fabrication.
A 'sample rocking controller' has been built for the purpose of exposing
samples to different doses of radiation in a programmed manner. An image
processor that can enlarge the size and enhance the features of neutron
radiographs on a Cathode Ray Tube screen is nearing completion. A data
logger for creep studies is being designed with a micro-processor. A boxcar integrator for recovering signals buried in noise has been developed
and tested.
Test instruments like random pulse generator, vector voltmeter, logic state
analyser which are not indigenously available have also been designed.

67

Capital Projacts
Civil works for all buildings taken up for construction in the FBTR complex
have been practically completed. The construction of the RCC stack is
in progress. Almost all the raw materials (plates, structural, tubes, forgings,
electrodes, etc.) ordered for FBTR have been received. Fabrication
of important components of FBTR, like reactor vessel, rotating plugs,
control rod drive mechanisms, grid plate, etc. is more than 60 per cent
complete in the manufacturer's works.
Laboratories
Civil works associated with the Reprocessing Laboratory Complex and for
the Radiometallurgy Laboratory are nearing completion. Work on the
Radiochemistry Laboratory is more than 70 per cent over, while work on
the Material Development Laboratory has progressed to about 30 per cent.
The active laboratories and the lead hot cells will be commissioned for
radioactive work next year; the inactive laboratories are already in use.
Service Facilities
Fabrication and machining of components required for the various facilities
of the Centre as well as some items for other units of DAE were carried
out in the Central Workshop. One such item is a steel safety vessel required
for FBTR, with shell 4.6 metre diameter and 10 metre high, fabricated to
stringent specifications in four parts out of boiler quality carbon steel
plates.
The 33 KV outdoor Central Switching Station was commissioned, availing
the 33 KV power supply from TNEB. 11 KV underground cable system
to provide power supply to the various laboratories has been laid and
commissioned. The 25 MVA, 230/33 KV transformer to be located at the
MAPP 230 KV switchyard interconnecting MAPP and RRC switchyards
has been tested and is expected to be installed shortly.
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The Tata Institute of Fundamental Research
School of Mathematics
11 courses and several seminars were conducted by members of the School
and eminent visiting mathematicians during the year. Over 35 research
papers were prepared in areas such as Classical and Functional Analysis,
Differential Equations, Function Theory, Differential Geometry, Algebra,
Analytic and Algebraic Number Theory, Lie Groups and Lie Algebras,
Algebraic Geometry, Topology, Cominatorics.
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The School published three volumes of Lectures Notes during the year.
The titles are: 'Lectures on Sieve Methods' by H. E. Richert, 'Lectures on
Irregularities of Distribution' by W. Schmidt and 'Lectures on Expansion
Techniques in Algebraic Geometry by S. S. Abhyankar.
There were a number of distinguished mathematicians from abroad in
residence at the Centre as Professors, besides visiting mathematicians
who gave lectures at Bombay and at the TIFR Centre at the Indian Institute
of Science, Bangalore.
School of Physics
A. THEORETICAL PHYSICS
High Energy Physics Group: New consequences of the Einstein-Bell
locality conditions in the form of inequalities on polarization correlation
have been established and proposed as tests of quantum mechanics versus
local hidden variable theories.
A number of investigations in the framework of gauge theories of weak
and electromagnetic interactions were carried out. A theorem with application to neutral currents was proved. General neutral-current tests for
left-right symmetry, and SU¡ x l ^ gauge models were given. To ascertain
the existence of an isoscalar axial-vector piece a test looking for asymmetries
in elastic neutrino scattering off polarised deuteron was proposed.
The question of atomic physics parity violation was studied in the U,(W)gauge theory. To accommodate the small observed magnitude of this
effect a SU3 x U , x U(1) gauge model was also proposed. A method of
describing weak, electromagnetic and strong interactions with correct
parity properties starting from two-component Weyl leptons and quarks
was proposed. Gauge models for weak interactions were constructed so
that the Cabibbo rotation is spontaneously generated and expressed in
terms of lepton masses. The existence of axial-vector anomaly in gauge
models was investigated. Also studied was the production mechanism of
heavy leptons in the U3(W)- gauge theory.
it was shown that the total cross-section data favour a nonmonotonic
Pomeron and exchange degeneracy for the secondary Reggeons. Evidence
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was found for baryonium exchange, in proton-antiproton cross-section
difference data."
A lower bound on the charm contribution to the muon-induced dimuons
was established. Rates for the latter process in a scaling and a scale breaking
model based on asymptotic freedom were computed. Comparison was
made of various scale breaking models with the recent neutrino data.
Bounds on light quark masses and the quark-gluon constant were obtained
by confronting a QCD model with data on charged hadron multiplicities.
Sum rules for structure functions for the inclusive bremsstrahlung that
could test the integral versus the fractional charge assignments of the quarks
and determine gluon mass were derived. A way of generalising and unifying
all known aspects of scaling in hadronic processes was proposed.
SU(3)-sum rules for inclusive and some exclusive decays of charmed
particles were derived. Sum rules for 2P and higher levels of charmonium
were obtained.
A solution to massless two-dimensional QCD was constructed. The general
form of the S-matrix element for soliton-soliton scattering was obtained.
A boson representation of the U(n) Thirring model was studied.
New positivity properties of absorptive elastic and inelastic differential
cross-sections were derived from the unitarity condition. The axiomatic
analyticity domain of pion-pion partial waves was extended. Upper and
lower unitarity bounds were derived on the absorptive part of a scattering
amplitude in terms of parameters determining the shape of the diffraction
peak. Unitarity bounds on derivatives of absorptive parts of elastic scattering
amplitude, and therefrom bounds on slope parameters, were obtained
providing consistency checks on the data. Also investigated using the
analytic theory of continued fractions was the analyiicity in coupling constant of the anharmonic oscillator.
A very general form of the Meiman problem of bounding a quadratic functional of a form-factor in the presence of data, both on and off the cut, was
solved exactly and applied to bound the pionic contribution to the muon
magnetic moment. A theorem was proved that the class of functions over
which the extremisation is carried out in this class of problems is optimal.
An SU(6) group consistent with the angular requirements of Melosh was
shown to exist in interacting quark field theories. A multiplet of this group
was shown necessarily to be mass degenerate.
Exact. analytical results were obtained for control equations of Protein
synthesis in Goodwin model.
Research work in the Nuclear Theory Group is carried out in statistical
theory and heavy ion nuclear reactions, high spin sxates and some aspects
of nuclear and atomic manybody problems. The effect of level density
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distribution on the average cross-section is studied using the recently
developed differential equation techniques. It is found that some exact
properties of the manybody scattering problem are reproduced by the exactly
solvable TOHF model problems. It is shown that the coefficient of friction
obtained from linear response and the phenomenological theories are
related. The structure of single nucleón transfer amplitude is studied
analytically. An exact polynomial expansion for the energy of a high spin
state is obtained using Hill-Wheeler method. The spectrum of silicon
nucleus is studied using the two determinantal self-consistent variational
approach. The higher order corrections to the Brueckner effective interaction in finite nuclei are investigated. An equation of state for a system
of nucleons has been worked out in the classical case using the integral
equation satisfied by the two particle distribution function. Using a new
variational method, it has been shown that, in strong magnetic fields, the
molecular structure will be linear chain-like.
In Statistical Mechanics and Theoretical Solid State Physics, a rigorous
microscopic derivation of the non-equilibrium Ginzburg-Landau equation
for 'He-ll has been completed recently. The investigation of the connection
between the zero-point motion and the superfluidity in a Bose system is
being continued. Various variational methods, as well as the BetheBrueckner formulation, were applied to calculate the ground state energy
of the normal liquid 3 He. A Boltzmann equation for describing kinetic
phenomena in the superfluid liquid 3 He has been derived to find the kinetic
coefficients and spin relaxation rates in such a system. The well known
Trotter's formula has been used to relate the linear chain Heisenberg model
for magnetism, and also the Hubbard model, to two-dimensional classical
systems of the arrow-vertex type. The spin correlation functions in a
magnetic polymer and the critical properties of a compressible Ising system
are also being studied. A general approximate method has been developed
to obtain the nature of low-frequency interface exciton modes in composite spatially dispersive media made up of a semiconductor and a metal.
This allows us to calculate the resulting enhancement of the superconducting transition temperature of a metal due to the presence of a semiconductor.
The approximate analytical self-similar method for solving the problem
of implosion of a gas or a plasma, developed here earlier for the case of
spherical geometry, has been extended to the case of cylindrical geometry
as well.
In the Theoretical Astrophysics Group molecular lines in the ultraviolet
region from various astronomical sources are being studied, both from the
satellite observations as well as from model calculation. The excess of
infrared radiation observed from various astronomical sources is being
interpreted in terms of model grains. Properties of S-type Mira variables
are being studied.
The evolution of massive stars is being investigated to understand the
sensitivity of the evolutionary characteristics to the physics involved.
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The occurrence of helium flash in low mass stars is being studied. The
neutral current effects in neutrino transport are being examined.
The equation of state for hot interacting dense nucleón fluid is being
investigated with a possible application to supernova hydrodynamics. The
instabilities in the solar atmosphere are being studied with a view to account
for a number of observed features associated with sunspots.
The quantum fluctuations of the cosmological solutions of Einstein's
equations are being investigated. The space-time singularities of general
relativity are being given a new interpretation in terms of conformally
invariant gravity theories. The behaviour of tachyons in the vicinity of
black holes is being investigated with a view to possible modifications of
laws of black hole physics.
B. EXPERIMENTAL PHYSICS
A major part of the activity of the Nuclear Reactions Group was devoted
to construction of two major pieces of equipments: the Solenoidal Electron
Spectrometer and the large adjustable Electromagnet to be used for experiments planned to be done at the Variable Energy Cyclotron (VEC), Calcutta.
Final assembly and testing of both equipments is expected to be over by
early next year. Other facilities for experiments at VEC, like large volume
Ge (Li) detector, thin-window Ge (Li) and Si (Li) detectors are also being
fabricated; one Si (Li) detector is now being used for X-ray experiments.
Fabrication of equipments for the neutron facility at VEC has been completed.
Investigations of internal magnetic fields in Pd-Fe alloys at various temperatures are in progress. Decoupling of the quadrupole interaction by the
application of an external longitudinal magnetic field using I81 Ta and
11
'In probes are yielding interesting results.
Study of L-X-ray production cross-sections for very low energy protons
(250-900 keV), bombarding heavy targets like Au, Bi and U have yielded
new results. Work on the K-X-ray production cross-sections at this energy
range on targets like Cu, Ge, Rh and Sn is in progress.
A low energy electrostatic electron spectrometer (of the cylindrical mirror
type) and an X-ray diffraction spectrometer are being built for studies in
the ion-atom collisions. Large volume cylindrical Ge(Li) detector is under
fabrication in this laboratory.
In the Nuclear Spectroscopy Group, the magnetic X-ray photoelectron
spectrometer is in operation and is being used for the study of various
systems like ferroelectric compounds, Heusler alloys and the rare earth
intermetalüc compounds. An improved X-ray gun has been designed and
constructed and is being tested. An argon ion gun for in situ cleaning of
samples by sputtering, has been designed and constructed. An ultra high
vacuum system for an electrostatic X-ray photoelectron spectrometer is
under construction.
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The 450 KV ion accelerator is in the final stages of construction. The
mini separator part has been assembled and tested. A mass-analysed ion
beam at 30 KV has been obtained. The assembly of post-accelerating tube
is in progress.
The impact parameter dependence of channelling patterns for JW -X-rayyields in uranium using 2-3 MeV «(-particles has been investigated.
Such patterns obtained with M-X-rays are compared with those obtained
with back scattered <<-particles. The results are correlated to study the
effect of small displacement of atoms from lattice positions on channelling patterns.
Both PAC and Mössbauer techniques are utilised in the detailed investigations of the hyperfine interactions in various systems. Measurements in
He usier alloys Ru2FeSn, Rh2MnSn and Rh2NiSn have been made using
Mössbauer effect in iron and tin. It is found that the hyperfine fields at
tin in the systems RhsTSn, T = Mn, Fe, Co and Ni, show a systematic
