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General
Survey

Construction work going on at the
Kakrapar Atomic Power Project near Surat
(Gujarat)

The year marked the completion of four decades of the formation of the Atomic Energy
Commission (AEC) as apex policy making body of the Government of India, for
development and utilization of nuclear energy for peaceful purposes. Over the years, the
country has carved a niche as a nation that is self-reliant in nuclear technology and has the
ability to operate the entire nuclear fuel cycle-from exploration of uranium to reprocessing
of spent fuel, as well as recycling of plutonium.

Conversion of the Nuclear Power Board into the Nuclear Power Corporation of India Ltd.
(NPC) was an important development during the year. The Corporation has been formed to
manage nuclear power generation along modern commercial lines and involve public in its
financing.

About 13% increase in nuclear power generation over the previous year, rehabilitation of
RAPS-1, the research reactor Dhruva achieving 100 MW (Thermal) power level and setting
up of the labelled biomolecule laboratory 'Jonaki' at Hyderabad (Andhra Pradesh), are some
of the other notable highlights.

Nuclear Power

To implement nudear power generation programme of the country on commercial lines, the
Nuclear Power Board was converted to the Nuclear Power Corporation of India Limited
(NPC). The Corporation was formally inaugurated by the Chairman, AEC on 16 October
1987. The target of generating 10,000 MWe of nuclear power by 2000 AD will need an
expenditure of Rs. 10,000 crores. To meet the financial requirement of new projects under
construction, the Corporation had gone for public borrowings to the tune of Rs. 100 crores
through issuing of NPC bonds. These bonds were oversubscribed by Rs. 41 crores. The
Government has decided to retain RAPS-1 as a non-commercial Government owned unit
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which NPC will manage as an agent of the Government. Fuel and heavy water will be
property of the Government and will be leased to the Corporation.

The radiation technology and isotope applications programme has been identified by the
Government as a Technology Mission' of DAE.

A Board of Radiation and Isotope Technology (BRIT) headed by the Chairman, AEC, has
been set up by DAE with effect from 1 March 1988.

BRIT will be run on commercial lines with the ultimate objective of its conversion into a
Public Limited Company in due course. The annual revenue through sale of products is
expected to reach a level of about Rs. 20 crores over the next ten years as against the current
level of about Rs. 3 crores.

Tarapur Atomic Power Station

TAPS logged 36 reactor years of operating experience. TAPS-11 attained the record run of
204 days and generated 1269 million units.

Unit-1 was resynchronised in November 1987 following the tenth refuelling outage. This
outage was originally planned for a period of six months to carry out inspection of the
reactor vessel primary nozzles and install new feed water spargers. The plant designers (M/s.
General Electric of USA) had recommended such an inspection due to generic problems
encountered in other boiling water reactors. There was a time when engaging the services of
some foreign firms to do this work was considered, but it would have cost a large sum in
foreign exchange and probably would have also taken about a similar duration of outage.
This extremely difficult work in a high radiation zone has been carried out using indigenous
inputs of personnel, ideas and equipment. The investigations carried out on Unit-1 have
indicated that similar work planned to be carried out on Unit-2 may not now be necessary.

Unit-2 has been operating steadily and has exceeded its generation target for the period.

Work on augmentation of the spent fuel storage facility at Tarapur continued.

Rajasthan Atomic Power Station

RAPS-1 after rehabilitation, was synchronised to the grid on 22 May 1987 and generated
224 million units. The reactor had uninterrupted operation of 60 days during October to
December 1987 and was shut down due to a grid fault on 9 December 1987.

RAPS-11 gave good performance by achieving higher than targeted power generation at
1246 million units and the capacity and availability factors of 69% and 80% respectively.

There was a planned outage of the reactor in September 1987. It was synchronised with the
grid on 7 November 1987 and since then has been operating satisfactorily.

Madras Atomic Power Station

During the year. MAPS-I generated 1230 million units against a target of 1288 million units
and achieved a capacity factor of 60%. The reactor also recorded a continuous run of 70 days
during August to October 1987. This was an improvement over the previous year.

MAPS-II also gave similar performance. It generated 1217 million units and achieved
capacity factor of 59%.

There was a totally unexpected failure of turbine blades in both the turbo generators (of

1-2



ALLOCATION OF RESOURCES 1987/88 <IN%)
Nuctoar Powar Programme Rasaarch and

Pavatopmant

ro ^j p
<7> OQ CO
CO "N ( 0

Nuclear Power Programme
81.46

RMoarch and Development
14.50

• Atomic Minerals Division & UCiL O Bhabha Atomic Research Centre.
• Nuclear Fuel Complex • Centre for Advanced Technology.
• Heavy Water Plants • Variable Energy Cyclotron.
O Nuclear Power Projects • Indira Gandhi Centre for
O Fuel Reprocessing Atomic Research.
O Waste Management • Aid to other Institutions.

Others
4.04

> Support Services &
Administration.
Industry &
Extension Programme.

Annual Report 1967-68

MAPP-1 and 2) supplied by M/s. BHEL Cracks were noticed at the root of the turbine
blades in high pressure stages while three broken blades were noticed on the low pressure
stages of Unit-2. This has adversely affected the operation of both the units. However, quick
rectification was carried out by diverting components from turbines of Narora and Kakrapar
to rehabilitate the two units of MAPS. This is one of the benefits of standardised designs and
components in a number of units.

Narora Atomic Power Project

The first unit of NAPP is expected to attain criticality in October 1988. More than 62% of
piping work for unit II has been completed and the first steam generator has been installed.
NAPP-II is expected to attain criticality by October 1989. The project has been delayed
mainly due to the late delivery of steam generators.

Kakrapar Atomic Power Project

Construction of plant buildings is in progress. Calandria and end shields of both the units
have been delivered. End shield and calandria for KAPP-I have been installed. KAPP-I and II
are scheduled to attain criticality by December 1990 and December 1991 respectively.

Kaiga Atomic Power Project

Financial sanction for two units of 235 MWe each has been accorded and infrastructural
development work is in progress. Advance action has been taken and orders for long delivery
equipment and their manufacture is in progress. Kaiga units are scheduled to attain criticality
by June 1995 and December 1995 respectively.
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* Does not include staff transferred to NPC

RAPP 3&4

Financial sanction for the units has been accorded, infrastructural development work is in
progress and advance action was taken on orders for long delivery equipment and the
calandria for RAPP-3 has been manufactured and will be delivered to site in May 1988.
The units are expected to attain criticality by May 1995 and November 1995.

500 MWe PHWR Project

The detailed project reports (DPRs) for setting up of two units of 500 MWe PHWRs. one
each at two different sites, are being considered by the Government. Detailed design and
engineering of 500 MWe PHWR systems-nuclear and conventional, are in progress. The
design of core cornponents such as calandria and end shields has been completed and that
of fuel handling system components is in progress. The design work of site infrastructure is
progressing.

Work on six 500 MWe PHWR units is proposed to be commenced during VII Plan.

Advance procurement of critical and long delivery equipment for the first two units is
progressing.

Advance procurement of critical and long delivery equipment for the remaining four units,
that was endorsed .by AEC, is being processed. Their DPRs are under preparation.

Heavy Water

During the year, the Heavy Water Plant at Thai was commissioned and sustained operation
and production was achieved. Nangal, Baroda and Tuticorin plants continued to operate
satisfactorily. Talcher and Kota plants commenced production. Manuguru project is in the
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final stages of completion. Progress on the Hazira Heavy Water Project is satisfactory.

Work on the front-end plant for the production of pure hydrogen, based on a chemical
process, is in progress. The plant is an alternate to the power intensive electrolytic process at
Nangal. The plant is expected to be completed by mid 1989. With the limited power
available from the Bhakhra Beas Management Board, the electrolytic plant continued to
operate on partial load.

The Heavy Water Plant at Baroda continued sustained operation satisfactorily. Modifications
to improve the performance were completed. A higher level of production is expected during
1988-89.

The Heavy Water Plant at Tuticorin continued to give stabilised operation and production.
Steps to conserve energy were implemented and with the completion of modification with
regard to the installation of a recirculator for the systhesis loop, production is expected to
further improve during 1988-89.

The Heavy Water Plant at Talcher uses synthesis gas from the neighbouring fertilizer plant,
for heavy water production. With some improvement in the performance of the Talcher
Fertilizer Plant during the later half of the year, it was possible to operate the Heavy Water
Plant for longer durations. The Plant produced heavy water, to the extent possible, within
the limitations of availability of inputs.

The Kota Heavy Water Plant which is based on indigenously developed hydrogen sulphide-
water exchange process, was restarted after overhauling and checking equipment for
corrosion and the plant was operated at pressure upto 15kg/sq cm as cleared by the Safety
Review Committee. Its performance is being monitored for improving production commen-
surate with the availability of steam. Work on the independent oil based steam generation
plant also started.

The Heavy Water Plant at Thai commenced commercial operation from 1 April 1987. The
performance of the plant continued to be satisfactory. It is expected to achieve the rated
production, commensurate with the inputs, during 1988-89.

The Heavy Water Project at Manuguru is in the final stages of completion. Commissioning of
the plant has been delayed due to the problem with the supply of steam generation plant.
Efforts are being made for overcoming this constraint.

'rogress of the Heavy Water Project at Hazira has been satisfactory.

Mineral Exploration

Atomic Minerals Division continued its efforts to enlarge resource base of atomic minerals by
carrying out surveys, exploratory and evaluation drilling, and underground mining in
different parts of the country.

Evaluation drilling has proved additional reserves of uranium at Turamdih (South), Garadih
Bihar), Bhandaritola and Jajawal (Madhya Pradesh).

Many new potential geological horizons were identified and uraniferous zones delineated as
a result of reconnaissance surveys carried out over 20.900 sqkm. Some of these potential
areas namely Domiasiat (Meghalaya) Kesha-kalari (Himachal Pradesh), Thein (J & K) and
"ummalapalle (Andhra Pradesh) were taken up for exploratory drilling and significant results
obtained. An area of 19,587 sqkm. was covered by airborne surveys in parts of Madhya
Pradesh and Maharashtra and another 23,482 sqkm. in Krishna-Godavari basin. A total of
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755m of exploratory mine development was completed during the year.

In view of adequate stockpile of concentrates of niobium-tantalum (Nb-Ta), AMD operated
only two mechanised plants and recovered 3,387 Kgs of Nb-Ta concentrates. Beneficiation
plant for Rare Earths operated at Siri River in Madhya Pradesh produced about 29 tonnes of
xenotime concentrates.

Exploitable heavy mineral reserves were identified in the Surangudi-Sevalpattiteri sands of
Chidambarnar district (Tamil Nadu).

Nuclear Fuel

The Nuclear Fuel Complex (NFC) at Hyderabad manufactures natural uranium oxide fuel
from yellow cake for the Indian pressurised heavy water reactors (PHWRs), and enriched
uranium oxide fuel from the imported uranium hexafluoride, for the boiling water reactor
(BWR) at Tarapur. Other products of NFC are the core structural and special materials for
electronic industry.

During the year, NFC continued to manufacture natural and enriched uranium oxide fuels.
Besides meeting the annual reload requirement of operating reactors at Tarapur, Rawatbhata
and Kalpakkam, NFC also completed fuel requirement of NAPP-1 start up and special
zircaloy tube requirements of NAPP-II and calandria tubes for KAPP-I. NFC has also started
production of zirconium and tantalum powders. Other notable activities included small scale
production of special and high purity materials for use in electronic industry, standardisation
of a method for zirconium-niobium pressure tube productions for use in future PHWR
reactors, improvement in extrusion practices, star bar extrusion, recovery of zinc from spent
pickling solution and setting up of automated production unit with improved features.

NFC is being expanded to meet the growing requirements of the Indian Nuclear Power
Programme. Phase-I of the expansion aims to increase fuel production capacity to 50 tonnes
per year. It is expected to be completed during 1988. Detailed project reports (DPRs) are
under preparation for the Phase-ll of the expansion. This envisages meeting the fuel needs
of the 10,000 MWe Nuclear Power Programme.

Research Reactors

After introducing all the modifications, power of Dhruva reactor was raised to 100 MW and
performance of all the systems was quite satisfactory. Installation of the 2 MW in-pile loop of
Dhruva and instrumentation were completed. The instrumentation and control system for
emergency core cooling of the reactor was also commissioned.

Apsara and Cirus reactors continued to be operated in a safe and efficient manner.
Radioisotope production and irradiation testing of fuels and other materials continued to be
the major on-going activities.

Fuel Research

Production of uranium metal for fuelling the research reactors Cirus and Dhruva was
continued.

A sol-gel microsphere pelletisation process was successfully developed for fabrication of
thorium oxide and uranium oxide based fuels.

A process flowsheet was developed for the fabrication of uranium rich mixed uranium-
plutonium monocarbide and mononitride fuel from uranium oxide and plutonium oxide feed
materials, for prototype fast breeder reactor (PFBR).
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A process flowsheet was also developed for the fabrication of high density thorium uranium
mixed oxide fuel pellets. This was part of the thorium utilisation programme in PHWR.

Fuel Reprocessing

The power reactor fuel reprocessing plant at Tarapur (PREFRE) successfully completed
another reprocessing campaign with the spent power reactor fuel and met the additional
Plutonium requirement for the initial fuel charge of the fast breeder test reactor. The
Plutonium plant atTrombay has also started reprocessing the spent fuel from Dhruva reactor.

The Reprocessing Plant under construction at Kalpakkam (KARP) has made satisfactory
progress.

Research & Development

A variety of new investigations in basic nuclear physics, atomic physics and other disciplines
were carried out with charged particle beams from the Van-de-Graaff accelerator and 2 MV
tandem accelerator at Trombay and the Variable Energy Cyclotron at Calcutta.

Installation of the 14MV Pelletron accelerator, a collaborative project of TIFR and BARC,
was completed. An important landmark was reached in September 1987 when a test beam
of silicon ions was successfully accelerated. The facility will be operated to carry out research
in various frontline areas involving studies of nucleus-nucleus collisions and heavy ion
induced transfer reactions etc.

Preparation of several batches of glass microballoons, designing of a microprocessor based
X-ray stress analyser, development of a compact continuous wave carbon dioxide laser with
a wide range of medical applications, discovery of a novel pressure induced crystalline-to-
amorphous phase transition in lithium-potassium sulphate, development of several plasma
diagnostic instruments such as spectroscopic temperature measurement, electrical conduct-
ivity measurement etc. and designing of a 1 MW plasma cutting torch are some of the salient
developments.

Other highlights were the development of an 8K multichannel analyser based on IBM-PC,
an IBM compatible data acquisition system for neutron time-of-flight analysis, a microcom-
puter based scan controller, an advanced version of a recording annunciator with 128
channels and a window annunciator logger, development of an efficient closing switch
called the double mode trigatron, a capacitor bank with an energy storage capacity of 100
KJ, a novel experiment in which generation and transport of relativistic electron beam (REB)
were carried out at the same pressure, two electron beam (EB) evaporation systems with a
rating of 10 KW, extensive studies on high temperature superconductors, scaling up of the
facility to produce porous uranium oxide.development of mass spectrometric methods for the
isotopic composition and concentration, determination of uranium and boron at submicro-
gramme levels, chemical quality control of new alloys of uranium, aluminium and zirconium
and mixed oxide of thorium and plutonium in different media, and the development of a new
ion exchange resin.

The R & D endeavour also included the preparation of high purity rare earth metals, a small
scale processing facility for recovery of hafnium oxide and development of a number of
organo-silicon compounds and successful electroplating of chromium to close tolerance on
the sealing surface of metallic seals of Dhruva guide tubes. Development of a process
nvolving electroless nickel plating and flash gold coating for the production of metal optics

with high reflectivity, installation of a new laboratory rolling mill, an ultrasonic technique for
the determination of density of oxide fuel pellets and for ferrite contents in duplex stainless
steels were other activities during the year.
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The reverse osmosis brackish water desalination plants, set up in the rural areas of Gujarat
and Aridhra Pradesh for community use, continued to work satisfactorily. A 50 cum/day
reverse osmosis plant for effluent treatment at RCF, Bombay was erected. Major equipment
for the 425 cum/day multistage flash desalination plant have been installed. Development of
beryllium technology and production of vacuum hot pressed beryllium metal and copper
beryllium ingots was continued.

The nitrogen-15 plant set up by the Rashtriya Chemicals and Fertilizers at Trombay, which is
based on BARC technology, has gone into production. The 2T tin extraction pilot plant at
Raipur has been working very well. Plans are under way to set up a 100T plant in Madhya
Pradesh for processing of cassiterite concentrate and recovery of associated niobium-
tantalum values.

The main thrust of the research and development programme in reactor engineering during
the year was on the design of 500MWe PHWR, safety related work concerning the 235
MWe PHWRs and fuel handling system for 500MWe prototype fast breeder reactor and to
set up experimental facilities at Dhruva reactor.

Over 40,000 samples of water, heavy water, helium and ion exchange resins were analysed
for chemical control of Apsara. Cirus and Dhruva reactor systems.

A detailed review of PHWRs was carried out in the light of the Chernobyl accident. Level-1
probabilistic safety'assessment of 235 MWe PHWR was also completed.

Radioisotope

A total of 58,700 consignments of a variety of radioisotopes and associated equipment
valued at above Rs. 3 crores were supplied to users in the country and abroad. About 200
batches of various reactor produced radioisotopes such as phosphorus-32, sulphur-35 and
iodine-131 were processed during the year. A facility for the processing of iodine-125
produced by neutron irradiaton of xenon gas has been set up.

Radiopharmaceuticals

About 45,750 consignments of radiopharmaceuticals were supplied to 150 medical insti-
tutions in the country for application in nuclear medicine. These have benefited 5 lakh
patients. Work was carried out for the production of new radioimmunoassay (RIA) kits. The
regional centres for radiopharmaceuticals set up at Bangalore, Calcutta and Dibrugarh
continued to offer RIA services to hospitals.

A Laboratory JONAKI' for the production of phosphorus-32 biomolecules for use in the
genetic engineering and biotechnology programmes in the country was inaugurated by the
Prime Minister Shri Rajiv Gandhi on 26 November 1987.

About 2200 consignments of sealed radiation sources for application in medicine, industry
and research were produced and supplied to a large number of users in the country.
Assistance was provided to industries for trouble shooting in various industrial operations
using radiotracer techniques. In hydrology radiotracer techniques were used at the Poip dam
ite in the Konkan region of Maharashtra to identify the path of seepage observed in the dam

and in the Hoogly estuary to study the movement of the dredged silt.

Construction of the radiation sterilisation plant at the premises of the Kidwai Memorial
nstitute of Oncology, Bangalore is progressing. The work of the sludge research irradiation

facility being set up at Baroda in co-operation with the Local Municipal Corporation is
nearing completion.
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ISOMED

The ISOMED plant continued to provide gamma irradiation service for sterilisation of
medical products to a large number of user industries. Cobalt-60 loading of the plant was
increased.

Thirty radiography cameras were supplied for the non-destructive testing to a number of
industrial organisations.

Radiation Medicine

The Radiation Medicine Centre (RMC) is the regional reference centre for South East Asia in
the field of nuclear medicine.

The Centre continued its on-going research contracts with the IAEA/WHO and metabolic
studies employing animal models of human disease states like cirrhosis, hepatitis.malaria,
vitamin deficiency etc. were carried out. Salient studies made during the year include
behaviour of a f e w " m T c . radiopharmaceuticals in some of the patho-physiological
conditions, evaluation of mucociliary function, kinetics of different hepatobiliary agents in
jaundice patients, evaluation of cardiac toxicity caused by certain drugs. RIA assay of TB
antigen and antibody in a variety of clinical disorders etc.

Attempts are being made to produce monoclonal antibodies specific to the myobacterium
leprae cell wall antigen.

Agriculture

About 300 T of certified seed of crop varieties developed at BARC was distributed by the
Maharashtra State Seed Corporation (MSSC) and Punjabrao Krishi Vidyapeeth (PKV).

Area under certified seed production of the BARC varieties was further increased by the
Maharashtra State Department of Agriculture. Certified seeds of pigeonpea.mungbean and
blackgram varieties developed at BARC were produced by MSSC and foundation seed by
PKV. Foundation seed of jute, TJ-40 was produced by the Orissa State Government. Pulses
and groundnut varieties released also performed well in Karnataka, Andhra Pradesh and
Tamil Nadu. The TG-3 variety of groundnut which was earlier found suitable for cultivation
in the States of Orissa, Madhya Pradesh and Kerala, was notified by the Ministry of
Agriculture, Government of India. Pigeonpea TT-5 and groundnut TG-9 varieties were
recommended for pre-release seed multiplication by ICAR.

The Government has accorded clearance for the decontamination of spices by gamma
irradiation at 10kGy and irradiation of frozen shrimp at 4kGy to eliminate pathogens, for
export purposes.

R & D work on further development of radiation technology for food preservation in terms of
designing plants and equipment suitable for various products has been initiated.

Safety and Protection

Health Physics surveillance was provided during the operation and maintenance of the
various nuclear power reactors, research reactors and the cyclotron at Calcutta. Con-
centrations of toxic substances in the working environment in BARC were well within the
permissible values. No internal contamination was detected in any of the radiation workers.
Environmental radiation survey around all the DAE installations showed no abnormal
increases in radiation levels. Radiation safety programme was continued to be implemented
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for the users of radioisotopes and radiation sources throughout India. Personnel radiation
monitoring service was provided to 32.400 radiation workers in 2,780 institutions.

Plans of 65 medical and 12 industrial installations using radiation sources were approved.
Radiological protection surveys of 134 medical and 288 industrial institutions were carried
out.

A variety of radiation monitors, specialised instruments such as secondary standard
dosimeter, clinical dosimeter and TLD readers were fabricated and supplied.