change in sign in going from Mn to Ni. The study of temperature variation
of the hyperfine fields in the above cases is in progress.
The electric quadrupole interaction studies have been carried out in (a)
non cubic Te, Sb and Gd lattices using m l n as a probe and (b) non cubic
compounds like BaSO4, BaCO3, and MoO 3 . In BaSO4 the electric field
gradient has been calculated to be 4 . 4 x 1 0 " volts/cm 3 , which has led to
the determination of the quadrupole moment of 5 / 2 + first excited state
of l l 3 C s a s ~ 2 b . Similar experiments with 1 3 l Te in Te metal are in
progress with a view to get the quadrupole moment of the first excited
state of 1 3 1 I .
Under the programme of studying dilute magnetic alloys for understanding
spin glass and micromagnetic behaviour electrical resistivity measurements
of AuFe and AuCuFe between 1.1 K and 300 K have been carried out.
Mössbauer studies oí AuFe alloys with varying Fe concentration are being
carried out. A 3 He-*He dilution refrigerator has been installed which will
allow studies of very dilute alloys in mK region of temperature.
During the last year the Solid State Physics Group has been studying the
magnetic properties of a number of ¡ntermetallic compounds, particularly
Heusler alloys and the rare earth transition metal intermetallics. In Heusler
alloys, interesting results have been obtained with respect to the hyperfine
field systematics, the site preference and the effects of local environment.
In the rare earth intermetallics (a) Knight shift studies have been made,
(b) The hyperfine fields have been measured in a number of such alloys
at the rare earth as well as the transition metal sites, and the results have
been examined in the light of existing theories. In the cobalt-gallium system
( C o x Ga t - X ; 0 . 5 0 < x > 0 . 6 0 ) , our measurements of the relaxation
time and the hyperfine fields at Co indicate the existence of magnetic and
nonmagnetic cobalt atoms. This observation has relevance with respect
to the possibility of spin-glass behaviour of this system. Efforts to prepare
samarium-cobalt magnets on a laboratory scale are in progress.
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The Rock Magnetism Group obtained basalt samples from different parts
of the world and studied the domain state of the magnetic minerals in
the samples. Apart from presenting the results of this work, instruments
developed by the group were also exhibited at the International Association
of Geomagnetism andAeronomy/lnternational Association for Meteorology
and Atmospheric Physics Joint Assembly held at Seattle, USA in 1977.
Study of phase transition in ferroelectric crystals using ultrasonic propagation is continuing. Work on superconductivity in Pb is in progress.
In the Chemical Physics Group, studies were continued on the structure
and function of biological molecules using quantum chemical theories,
statistical approaches, nuclear magnetic resonance and molecular graphics.
The problems under study cover the structure of unusual nucleotides and
polynucleotides, organisation of lipids in biomembranes and drug-design.
In collaboration with the International Federation for the Institutes of
Advanced Studies (IFIAS), a project on the design of biochemical fuel
cells has been initiated. The formation of excited triplet state in high
yields during electron transfer reaction between hydrocarbon cation and
anion has been predicted from theoretical considerations. The T 2 -> T,
emission spectrum of 9 , 1 0 -diphenylanthracene and the effect of magnetic
field or. emission intensity have been recorded. The results obtained in
these studies suggest that radical ion annihilation proceeds to a large
extent randomly so that the ratio of the triplet to the singlet yield decreases
in the magnetic field. Using anodically oxidized titanium in an alkaline
solution during an irradiation from a pulsed nitrogen source, photocurrents
have been recorded. Magnetic field perturbation on charge transfer processes are being further investigated using an interferometric technique
with a He-Ne laser. Cupric and vanadyl complexes with mixed ligands
have been extensively studied using electron spin resonance to elucidate
the mechanism of spin transfer onto the next neighbours in such complexes.
T-jump experiments are being carried out to determine the efficacy of
mixed solvents in controlling the reaction rates. In the study of DMSOwater structure, the concept of "free DMSO" has been found necessary.
The spinel type compounds have been studied using Mössbauer spectra scopy to determine the cation distribution and the associated exchange
interactions. A correlation has been found between the chemical shift and
X-ray K-absorption edge shift in these compounds. The electric field gradient tensor, including its sign, has been determined for a substituted
ferrous ion in ferroelectric lithium niobate using the magnetic perturbation
technique. Experiments usi.,g this technique are being initiated to study
"spin cross-over" in d 5 and d« systems. The studies on tetraphenyl-prophyrinate iron (III) chloride (TPPFeCI) have yielded interesting results
about zero-field splitting. Extensive studies on TPPMnCI, containing various
solvent molecules, are done using newly assembled Faraday balance.
The magnetic anisotropy apparatus has been modified for the new
8" electromagnet. Microwave studies on the structure of fluoroderivattves
of benzene and pyridine have been continued. A new set-up for microwave
spectroscopy of transient species has been fabricated.
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In Low Temperature Physics, co-operative phenomena in liquids and solids
continues to be the main area of interest. In experiments with superconducting microbridges, the bridge superconducting critical current
has been found to shift to lower critical currents whenever a current is
injected through a normal metal strip transverse to the bridge. In voltage
measurements made transverse to a long proximity effect superconducting
weak link, a transverse (probably non-equilibrium) non-ohmic potential
has been observed whenever the weak link is driven normal by a d.c. current.
A 3 He/ 4 He dilution refrigerator, a nuclear adialatic demagnetisation stage
and a microprocessor based' measurement and control system are being
designed and built.
In the X-ray and Gamma Ray Astronomy Group, during this year considerable progress was made in the development of the TIFR-ISAC X-ray Sky
Monitor experiment to be flown on the second Indian satellite. The longlife position sensitive proportional counter to be used in this experiment was
developed and tested. An engineering model of the payload is undergoing
tests at the ISRO Satellite Centre, Bangalore.
A balloon flight for observation of X-ray emission from X-Per in the 20-100
keV range, was successfully carried out from Hyderabad using Nal-Csl
phoswich detection technique. This experiment was performed in collaboration with the University of Calgary (Canada). The instrument will be
reflown in April 1978 for observations of Her-X-1.
An instrument having a plastic scintillation counter of Im- area, was successfully flown from Hyderabad for the detection of cosmic gamma ray bursts.
Data analysis is in progress.
A new payload, having two collimated multilayer proportional counters,
each with a sensitive area of about 500 cm- and equipped with 1 . 5 micron
polypropylene windows, has been developed for the study of diffuse soft
X-ray background in rocket flights. Two rocket flights using Centaure
rockets are scheduled for early 1978.
Development work on a new instrument incorporating large area xenon filled
proportional counters, for observation of hard X-ray sources, is progressing
well. A balloon flight for observation of Cyg X-1 and Cyg X-3 is planned
with the new instrument in late April 1978.
A series of four balloon flights was carried out from Hyderabad during
October-November 1977 for the Indo-Soviet Gamma Ray Astronomy
programme. These experiments were carried out under agreement between
ISRO and INTERCOSMOS of the USSR. Scientists from the TIFR, the
Lebedev Institute of Physics of the USSR and the Moscow Physical
Engineering Institute, USSR, participated in these experiments. Three of the
experiments were performed for detection of gamma rays in the 6-300
MeV range from gamma ray sources and one experiment was aimed at
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the study of charged particle albedo. Data analysis of these experiments
is in progress.
Two more flights for continued observation of gamma ray sources are
planned in the spring/summer of 1978.
An entirely new interpretation of the so called "magnetic monopole" event
has been given. From detailed calculations, it has been shown that the
above event observed in cosmic rays by U. S., workers, can be understood
in terms of snap shot descriptions of the ionisation states of an ultra heavy
cosmic ray nuclei during their passage through the plastic detectors.
Studies of solar cosmic rays at low energies observed in rocket experiments
during the major solar flares have revealed interesting properties of energy
dependent abundance enhancements at low .energies ( < 20 M e V / N )
indicating the part played by atomic properties such as the atomic number.
These indicate the role of atomic properties in the acceleration of solar
particles in a complex way.
To study relativistic cosmic ray heavy nuclei, a successful balloon flight
has been made from Hyderabad with sensitive plastic detectors and nuclear
emulsions.
Theoretical studies on the modulation, propagation and acceleration of
cosmic rays have been made and interesting results have been obtained.
In the field of Infrared Astronomy, the first successful engineering flight
was made from the Hyderabad Balloon Launching Facility using the 30 cm
telescope for observations in the far infrared region of 50-250 micron
wavelength band. On the basis of experience gained from this flight, it
is hoped that regular astronomical observations will be made during the
coming year.
Work on the fabrication of the new 75 cm aperture telescope system,
including work on the telescope pointing system using rate gyroscopes and
a star tracker are in progress. Liquid helium cryostats required for operation
of the infrared detectors at temperatures of 2°K are being fabricated. A
low resolution liquid helium cooled grating spectrometer is under fabrication. Work on the design of a Michelson interferometer for spectroscopie
studies in the far infrared region has been initiated.
The Cosmic Ray and Solar Physics Group continued studies on the low
energy cosmic rays in Skylab using plastic detectors and obtained some
additional new data. From these it has been shown that there are two
components of cosmic rays, one at low energies ( < 50 MeV/N) with
anomalous composition and partial ionisation states and another at
higher energies resembling the composition of the high energy galactic
cosmic rays.
The Cosmic Ray Experiment in the First Space Shuttle/Spacelab Mission
was selected by NASA as the only Indian experiment. This is designed
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to measure directly the ion states of low energy solar and galactic cosmic
rays. Detailed design of the instrument is being made.
In the area of High Energy Cosmic Rays there are at present three major
research programmes: Extensive Air Showers (EAS) experiments on muon,
neutrino experiments at Kolar Gold Fields (KGF), and gamma-ray initiated
EAS experiments at Ooty. Important results have been obtained in all the
three areas in the last year.
(A) EAS experiments at KGF: For the first time, the lateral distribution of
muons of energy > 220 GeV has been measured directly in EAS produced
by primaries of energy ~ 1 0 1 * e V. The array consists of (1) 73 scintillators
(43 of 2 . 2 5 m 2 and 30 of 1 m s ) on the surface (S), (2) 2 . 0 m? crossed
neon-flash tube telescope and 2 . 0 m 2 scintillatorsat a depth 270 m below
ground (U) for muons of energy 220 GeV, (3) four scintillators ( 2 . 2 5 m 2
each) under 3 . 3 m granite (U o ), to measure muons of energy > 1 GeV
and (4) five liquid scintillators to measure shower arrival direction. More
than 5000 showers of energy 1 0 I 4 - 1 0 1 5 eV with at least one muon in U
have been analysed.
Using correlated data in S, U and U o it is possible to distinguish between
effects of primary mass number and high energy interactions characteristics
on the observed lateral distribution of muons of > 220 GeV. Comparing
the lateral distribution of high energy muons with Monte Carlo simulations
of EAS using various plausible models of high energy collisions and
different primary charge spectra, it has been possible to draw two major
conclusions: (1) 'Feynman scaling' model of high energy interactions is valid
up to 1 0 " eV and (2) the charge composition of primary cosmic rays at
~ 1 0 " eV is essentially similar to that at low energies.
(B) Muon and neutrino experiments at KGF: A new programme has
been undertaken jointly by TIFR and Osaka City University, Japan, in
the Kolar Gold Mines, to confirm and to study in greater detail the
production of a new particle reported in 1975. From six events recorded
in as many years in deep underground detectors, it is surmised that massive
( > 2 G e V / c 2 ) and long-lived ( > 1 0 - 9 Sec) particles are produced with a
frequency comparable to that of neutrino interactions. The new detectors
will allow three dimensional reconstruction of the entire event with greater
precision. A detector of total volume 40 m 3 with 10 4 neon flash tubes
(each 2 . 1 m long, 2 cm dia.) 132 proportional' counters (each 4 . 2 m
long, 10 x 10 cm 2 cross-section) and four layers of iron absorber
(total weight 40 tons) is now operating at a depth of 3375 hg/cm 8 . A
similar detector will be commissioned at a depth of 6800 hg/cm 2 by the
end of 1978.
The anomalous showers with energy transfer > 1 TeV, reported at the Plovliv
Conference will also be studied in these experiments.
Gamma-ray Initiated EAS Experiments at Ooty:
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(1) A gamma-ray telescope of ten mirrors (total area 6 . 3 m 2 ) was set
up at Ootacamund (800g cm-*) in Feb. '77 to detect Cerenkov radiation
from gamma-ray initiated EAS of energy > 500 GeV. It is proposed to
double the area to reduce the gamma-ray threshold energy well below
500 GeV. Extensive search for pursed gamma-rays from several radio
pulsars—particularly PSR 0531 + 21 and PSR 0950 + 08—are scheduled
for the first three months in 1978. These two pulsars showed statistically
significant signals in February'77 observations.
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(2) Gamma-ray bursts with energy spectrum extending to GeV photons
can be detected through the air showers of low energy (7 MeV) photons
they produce. At Ootacamund, 4 liquid scintillators (1 m x 1 m x 20 cm)
sensitive to 1 MeV gamma-rays are operated in coincidence to look for
short bursts of "shower events" ( > 3 in 100 msec). Such bursts, if
detected in coincidence with burst detectors on satellites will be of great
astrophysical significance.
In Radio Astronomy observations using the Ooty radio telescope and the
Ooty interferometer were continued for the study of extragalactic radio
sources and pulsars.
A new data analysis technique, called the Optimum Oeconvolution Method,
was developed which has applications in a variety of fields like radio
¡nterferometry, image processing, crystallography, spectroscopy and geophysics. This method was applied to lunar occultation data of extra galactic
radio sources obtained from the Ooty radio telescope to achieve much
higher angular resolutions than was previously possible.
The Ooty radio telescope was used to make extensive interplanetary
scintillation observations of some point radio sources. In a collaborative
programme with the USSR, one of these sources was observed simultaneously at 102 MHz in the USSR and at 3 2 6 . 5 MHz at Ooty. These
observations will help in understanding the source structure and validity
and implications of scintillation theory.
High quality data obtained on interstellar scattering of about 30 pulsars
showed that the relation between the parameters of scattering and the
distance to the pulsars are in broad agreement with what is expected from
strong scattering theory. It was also found that many pulsars have intrinsic
intensity variations of time scales similar to those of interstellar scattering.
Construction of a large interferometer system consisting of the Ooty radio
telescope as one element and 14 smaller antennas as the other elements
has been undertaken. In this instrument, called the Ooty synthesis radio
telescope, the smaller elements are placed at distances of a few hundred
metres to 10 km from the Ooty radio telescope. Installation of 7 of the
elements at their respective sites is nearing completion. Sophisticated
electronics circuitry for remote control of these elements and for bringing
signals from them to the Radio Astronomy Centre have been designed and
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are being built. When fully realised, the Ooty synthesis radio telescope
will be one of the five largest synthesis telescopes in the world and the only
one operating at meter wavelengths.
In the area of Hydrology, concentrations of radon were measured in deck
level air, over the Arabian sea and the Bay of Bengal. Significant time variations in concentration were observed. Their implications are under investigation.
Studies in the area of High Energy Physics were continued through the
use of Bubble Chamber Technique. The Group has completed several
studies using a very high statistics exposure ( 1 . 5 million pictures) of
antiproton-proton annihilations at 0 . 7 5 GeV/c.
Another experiment in progress aims at the study of (i) antiproton-proton
annihilations at 2 . 0 GeV/c with special emphasis on the production of two
or more neutral pions and (ii) direct electron production. This experiment
uses a recently developed technique of a track-sensitive-hydrogen-target
built in a Bubble Chamber filled with a liquid neon-hydrogen mixture.
The Solid State Electronics Group, during the year under review, concentrated its activities on the following areas of advanced research and
development in semiconductor physics and technology.
An advanced technology relating to usage of thin film modules has been
developed.
The second activity is towards realising a LSI with CMOS ion implantation
technology. The mask for this process has been designed using computer
aided design methods. The devices are undergoing extensive trials. These
devices would be exploited commercially in the proposed Semiconductor
Complex o.f the Government of India.
Ion implantation, as an adjunct of semiconductor processes, has been well
established. A machine designed earlier with the help of BARC is being
installed in the laboratories for doing work on device areas.
In the Gallium Arsenide programme, it has been possible to grow successfully
liquid epitaxial layers to be used as substrates for microwave diodes. A
study of the basic physical properties of amorphous semiconductors,
especially Germanium and Gallium Arsenide, has been undertaken.
Two proposals, one for image sensing using charge coupled devices and
another f or the study of solar energy conversion by making use of amorphous
materials, have been submitted to the relevant authorities for contract.
These would be the areas for further research and development.
In the area of Microwave Engineering, the developments that have come to a
successful conclusion with the following prototypes having been accepted
by the various user agencies: high power pulse modulators, high power S
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Band sources for space borne use, echo boxes for use in M. T. I. Radars,
receiver local oscillators for microwave line of sight communications and
some new versions of X band TR tubes. Developmental work in advanced
stages consisted of AM/FM noise measurements of microwave oscillators,
packaging of microwave diodes, a new version of S band TR tube, doppler
modules, PIN switches, and a variety of MICs. Sub-systems and systems
under study relate to radar, communication, needed by MONEX and ISRO.
The Microwave Engineering Group is being converted into a Special Microwave Products Unit under the Departmentof Electronics. It will be managed
in the initial years by TIFR.
In the area of Computer Research and Development, speech and language
behaviour studies are being continued. In speech, as a follow-up of the
earlier activity, automatic extraction of the relevant speech parameters,
segmentation and recognition of continuous speech have been implemented.
The results of this recognition effort compare favourably with those of other
workers in the field: The utilisation of inter-phoneme context information
introduces significant ¡mpro-ement to these results. Plans are being evolved
for establishing an interactive computer terminal with facility for graphics
and speech input and output.
The work of the National Centre for Software Development and Computing
Technique (NCSDCT) has centred around (i) Operation of the DEC System
1077 Computer as a national facility, (ii) Education in Computer Science
and applications, (iii) Technology Development and (iv) Project involving
the use of new techniques for system implementation.
*
In April 1977, the Remote Computing Facility based on a TDC 316 at the
Victoria Jubilee Technical Institute (VJTI) Bombay, linked to the DEC1077 at NCSDCT was inaugurated; it has since been available for regular use.
Work is under way for using a higher speed link and in setting up similar
remote stations at a few selected locations to increase the availability
of the DEC-1077 to a wide class of users. The DEC-1077 continued to
be operated three shifts a day; the use of its facilities by external agencies
has been increasing.
A one-year part-time course for computer professionals, is being conducted
jointly with the VJTI, There are around 60 participants; a set of course
modules has been designed to cover a wide range of subjects through
selected texts, frequent practical programming exercises and tests, and
lectures. Several short, user-oriented courses have been held to introduce
new techniques. An advanced course on 'Programming Languages and
Programming Methodology' was held in January, 1978.
Work continued on software development for corwputer-aided design;
fabrication of an on-line model-making machine is expected to be completed by June 1978. A 10 minute film on computer-aided design was
produced for introducing this new methodology to professional designers
in various fields. A comprehensive photo-typestting package is under
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development to produce formatted text for a variety of photo-typesetting
machines.
Soecial programming systems for linear programming and translator
generation (part of a general program manipulation laboratory) are under
development and an initial linear programming package has been released
to users. The major phase of system development of a Close-Coupled
Network (CCN) of TDC 316 computers is nearing completion: in the course
of this work, considerable investigation has been carried out on the design
methodology for operating systems. The three processor version of CCN
is due to be transferred to the (IT, Bombay and used there as a node in an
interlinked computer network in Bombay.
In the Molecular Biology Group, the mechanism underlying synthesis
and regulation of macromolecules—RNA and proteins—in microorganisms
is being investigated. The studies have led to the development of a mathematical model for the coordination of transcription, translation and degradation of messenger RNA. Experimental work on the biogenesis of ribosomes
in E. coli has tentatively suggested that free ribosomal proteins in the pool
function as a positive control element in the regulation of ribosomal RNA
synthesis. A detailed theoretical analysis of changes in macrornolecular
composition of bacterial cells with growth rate, and of transient variations
in their synthesis rates following "shift-up" and "shift-down" has been
carried out. It is concluded thai a regulatory mechanism operating (i)
at the level of functional efficiency of ribosomes and (ii) at the level of
ribosomal protein synthesis offers the most plausible basis for the observed
behaviour of a bacterial population.
In the area of Dental Research a large scale epidemiologie study on oral
cancer and precancerous lesions in different parts of India is in progress.
The 10-year follow-ups of 10,000 individuals have been completed in
each of the following regions. Bhavnagar district, Gujarat, Emakulam
district, Kerala and Srikakulam district, Andhra Pradesh. These follow-up
studies have shown that tobacco habits in their various forms are definitely
associated with oral cancer and precancerous lesions. The incidence of
precancerous lesions among those who did not have any tobacco habit
was zero while the incidence among those with tobacco habit in one form
or the other ranged from 1 to 35 per 1000 per year, depending upon the
tobacco habit practised. The next step would be to find out whether giving
up the tobacco habits leads to reduction in the incidence or oral cancer
and precancerous lesions. In order to persuade villagers to give up their
tobacco habits a documentary film entitled "Tobacco Habits and Oral
Cancer" depicting the relationship between the tobacco habits and oral
cancer has been made to convey the message that the tobacco habits must
be given up. The film has been made in 35 mm Eastman colour, and in
five different versions and languages and is being donated to the Films
Division for compulsory exhibition. Other versions are being shown in
their respective regions, (Marathi in Pune district, Malayalam in Ernakulam
district, Gujarati, in Bhavnagar district, and Telugu in the Srikakulam district),
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with proper personnel and media support. The impact studies of all the
regional versions of the flim have been carried out, and comprehensive
programmes have been developed individually for each district for
investigating tobacco habits in target populations.
During the year a Burmese dentist was trained in survey methods for
oral cancer and precancerous lesions at the instance of the aid agency
of Denmark, DANIDA.
A request has been received from Brazil for permission to translate our
monograph on Early Detection of Oral Cancer and Precancerous Lesions
in Portuguese language. WHO has sent a request to pre-test their oral
mucosa manual.
During the year, preliminary work on immunologie study of oral submucous
fibrosis was undertaken in collaboration with the Oral Immunology Department of Guy's Hospital, London.
The Honti Bhabha Centre for Science Education, established in July 1974
under grant? received from the Sir Dorabji Tata Trust, has been conducting
research in science education. New methods of training teachers and new
experimental programmes based on zero-cost experiments were developed
and tested in a three year curriculum development project launched in the
rural areas of Jalgaon district. New tools for carrying out formative and
summative evaluation of educational objectives were also developed and
tested for reliability and validity. Five teacher's handbooks, a book on
novel experiments and one book on conducting examinations have also
emerged out of this project. These books, and a series based on answers
to science questions asked by school children are now being published for
wider use.
Other research projects such as the study of the effect of language simplification on pupils' comprehension, the analysis of school and teacher
profile in the secondary schools of Maharashtra, a sample survey of the
educational opportunities available to rural pupils, have been completed.
All these findings were presented at a state level conference on science
education held in January 1978.
Research Facilities
The Computer Centre is operating with a useful computation time of
22 hours per day on all working days without any serious interruptions.
Airconditioning of the computer system is being shortly augmented.
The new operating system. Disk Scope, is * o w in continuous use; it now
allows the authorised user to save files, both Binary and BCD.
The Balloon Facility, Hyderabad; During the period under report five balloons
with volumes ranging from 50,000 cu. m. to 100,000 cu. m. were successfully flown to altitudes of 3 0 - 3 6 kms with payloads ranging from 100 kg.
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to 600 kg. for experiments on Gamma-Ray astronomy. X-ray astronomy and Infrared astronomy of the TIFR, and the Gamma-Ray astronomy
experiments jointly carried out by TIFR and Soviet scientists, and sponsored
by the Indian Space Research Organisation.
A few more balloon flights for the X-ray astronomy experiment of the
TIFR, and the Indo-Soviet Gamma-Ray astronomy experiment are planned.
Further modifications to the 275 cu. m. fcytoon—a joint venture of TIFR
and the Space Applications Centre, Ahmedabad—were also caried out
and the various sub-systems were tested at Ahmedabad with air inflation
and hydrogen inflation.