A permanent phonetic radiation code (PPRC) was evolved for radiation workers in India to
facilitate the entry of all the exposure data of radiation workers in a single record of file
irrespective of the place of work. This will provide better health care to radiation workers.

Radioactive Waste Management

The construction of the Solid Storage Surveillance Facility (SSSF) at Tarapur, designed for
interim storage of high level radioactive waste packages produced in the Waste Immobilis-
ation Plant has been completed. Erection and installation work of equipment and
components is being carried out.

The design of various services for Waste Immobilisation Project (WIP) at Trombay is nearing
completion. Sanction has been accorded for setting up Waste Immobilisation Project at
Kalpakkam for processing the high level waste from fuel reprocessing plant at IGCAR.

Installation of equipment and piping at the Waste Management Plant (WMP) for NAPP is
nearing completion. Work on the design of such plants at Kakrapar, RAPP 3 & 4 and Kaiga is
progressing. Work on a facility for handling and away-from-reactor (AFR) storage of spent
fuel from TAPS is also in progress.

The vitrification and bituminisation plants of the WIP, Tarapur were operated under inactive
conditions after necessary modification.

Radioactive waste management facilities for low and medium level wastes at Trombay,
Tarapur and Rajasthan were continued to be operated and alkaline waste from the fuel
eprocessing plant at Tarapur was immobilised in trenches.

The discharges made at different sites were restricted to less than 10% of the permissible
imits.

Seismology

Jontinuous monitoring of global seismicity was carried out by the Gauribidanur seismic
array. Two indigenously fabricated seismometers were installed at Gulmarg and Srinagar to
monitor seismicity in that region.

Heavy Water Upgrading

\ prototype 150 cm diameter distillation column for upgrading of heavy water was
successfully commissioned at Trombay. The pilot plant set up for the study of high purity
hydrogen sulphide by direct combination of hydrogen and sulphur at elevated temperature
over a suitable catalyst, was satisfactorily operated over extended periods. The national
deuterium survey to study variation of deuterium content in different natural sources of water
n the country was compiled.
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Technology Transfer

Six technologies developed at BARC were transferred to industry. These are : boron carbide,
electromechanical actuator, reverse osmosis plant (Plate Module), gamma switch, and
zirconium oxide/oxychloride. In addition 26 technologies are ready for transfer and 91
technologies are presently being processed. Production of bilirubin strips with BARC know-
how has commenced.

MHD Generation

After successful commissioning of the Magnetohydrodynamic(MHD) Plant at Tiruchirapalli
(Tamilnadu), the MHD Programme is oriented towards closed cycle alkali seeded inert gas
and liquid metal systems. As a part of the development of the hot electrode for MHD
generator, electrical properties of some promising systems were investigated.

Variable Energy Cyclotron Centre
Alpha beams with energies varying from 25 to 70 MeV were provided to the users from
research institutions and applied research in various branches of science. Besides alpha
particles, protons and deuterons were also accelerated with 15 to 30 micro-amperes beam
currents, for use in materials science studies and medical purposes.

The overall efficiency of the cyclotron during the year was 60% which is comparable with
nternational performance level of machines of similar type.

Nuclear Research Laboratory Srinagar
& High Altitude Research Laboratory Gulmarg

The Gulmarg gamma ray telescope was optimized to its sensitivity. Studies were made on
AM Hercules, representing an entirely new class of binary objects, and three other sources
namely Cygnus X-3, Crab Nebula and Cassopia gamma-1.Noteworthy activities include
study of neutron generation in lightning discharges and the asymmetry in the geomagnetic
variation in northern and southern hemispheres.

Indira Gandhi Centre for Atomic Research

' The Indira Gandhi Centre for Atomic Research (IGCAR) is the second largest research and
development unit of DAE. The Centre was set-up in 1971 at Kalpakkam (Tamilnadu) to
spearhead research in the development of sodium cooled fast breeder reactors. The Centre
has successfully built a 40 MWt (13 MWe) fast breeder test reactor (FBTR) that attained
criticality in 1985. The core of the reactor uses mixed uranium-plutonium carbide which is
entirely an indigenous effort.

During the year, the Centre completed residual construction work of FBTR and continued
low power physics experiments. The reactor was made critical in the first week of April 1987
and experiment related to measurement of control rod worths, radiation levels in the cells
surrounding the reactor and radioactivity of primary sodium were carried out by increasing
the power upto 45 KWt.

However, power operation was delayed due to difficulties experienced during
transfer operation of the fuel assembly. Problems were faced in lowering the subassembly.
in position and releasing it from the transfer flask gripper and during the removal of tjie guide
tube from the reactor vessel. The problems are being solved and the reactor is expected to be
restarted very soon. Valuable experience was also gained on inspection of reactor vessel
internals and intervention on sodium systems. The design of prototype fast breeder reactor
(PFBR) is progressing well and financial sanction has been obtained for technology
development on the manufacture of PFBR components.
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A facility for separating uranium-233 from irradiated thorium rods was set up and
development work for reprocessing of FBTR fuel reached an advanced stage.

Other notable developments have been the commissioning of an instrumented liquid
sodium loop for studies on radioactivity transport and organisation of a programme on the
preparation and characterisation of high critical temperature (Te) oxide superconductors.

Centre for Advanced Technology

The scientific activities at the Centre for Advanced Technology, Indore, set up with the
objective of conducting research in the areas of lasers and accelerators, had started in June
1986.

Two major programmes have been undertaken at CAT, namely the construction of
synchrotron radiation source (SRS) and research and development in lasers and related
fields. The development of SRS is being taken up in three phases. In the first phase, a 800
MeV booster ring and a 450 MeV ( INDUS-I) storage ring will be constructed. The second
and third phase will be for 800 MeV (INDUS-II) and 2-4 GeV (INDUS-HI) storage rings.
Several 15W copper vapour lasers (CVL) were also fabricated. A high power CVL capable
of giving 25 W was also developed at the Centre.

Crisis Management

A Crisis Management Group (CMG) was formed in DAE to deal with all emergency
situations that may arise due to accident at any of the DAE installations and transport of
radioactive consignments. This Group is presently finalising manuals on emergency
preparedness in respect of DAE centres at Tarapur, Rawatbhata and Kalpakkam.

An emergency control room has been set up at DAE Headquarters for establishing
communication link with various nuclear power stations/projects and heavy water
plants/projects during emergency. For reliable communication, seven fixed satellite earth
stations will be installed by March 1990.

Several meetings with the concerned District and State officials were held and emergency
drills were conducted at Tarapur, Rajasthan and Kalpakkam centres for checking and
improving emergency preparedness.

Information leaflets for public education in the event of an accident, were published in
English, Hindi and regional languages for distribution amongst members of the public living
in the vicinity of various DAE's plants.

Atomic Energy Regulatory Board

The Atomic Energy Regulatory Board (AERB) continued to carry out the regulatory and
radiation safety functions in all the DAE installations and in radiation installations operated
by medical, industrial and research users. The Board organised seminars and meetings to
apprise professionals of the developments in the field of radiation protection and nuclear
safety. Specialists were also consulted on matters associated with the formulation and
implementation of important radiation protection policies.

The functions and responsibilities of AERB were reviewed by a high level committee and the
DAE-Safety Review Committee was made part of the Board.

During the year, AERB prepared codes, guides and manuals on various aspects of nuclear
safety, medical applications of radiation, industrial applications and transport of radioactive
materials.
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The Committee to review industrial safety status in DAE units completed its work and
submitted a report.

The report submitted by the task-force to review the safety and emergency systems at the
Indian nuclear power plants concluded that an accident of the type of Chernobyl cannot
possibly occur in the Indian reactors. The recommendations of the task-force are being
reviewed for implementation.

With a view to assess the adequacy of radiation protection measures at DAE nuclear
facilities, the functions, manpower, training of personnel of Health Physics Units, were
reviewed at the three operating power stations at Tarapur, Rawatbhata and Kalpakkam.

The services offered by the Environmental Survey Laboratories and the Micrometeorological
Laboratories, and their emergency preparedness were also reviewed. Medical facilities
available at the plants and sites were reviewed from the angle of routine medical
examination and treatment of radiation exposed personnel in an emergency.

An AERB Committee reviewed training, qualification and certification programme for the
nuclear power plant personnel.

Development and implementation of regulatory procedures such as licensing and appeal for
radiacion protection, safety in transport of radioactive materials.and safety in industrial and
research applications of radiation, continued.

Safety Review

The Safety Review Committee continued to monitor the radiological and industrial safety of
the operating personnel, members of the public and environment resulting from the
operation of different units of the Department. Safety related unusual incidents were
reviewed through the Unit Safety Committees.

Radiological safety surveillance was done on a continuing basis through the Health Physics
Division of BARC and the environmental impact from the operation of DAE installations was
assessed by the Environmental Survey Laboratories. The industrial safety inspections of
TAPS, MAPS, IGCAR, NFC. UCIL mines and Heavy Water Plant (Manuguru) were carried
out under the Inspection Section (Factories Act). Regulatory inspections were carried out at
RAPS, TAPS and MAPS.

Personnel radiation exposures during the year were kept under control. Effluent radioactive
releases and the environmental impact from operation of DAE installations were
insignificant.

The Safety Review Committee continued to participate in the Incident Reporting System
(IRS) of IAEA, the Convention on Early Notification of a Nuclear Accident (CENNA) and
the Convention on Assistance in the case of a Nuclear Accident or Radiological Emergency
(CERMANA) adopted by IAEA.

Indian Rare Earths Limited

During the financial year 1986-87, the Company's turnover increased to Rs. 28.72 crores
and the net profit to Rs 6.98 crores (excluding OSCOM) as compared to the previous year's
figures of Rs. 23.80 crores and Rs. 6.38 crores respectively. The foreign exchange earned by
the Company was higher at Rs. 14.57 crores as compared to Rs. 13.49 crores during the
previous year. The Company's major modernisation programmes in the Minerals Division
and Rare Earths Division are well underway.
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During the year 1987-88, IRE's mineral beneficiation plants at Manavalakurichi, Tamilnadu
and Chavara. Kerala operated at satisfactory production levels. Company's Rare Earths
Division, Udyogamandal, Kerala achieved its production target of rare earths and trisodium
phosphate. Performance of the Thorium Plant,Trombay was satisfactory. Government has
also decided to set-up a new Thorium Plant at Chhatrapur, Orissa.

The Company commissioned all the constituent units of Orissa Sands Complex (OSCOM)
Chhatrapur.However.the expected production performance could not be achieved in view of
some technical problems. The project is expected to achieve higher production levels in next
two to three years.

IRE has drawn up a 5-year Corporate Plan considering the world demand pattern for the
various products, and its expansion and modernisation.

The Company is also on the process of setting up a facility for separation of various
concentrates from mixed rare earths chloride. The facility is expected to be commissioned
during 1988-89.

Electronics Corporation of India Limited

The Electronics Corporation of India Limited (ECIL) was incorporated in 1967, with an
authorised capital of Rs. 10 crores. It has now an authorised capital of Rs. 40 crores of which
Rs. 36.2 crores has been called and paid-up as of end November 1987.

ECIL concentrates on control and instrumentation systems, computer systems and commun-
ication systems as its major thrust areas. Apart from meeting the needs of DAE, ECIL has also
been catering to several important national activities such as thermal power projects, steel,
petrochemicals and cement industries, defence, communications and railways. ECTV is a
popular consumer item of ECIL.

During the year 1986-87, EClL's production was Rs. 144.80 crores with a net profit of
Rs. 10.79 crores. ECIL has production target of Rs. 161.44 crores for the year 1987-88.
During the year 1987-88, ECIL supplied control and instrumentation systems to NAPP,
KAPP, and Khammam Chemical Refinery Captive Power Plant and Turbine Automation
Packages for Thermal Power Plants at NALCO, Panipat, Unchahar, Ropar, Kota and
Khaparkeda. Computer systems supplied include data handling systems to IAF for radars,
SPC-telex-exchange equipment to Mahanagar Telephone Nigam Ltd. and DOT, mainframe
MEDHA computer systems to DOE, Department of Space and Defence, store and forward
message switching systems to Army and telephone directory enquiry systems to DOT.
ndigenous manufacture of Super-32 computer systems, based on technology transfer from

Norsk Data, will continue. In the field of communications, major supplies made include
Earth-station antennas to DOT, NIPC and NICNET programme, troposcatter antennas and
line of sight towers with antennas and HF intercept receiver to Defence, AIR masts, curtain-
antennas, antenna-changeover switches. S-band and C-band TVRO to Ministry of
nformation & Broadcasting, high power amplifiers to NICNET programme and PCM

equipment to DOT.

The Corporation is also supplying X-ray baggage inspection systems to National Airports
Authority and International Airports Authority of India. CCTV systems to Heavy Water
Projects, nucleonic level gauges to Bokaro Steel Plant. VT Fuze products and tantalum
capacitors to Defence, nickel cadmium batteries to Defence and Railways and Thick Film
Devices to communication equipment manufacturers.
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Uranium Corporation of India Ltd.

The Company has set a record both in production and income. Production of Uranium
concentrate during the year 1986-87 was the highest achieved so far. Income and profit
before adjustment were Rs. 20.47 crores and Rs. 2.84 crores respectively. As compared to
the performance during the previous year, the income represented an increase of 20.7% and
the profit was more than double. Capacity utilization of Jaduguda Mine and Mill was up to
89.4% and 105.7% respectively, which was higher than that of the previous year.

The second uranium mine of UCIL at Bhatin achieved 86% of its production target.
Production of magnesium concentrate was also higher this year.

Uranium concentrate production at the Uranium Recovery Plants at Surda and Rakha was
also higher than that of the last year.

Financial Assistance

The Board of Research in Nuclear Sciences (BRNS) of DAE. encourages research in science
and engineering and considers for support research schemes in the areas related to DAE.

As against Rs. 1.03 crores allocated for 1986-87. provisions for 1987-88 and 1988-89 have
been Rs. 1.48 crores and Rs. 1.5 crores respectively.

During 1987-88. BRNS recommended funds for organising various departmental symposia.

The Department has replaced its existing scheme of doctoral fellowships by a new scheme
of fellowships named after the late Dr. K.S. Krishnan. The new scheme has been designed to
attract talented students of science and technology to pursue a career of research. DAE has
been almost fully funding four research institutions under its administrative control. These
are the Tata Institute of Fundamental Research (Rs. 16.38 crores). Tata Memorial Centre
(Rs. 10.23 crores). Saha Institute of Nuclear Physics (Rs. 4.26 crores) and the Institute of
Physics. Bhubaneswar (Rs. 9.94 crores).

Assistance was also given to the Institute of Mathematical Sciences. Madras (Rs. 50 lakhs),
Mehta Research Institute, Allahabad (Rs. 10 lakhs) and the National Board for Higher
Mathematics (Rs. 25.25 lakhs).

International Relations

For the 31st year in succession since the inception of the International Atomic Energy
Agency (IAEA), India was once again designated to the Board of Governors as one of the
countries most advanced in the technology of atomic energy including the production of
source materials, underscoring her leading status in this frontier technology.

India continued to offer training facilities, fellowships, scientific visits etc. and make available
the services of its scientists for expert assignments both through the IAEA and to countries
with which we have entered into bilateral agreements for cooperation in the field of peaceful
uses of nuclear energy.

The IAEA Conventions of 'Early Notification of a Nuclear Accident' and Assistance in Case
of Nuclear Accident or Radiological Emergency', adopted during the Special Session of the
General Conference 1986 and which were signed by India, are being ratified.

The performance and the activities of the Department during the year 1987-88 have been
detailed in the following chapters.

Annual Report 1987-88 1-15



2. NUCLEAR
POWER

Rajasthan Atomic Power Station at
Rawtabhata, Rajasinan



An important landmark for the
growth of nuclear power in India was
the formation oi the Nuclear Power
Corporation of India Ltd., (NPC) this
year. The amendment of the Atomic
Energy Act 1962 was enacted on 8
September 1987. The Nuclear Power
Corporation was incorporated as a
company under the Companies Act
1956 on 3 September 1987 and
commenced business on 17 Septe-
mber 1987. A formal inauguration of
(he Corporation was made on 16
October 1987 by the Chairman, AEC.

The Corporation took over the
assets of the erstwhile Nuclear Power
Board (except RAPS-1) valued at
Rs.1122 crores and employees of the
Board were transferred on deputation.
Separate organisations for the
purchase and stores functions were
set up. NPC plans to finalise the
service conditions of its employees
within a year

With the formation of NPC the
ambitious programme of generating
10,000 MWe by 2000 AD has received
a fillip. Finance for this ambitious
programme will be made available
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through the resource generated inte-
rnally, the sale of electricity supple-
mented by the 5-year plan allocations
and open market borrowings of Rs.
3000 to Rs. 4000 crores. The prog-
ramme envisages expenditure of Rs.
10,000 crores by the end of this
century.

The gross electricity generation
from the nuclear power stations
during 1987 was 5324 million units -
an increase of about 13% over the
preceding year It is expected that
during this year the gross generation
will cross 5600 million units. With the
exception of TAPS-1 and RAPS-1, the
performance of nuclear units had
been satisfactory. An extended out-
age was taken on TAPS-1 coinciding
with its tenth refuelling outage to carry
out inspection of the reactor vessel
primary nozzles which was recom-
mended by the plant designers (M/s
General Electric of USA) due to gene-
ric problems encountered in other
boiling water reactors. The unit was
resynchronised in November 1987
and is operating satisfactorily. RAPS-I
was rehabilitated by sealing of the
new end shield cracks and resynchro-

Nuclear
Power

Top left
Narora Atomic Power Project



nised with Ihe grid in May 1987 It is
now operating satisfactorily at 45-50%
full power. TAPS-II gave its best per-
formance by generating 1269 million
units at a capacity factor of 91%.
RAPS-II gave satisfactory operating
performance for the financial year
1986-87, by achieving a capacity fac-
tor of 69%. The unit generated 1181
million units during 1987 with a cap-
acity factor of 61% and achieved its
generating targets. In addition the unit
supplied steam to the Heavy Water
Plant. Kota.MAPS-l's performance im-
proved with the generation of 1230
million units at a capacity factor of
60%. MAPS-II generated 1217 million
units achieving a capacity factor of
59%. Both units had problems on the
conventional side such as partial
blockage of the sea-water submarine
tunnel, which supplies cooling water,
cracks on the HP turbine blade roots
necessitating extended outages for
repairs. Notable during the year was
the uninterrupted operation of TAPS-II
for 204 days-a record for the unit.

Tarapur Atomic Power Station

TAPS completed its eighteenth
year of successful commercial opera-
tion logging thirty-six reactor years of
operating experience.

Unit-I was taken out of service for its
tenth refuelling outage from 11 January
1987. This outage was planned as an
extended outage to carry out inspec-
tion of the reactor vessel primary noz-
zles and install new feedwater spar-
gers. The plant designers had recom-
Tarapur Atomic Power Stations.

mended such an inspection due to
generic problems encountered in
other boiling water reactors. There
was a time when engaging the ser-
vices of foreign agencies was consi-
dered. However, this extremely dif-
ficult work in a high radiation zone has
been carried out using inputs of per-
sonnel, ideas and equipment from
within DAE, saving a considerable
sum in foreign exchange. The outage
was also utilised for works such as
replacement'of primary'system piping
and overhaul of turbine generator.
Though there has been a delay in the
completion of this task, the investiga-
tions carried out on TAPS-I have indi-
cated that similar work planned to be
carried out on TAPS-II may not now be
necessary. The Unit was resynchro-
nised on 8 November 1987 and has
been operating satisfactorily since
then.

TAPS Unit II attained the longest
ever continuous run of 204 days. It
recorded the highest ever generation
(1269 million units) as well as capacity
and availability factors (91% and 94%
respectively) since commercial
operation.

Notable during the year was the
completion of the replacement of
stainless steel piping of the primary
pressure boundary incorporating
measures such as latest pass heat
sink welding to counter intergrannular
stress corrosion cracking problem.

Work on augmentation of the spent
fuel storage AFR facility has been
progressing satisfactorily. Specifica-
tion of mechanical, electrical and
instrumentation and control systems
was completed. Procurement of major
equipment is in an advanced stage.

Rajasthan Atomic Powar Stations.

As an interim arrangement, dry
storage casks were manufactured
and are available at the site.

On the environmental front,
radioactive discharges to the environ-
ment were well within permissible
limits and the lowest since 1969.

Rajasthan Atomic Power Station

RAPS-I, which was shut down
since 20 May 1985, was rehabilitated,
by sealing the new cracks on the
south end shield using a method
similar to the earlier one. The unit was
synchronised to the grid on 22 May
1987 and was operated at 45-50% full
power (85-90 MWe), generating about
224 million units as it had an un-
interrupted operation of 60 days
during the months of October-Decem-
ber 1987. The unit was shut down due
to a grid fault on 9 December 1987.
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The outage was utilized to take up
modifications on the south end shield
seal plugs to prevent their leakage on
system cool down,and also for the de-
fuelling of some channels as per the
recommendation of the Safety Com-
mittee.

RAPS-II gave a record perfor-
mance during the financial year
1986-87 by achieving a capacity
factor of 69% and an availability
factor of 80%. The unit operated very
well prior to its planned outage in
September 1987. Unit-ll achieved a
higher than targetted generation for
the year 1987 at 1246 million units,
inspite of an extension of the planned
outage as a result of the problems
faced during the replacement of
stainless steel absorbers with cobalt
absorbers to produce radioisotopes.
The Unit was resynchronised to the
grid on 7 November 1987 and has
been operating satisfactorily since
then.

Madras Atomic Power Station

MAPS-I performance during the
year 1987 was an improvement over
the previous one. The unit achieved a
capacity factor of 60% (41% for the
year 1986) and generated 1230
million units against a target of 1288
million units, recording a continuous
run of 70 days during months of
August - October 1987, the highest
so far. The conventional side
continued to pose problems with the
detection of cracks in the fourth stage
blade roots of the HP turbine necessi-
tating an extension of the planned
annual outage for replacement of
the damaged HP rotor with the KAPP
Unit I rotor.