v.

The Low Temperature Facility has a liquid helium machine, a high pressure
helium purifier, two liquid nitrogen machines and two water chilling
plants. 1,160 litres of liquid helium and 65,117 litres of liquid nitrogen
ware dispensed with during the year.
In the Materials Laboratory, a new hot spray technique employing an
oxide of a metal is being developed. By this process free flowing spheres
of closely controlled composition, size and shape suitable for materials
can be obtained. The characterisation apparatus are being assembled
to study garnets and PZT materials.
In the Hot Laboratory, the study of the adduct formation for the nickel
chelates of S-quinolinol and its analogues with heterocyclic nitrogen bases
was completed employing a spectrophotometer. The study was carried
out both in a two phase system and a monophase employing chloroform.
This entire aspect is under publication. The study is being extended to
cobalt-chelate system. Thin films of 50 microns were prepared from a
cellulose nitrate and thermocole for charged particle track detection work.
Further work to produce thinner films (less than 50 | l ) is in progress.
In order to investigate the crystallinity changes in gamma-irradiated
teflon discs, their x-ray diffraction patterns were studied with Debye Scherror
camera. Employing competitive kinetics, technique and steady-state
radiolysis, rate constants of certain organics with hydrated electrons and
hydroxyl radicals were determined; further pulse-radiolytic studies on
these systems are in progress. In addition, radioactive sources were prepared for the various groups in the Institute. Assistance was also given
to the Government Dental College in labelling the extracted teeth with
sulphur-35 nuclei.
University Teaching Programme
In the field of University Teaching, the School of Mathematics has been
actively collaborating with the University of Bombay in the latter's Centre
for Advanced Training and Research in Mathematics. The Institute is a
recognised Centre of the University of Bombay where students work for
the M.Sc. and Ph.D. degree in Mathematics, Physics (Theoretical and
Experimental), Molecular Biology, Physical Chemistry and Computer
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Science. 60 scientists of the Institute are recognised teachers of the Bombay
University for the Ph.D. degree and 4 for the M.Sc. degree. During this
year, 15 members obtained their Ph.D. while 1 obtained an M. Sc. degree
on the basis of research carried out at the Institute. Thus far, a total of 174
scientists have obtained Ph.D. degree and 42 have obtained M.Sc.
degrees through research carried out at the Institute.
The UGC has now undertaken a more comprehensive Faculty Improvement
Programme. The Institute has decided to extend its facilities to teachers
in the affiliated colleges. Accordingly, in the academic year 1977-78 four
teachers are availing of the facilities.
The UGC-sponsored Summer Institute in Mathematical Methods and
Classical Physics for Post-graduate college teachers was organised by
the Institute from May 14 to June 16,1977.
Summer Programme for NSTS Scholars
As in the previous years, the Summer Programme for the Post-graduate
NSTS Scholars was held at the Institute from May 16 to June 14, 1977.
Three Winter Schools were organised by the Institute during the year:
In Astrophysics, at the Institute itself in January 1977; in Disordered
Systems, at the University of Berhampur (Orissa) in February 1977 and in
Theoretical High Energy Physics, at the MR A Centre, Panchgani (Maharashtra) in December 1977.
A lecture notes volume on "Selected Topics in High Energy Astrophysics"
by Prof. G. R. Burbridge, Prof. J. J. Perry and Prof. G. T. Zatsepin was
published during the year.

The Saha Institute of Nuclear Physics
In the Cyclic Accelerator Division, research was carried out in nuclear
spectroscopy using the external proton beam of the cyclotron giving the
energy levels of 8S Srand 87Sr.
In the Electrostatic Generator Division, measurements of the total crosssections of a few inert gases for 14 MeV neutrons using transmission
method and time-of-flight technique were made and measurements on
other gases are in progress.
The beam-pulsing system yielding deuteron beam bursts of 1 ns was
completed and tested. A fast discriminator giving the best time resolution
of 180 ps (FWHM) was also developed. An experimental set-up for
life-time measurements in the range 10~»—10~ 13 sec. by recoil distance
technique is being carried out.
Radiochemical separation techniques involving inorganic, organic and
liquid ion exchangers have been applied for separating radio-nuclides.
An easy method for the pre-concentration of traces of gold and tungsten
from geological samples has been developed for studying the geochemical
correlation between them.
The fast ion beam of the Isotope Separator was used for surface studies
with silver and silicon crystals using the scanning electron microscope. In the
Nuclear Physics Division, the microwave spectrum of meta-fluorso phenol
was observed in the frequency range 22.0 - 25.0 GHz and 12.0 - 18.0 GHz.
Work on the absorption spectra of some hydrated 3d-metal fluo-silicates
in the near infra-red region was continued. The results showed that the
observed bands could be well explained on the basis of incombinations
of fundamental normal vibration modes of H20. Similar results were obtained
for the deuterated crystals.
Gamma-gamma angular correlation set-up was completely automated
using electro-mechanical devices and integrated chips. Perturbed angular
correlation studies on the excited levels of l w Tm were done.
Hyperfine interaction studies on rare-earth oxalates were continued.
The line shape and hyperfine interaction parameters in rare-earth phosphates were given a quantitative basis. A new line of investigation on
S9
Co NMR studies of spin-state equilibria in rare-earth cobaltite were
also initiated. Proton NMR studies of CoSiF6. 6H 2 O single crystals located
the low temperature phase transition from the line shift.
With a model Hamiltonian used by Gillis and Koehler for describing a
displasive type ferroelectric, the effect of stress and strain were included
and the thermal expansion coefficient as well as the pressure coefficient
of the transition temperature was calculated.
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High resolution 13N NMR parameters for caphene were measured in solid
plastic crystalline phase and the results were compared with the corresponding values obtained in solution.
Accurate pulse-sequence generation is essential for studies on high
resolution pulsed NMR spectroscopy of solids. A crystal clock controlled
pulse-programmer was developed for accurate timing of all the pulses and
the cycling time of WAHUHA sequence.
A frequency synthesizer unit was developed for generating the crystalstabilised radio-frequency signal required for obtaining nuclear magnetic
resonance.
The non-perturbative open-shell theory developed earlier was adapted
to the direct evaluation of the ionization potential and the excitation
energies of atomic and molecular systems. The theory was used in the
numerical calculations for the model 4 IT -electron problem in trans-butadine.
Calculations had been performed with the previously developed generalised
cluster-Bethe lattice approach for the electronic density of states of binary
alloys with specific disorders.
A new method was developed for calculating the electronic density of
states in a binary alloy, whose atoms are distributed on a Bethe-lattice,
using the Weaire-Thorpe Hamiltonian.
In the Crystallography a- Molecular Biology Division, the structure and
function of biomolecules, including drug molecules, were developed by
X-ray crystallographic method. Computer programmes for structure determination were developed. In protein crystallography, preliminary studies
were made. In quantum biology and conformation, study of conformation
of biological molecules was made.
Physico-chemical studies of cartilagenous collagen and crystallin were
done. Enzymatic studies of some enzymes /. e. << amylase were performed.
Ultra-structural studies of biological fibres e.g., collagen by electron
microscopy were made.
In the Biophysics Division, tissue specific liposomes, membranes biophysics etc. were studied. A new inducible repair phenomenon in bacteria
which are deficient in normal or known repair processes was found in
course of studies in molecular genetics, radiation biology and electron
microscopy.
In the Theoretical Nuclear Physics Division, work was continued on collective
hamiltonian method for structural problems and problems of heavy ions.
Reactions of pions with nuclei, pion production in hadron-nucleus collisions, deuteron-induced reactions, a few specific three-body problems
and analogue resonances in nuclei were investigated. Work was also done
on coherent states, Lipkin model and super-radiant transitions.
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Studies were made on the dynamics of macro-molecules with particular
reference to enzyme reactions. Work was done on Lotka-Volterra model
and its modifications.
A system for precise measurement of thermal expansion at low temperatures,
phase drive systems for variable frequency impulse commuted inverters
and indirect frequency synthesizers for 8-9 MHz were developed.
In the Director's Research Group, the electrical conductivity of single
crystals of mercuric iodide grown by solution-growth method, was
measured in the temperature range 300°K and 390°K and the energy
band-gap was determined.
The studies of low frequency plasma instabilities in PIG discharge were
continued and some interesting results, were obtained. From the sparking
characteristics and the equivalent pressure concept, the electron-neutral
collision frequency at unit pressure was determined for a number of gases
e. g. Hj, Ar and air.
The method of direct determination of the electron eneigy distribution
in a plasma, developed earlier, was used to scan the electron energies
under various conditions of a hot-cathode glow discharge.
Experimental work on Duoplasmatron —electron gun assembly for studying
plasma in a reaction chamber under magnetic field—is in progress.
Interaction of a high current beam of charged particles with a magnetoactive plasma was studied by treating the plasma as a (1) dispersive and
anisotropic medium and (2) a simple ohmic medium.