Madras Atomic Povm Station.

Unit II achieved a capacity factor
of 59% generating 1217 million units
as against a target of 1298 million
units, inspite of problems on the
conventional side. The performance
ol turbo-generator governor system
was unsatisfactory, resulting in load
hunting on a number of occasions.
Investigations revealed turbine blade
failures on LP side and cracks in the
HP turbine blade roots. The HP
rotor was replaced with the rotor from
KAPP Unit-ll and LP blades have
been replaced with new blades in situ.
Modifications are being made to
prevent recurrence of such problems
in future.

Higher than normal pressure drop
in the sea water submarine tunnel
which provides condenser cooling
water resulted in lower condenser
vacuum and attendant loss of gene-
ration by 5 MWe. Inspection of the
tunnel by deep sea divers from
Mazagon Docks and Wharton
Williams & Taylors using a remotely
operated vehicle, revealed extensive
blocking of the tunnel. Measures to
clean it will be taken up based on the
recommendation of the Mazagon
Docks. Limitations on the calandria
moderator outlet temperature posed
restrictions on maximum power levels
during periods of high sea water/pro-
cess water temperatures. Various
modifications to increase cooling
water flow and raising operating
temperature limits are being worked
out to overcome such a limitation.

Narora Atomic Power Project

The project has been delayed
mainly due to the late delivery of
steam generators. All the equipment

including steam generators for the
Unit-I were installed and commissio-
ning of main system including primary
heat transport system is in progress.
The first unit is expected to attain criti-
cality in October 1988.

Work on Unit II has also progressed
substantially. 62.5% piping wo'rk for
Unit-ll has been completed. The first
steam generator is delivered and
installed. The delivery of remaining
steam generator is further delayed
and according to the present
schedule the fourth steam generator
is expected to be delivered only by
September 1988. Downstream activi-
ties are being expedited to attain
NAPP-2 criticality by October 1989.

Kakrapar Atomic Power Project

Construction of plant buildings is in
progress. Construction of inner and
outer containment walls upto 123 m
and calandria vault for Unit-I were
completed. Calandria and endshield
for both the units have been delivered
at site and endshields of Unit-I have
been installed. Installation of cal-
andria of Unit-I is in progress.
Work on nuclear piping, conventional
piping and ventilation system is in
progress. Orders for most of the
mechanical and electrical equipment
have been placed and a good
number of equipment have been
delivered to site. The two units of
KAPP are scheduled to attain critica-
lity by December 1990 and December
1991 respectively.

Kaiga

Financial sanction of Rs. 730.72
crores for two units of 235 MWe each
at Kaiga, Karnataka has been
accorded. The infrastructural deve-
lopment work is in progress and work
order for main plant civil work is
expected to be awarded soon. Ad-
vance action has been taken on
orders for long delivery equipment
and manufacturing is in progress. The
two units of Kaiga are scheduled to at-
tain criticality by June 1995 and
December 1995 respectively.

RAPP 3 & 4

Financial sanction of Rs. 711.57
crores for the thfrd and fourth units of
Rajasthan Atomic Power Project has
been accorded. The infrastructural
development work is in progress and
work order for the main plant civil work



is expected to be awarded soon.
Advance action has been taken on
orders lor long delivery equipment
and manufacturing is in progress. The
third and fourth units of RAPP are
scheduled to attain criticality by May
1995 and November 1995 respecti-
vely.

500 MWe PHWR Projects

Detailed project reports (DPRs) for
setting up of two units of 500 MWe
PHWRs at two different sites are
under consideration. Financial
scrutiny of the cost estimates, con-
tained in the DPRs, was completed
and the proposal with the amended
cost estimates after the scrutiny, is
under consideration.

Detailed design and engineering
of 500 MWe PHWR nuclear and conv-
entional systems of the plant are
proceeding in a phased manner.
Designs of coie components namely
calandria and end shields were
completed. Design of fuel handling

system components such as fuelling
machine heads, fuelling machine
columns, bridges and carriages, is
in progress. Designs of various
nuclear process equipment like
steam generators, heavy water heat
exchangers, pressuriser, reactor
headers etc. also continued. Tata
Consulting Engineers who have been
appointed consultants for conven-
tional systems of the first 500 MWe
PHWR, are proceeding with the
design and engineering of these
systems. Technical specifications of
the turbine generator were finalised
and discussions with BHEL are
going on. Design work relating to the
site infrastructure is progressing.

Advance procurement of critical
long delivery equipment for the first
two units is in progress. Calandria
end-shields and PHT main pump
motor unit assemblies for the first two
units were ordered. Based on the
mid-plan review, work on a total of six

500 MWe PHWR units is proposed to
be commenced during VII Plan.
Accordingly proposals for advance
procurement of critical and long deli-
very equipment for the remaining four
units, as well as supplementary items
for the first two units, were endorsed
by AEC and are under process for
approval. The detailed project reports
for the remaining four units of 500
MWe PHWR are under preparation.

Others

NPC was able to enter the Indian
capital market to mobilise public
funds, to the tune of Rs.100 crores,
through the issue of "Nuclear Power
Bonds" within a few months of its
being incorporated as a company. It
has thus become the first DAE
commercial undertaking to do so.
This money is towards financing the
new projects which are under
construction. The Nuclear Power
Bonds will be listed on six stock
exchanges in the country and in addi-
tion, these bonds will be
traded on the secondary market
counters of the various nationalised
banks, of 27 January 1988, the bonds
were oversubscribed to the extent of
Rs. 141 crores.

NPC embarked, on a process of
management development with the
objectives to recapitulate modern
techno-managerial concepts, skills
and techniques. This would instill
awareness and need for these
managerial inputs in streamlining all
activities.

In December 1987, NPC
conducted a Management Seminar
in Delhi.
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GROWTH IN NUCLEAR POWER GENERATION
From: 1969-70 to 1987-88
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Heavy Water Plant Nangal

The Heavy Water Plant at Nangal is
based on hydrogen liquefaction and
distillation. The plant is being
operated depending on availability of
power to the electrolysis plant. In
order to overcome heavy depen-
dence of this plant on power.large
amount of which is used in the elect-
rolytic process for heavy water
production, work on an alternative
process based on pressure swing
absorption for production of pure
hydrogen, was commenced. The new
front-end plant is expected to be
ready by mid-1989. Till then, the
production levels will depend on the
availability of inputs.

Heavy Water Plant Baroda

The Heavy Water Plant at Baroda
showed a high level of performance
both with respect to availability and
capacity utilisation after its delayed
start-up in June 1987. The catalyst in
the ammonia convenor was changed
during the annual maintenance.
Performance of the convertor was
brought up to original level of effi-
ciency. Delay in start-up of the plant
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was due to repairs carried out on
leaking heat exchanger of the conv-
ertor.

The pilot plant for ammonia - water
exchange process set up at Baroda
provided necessary information for
the design of a front-end plant based
on this process for future heavy water
projects. The data is being analysed
for engineering and developing a
suitable design package. Such
front-end could free the plant based
on ammonia — hydrogen exchange
process from complete dependence
on fertilizer plants for their source of
deuterium.

Heavy Water Plant Tuticorin

Performance of the plant was satis-
factory during the year, achieving
good stream factor for the single
stream plant. The recirculator and its
auxiliaries is expected to be delivered
at site shortly and will be hooked up
to the system in the annual turn
around of the plant in April 1988.
Installing a recirculator across the
ammonia synthesis convertor will help
in achieving higher capacity utilisa-
tion, Steps to conserve energy were

H-6

Heavy
Water
Projects

Top left
Heavy Water Plant, Manuguru
(Andhra Pradesh)



Heavy Water Plant, Tuticorin (Tamil-Nadu)

implemented resulting in conside-
rable energy savings.

Heavy Water Plant Talcher

The plant is based on bithermal
ammonia - hydrogen exchange
process. With some improvement in
performance of the Talcher Fertilizer
Plant supplying the synthesis gas to
the Heavy Water Plant, it was
possible to operate the latter plant for
longer durations and produce heavy
water within the limitation of availabi-
lity of inputs. The process data
collected during the extended

Heavy Water Plant, Talcher (Orissa)

periods of operation of the plant is
being assessed for establishing the
production potential. However, the
viability of the process has been
proved.

Heavy Water Plant Kota

During the year, performance of
the plant, based on indigenously
developed dual temperature
hydrogen sulphide - water exchange
process, was satisfactory but the
operation was intermittent. The entire
plant was being operated upto 15
Kg/sq cm as cleared by Safety
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Review Committee. In addition to
external constraints, namely, steam
and power supply interruptions,
necessitating plant shut down, some
equipment failures also contributed to
low stream factor affecting produc-
tion. The plant operation was satisfac-
tory during sustained operating
periods.The plant will operate at the
design pressure after clearance by
Safety Review Committee and
production is expected to improve
commensurate with steam availability
in 1988-89. For ensuring unrestric-
ted and steady steam supply for
enabling the plant to achieve the
rated capacity, work on an indepen-
dent oil based steam generation plant
was commenced. This plant is
scheduled for completion in late
1989.

Heavy Water Plant Thai

Since commencing trial production
in 'A' stream of the plant on 28
October 1986, the stream was
running on higher gas feed load. Trial
production in 'B' stream of the plant
was achieved on 1 February 1987
and this stream also was running on
increased feed load.

Teething problems and the const-
raints arising out of higher impurities
in the feed synthesis gas, leakages in
the two effluent heat exchangers, and
limitation in the gas throughput in the
'B' stream of the plant were over-
come, consequently, both the
streams achieved sustained opera-
tion. Reasons for balance constraints
of low deuterium concentration in the
feed synthesis gas, and limitation in
gas throughput to the isotopic
exchange tower in the 'A' stream was
established for remedial measures.
With these steps the plant is
expected to achieve higher capacity
utilisation during 1988-89.

Heavy Water Project Manuguru

The main plant including the
hydrogen sulphide (H2S) generation
unit, and the exchange units are in
final stages of erection and are
expected to be completed by
mid-1988. The distillation unit is under
testing. Many of the auxiliary systems
of the main plant such as the raw
water intake system, raw water treat-
ment plant, demineralised water
plant, compressed air plant, cooling
water system etc. were commis-
sioned and are under operation. Rest
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Heavy Water Plant, Thai (Maharashtra)

of the auxiliary systems were mecha-
nically completed. These are ready
for commissioning.

The progress of the captive power
plant, however, got severely affected
due to stoppage of operations inclu-
ding.manufacture by the vendor.

Commissioing of the plant will
depend upon the completion of

boilers and availability of steam.