87

s.
J-T—

Tata Memorial Centre
Tata Memorial Hospital
Commissioning of the new 12-storey annexe, and the new OPD extension
in the old TMH Building were the important events for the Tata Memorial
Centre during the year.
There were 16,365 new registered patients this year. The total number
of operations during the year was 10,614; 5,217 patients were admitted
to the wards.
The number of patients treated with radiation was more than 5,000, and
almost 70 per cent of this number received cobalt beam therapy. The
number of patients receiving this form of therapy is increasing every year.
All acknowledged techniques for delivering therapeutic doses of external
radiation are used at the hospital. Intracavitary radiation is mainly used
in the treatment of cancer of the uterus. Isotopes of CobatI 60, Caesium-137
and Gold-198 are used for implants.
The Hospital took part in the intercomparison dosimetry programme
conducted by WHO/IAEA on three separate occasions during the year.
The Centre continued to undertake calibration of deep therapy machines
at the hospital.
15 trainees underwent the 1-year training course in Hospital Physics
conducted by the BARC, and received practical training in the Physics
Department of the hospital.
Research studies included retrospective clinicopathological studies of
Hodgkins disease, and histopathologico-epidemiological study of breast
cancer in Greater Bombay.
A number of analytical review studies were conducted, particularly on
cancer of the Colon, Uterus, Cervix, lymphoma and Leukaemia in order
to assess survival rates and prognostic factors. Epidemiologie studies
utilising the data obtained from patients attending the hospital were continued and the analysis of hospital-based data is now proceeding. Microfilming of old records of cancer patients is in progress. A special project
to formulate a universally applicable End-Result Reporting protocol is
currently in progress at the hospital under the aegis of the WHO; scientists
from France and Russia are collaborating with TMC in this project.
A special chemotherapy ward has been set up in the annexe building
to accommodate 24 beds entirely meant for patients admitted for such
treatment.
A special Entro-stomal clinic has been organised in the Hospital. The
clinic also advises such patients from all parts of the country.
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Cancer Research Institute
Previous studies have established that oral cancer in India is associated
with chewing and smoking habits. Data is now being collected to assess
the role of dietary habits in the development of Oral Cancer. Experimental
studies on betal-nut extracts, using animal models, suggest that tannine
in betal-nut produce precancerous and cancerous changes. Techniques of
utilising bacterial mutants to assess potential carcinogens are being applied
to study the role of metal complexes in cancer. Biological studies of encogenic viruses, particularly the characterestics of mouse-tumour virus
and mouse leukaemia virus are on using the inbred mousj strain (ICRC)
originally developed at the Institute.
Electron microscopic studies of factors stimulating reverse transcriptase
in human milk are in progress. Studies on breast cancer patients include
a search for chromosomal alterations and Barr-body frequency. Cytogenetic
studies, cell surface properties and characterisation of humoral regulatory
factors are being undertaken in a search for markers useful for early detection
of cancer and also to predict the clinical course of the disease.
Anti-cancer screening programmes have been pursued with more in-depth
studies on several plant products which were earlier shown to possess
anti-cancer activities, particularly Gymnosporia rothiana laws and semecarpos
anacardium Linn F. Fractionation of this product has resulted in isolation
of an alkaloid compound.
Studies on the protein from Cobra Venom have shown that venom cytotoxin
can strongly potentiate the anti-cancer effects of the well-known anticancer drug Melphan.
Immunological studies to characterise the immune status of cancer patients,
and studies on cellular sensitisation to prime associated antigens for
monitoring tumour specific immune responses are being carried out. For
these studies, malignancies specific to India such as oral cancer, chronic
myeloid leukaemia and breast cancer, were selected. These involve
characterisation of T and B lymphocytes, and other in vitro methods to
assess lymphocyte reactivity to tumour antigens. Sequential investigations
of patients have demonstrated the usefulness of such in vitro monitoring
to understand the disease process.
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Atomic Minerals Division
Uranium Investigations
Exploratory underground development
Sinking of the vertical shafts continued at Bodal, Rajnandgaon district,
Madhya Pradesh. Depths attained were 21.75 m and 19 m respectively.
The main shaft is at present going through the ore zone. Two adits which
are in progress at Jajawal, Sarguja district, Madhya Pradesh are expected
to touch the mineralised zone at approx. distances of 195m and 210m
respectively. Adits 1 and 2 at Astotha in Hamirpur district, Himachal Pradesh,
have progressed to 21m and 17.2m respectively. The latter has already
intercepted the ore zone.
Survey and Exploration
An area of 7,800 sq. km (8,160 line km), in parts of Nellore and Prakasam
districts of Andhra Pradesh was covered by airborne gamma-ray spectrometry and magnetometry. Aerial surveys in these areas had to be suspended
after the crash on April 5, 1977 of the DC-3 aircraft belonging to the
National Remote Sensing Agency in which 5 AMD scientists and
5 members of the crew lost their lives.
Photo-geological studies were conducted on Kolar-Pungurthi areas in
Karnataka and Tamil Nadu, and in the inaccessible areas of IngedinalaBaleshwar-Kamrassur, Tehri district, Uttar Pradesh, for understanding the
control of uranium mineralisation.
Occurrence of uranium mineralisation has been brought to light at Bhandaritola near Bodal in Rajnandgaon district, Madhya Pradesh, where sheared
quartz porphery rocks show mineralisation intermittently over a strike
length of 1,300 m. Detailed exploration by trenching and borehole drilling
is in progress.
Near Agra village in the Chattarpur district, Madhya Pradesh, sheared
quartz reef extending to about 5 km, and with uranium values has been
delineated.
Recent extension surveys in Gomaghat-Alukwadi area, Khasi Hills district,
Meghalaya, have indicated the presence of uranium mineralisation at a
number of places over 18 km strike length. The area is being taken up
for exploratory drilling.
A number of radioactive bands near Khya, Loharian, Chakriyana and
Kaneo in Hamirpur district of Himachal Pradesh, located in most favourable
geological setting have been taken up for detailed geologic and radiometric
investigations. Besides these, radioactive occurrences near Banargatta
in Bangalore district, Karnataka; Durga Samudram and Chandragiri in
Chittor district, Andhra Pradesh and in Gondwana sandstones of Garu,
Howa, Tai, Likabali-Basar, Arunachal Pradesh, are also under investigations.
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Exploratory Drilling
Drilling during the year aggregated 18,037.65m. H¿tailed drilling at Bodal
in Rajnandgaon district, Madhya Pradesh, has proved continuation of the
ore body over a strike length of 820 m, and to an average depth of 120 m,
with indicated reserves of 600 tonnes of U3O8 in two blocks. Further drilling
to prove depth-wise extensions to 350 m, is being taken up.
At Dumhath in Sarguja district, Madhya Pradesh, a recently drilled borehole
intercepted two zones of uranium mineralisation. Further drilling is in
progress. Exploratory drilling is being undertaken at Jajawal, Dauki-Duba
and Garia in Sarguja district, Madhya Pradesh, where uranium mineralisation
has been traced along a major shear zone.
Borehole drilling at Astotha, Hamirpur district, Himachal Pradesh, has
indicated uranium values upto 0.042 per cent el)3O8 Exploratory drilling
and underground development work is in progress.
Exploratory borehole drilling being continued in sheared granites of
Anek, Garo Hills district, Meghalaya, has indicated the continuity of mineralisation down to a depth of 125 metres.
Radiometrie logging of boreholes drilled by the Geological Survey of India
at Dhatkidih in Singhbhum district, Bihar, has indicated two radioactive
horizons. One hole, completed at Umra in Udaipur district, Rajasthan,
has indicated uranium mineralisation for 4.6 m.
Niobium-Tantalum, Beryllium and Rare Earths Investigations
Investigations for location of new sources of niobium-tantalum and recovery
operations at known deposits, were continued in Bihar, Karnataka and
Rajasthan, as a result of which 11.41 tonnes of the minerals were produced.
54.216 tonnes of beryl (including 0.451 tonnes of beryl churi) were
stockpiled during the year, which includes 7.335 tonnes produced during
departmental operations for recovery of tantalite.
Thorium Investigations
Reconnaisance and surveys followed by test drilling and laboratory investigations for estimation of heavy minerals reserves of monazite, ilmenite
etc., were carried out over an aggregate coast-length of 84.129 km in
Guntur and Visakhapatnam districts in Andhra Pradesh, the Quiion district
in Kerala, and the KanyakumariandTirunelvelli districts of Tamil Nadu.
Special Assignments
Geophysical surveys carried out in the hot spring regions at Tantloi in
Santhal Parganas district, Bihar and at Bakreshwar in Birbhum district.
West Bengal, indicated that the hot springs are located along well-defined
fault zones. The project was transferred to the Department recently from
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the Department of Science and Technology. Surveys for location of new
sources of helium are being intensified.
Research and Development in Instrumentation and Exploration
Techniques
Research and development in instrumentation resulted in fabrication of
sophisticated airborne gamma-ray spectrometric systems with digital and
analogue output and direct reading proton precision magnetometer. An
automatic sample analyser has been fabricated. A portable instrument for
on-site measurement of radon/thoron in soils has also been developed.
The Solid State Track Detection Technique forradioactiveemanationsurveys
has been further modified for discrimination between radon and thoron.
Collaboration with other Organisations
Scientists from the Division participated in the Multi-disciplinary Scientific
Expedition in Lohit Himalayas organised by the Geological Survey of India.
The Division's collaboration with the Atomic Energy Commission of Iraq
continued. Four officers belonging to the geology and drilling disciplines,
who were working with the Atomic Energy Commission of Iraq, have
since returned after completion of their assignments.
The Division co-sponsored with the Geological Survey of India and the
National Geophysical Research Institute, a symposium on "Archaean
Geochemistry: Origin and Evolution of Archaean Continental Crust",
under the International Union of Geological Sciences—International
Geological Correlation Programme and the United Nations Educational,
Scientific and Cultural Organisation, during November 1977.
Work under the International Atomic Energy Agency research contracts
on 'Study of factors controlling formation of sandstone type uranium
deposits in India', and 'Bacterial leaching of uranium from ores', is
being pursued.
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Atomic Power Authority
Tarapur Atomic Power Station
During the first 11 months of the year, the Station generated 1,910 million
kwh, registering a capacity factor of 57 per cent. The Station sent out
988 million kwh to Maharashtra, and 773 million kwh to Gujarat. This is
103 per cent of the generation target for this period as accepted by the
Central Electricity Authority.
Unit I, which was on refuelling outage from February 3, 1977 was put
back on line on April 20,1977. The refuelling outage was completed in a
record period of 76 days, the shortest time so far. The unit achieved an
uninterrupted run of 140 days at normal output from May 14 to October 1,
1977 which is among the longest for large units in the country. Its monthly
capacity factor of 95.1 per cent during July 1977 was the highest since
its commissioning in 1969. The output of the unit had however to be
reduced to about 65 per cent of rated output from mid-October to stretch
the current fuel cycle consequent upon the shortage of spent fuel storage
space. This was co-ordinated with grid maintenance schedules. Its on-line
availability for the first 11 months of the year was 82 per cent. The unit
experienced a few brief unplanned outages due to spurious causes. Modifications have been carried out to avoid these as far as possible.
Unit II operated at over 90 per cent of capacity upto mid-August 1977
when its load was reduced to about 65 per cent capacity to stretch out
the fuel cycles due to the shortage of spent fuel storage space. The
unit was shut down for refuelling on December 5, 1977 and has
been put back on line since Feb. 28, 1978. During its last operating
fuel cycle period of about 14 months, it registered a capacity factor
of 75 per cent and an on-line availability of 93 per cent.
Unit II will use its second indigenous fuel reloading pattern evolved in
BARC. The reloading pattern is generated by special computer codes and
determines the precise location of each fuel bundle in the core. Earlier,
such patterns were obtained from the reactor suppliers. General Electric.
Operation of the reactors with reload patterns developed indigenously
has been satisfactory.
As before, manpower was also drawn from other agencies in India during
the refuelling/maintenance works on a large scale.
Tarapur is one of the earliest amongst Boiling Water Reactor stations.
As a consequence, it has been necessary to introduce design changes
in the light of experience gained. By December 1977, the number of design
changes cleared rose to 300; of these, more than 200 have already been
incorporated. Four major modifications in progress are: condenser demineraliser for improving secondary feed water quality, cleanup system augmentation, addition of closed circuit television system for containment system
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monitoring, and provisions of a second start-up transformer.
The first Local Power Range Monitor (LPRM), a sophisticated instrument
used for measuring reactor flux in the reactor core was installed in Unit II.
This equipment has been manufactured with modified circuitry by the
Electronics Corporation of India Ltd. (ECIL) and constitutes an importsubstitution effort.
A significant accomplishment during the period is the rehabilitation of an
unusual stainless steel clean-up recirculation pump with the assistance of
Bharat Heavy Electricals Ltd., Hyderabad. This has improved the quality
of reactor water.
Spent Fuel Space
OAE's inability to undertake reprocessing of TAPS spent fuel as originally
planned owing to the current US position on the subject has resulted in
the Station's spent fuel pools getting filled beyond their designed capacity.
Some spent fuel racks have been fabricated in India enabling TAPS to
undertake the refuelling outages of 1977-78. Efforts are on to evolve
designs for high density racks to replace the existing ones and thereby
extend the capacity of the available space. An agreement was concluded
with the US Department of Energy under which it has undertaken a
feasibility study for the purpose on a "no cost' basis.
Commercial Aspects
The revenue for the year is expected to provide a satisfactory surplus after
meeting all operating expenses, interest, depreciation and appropriations
to statutory reserves. The corresponding surplus for 1976-77 was around
Rs. 10 crores.
Grid Operations
Western Region: The performance of the 220 KV switchyard at Tarapur,
which is under the control of the Tarapur Station, has been satisfactory.
Most of the pending modification works proposed in the TAPS switchyard,
enabling bifurcation of the TAPS and Maharashtra State Electricity Board's
(MSEB) portions of the switchyard, have been completed.
All operation and maintenance activities are now carried out by personnel
of TAPS.
Northern Region: Measures to improve system reliability continued with
the help of the Central Electricity Authority, and the Northern Regional
Electricity Board.
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Power Projects Engineering Division
Rajasthan Atomic Power Project
Unit I of the Project generated around 198 million units during the year
at a maximum power level of 170 MWe. There were two long shut-downs
of this unit in this period. The first shut-down, from March 29 to April 23,
1977, was due to failure of moderator heat exchanger tubes while the second
(from July 2, 1977) was a scheduled annual maintenance shut-down.
The maintenance work was scheduled to be completed by December
1977 but due to the employees' strike beginning from September 8,1977..
the work was left incomplete. The strike ended on January 7, 1978 and
maintenance work was resumed.
In Unit II, all the main plant systems have been commissioned. Some
minor modification work is on. Important works executed during 1977-78
include the installation of process water and condenser cooling water
pumps; construction of new compressed air/chilled water plant solar
evaporation facility and domestic water piping. Some 60 per cent of work
has been done on constructing a spent fuel handling bay.
Besides, a number of supporting, auxiliary systems such as the primary
heat transport system, end-shield cooling, shield-tank cooling, leakage
collection, etc. have been tested and commissioned. The auxiliary systems
for the turbo-generator have also been commissioned, while major activities
elating to commissioning of the turbo-generator and the 250 MVA
transformer have been completed.

Madras Atomic Power Project
In Unit I, almost all civil works have been completed. The nuclear system
valves which were affected by the embargo have been received from other
sources. Heat exchangers of the auxiliary system are being fabricated.
The fuelling machines are undergoing tests. A number of items such as
the shield tank, coolant channels, primary heat transport pump bowls etc.
have been installed. Assembly and installation of the reactivity mechanisms
and fuelling machine carriages has been taken up.
The turbo-generator has been installed; about 75 per cent of main plant
piping has been completed; and initial commissioning work of tnt> auxiliary
boilers is now in hand.
Most of the electrical systems have been commissioned. The 230 KV
indoor switchyard has been energised and the work of commissioning tho
motor generator set-1 is on.
Unit II: Except closure of break-out panels and construction of airlock
barrel and housing, all civil works have been completed.
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The calandria and steam generators have been fabricated while manufacture
of moderator pumps, moderator heat exchangers, shield tank, dump tank,
fuel transfer system equipment, control panels, etc. is on.
End-shield rings, calandria vault carbon steel liners and thermal shield
plates and six boilers have been installed.
The reactor headers have been positioned. About 25 per cent of the main
plant piping is over. Installation of turbo-generator and condenser is in
progress. The main generator transformer and unit transformer have been
installed. The 6.6 KV switchgear is in an advanced stage of completion.

Narora Atomic Power Project—Units I & II
Earthquake analysis for the equipment in the turbine building has been done.
Seismic design criteria for the natural draught cooling towers have been
finalised. Embedded part drawings for the various plant buildings have
been issued.
Detailed engineering for the revised liquid poison shut off system is on
Most of the assembly drawings for the fuelling machine bridge and carriage
have been completed. Development work on 22 element fuel bundles is
progressing. Detailed engineering for the major systems like secondary
cycle system, compressed air system, process water systems, chilled water
system, demineralised water system, domestic water system, fire and
standby water system, and ventilation system etc. is in progress.
Fabrication of the first calandria and first set of end shields is on. Manufacture of end fittings at the Central Workshops, BARC and the turbo-generator at BHEL has progressed satisfactorily. Fabrication work on the reactor
*~ailding structural steel is on.
An administrative building, roads, garage and other construction facilities,
and an emergency power supply system have been provided at the plant
site.
Construction work on the main plant building is in full swing. In Reactor
Building No. 1, concreting of both the outer and the inner containment
walls upto 105.6 EL, concreting of slabs and walls upto 95.1 EL and
100.00 EL respectively, spent resin D2O storage tank structure upto
100.00 EL and backfilling upto grade level have been completed, in
Reactor EJuilding No. 2, concreting of raft is nearing completion.
In Turbine Building No. 1 , the turbo-generator top plate, basement walls
and columns upto 100.00 elevation, and slabs at 94.5, 97.0 and 100.0
elevations have been completed. In Turbine Building No. 2, turbogenerator mat concreting, T. G. columns upto 100.00 EL and complete
piling works have been carried out. In the Service Building complete
basement and slab at grade level, raft of spent fuel storage bay and spent
fuel transfer duct slabs have been completed.
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274 quarters of various categories have been built. An additional 318
quarters are under construction. The school building, sewage treatment
plant, boundaiy wafl/fencing, telephone exchange and sub-station buildings
and underground water tank have also been built in the Township.
Roads and external electrification to serve the present residents have been
completed.
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Nuclear Fuel Complex
At the Zirconium Oxide Plant, trials were conducted for modifying the
process with a view to reducing the consumption of major chemicals like
nitric acid and tributyl phosphate. The plant achieved 95 per cent of the
rated capacity during the last few months.
At the Zirconium Sponge Plant, all the reduction units have been modified
to top loaded design to eliminate production bottle-necks. A major breakthrough has been achieved in the reclamation of off-grade zircaloy scrap
by static-bed chlcrination in graphite-lined water cooled reactors. This
has resulted in high recovery, of the order of 95 per cent. Based on this
technology, a large 330 mm dia. reactor has been commissioned to facilitate
handling of scrap in odd shapes, as also off-grade zirconium sponge/powder
at optimum recovery level.
At the Zircaloy Fabrication Plant, all the 326 coolant tubes required for
MAPP-I reactor were fabricated and supplied, resulting in a saving of
foreign exchange of about Rs. 1 . 8 crores. Some of the zircaioy hardware
components required for the R-5 reactor were also fabricated and supplied.
Cupro-nickel and aluminium brass tubes required for TAPS were successfully extruded and pilgered. Efforts to reclaim zircaloy-2 scrap were continued. Installation of scrap melting equipment is being planned. A vacuum
annealing furnace designed at NFC for annealing intermediate and final
Zircaloy-2 products is nearing completion. This would save Rs. 25 lakhs
in foreign exchange by avoiding import.
At the Uranium Oxide Plant, overall production during the year is about
80 per cent of the rated capacity. From September 1977 onwards, the plant
has been working at full capacity. To improve the sintering characteristics
of the product, trials have been carried out for finalising the parameters
for the modified process.
At the Enriched Uranium Oxide Plant, the target had to be scaled down
due to the delayed and restricted supply of Uranium Hexafluoride. The
facility for reprocessing gadolinia mixed UO 2 is also operating successfully.
At the Ceramic Fuel Fabrication Plant, till end March 1978, 1,505 bundles
were produced. The initial core requirement for commissioning RAPP-II
reactor has been met.
At the Enriched Fuel Fabrication Plant, till end March 1978, 44 bundles
were assembled and despatched to the reactor site. A Tig welding machine
for welding of end plugs to tubes was designed and fabricated (the cost
of the same equipment, imported in 1973, was around Rs. 2 . 5 lakhs).
At the Special Materials Plant, the production technology of sintered Tantalum slugs has been transferred, together with the technicians, to ECIL.
The Tantalum Powder production process has been perfected to ¡meet almost
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the entire requirement of ECIL The technology for Selenium doping
(with 50 ppm Tellurium and 150 ppm Chlorine) has been perfected to
meet the requirements of the entire rectifier industry (hitherto this material
was imported).
Production of Sodium Iodide, utilised for conversion to scintillation crystals,
has been standardised.
A self-resistance sintering furnace designed at the plant is expected to be
commissioned by mid-1978. A 18 KWgun has been fabricated for the
Electron Beam melting unit. This will save about Rs. 40,000 in foreign
exchange by avoiding import. Trials conducted on recycling of zircaloy
scrap have indicated encouraging results.
Work is in hand for developing the controlled vacuum distillation process
for the production of high purity magnesium (used for production of nuclear
pure zirconium and uranium) from the commercial material.
A new vacuum annealing furnace was designed by the Complex's Electrical
Engineering Services Unit. This furnace will be commissioned shortly at
the Zircaloy Fabrication Plant. A new walking beam sintering furnace for
Ceramic Fuel Fabrication Plant is also undei fabrication and will be commissioned during mid 1978.
At the Stain/ess Steel Seam/ess Tubes Plant many of the equipments have
been erected and commissioned. The plant is scheduled to be commissioned
by March 3 1 , 1978. Meanwhile, during commissioning trials of the
cold pilger mills, seamless stainless steel tubes have been produced
from the imported tube blanks and a sales revenue of about Rs. 6 . 8
lakhs earned. In addition, about 5,000 metres of cold pilgered tubings
are undergoing finishing.
A Ball Bearing Tube Plant is being set up to establish the tube manufacturing
technology (21,000 tonnes per year) to cater to the requirements of the
ball bearing industry in the country. This plant also meets the requirement
of the Oil Drill pipes (3.000 tonnes per year) for the Oil & Natural Gas
Commission. Civil and structural works on the plant are in progress.
At the Titanium Pilot Plant, till end March 1978, 1.744 kgs of titanium
sponge were produced. A large scale sodium reduction unit was commissioned during this period. 2 . 2 tonnes of pure titanium tetrachloride were
supplied for use as a catalyst in polymerisation reactions. Hitherto this
product was being imported.
A facility is being built for fabricating FBTR components and subassemblies, and thorium oxide for the fas? breeder test reactor.
The value of production achieved at the Complex till end March 1978
works out to Rs. 330 lakhs, and sales revenue amounts to Rs. 353
lakhs.
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Heavy Water Projects
Heavy Water Project (Kota)
This plant is based on dual temperature exchange process between HSO
and H,S for which knowhow and engineering have been developed by
BARC. The plant will utilise steam and power supplied by RAPP and
feed water from the Rana Pratap Sagar Reservoir.
Except for the Nj/Air Compressor building. Delay Tank and equipment
foundations, the civil works of the plant are nearing completion.
95 per cent of fabrication and 85 per cent of the erection of structural works
have been completed. Most of the equipment {i.e. heat exchangers, tanks,
pumps and motors except H2S Gas Boosters) have been erected. Erection
of tower internals for the Distillation Unit has been completed.
Most of the electrical equipment has been erected.
Work at the site came to a stop due to a strike by workmen during September
1977-January 1978.
Heavy Water Project (Baroda)
Production of heavy water started on 4th July 1977. Owing to an accident
on December 3,1977, caused by the failure of ammonia quench assembly
spool piece, the plant had to be shut down. Assessment of the effect of
heat on equipment and piping etc. is in progress. If replacement of major
equipment is not involved, the plant is expected to be back in production
in about a year's time.
The performance of the metallic potassium plant and the 100 tonnes/day
Ammonia Synthesis Gas Preparation Unit set up by the Department, has
been satisfactory.

Heavy Water Project (Tuticorin)
Erection and testing is over, and commissioning of the plant is on hand.
Heavy : Vater Project (Talcher)
Civil works are complete, except for final painting and finishing work. All
equipment and machinery have been erected. The plant is expected to
be commissioned by February 1979.
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Public Sector Undertakings
Indian Rare Earths Ltd.
During 1977-78, the Company expects to achieve z target of Rs. 9.40
crores in its gross sales, and Rs. 5.2 crores in its foreign exchange
earnings as against Rs. 9.37 crores and 6 crores in the previous year.
The shortfall in the export turnover during the current year is mainly
due to the inadequate supply of monazite, caused by the depletion of
the mineral sand resources in the coastal mining areas at Manavalakurichi.
The Company is considering installing equipment for mining and wetconcentration in the region to provide sufficient raw material for the plants
to operate at Manavalakurichi and Always.
The net profit after tax is Rs. 151.3 lakhs in 1976-77, an increase of 55
per cent over the previous year.
Work on the first stage of the Orissa Sands Complex project near Chhatrapur
is in progress. The total investment envisaged on the project is of the order
of Rs. 85.67 crores.
The Company was again selected for the top award for best export performance under the group "Basic Inorganic and Organic Chemicals" for the
year 1976-77 instituted by the Basic Chemicals, Pharmaceuticals and Cosmetics Export Promotion Council, Bombay. This is the seventh award for
export performance which the company has secured during the last few
years.
In December 1977, IRE celebrated the Silver Jubilee of its Rare Earths
Factory at Alwaye near Udyogamandal, a milestone in IRE's growth.
A plant for recovery of helium as a by-product in monazite processing is
expected to go into operation shortly.
Electronics Corporation of India Ltd.
In the year 1976-77, the Corporation earned a net profit of Rs. 32.64 lakhs
after providing for depreciation of Rs. 220 lakhs, interest of Rs. 243 lakhs
on loans and borrowings, expenditure of Rs. 44 lakhs on social facilities
and Income Tax of Rs. 105 lakhs. An amount of Rs. 32 lakhs was transferred
to the General Reserve.
During 1976-77, the Corporation supplied approx. Rs. 132.56 lakhs worth
of instrumentation to trie various nuclear power projects, heavy water
projects etc. It also delivered Digital Computers costing approx. Rs. 40.82
lakhs to DAE units such as BARC, and the TIFR. It supplied Rs. 80.93
lakhs of instruments to the various DAE units.
Among the new products developed and produced during the year are
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Rail Tester, Digital IC Testers, Portable Service Oscilloscopes, Digital and
Industrial pH Meters, Digital Panel Meters, Digital Radioisotope Calibrators, Fluorimeter, Area Radiation Monitor and VHF Receiver type R200
and R300.
On the components side, the Corporation developed and produced
Rechargeable Nickel-Cadmium Batteries, together with chargers.
Among systems, the Corporation has developed and produced an Uninterrupted Power Supply System upto 1 KVA, and a Portable X-ray Fluorescence
System.
In the computer field, the Corporation developed and produced the Analog
Hybrid Computer (AC-20H), a Close Coupled Network System for the
TIFR and Data Loggers based on Micro Computers.
For the financial year 1977-78, the Corporation has set the following
targets.
1976-77 Actuals
Rupees lakhs

1977-78 Revised
Estimates
Rupees lakhs

Production

3,238

3,380

Income

2.847

3.361

The operating results of the Corporation for the year 1977-78 are expected
to yielci a gross profit of Rs. 695 lakhs. After providing for depreciation of
Rs. 260 lakhs, interest of Rs. 275 lakhs on loans and borrowings, and Rs. 110
lakhs of taxation, the Corporation expects to retain a net surplus of Rs. 50
lakhs which will be transfered to Reserves.
Uranium Corporation of India Ltd, Jaduguda
The mine shaft at Jaduguda was deepened to a depth of 640 m from
a level of 315 m during the year. The ore body was intersected at
two levels with completion of cross-cuts from the shaft; Development of
ore has started. Work at the other two levels is in progress. Frequent power
failures encountered in the latter part of 1977, have however, hampered work.
The Byproduct Recovery Plant for recovering copper and molybdenum
minerals, and a small unit for recovering magnetite operated satisfactorily.
Based on the operation of the latter facility, and sates prospects, a full
scale plant tò recover magnetite from all the tailings is being constructed.
It has been decided to expand the Uranium Recovery Plant at Surda to
treat all the copper tailings available from the South Bank Copper Beneficiation Plant of Hindustan Copper Ltd.
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Other Activities
Directorate of Purchase and Stores
The terms and conditions of contract and allied tendering/contract forms
for foreign purchases were revised during the year.
Purchase Units
The volume of work handled by the Purchase Units of the Directorate for
the last three financial years is indicated below:

1975-76 1976-77 1977-78

SI- No- Description of the herns
1.
2.
3.

No. of Indents received
No. of Purchase Orders placed
Value of Purchases made
(in Crores Rupees)

45.590
45,778

46,112 44.403*
46,887 47.005*

55.25

74.62

65.70*

('Figures have been projected on the basis of actual workload till end
February 1978.)
Transport and Clearance
The Directorate handles all its clearance and transportation jobs departmentally.
Some of the important and heavy consignments cleared and transported
departmental^ on behalf of various Projects/Units during the year are:
SI. Description of
No. the items

Weight

Transportation Details

1.