Heavy Water Project Hazira

This project is based on monot-
hermal ammonia - hydrogen
exchange process. Ordering of all
equipment and machinery is nearly
complete. Civil and structural works
are in full swing and major part of the
works are expected to be completed

by June 1988. The fabricated equip-
ment and machinery are expected to
start arriving from May 1988 onwards
and then erection is expected to
commence in June 1988.'The project
is progressing satisfactorily and is
expected to be completed as per
schedule by end 1990.
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Nuclear
Fuel
Complex

The Nuclear Fuel Complex (NFC)
at Hyderabad manufactures and
supplies PHWR fuel and enriched
uranium dioxide fuel for country's
nuclear power plants. Besides
meeting the annual requirement of
reload fuel for RAPS.MAPS and
TAPS, NFC completed fabrication of
i) fuel for initial startup of NAPP-I, ii)
special calandria tubes, coolant
tubes, shut off tubes of zircaloy and
garter springs for NAPP-II, and iii)
part of the calandria tube requirement
for KAPP-I. Various components
required for 500 MWe reactors, such
as 37 element fuel bundles, zirc-nio-
bium pressure tubes, SS lattice tubes
and liner tubes were produced to
standardise the flow sheets. Signifi-
cant progress was made in the imple-
mentation of Revised Phase-I expan-
sion for increasing the fuel production
capacity to 225 T and zircaloy
products to 50T per annum and is
expected to be completed plant-
wise during April-Dec 1988. Deta-
iled Project Reports (DPRs) are being
prepared for the phase-11 expansion
programme under the Corporate Plan
to meet the 10,000 MWe nuclear

power programme. To meet the acute
power shortage, various actions were
initiated for captive generation.

Fuel and Zircaloy For Power
Reactors

Two Plants namely, Uranium Oxide
Plant (UOP) and Ceramic Fuel Fabri-
cation Plant (CFFP) working in
tandem, produce PHWR fuel bundles,
starting from the raw material,
magnesiumdiuranate (yellow cake)
from UCIL Jaduguda. Similarly, in
Enriched Uranium Oxide Plant
(EUOP) and in Enriched Fuel Fabrica-
tion Plant (EFFP) enriched U02 fuel
assemblies are produced starting
from the imported uranium hexafluo
ride. Some special 37 element split
spacer type fuel bundles, for use in
500 MWe PHWR reactor were fabri-
cated and sent to BARC for carrying
out hydraulic and thermal tests.

As a part of the continuing prog-
ramme of process automation, the
systems installed in the plants during
this year are as follows:

Top left
Semi-automatic plasma cutting table
and exhaust system fabricated at NFC.
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37 element split spacer assembly for
500 MWe PHWR.

i) Tray handling system for direct
charging of oven dried ammonium-
diuranate into calcination furnace

ii) Flexible mechanical conveyor
screw feeders for final compacting
press.

iii) Automatic UO2 sintered pellet
feeding and discharge systems to
centreless grinding machine.

iv) A new large size blender
capable of thorough blending and
homogenising of powder lots upto
one tonne was installed and put
into regular operation in UOP.

v) Automatic feeder and disc-
harger for double-head turning
operation of welded PHWR elements.

In the case of TAPS fuel, assemb-
lies of improved design, namely 7 x 7
element array were continued to be
manufactured.

Zircaloy

Three plants namely Zirconium
Oxide Plant (ZOP), Zirconium Sponge
Plant (ZSP) and Zircaloy Fabrication
Plant (ZFP) operate in line to convert
the raw material zircon sand to
zircaloy mill products.

Due to various process improve-
ments and management, the produc-
tion, of Zirconium Oxide in ZOP
continued to be more than the design

capacity. Ten MT of nuclear grade
ZrO2 was exported to Argentina. In
ZSP a new graphite lined scrap chlor-
inator of 60T capacity was commis-
sioned and put into regular operation
and the sponge produced is of better
quality compared to the previous
year's again due to some process
improvements.

The ZFP completed the manu-
facture and supply of coolant tubes,
shut off tubes and garter springs for
NAPP-II. Inner and outer flow-tube
assemblies for NAPP-II are in
advanced stages of production.
Fabrication and supply of calandria
tubes for KAPP-I was started. Regular
production of zircaloy components for
PHWR and BWR fuel bundles were
continued. As part of development
work a few zirc-niobium coolant tube

. spools both for 225 MWe and 500
MWe, and calandria tube spools of
500 MWe reactor size were prepared
and supplied to the Reactor Enginee-
ring Division of BARC.

Other very special jobs undertaken
include fabrication of extralong, thick
walled zircaloy tubes for 2 MW inpile
loops of Dhruva reactor, miniature
coolant tubes for IGCAR for creep
studies and seamwelded titanium
tubes.These criticalicomponents were
produced on devising more elaborate
flow sheets and by fabricating
intricate tooling.

A new practice of preparing
zircaloy electrode for vacuum arc
melting by plasmawelding the zirco-
nium sponge compacts with zircaloy
scrap pieces was introduced.
Besides reducing the scrap inventory
considerably this proved to be an
economical and elegant method of
recycling the scrap.

FBR Component Facility

In the fast breeder reactor compo-
nent facility, development work was
continued to fabricate test compo-
nents required for 500 MWe
prototype fast breeder reactor (PFBR)
These include SS hexagonal tubes
and precision thin walled fuel and
blanket clad tubes.

A novel method of low temperature
(1150°) air sintering of Thorium oxide
(ThO2) pellets was developed which
envisages simplification of several
process parameters. A method of
thermal etching of ThO2 was also

standardised for microstucture
studies.

Special Materials

Small scale production of special
and high purity materials were carried
on. These include five-nine purity
gold, silver, gallium, antimony,
indium, tin, selenium and tellurium,
high purity magnesium, Zr-Nb
master alloy and zirconium powder.
Crude gallium from MALCO was puri-
fied to five-nine purity under the prog-
ramme initiated by the National
Research Development Corporation
(NRDC). Other activities started this
year included production of zirconium
powder by magnesio-thermic reduc-
tion of zirconium oxide and purifica-
tion of off-grade tantalum powder by
self-resistance sintering technique.

Seamless Tube Production

With a major modification of the
extrusion press, large size lattice
tubes meant for 500 MWe reactor
were extruded on a trial basis. Stain-
less steel liner tubes are being manu-
factured to meet the requirements of
both 235 and 500 MWe reactors.
Special types of extrusions
successfully carried out include
star-bars for Defence, HSS powder
encapsulated in MS cans, tube
blanks of special steels such as STA
59, STA 60, MDN 350 etc. Notable
improvements in the extrusion prac-
tice of SS and zircaloy products were
also introduced.

In the ball Bearing Tube Plant
(BBTP), a method was standardised
for the production of zirc-niobium
pressure tubes for use in future power
reactors. The tool room facility,
besides meeting the tooling require-
ment of NFC, developed components
for liquid shut off flow tubes and other
precision components required by
NPC This facility also catered to very
intricate tooling required by other
industries on special request.

Process and other Developments

With the experience gained by the
operation of pilot scale graphite
coating unit, an automated produc-
tion unit was set up with improved
features.

A shear strength machine was
designed and fabricated for testing
weld strengths of appendages
welded on PHWR fuel bundles.
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Indigenously fabricated baking unit for graphite coated zircaioy fuel tubes.

Based on the in-house design, a
plasma cutting table with several
automated features and efficient
exhaust system was installed and put
into regular use in the plasma-cutting
facility of workshop.

Parameters for the manufacture of
hollow copper conductors for the
Centre for Advanced Technology
(CAT) and hot extrusion of 17:4PH
steel rods were established after
trials.

On the chemical process develop-
ment side, notable achievements
made during the year, include
successful pilot plant scale trials of
denitration of nitrate bearing effluents
using bacteria and recovery of zirco-
nium from spent pickling solution of
ZFP.
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Number of gadgets were fabrica-
ted for aiding mechanistion of some
operations in various plants.

Action is on hand for installing
computers in different plants to aud
reterieval of data for analysis and
implementing corrective actions to
increase productivity.

Quality Control & Quality
Assurance

The Control Laboratory and diffe-
rent inspection groups continued to
carry out testing, inspection and
quality control functions at various
production centres to meet the strin-
gent quality requirements of the
finished products. While 1.5 lakh
determination (analysis etc.) were
carried out in the Control Laboratory,

ii-n

100% inspection was completed in
the case of zircaioy tubes, fuel
bundles etc., by the concerned
groups. New methods developed for
quality control purposes include
spectrophotometric determination of
phosphorus in uranium oxide (UO2),
Iron in high purity gallium, design of
differential encircling type and
bobbin type coil for nondestructive
testing of various seamless tubes etc.

Various steps were incorporated in
improving the quality assurance at
different inspection and production
steps.

Human Resource Development

The number of quality circles have
grown to 19. Various problems were
identified, solved and implemented
by the quality circle members. Leader
of the first quality circle in NFC was
the recipient of "Shram Veer" Award.
The Training Division conducted 20
training programmes on various
topics, ranging from production to
satety, covering over 600 personnel
of various levels from operators to
senior .staff members.

With a yiew to train and certify the
personnel in the field of nondestruc-
tive testing, NFC collaborated with
IAEA/UNDP and BARC and
conducted a national training course
and certification in ultrasonic testing
level-Ill during November-December
1987 Fifteen persons from various
organisations in the country were
trained and thirteen of them were
certified. NFC was selected as a
centre for training by IAEA/UNDP and
further courses will be held in the
coming years. NFC personnel were
also selected as experts to conduct
such training programme in Sri Lanka.

Safety & Health Physics

Independent units, functioning for
the purpose of safety and health
physics, continued their surveil-
lance. During the year more than
one million man-hours were recorded,
for the third time, without any inci-
dence of disabling accident.

Power restriction

The State Electricity Board
imposed 60% power cut on all the HT
consumers including NFC. Various
short and long term steps were taken
to incorporate captive power genera-



tion to meet the production
schedules.

Revenue Receipts

Based on the production perfor-
mance upto December 1987 and
likely production during remaining
months revenue receipts for the year
is estimated to reach a level of Rs. 40
crores.

Security

Access control systems were
procured and installed in the active
plant area. These are being commis-
sioned. Central Industrial Security
Force (CISF) has taken over security
functions of the main plant area of
NFC.

Expansion Programmes

Significant progress was made in
implementation of the revised Phase-I
Expansion (PHWR fuel to 225T and
zircaloy products to 50T per annum).
All the equipment and machinery for
ZOP, major critical equipment such

as 25 VMR pilger mill, horizontal high
vacuum annealing furnace and sheet
polishing equipment for zircaloy fabri-
cation; and sophisticated analytical
equipment for the Control Laboratory
were received. Most of the equipment
and machinery for ZSP, UOP were
ordered. Based on the present
schedule of delivery of remaining
equipment and the status of building
and utilities, the project is expected to
be completed plant-wise during
April-December 1988.

Corporate Plan - Nev. Projects

The comprehensive Corporate
Plan envisages the setting up of the
following four new projects for the
production of 1500T of PHWR fuel
and 250 T of zircaloy production were
the next 10-12 years in stages, for
meeting the requirements of 10,000
MWe Nuclear Power Programme.