Cold Pilger Mill

369 tonnes

From Bombay Docks to NFC,
Hyderabad

2.

Piercing Press

290 tonnes

From Bombay Docks to NFC,
Hyderabad

3.

Steel structural
beams

929 tonnes

From Bombay Docks to Nairn,
for NAPP.

4.

Carbon Steel Plates

208 tonnes

From Bombay Docks to R-5
Project, Trombay

5.

4 Boilers

264 tonnes

From Bombay to Madras

6.

Beryl Ore

500 tonnes

Exported from Kodarma Mines
at Bihar to Philadelphia, USA.

7.

EOT Crane Girders

30 m. long
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Transported from Bombay to
NFC, Hyderabad.

Stores
The initial work relating to codification of capital equipment in BARC has
been completed and the basis of a new code list prepared to accommodate
all the capital equipment held by the Projects/Constituent Units of the
Department.
Work pertaining to the codification of common stock Hems of consumable
nature, to extend the scope of the central provisioning to all the DAE units
has commenced.
Inventory control and many of the routine functions in the Central Stores
Unit, Trombay, have been computerised. Details relating to stationery and
cleaning items have also been computerised.
The inflammable stores building at Trombay is ready and all inflammable
materials have been moved into the building.
The Project Stores has procured one P & H Crane of 18 MT capacity, and
one Forklift of 3MT capacity for handling heavy items. Cutting facilities
for cutting rods upto 250 mm dia. are also being set-up.
An 0 & M Stores has been planned at Narora; an inflammable stores shed
is also being constructed at the Project. A shed for explosive material
(Hexane) has been added to the warehouse at the Heavy Water Project
at Tuticorin. Full-fledged accounts units have been established at Calcutta
and Hyderabad to facilitate the projects in those regions.
Civil Engineering Division, OAE
The Division completed and handed over 48 fiats at the Trombay Township
to the Directorate of Estate Management. A total of 344 flats of two categories are under construction. Besides the flats, the Division also completed
the following works in Bombay: construction of an extension to the Secondary School in the Township, a new annexe to the Tata Memorial Centre,
Bombay, and extensions to the office building of ECIL.
Among the works on hand in Bombay are: extension to the 2nd & 3rd
Primary Schools in the Trombay Township, extension to the Out-Patient's
Department of TMC, and the building for DAE offices near the Gateway
of India. The pile foundation work for the latter has been completed.
Outside Bombay, the Division completed a building attached to the TIFR
Centre in the campus of the Indian Institute of Science, Bangalore. Among
the works outside presently being handled are: extensions to the Laboratory
& Hostel building of the Radio Astronomy Centre, Ooty, three buildings
for the Atomic Minerals Division Complex at Hyderabad, extensions to the
laboratory wing of the VEC Project at Calcutta, building for the SINP,
Calcutta, and the Environmental Survey Laboratory at Jaduguda in Bihar.
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Directorate of Estate Management
The Directorate of Estate Management maintains about 3,605 flats, in
addition to public buildings like Schools, Sector Market etc. in Bombay.
The Directorate took possession of 48 flats at Anushakti Nagar, from the
Civil Engineering Division of DAE, during the year.
Financial Assistance
On the advice of the Board of Research in Nuclear Sciences (BRNS)
and its Advisory Committees, financial assistance was given during the
year to various universities and research institutions for work on 185
research projects relating to the nuclear sciences and allied disciplines.
Fellowships were awarded for research in the physical and chemical
sciences, electronics, life sciences and mathematics etc.
In addition to providing financial support to the three aided institutions
under the administrative control of the Department viz the Tata Institute
of Fundamental Research, Bombay, the Tata Memorial Centre, Bombay
and the Sana Institute of Nuclear Physics, Calcutta, the Department made
part contributions for the operation and maintenance of the Institute of
Mathematical Sciences, Madras, and the Menta Research Institute of
Mathematics and Mathematical Physics, Allahabad.
The following symposia/workshops were organised by the BRNS and its
Advisory Committees during the year:
(i)

International Symposium on Nuclear Physics at Cyclotron Energies,
Calcutta.

(ii) Material Science Symposium on Structure Property Correlations
and Instrumental Techniques in Material Research, Rourkefa.
(iii) Symposium on Applications of Radioisotopes in Chemical and Metallurgical Industries, Bombay.
(iv) Symposium on Nuclear Physics and Solid State Physics, Poona.
(v) Symposium on Nuclear Techniques in Studies of Metabolism Effects
and Degradation of Pesticides, Tirupati.
(vi) Workshop on Tunable Lasers and their Application, Bombay.
(vii) Symposium on Chemical Reactions in Non-Aquous Media and
Molten Salts, Hyderabad.
(viii) Symposium on Recepta: in Biological Systems, Calcutta,
(ix) Workshops in Cryogenics, Kalpakkam.
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The Department also provided partial financial assistance to other organisations in connection with the following activities:
(i)

National Symposium on 'Environmental Agents and their Biological
Effects' held at Osmania University, Hyderabad.

(ii)

IXth Annual Conference of the Society of Nuclear Medicine, India.
1977.

(iii)

Annual meeting of the Environmental Mutagenecic Society of India,
1977,

(iv)

International Symposium on Biomolecular Structure, Conformation
Function & Evolution, Madras.

(v)

Internationa! Conference on 'Metal Sciences-Emerging Frontiers,
atVaranasi.

(vi)

Association of Medical Physicists of India, Bombay,

(vii)

Indian Science News Association, Calcutta,

(viii)

Maharashtra Academy of Science, Pune.

(ix)

Conference on Radiation Protection, at Gwaliar.

(x)

Annual Convention of Chemists held at Jaipur.

Contributory Health Service Scheme (CHSS)
The CHSS presently covers around 49,500 beneficiaries, with the addition
of members of the staff of other units of DAE. The bed strength in the BARC
Hospital has increased from 110 to 140. By April 1978, the Hospital will
have the full bed strength of 170 beds.
During the year, around 4,560 patients were treated in the Hospital.
Planning and Analysis Group
The Group Tiandíed the following major assignments during the year:
1. Review of the Radiopharmaceutical project of BARC for economic
and commercial viability.
2. Determination of comperi ïatiön payable by the Department to the
Uranium Corporation of India Ltd., for acquisition of uranium
concentrate.
3. Review of the Co-60 manufacturing facility of the Isotope Group
of BARC for economic viability, and the costing methodology and
pricing strategy adopted by the Group for this product.
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4. Study of the costing of NFC products, undertaken in association
with NFC.
5. Study of the working capital requirement of the Thorium factory
being managed by the Indian Rare Earths Ltd.
6. Periodic analyses of quarterly and annual performance reports of the
public sector undertakings of the Department.
7. Study to determine the manpower requirement of the Stainless Steel
Seamless Tube Plant of NFC.
8. Study of the Budgetary Control System at the Department of Atomic
Energy.
9. Study for optimum utilisation of light and heavy vehicles operated
by the Department and its constituent units.
PAG is associated with the Project Monitoring Cell of the Department.
The Cell is currently engaged in carrying out preliminary studies for
development of suitable systems for monitoring and control of
construction projects of the Department.
The Group is also associated with the Computer Co-ordination Committee
of the Department. The Committee is currently engaged in developing
computerised business systems for the Department and its constituent
units (excluding Public Sector Undertakings).
(i)

In addition, the Group is currently handling the following assignments':
Preparation of the Performance Budget in association with the
Budget Section of the Department.

(ii)

Study of the economic and commercial aspects of the transfer of
elemental phosphorous technology from BARC to an outside agency.

(iii)

Costing and pricing of Heavy Water in association with the Atomic
Power Authority, and Heavy Water Projects.

Publicity
Mobile exhibitions prepared especially with the student community in
mind toured Vellore, Krishnagiri, Yercaud, Salem, Sankari, Erode, Pune
and Ahmednagar during the year.
The Department participated in the Agri-Expo 77 exhibition at New Delhi
during November 13—December 14, 1977 and at the Food Machinery
Fair at Bangalore during January 13-23, 1978. In the Delhi Exhibition
the Department was awarded the third prize for its pavilion while in the
Bangalore fair it won the second prize (a silver medal). Exhibits were also
contributed by the Department to two Public Health exhibitions held
in Bombay during the year.
.
:
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Besides exhibitions and films, the Department's publicity and public
relations activities include arranging visits to its installations by journalists,
students, eminent scientists from India and abroad, etc.
The Department brings out two periodicals regularly: Nuclear India, a
monthly bulletin in English, and Parmaanu. a quarterly bulletin in Hindi,
besides a number of illustrated popular-level brochures and technical
sales literature for BARC and other units of DAE.
"

Use o f Hindi
Efforts to promote use of Hindi in the Department continued. A Hindi
Workshop was organised in the Bhabha Atomic Research Centre for
training Hindi-knowing employees in noting and drafting. 207 employees
from different units of the Department participated in the Hindi Teaching
Scheme of the Ministry of Home Affajes; 58 employees were nominated
for training in Hindi typewriting and 7 employees in Hindi shorthand. Hindi
Translators were appointed in a number of units; a large number of forms
were translated into Hindi. During the year the Department started sending
Cabinet Summaries and other notes in Hindi, in addition to English.

A t o m i c Energy Schools
The Atomic Energy Education Society, an autonomous body under the
Department of Atomic Energy runs schools at Bombay, Tarapur, Hyderabad,
Jaduguda and Narora. The schools are affiliated to the Central Board of
Secondary Education (CBSE), New Delhi. The total student strength is
7,550 while the teaching and non-teaching staff number 370.
More than 60 per cent of the students have passed in first class with
distinctions this year in the All india Higher Secondary Examination and
in the All India Secondary Examination conducted by the CBSE. Two
students from Tarapur and one from Hyderabad won the National Talent
Search Scheme Scholarship during the year.

International Relations
International Atomic Energy Agency: For the 21st year in succession,
since the inception of the International Atomic Energy Agency, India was
designated a member of its Board of Governors.
An Indian delegation led by Dr. H. N. Sethna, Chairman, Atomic Energy
Commission and Secretary, Department of Atomic Energy participated
in the 21st regular session of the IAEA General Conference held in Vienna
from September 26 to October 2 , 1 9 7 7 .
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An International Conference on Nuclear Power & Its Fuel Cycle was
organized by IAEA at Salzburg, Austria in May 1977. Shri J . C. Shah,
Chairman, Atomic Power Authority led the Indian delegation to this
Conference.
The inter-regional Training Course on Plant Breeding for Disease Resistance,
including the Use of Induced Mutation Techniques, was held at the Indian
Agricultural Research Institute, New Delhi from November 14 to December
13, 1977. 18 scientists from abroad participated in the course.
The Third Research Coordination Meeting on the Physical and Biological
Effects on the Environment of Cooling Systems and Thermal Discharges
from Nuclear Power Stations, was held at Kalpakkam from December
5 to 9 , 1 9 7 7 . Six scientists from abroad attended the meeting.
India continued to provide training facilities to foreign personnel nominated
by the IAEA for training in India under its Technical Assistance Programme.
Bilateral Collaboration: During the year, agreements for collaboration
in the peaceful use of atomic energy were signed with Italy and Poland.
Joint Indo-Federal Republic of Germany Seminars on (i) Radiation Damage
with Special Reference to Reactor Materials and (ii) Management of
Pesticide Application in Agriculture, were held at Kalpakkam and BARC,
Bombay, respectively. 14 scientists from the FRG participated in these
seminars.
India continued to provide training facilities in the nuclear field to foreign
nationals under the various bilateral agreements.
An Indian delegation participated in the International Conference on
Transfer of Technology, organised at Shiraz, Iran by the Atomic Energy
Organisation of Iran in April 1977.
An Indian delegation participated in the Conference on International Nuclear
Fuel Cycle Evaluation, organised by the Government of the USA to examine
various aspects of the fuel cycle.
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Glossary of Nuclear Terms
CERAMIC FUEL ELEMENTS: Usually
refers to reactor fuel elements fabricated
of uranium dioxide or uranium carbide.
T;«y are mora resistant to radiation
damage and can be used at higher
temperatures.

ACTIVATION: The process of making a
material radioactive by bombardment with
neutrons, protons or other nuclear particles.
ATOM: A particle of matter indivisible
by chemical means. It is the fundamental
building block of the chemical elements.
The elements suchas iron, sulphur, uranium
etc. differ from each other because they
contain different kinds of »toms.

CLADDING: This term refers to a thin
layer, usually of metal, which coven a
soNd fuel element in a retctor to prevent
corrosion in the presence of the coolant,
and to prevent escape of fission products
Aluminium or its alloys, stainless steel
and zirconium alloys are common cladding
materials.