• New Zirconium
Sponge Plant 600T/Y

• New Zircaloy Fabrication 250T/Y

• New Uranium Oxide
Fuel Plant 1500T/Y

•New Fuel Assembly Plant 1500T/Y

The first stage of above new
projects are required to be on stream
during 1991-93. Consultants have
already been appointed for the
preparation of detailed project report
for the new zirconium sponge plant
and first stage of new uranium oxide
fuel plant. A departmental Site Selec-
tion Committee has identified accep-
table sites for setting up these two
heavy chemical-metallurgical plants.
Presently, the Committee's report is
under scrutiny.

Internal work on the preparation of
preliminary project reports for the
new zircaloy fabrication plant and first
stage of new fuel assembly plant
reached an advanced stage. Tende-
ring actions for appointing consul-
tants for the preparation of detailed
project reports for these two projects
are also on hand.
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Atomic Minerals Division continued
its efforts to enlarge resource base of
atomic minerals by carrying out
surveys, exploratory and evaluation
drilling and underground mining in
different parts of the country.

Evaluation drilling has proved
additional reserves of uranium at
Turamdih (South) and Garadih in
Bihar; Bhandaritola and Jajawal in
Madhya Pradesh.

Many new potential geological
horizons were identified and uranife-
rous zones delineated as a result of
reconnaissance surveys carried out
over 20,900 sqkm. Some of these
potential areas namely Domiasiat in
Meghalaya, Kasha-Kalari in Himachal
Pradesh, Thein in J & K and Tumma-
lapalle in Andhra Pradesh were taken
up for exploratory drilling and signifi-
cant results obtained. An area of
19,587 sqkm. was covered by
airborne surveys in, parts of Madhya
Pradesh and Maharashtra to narrow
down target areas and another
23,482 sqkm in Krishna-Godavari
basin on behalf of ONGC.

A total of 668 m of exploratory mine
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development was completed by the
Division and another 87 m was got
done on contract for evaluation of
deposits identified.

In view of the adequate stockpile of
concentrates of Nb-Ta, AMD
operated only two mechanised plants
and recovered 3,387 kgs of Nb-Ta
concentrates. Beneficiation plant for
Rare Earths operated at Siri River in
Madhya Pradesh produced about 29
tonnes of Xenotime concentrates.

Exploitable heavy mineral reserves
were identified in the Surangudi-Sev.
alpatti teri sands of Chidambarnar
district, Tamil Nadu.

The Division actively participated
in the geological and seismotectonic
evaluation of various nuclear power
station sites.

Exploration for Atomic Minerals

Aerial survey and Remote sensing
techniques:

Airborne gamma ray spectrometric
and magnetometric (AGSM) surveys
and application of remote sensing
techniques helped to narrow down
areas for ground checking in parts of

11-13

Atomic
Minerals
Division

Top left
X-Ray Diffraction Laboratory, Hyderabad.



Drilling and mining activities in
Himachal Pradesh.

Madhya Pradesh, Maharashtra,
Orissa, Karnataka, Andhra Pradesh
and Tamil Nadu. An area of 19,587
sqkm was covered by airborne
surveys in parts of Madhya Pradesh
and Maharashtra and another 23,482
sqkm in Krishna-Godavari basin on
behalf of ONGC. Radiometric contour
maps, for 8 parameters, were
prepared for 51,600 line km covering
parts of Bihar, Andhra Pradesh and
Madhya Pradesh. Experimental
studies were carried out to correlate
the reflectance characteristics of

terrestrial material as monitored from
ground and spaceborne detectors.

Reconnaissance ground surveys:

Many new potential geological hori-
zons were identified and uraniferous
zones delineated as a result of recon-
naissance survey carried out over
20,900 sqkm in different parts of the
country. Some of the more important
ones are in ferruginous chert and
granite breccia near Nawatola,
Mirzapur district (Uttar Pradesh);
quartz-myloniles and chlorite schist in
Kasha-Kalari, Simla district,
(Himachal Pradesh); schists in Oariba
mines, Alwar district, and carbon
phyllites-limestone contact in Kanthi-
Ramsinghpura, Sikar district
(Ra/aslhan); Siwalik sandstones in
Thein, Kathua district, (J & K); phos-
phatic limestones in the extension
areas of Tummalapalle, Cuddapah
district (Andhra Pradesh); acid volca-
nics in Bilari, Raipur district (Madhya
Pradesh) and quartzpebble conglo-
merate in Ramchandrapur, Keonjhar
district (Orissa).

Exploratory and Evaluation drilling

Exploratory and evaluation drilling
was carried out for uranium in about
35 prospects in different parts of the
country. 46,760 m of drilling was car-
ried out by AMD rigs and 18,752 m
was got done on ctract.

Evaluation drilling at Mohuldih,
Turamdih-South Garadih, Central
Keruadungri, Nimidih-Rajdah,
Bagjata (Bihar); Bhandaritola, Jajawal
and Bodal (Madhya Pradesh) and
Arbail (Karnataka) proved significant
additional reserves and also helped
in converting some of the inferred
reserves into indicated category.
Exploratory drilling was continued at
Jawar (Himachal Pradesh); Brijra-
nigad, Tunji (Uttar Pradesh); Antri-
Beharipur (Haryana); Jangalpur,
Kunwardalli, Mungadi, Shirmal,
Chourdhawa and Sonarigadi
(Madhya Pradesh); Mogarra (Maha-
rashtra); Gomaghat. Phlangdiloin and
Pdengshakap (Meghalaya) and Wal-
kunji and Yellaki (Karnataka).

ACHIEVEMENTS AND TARGETS FOR THE PRINCIPAL ACTIVITIES OF A. M. D.

RECONNAISSANCE
SUHVEY

DETAILED SURVEY

AIRBORNE
SURVEYS

A. M. O.

CONTRACT

A. M. D.

CONTRACT

PRODUCTION
OF Nb-T«

CONCENTRATE

24.855 Sq. Km.

J26.150Sq Km

l,249Sq Km

52.574 m
46.780 m

49.700 m

" 1 2 6 6

ACHIEVEMENTS i tM-17

ACHIEVEMENTS 1M7-M

| | TARGETS 1IM-M

4,306 kgt.
3,387 kg*

3.000 kg*.
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In addition, newly recognised
potential areas viz. Domiasiat
(Meghalaya). Kasha-Kalari (Himachal
Pradesh), Thein (J & K) and Tummala-
palle (Andhra Pradesh) were taken
up for exploratory drilling. Based on
significant borehole results obtained
in these areas, intensified efforts have
been planned for the coming years.

Exploratory underground mine
development

For systematic evaluation of depo-
sits identified, 668 m. of mine deve-
lopment was completed by the Divi-
sion at Bodal and Jajawal (Madhya
Pradesh) and Khya and Andalda
(Himachal Pradesh). Another 87 m of
mine development was got done on
contract in Bagjata (Bihar) for its
expeditious evaluation.

Evaluation of smaller and near
surface uranium deposits of medium
and higher grade and feasibility
studies for extraction of uranium at
site are at hand.

Rare metal and rare earth
investigations:

Surveys for rare metals like Nb-Ta
and rare earths were continued in
Andhra Pradesh, Karnataka and
Madhya Pradesh. Because of adeq-
uate stockpile of concentrates of Nb
and Ta only two pilot plants were
operated at Marlagalla and Allapatna
in Mandya district (Karnataka) and
3,387 kg of concentrate was recov-
ered. Beneficiation plant for rare
earths at Siri River (Madhya Pradesh)
produced over 29 tonnes of xenotime
concentrates containing yttrium and
other heavy rare earth elements. The
Division continued to stockpile beryl
procured from private mines,

Beach sand Investigations:

Heavy mineral investigations were
carried out over an area of 46.58
sqkm in the beach and inland Ten's
sands of Tamil Nadu. Andhra
Pradesh, Orissa, West Bengal and
Maharashtra. Exploitable heavy
mineral reserves were identified in the
Surangudi-Sevalpatti Teri sands of
Chidambaranar district (Tarr I Nadu).

Beach sand evaluation was also
carried out in Kuttumangalum, Vett-
unadai and '71 acre plot' blocks near
Manavalakurichi (Kerala) on behalf of
IRE.

Laboratory Investigations

Laboratories at AMD headquarters
and at regional level, in addition to
providing assistance to field
investigations, were engaged in many
R & D activities.

Radiometric analysis of surface
samples, borehole cores and mine
samples (14,395), gamma ray logging
of boreholes/shotholes / probeholes
(95,063 m.) radiometric assay of
borehole cores (12,611 m), shielded
probe logging of mine face/trenches
(10,714 m), bulk ore grading of mine
tubs (3,367 nos), radon survey and
geophysical investigations were the
principal field activities of the Physics
Group. Processing of airborne radio-
metric and magnetic data utilising the
inhouse computer system - 332,
dating of geological samples and
estimations of various elements espe-
cially rare earths by neutron activa-
tion analysis were also carried out. Its
research and development includes
development of general purpose
interface bus (GPIB) circuits to be
used with a personal computer for the
off-line data processing at the
airbases, the EC-85 advanced calcul-
ator based automatic sample
analyser system and an Intel 8085
based battery operated bulk ore
grade analyser for mines etc.

The Chemistry laboratories at
Hyderabad and other regional
centres carried out a total of 41,687
nos. of determinations for different
radicals and complete chemical
analysis for 156 samples. Two mobile
geochemical laboratories were
deployed in field areas of Assam and
Andhra Pradesh for on the spot
analysis and feed back of analytical
data to field parties. Standardisation
of flame atomic absorption spectro-
metric and flourescence methods for
determination of various elements
formed part of the research and
development work of chemistry labo-
ratories.

The mineral technology laborato-
ries carried out benefication tests for
improved recovery of atomic minerals
from ores of different prospects in the
country. Higher teachability of
uranium was obtained from radio-
active phosphatic limestones of
Cuddapah basin, and quartz-sericite
schists of Kasha-Kalari area
(Himachal Pradesh). Experimental
heap leaching tests for recovery of
uranium from Siwalik sediments in
Hamirpur and from the ores of Kasha
Kalari in Simla district (Himachal
Pradesh) are underway. The Group
advised The Hindustan Copper Ltd
on bacterial leaching of lean sulphide
ores and tailings and demonstrated
the feasibility of leaching on a 400
tonnes lots. Collaborative work with
The Bharat Gold Mines Ltd. (BGML)
on biotank leaching of arsenopyrite
rich Nundidoorg mine ores yielded
excellent results.

The petrology laboratories
examined 653 samples of rocks and
minerals for identification of atomic
minerals, and host rock nomenc-
lature. X-ray flourescence, spetrog-
raphic and X-ray diffraction labs
handled 986, 1,297 and 283 samples
respectively and qualitative and
quantitative determinations for diffe-
rent elements were made.