ATOMIC ENERGY: NUCLEAR ENERGY:
The energy liberated by a nuclear reaction
(fission or fusion) or by radioactive decay.
BODY BURDEN: Radioactive material
may be absorbed by the body and retained.
The total amount present at any time is
said to be the body burden.

CLOUD CHAMBER:
A device in
which the tracks of charged atomic particles
such as cosmic rays, «Í particles etc. are
displayed.

BOILING WATER REACTOR (BWR):
A reactor in which water is used as coolant
and moderator, and 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.

CONTROL RODS: Rods, plates
or
tubes of steel or aluminium containing
boron, cadmium, hafnium or some other
strong absorber of neutrons. They are
used to hold a reactor at • given power
level, or to vary the rate of reaction. By
absorbing neutrons, a control rod prevents
the neutrons from causing further fission.

BREEDER
REACTOR:
Popularly a
nuclear reactor which; produces more
fissile- atoms than it bums. Strictly, the
term' should be confined to a nuclear
reactor which produces the same kind
of fissile material as it burns, without
specifying whether or not there is a net
gain of fissile material. The new fissionable
material is created by capture in fertile
materials of neutrons from fission. The
process by which this occurs is known
as breeding.

COOLANT: A liquid or gas which is
circulated through or about the core of a
reactor to maintain a low temperature and
prevent the fuel from overheating. If the
coolant is very hot, it can be used to give
power. Common coolants are water, carbon
dioxide, liquid sodium and sodium potassium
alloy.
CORE: The central portion of a reactor
containing the fuel elements, and usually
the moderator.

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 pe'
tonne (MWD).

CRITICAL: Critical is the term used to
describe the condition in which a chisn
reaction is being maintained at a constant
rate, i.e. it is just self-sustaining.
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DECONTAMINATION: 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.
DIFFUSION PLANT: Plant for making
uranium rich in the 235 isotope. The
process is based on the fact that gas atoms
or molecules with different masses wiH
diffuse through a porous barrier or membrane
at different rates. A large gaseous diffusion
plant requires an enormous amount of
electric power.
FALLOUT: Radioactive dust and other
matter falling back to the earth's surface
from the atmosphere after a nuclear explosion.
FAST BREEDER REACTOR: A reactor
that operates with fast neutrons and produces
mora fissionable material than it consumes.
FAST NEUTRON: Neutron resulting from
fission that has lost relatively little of its
energy by collision, eta; it has energy
exceeding approximately 0.1 MeV i.e.
100,000 electron volts and therefore travels
at high speeds.
FAST REACTOR: A nuclear reactor in
which most of the fission is caused by
neutrons moving with the high speeds
they possess at the time of their birth in
fission. Such reactors contain little or
no moderator to slow down the neutrons
from the speeds at which they are ejected
from fissioning nuclei.

after photographic development, with known
standards.
FISSILE: Capable, of undergoing fission;
sometimes used to mean capable of fissioning
when hit by a slow neutron, e. g. the isotopes
j j i » u » » putn
and P(jiu are
fissi|B
Sometimes used as
fissionable.

a

synonym

for

FISSION: The splitting of a heavy nucleus
into two (or very rarely, more) approximately equal fragments—the fission products.
Fission is accompanied by the 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.
FLUX (NEUTRON): In nucleonics, the
product of the number of particles per
unit volurm and their mean velocity i.e.
it is the number of neutrons passing through
on* 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 an extended surface area, e.g.
tins, to assist heat transfer, for producing
energy. It may be a rod, tube, plate or of
any other mechanical shape.
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.
GAMMA RAYS ( y ) : High energy shortwave length electro-magnetic radiation.
Gamma rays are essentially similar to X-rays,
but usually are more energetic and are
nuclear in origin.

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.

HEALTH PHYSICS: The science concerned
with recognition, evaluation and control
of health hazards from ionizing radiation.

FILM BADGE: A piece of masked photographic film worn like a badge by nuclear
workers. It is darkened by nuclear radiations,
and thus the radiation exposure of the
wearer can be checked by inspecting the
film and comparing the darkening or density.

HEAVY WATER (SYMBOL: 0 , 0 ) : Water
consisting of molecules in which the
hydrogen is replaced by deuterium, or
heavy hydrogen. It is present in water
as about 1 part in 6300. It is used as a
moderator in reactors because it slows
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down neutrofn» effectively and also hat
a low crow section for absorption of
neutrons.
HOT LABORATORY: A laboratory designed
for the safe handling of radioactive materials.
ION: An atom or molecule that has lost
or gained one or more electrons.
IRRADIATION: The exposure of materials
to radiation. In nuclear research, and in
the production ;.r isotopes, materials are
often exposed to .1 Butrón: ir, reactors.
Intense irradiation can alter the physical
properties of solids—in some cases weakening them (e.g. fuel elements and graphite),
but in others hardening them {e.g. some
types of plastics and rubbers). Large doses
can be used industrially for sterilization.
ISOTOPE: RADIOISOTOPE: Two atoms
are said to be isotopes, if they are of the
same chemical element but have different
masses. The chemical properties of an atom
depend almost entirely on the structure of
the system of orbital electrons moving about
the nucleus of the atom. The number of
orbital electrons is equal to the nuclear
charge, the value of which is called the
atomic number of the atom (and is always
an integer). Isotopes are atoms whose
nuclei have the same atomic number but
different masses; this means that isotopic
nuclei contain the same number of protons
but different numbers of neutrons. Thus
12
C», 13C» and UCB are isotopes of the
element carbon, the subscripts denoting
their common atomic numbers, the superscripts denoting the different mass numbers
or approx. atomic weights.

system during a «pacific period to its peak
load during that period.
LOOP : A circuit part of which may
run inside a reactor, into which materials
and engineering component can be put,
and then subjected to radiation under
variable conditions, e.g. of temperature,
exposure to coolant strain, etc. If part of
the loop and contents are placed in a
reactor, it is called an in-pile loop.
MAXIMUM PERMISSIBLE DOSE ( M P D ) :
The recommended upper limit for the dose
which may be received during a specified
period by a person exposed to ionizing
radiation over an indefinite period. So far
as is known, a normal person so exposed
will suffer no harmful effect
MEGAWATT ( M W ) : A million watts—or a
thousand kilowatts, a watt being the unit
of power. In MW(E) or MW{Th), the 'E'
signifies 'electrical " and the Th* means
'thermal power* or heat output. MeV: One
million (or 10 6 ) electron volts.
MODERATOR: The material in a reactor
used to reduce die energy, and hence
speed, of fast neutrons, as far as possible
without capturing them. Slow neutrons are
much more likely to cause fission in a
U a 5 nucleus than to be captured in a U* 3 5
nucleus. So, by using a moderator a reactor
can be made to work with fuel containing
only a small propoition of U n s e.g. ordinary
water, heavy water, graphite.
MUTATION: A permanent transmissible
change in characteristics of an offspring
from those of its parents.

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, which is said to be labelled
at the point where the unusuel isotope is
attached, can be readily traced. A labelled
compound is also called a tracer or tag.

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

LOAD
FACTOR
(AVAILABILITY):
The percentage of the maximum possible
yearly usage of an electricity generating
plant. An 80% load factor represents full
generation for 292 days of the 36S. It can
also be defined as the ratio of the average
load carried by an electric power plant or

NUCLEUS: The cora of an »torn which
may be said to comprise protons and
neutrons. It is very small and about 1 0 - "
cm in diameter <a millionth of millionth of a
cm). The detailed structure of nuclei it not
fully known. The nucleus contains most of
the atom's mass.
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PLUTONIUM (SYMBOL Pu): The element
No. 94, produced by neutron irradiation of
Vus. it* most important isotope is fissionable pluton¡um-239, produced by neutron
irradiation of uranium-23S.
POWER REACTOR: A reactor designed
to produce nuclear power.

1}

PRESSURIZED
WATER
REACTOR
(PWR): A power reactor in which the
water coolant and moderator is kept at a
high pressure to prevent it from readily
boiling and hence to keep it liquid. Trts
type requires enriched fuel. The water is
taken out to a heat exchanger to generate
steam which can run through a turboalternator to produce electricity. Many power
• reactors in the world are of this type.

v;
PULSED REACTOR: A type of research
reactor with which repeated short, intense
surges of power and radiation can be
produced.
RADIATION: A term which embraces electromagnetic waves, in particular X-rays and
y-rays (gamma) 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.

spontaneously, emitting radiation. Mora than
1300 natural and. artificial radioisótopos
have been identified.
REACTOR:
NUCLEAR
REACTOR;
ATOMIC REACTOR: A device in which
a fission chain reaction can be initiated,
maintained and controlled. Its essential
component is a core with fissionable fuel.
It usually has a moderator, a reflector,
shielding
and coolant and control
mechanisms.
REPROCESSING: The procedure of removing fission products from fuel before
re-using it. One main aim is to remove
poisons which would absorb and waste
neutrons; another is to remove mechanical
stresses due to irradiation, especially in the
case of metallic fuels.
SOMATIC EFFECTS OF RADIATIONS:
Effects of radiation limited to exposed
individuals as distinguished from genetic
effects which also affects subsequent unexposed generations.

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

SWIMMING POOL
REACTOR/POOL
REACTOR: A reactor using water as coolant,
reflector and moderator, usually ten or
more feet deep so that the water is also a
shield for the core which comprises sets
of plates suspended deep into the pool,
from above the water level. Often used for
study of shielding problems e.g. for marine
reactors. It is usually used for research and
training.

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

THORIUM (SYMBOL Th): Element No.
90 and atomic weight 232; a naturally
radioactive metal, the mineral sources of
which are widely spread over the earth's
surface, particularly in monazite beach
sands. It can be converted to uranium-233,
an excellent nuclear fuel, by neutron
irradiation.

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.

TRANSURANIC ELEMENTS: The artificial
elements No. 93 and higher which have
heavier and more complex nuclei than
uranium. They can be made by neutron
bombardment of uranium and are radioactive, e.g. plutonium.
TRITIUM: The radioactive isotope of
hydrogen of mass 3. It is very rare and
can be made by the neutron absorption
in lithium.

RADIOISOTOPE: An isotope which is
radioactive i.e. decays or disintegrates
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URANIUM (SYMBOL U ) : Radioactive
element with the atomic number 92.
Natural uranium contains both the heavier
uranium Isotope U 2 3 8 , which is a not
readily fissile material, and is the parent
material from which plutonium is created,
and the lighter isotope of uranium, U 2 ' 5 ,
which is the fission material or fuel of most
reactors. In 140 parts of natural uranium,
139 parts are of IIs™, and one part only is
U M5 . Uranium is the basic raw material for
nuclear energy.

VAN
DE
GftAAFF
GENERATOR
(ACCELERATOR):
An
electrostatic
generator in which a high potential is
produced by the accumulation of electric
charge conveyed to an insulated conductor by a continuously moving belt.
The potential generated is used for accelerating charged particles. Named after R. S.
Van de Graaff who invented the device
in 1931.
ZERO-POWER REACTOR: An experimental reactor operated at such low power
levels that a coolant is not needed and
little radioactivity is produced.
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a.

Abbreviations
AMD

Atomic Minerals
Division

PREFRE

Power Reactor Fuel
Reprocessing Plant

3ARC

Bhabha Atomic
Research Centre

RAPPCOF

Rajasthan Atomic
Power Project Cobalt
Facility

•AE

Department of Atomic
Energy

RAPP

Rajasthan Atomic
Power Project

Electronics Corporation
of India Ltd.

RAPS

Rajasthan Atomic
Power Station

Fertiliser Corporation
of India Ltd.

RRC

Reactor Research

ECIL

FCI

Centre
HIRUP

High Intensity
Radiation Utilisation
Project

REL

Reliability Evaluation
Laboratory

TAPS

Tarapur Atomic Power
Station

HWP

Heavy Water Project

!AEA

International Atomic
Energy Agency

IRE

Indian Rare Earths Ltd.

TIFR

Tata Institute of
Fundamental Research

MAPP

Madras Atomic Power
Project

TMC

Tata Memorial Centre

NFC

Nuclear Fuel Complex

UCIL

Uranium Corporation
of India Ltd.

PANBIT

Panoramic Batch
Irradiator at Trombay

UNDP/SF

United Nations
Development
Programme/Special
Fund

VEC

Variable Energy
Cyclotron

PHWR

Pressurised Heavy Water
Reactor

PPED

Power Projects
Engineering Division
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Fuelling machine for the Rajasthan Atomic Power Station's Unit No. 2, fabricated by
BARC, being tested under simulated operating conditions.