Collaboration with Other Scientific
Ogranlsations:

The Division continued its collabo-
ration in scientific investigations with
the sister organisations, Central and
State Government departments and
universities for generation of
maximum data from the available
source. Technical assistance and
analytical facilities available with AMD
were extended to a number of organi-
sations like Geological Survey of
India, Bharat Gold Mines Limited.
Hindustan Copper Limited, Council of
Scientific and Industrial Research,
National Institute of Oceanography,
Oil and Natural Gas Commission,
Bharat Aluminium Corporation, Indian
Council of Agricultural Research,
Hutti Gold Mines, and various univer-
sities. AMD actively participated in
the geological and seismotectonlc
evaluation of various reactor sites.
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3. RESEARCH
AND
DEVELOPMENT

\



PHYSICAL SCIENCES

Nuclear Physics

A variety of new investigations in
basic nuclear physics, atomic
physics and other disciplines were
carried out with charged particle
beams from the Trombay Van de
Graafl accelerator. 2 MV tandem
accelerator and the Variable Energy
Cyclotron at Calcutta.

In the area of heavy-ion reso-
nances, measurements of angular
distributions were made in the inverse
reaction ^Mg ("He. I2C) 16O tor
alpha-parlicle energies of 27,8 and
28.6 MeV from VEC! The results
provide conclusive evidence for
structure effects at high excitation
energies (33.8 MeV), in the
compound nucleus ?8Si. at high spin
value. Excitation function measure-
ments have been made for elastic
and inelastic scattering on 3aS\ alpha-
particles in the energy range of 26 to
31 MeV. The elastic scattering data of
50 MeV alpha-particles from 209Bi
and the differential cross section for
the emission of light charged
particles in this reaction have been
analysed.
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Sub-barrier fission studies with low
energy protons and alpha particles
on ^ T h and 235- 238U isotopes have
been carried out to conclusively
establish the pronounced shelf-like
structures below 4 MeV observed
previously by Trombay group. The
differential cross section excitation
functions for 3SS (alpha, alpha) in the
energy range 4.48 to 4.60 MeV have
been measured and analysed using
R-matrix theory. Gamma ray multipli-
city vs. fragment charge ratio and
energy spectrum in the range of 6 to
15 MeV have been measured in 252Cf
fission using BGO detectors to
reduce de-excitation mechanism of
fission fragments.

Nuclear techniques such as proton
induced X-ray emission and X-ray
fluorescence have been used in trace
element analysis in biological
samples for cancer research. These
techniques were also applied for
study of superconducting samples as
well as agricultural materials. Diffu-
sion of several atomic species in
metallic glasses was studied by
Rutherford alpha-backscattering
speclrometry, and correlations
between diffusion rales and some
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Research
Centre

Jonakr - the Labelled Bkmoteculea
Laboratory set up at Hyderabad. The
Laboratory was Inaugurated by the Prime
Minister Shri Rajiv Gandhi on 26
November 1987,



physical properties of the diffusant
have been established

Accelerator Programme

Installation of the 14 MV Pelletron
Accelerator at the TIFR complex was
completed. The various subsystems
and the integrated assembly were
tested and the work of the commissio-
ning of the accelerator was started.
The various electronic subsystems
including the CAMAC control system
of the Pelletron accelerator have
been tested for proper functioning.
The wiring of the remote control
panels for the magnets and various
safety interlocks have nearly reached
the final stages of completion.

An important landmark was
reached in September 1987 when a
test beam of silicon ions was
successfully accelerated after attain-
ing a voltage of 7.75 million volts at
the centre terminal of the accelerator.
The corresponding energy for the 5+
charge state component of the beam
was about 45 MeV. A total ion beam
current of 750 particle nano amps
was measured in this test run.
Subsequently further conditioning of
the accelerator, which is a gradual
process, is in progress to attain the
maximum specified terminal voltage
of 14 MV. The testing of the injector
system with the three different types
of ion sources is also m progress. The
facility is being jointly operated by
BARC and TIFR and will be used to
carry out research in various frontline
areas involving studies of
nucleus-nucleus collisions. Some of
the areas of studies will be heavy ion
induced transfer reactions, high
angular momentum states, heavy ion
fusion reactions, heavy ion induced
fission and fusion phenomena and
structure of exotic nuclei. The acce-
lerator will also be utilized for
research in interdisciplinary areas
bordering on condensed matter
physics, materials science and atomic
physics.

Reactor Physics

The physics design manual for
NAPP has been finalised and start up
procedure for approach to criticality
of NAPP has been laid down.

Techniques were developed lo
reduce the computation time for
solving neutron transport equation
using collision probability method in
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some simple geometries. A bench-
mark problem, asymmetric reactivity
insertion accident in a PHWR, was
analysed using the computer code,
3D-FAST This gave satisfactory
results comparable to those obtained
by other codes.

A method to solve the transport
equation by Sn method using quadri-
lateral meshes was developed. It
gives very good results for non-uni-
form lattices. The origin of complex
time eigen-values of one speed trans-
port equation in a homogeneous
sphere was studied. A statistical
correlation technique for the measu-
rement of the degree of subcriticality
of a highly subcritical (k „,,= 0.4 to
0.8) assembly has been developed
and was experimentally tested.

A U-233 alloy fuelled neutron
source reactor, KAMINI. is being built
at the Indira Gandhi Centre for Atomic
Research, Kalpakkam. For verifying
the neutronics design of KAMINI, a
zero power critical experiment,
PURNIMA III, using the same fuel is
being set up in BARC.

Using the Monte Carlo intra
nuclear cascade-evaporation model
studies are being carried out on the
physics of high energy spallation
systems in order to investigate the
interaction mechanism, and transport
of nucleons through the target mate-
rials at incident projectile energies of
several hundred MeV.

Fusion Related Research

Analysis of breeding U-233 from
thorium using neutrons from fusion
reactors indicated that even a few
such fusion breeders constructed
around the year 2020 can make a
very significant impact on the growth
of installed nuclear power generating
capacity during the next century.

Integral measurements of the
multiplication of 14 MeV neutrons by
beryllium, lead and thorium assemb-
lies were carried out. The capacitors
for the 500 kj fast capacitor bank
facility have been received. The
design of the first phase 140 k j bank
has been completed and all the major
components are under fabrication.
The control and data acquisition
system (CODAS) based on an IBM
compatible PC/AT computer is ready
and is being tested with a smaller
capacitor bank. A radio-frequency
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shielded enclosure has been erected
to provide protection to diagnostic
equipment against electromagnetic
interference during a bank discharge
shot.

A theory has been proposed to
explain the anomalous high fusion
reactivity in a plasma focus. Prelimi-
nary experimental evidence has been
obtained to support one of the key
predictions of this theory, namely,
generation of spontaneous plasma
rotation and the resultant axial
magnetic field.

Preliminary "impact fusion" experi-
ments are being attempted using a
macro-particle accelerator based on
an exploding aluminium foil driven
electric gun. Using a 10 kj capacitor
bank, a 2 mg mylar projectile has
been accelerated to more than 10
km/s. An improved 30 kj capacitor
bank is currently under fabrication to
enhance the projectile velocity to
more than 15 km/s. A prototype elect-
romagnetic rail gun is also being
developed to accelerate 0.5 g projec-
tiles to 5 km/s. Numerical analysis of
impact fusion-targets is being carried
out using a one-dimensional hydro-
dynamic code. The code has been
used to model generation and propa-
gation of shock in laser irradiated
targets. It is found that ultra-high
shock pressures of more than 60
million bars can be generated by
means of laser pulses.

One arm of the high power Nd:
glass laser under development is
nearing completion. A number of
subsystems including the oscillator,
seven amplifiers, Faraday isolators,
pulse slicers, and image relaying
systems have been installed in the
laser arm. Flash lamps made in BARC
have been substituted for the impo-
rted one. The circuits for computer
control of the laser have been recast
into PCB form in Euro size and the
programme for control of the laser
operation has been finalised. It prov-
ides suitable commands for data
entry and display, besides monitoring
of all the energy storage units.

Several batches of glass microbal-
loons to be used as tampers for
gaseous targets in the experimental
studies of laser produced plasmas
were prepared. The quality of the
balloons as determined by interfero-
metric methods was found to improve
with increase in the temperature of



the glass forming furnace. Experi-
mental data were obtained on laser
produced plasmas by irradiating
planar targets with 40 Jouie, 5 nano-
second laser. An analysis of the
space-resolved X-ray image of
plasma indicates the presence of
large scale plasma density modifica-
tions in the coronal plasma. For inves-
tigating various processes like energy
transport, plasma recombination and
target ablation etc. X-ray crystal
spectrometers were fabricated and
routinely deployed along with other
plasma diagnostics.

Condensed Matter Physics

Neutron diffraction and scattering
programme made further progress
with the installation of more spectro-
meters at Dhruva reactor, which is
now working at its full power of 100
MW. The power diffractometer with a
metre long position sensitive detector
at Dhruva has made it feasible to
measure diffraction patterns with an
efficiency which is an order of
magnitude better than that achieved
at the Cirus reactor. On another
diffractometer trial runs using stan-
dard samples indicate that the
monochromatic neutron flux at the
sample is about 20 times higher than
that obtainable from the Cirus reactor.
A full-circle Eulerian crystal orienter
fabricated indigenously will be incor-
porated on this diffractometer to
conduct single crystal neutron diffrac-
tion experiments. A neutron interfero-
meter which is an instrument requi-
ring a very high degree of precision
and stability was commissioned at
Cirus reactor and interference
patterns from several elements were
measured. The magnetic structures
of a spinel and other alloys were
otudied. A detailed investigation of
micelle to gel transformation in solu-
tions of cetyltrimethyl ammonium
bromide (CTAB) and sodium salicy-
late in water was carried out using the
small angle neutron scattering tech-
nique.

The collaborative programme
between BARC and Rutherford
Appleton Laboratory U.K. has
enabled us to use the powerful spal-
lation neutron source facility for many
interesting studies. These Include
measurements of neutron weighted
phonon frequency distribution
functions in Tetracyanoethylene
(TCNE), a dipolar glass, mixed salts

of ammonium and potassium halides
and diffraction studies on a spinel
and a gel.

Theoretical calculations of phonon
density-of-states for TCNE, the geolo-
gically important magnesium silicate
and a high temperature composite
oxide superconductor gave reaso-
nable agreement with experimental
data.

A novel pressure induced crystal-
line to amorphous phase transition
has been discovered in lithium potas-
sium sulphate. Also new phase transi-
tions have been observed in Pb-Zn
and Pr-Pt systems under pressure. A
new method has been proposed for
the evaluation of pressure contribu-
tion to equation of state from narrow
core states. A gas gun for accelera-
ting projectiles to velocities of 1 km/s,
which on impact on samples will
generate shock pressures, is in an
advanced stage of construction.

Phase transition investigations
carried out on Al-Cu-Mg system have
revealed the origin of exceptional
stability of the quasicrystalline phase
in this alloy. Close relationship
between the structures of the
quasicrystalline and crystalline
phases in this system was also estab-
lished. Evidence for universal scaling
behaviour in the first order transfor-
mation kinetics in lithium potassium
sulphate was obtained through Raman
Scattering experiments. A 3-watt
argon ion laser of a simple modular
design has been built and used to
obtain new information on Hg-Te.
Real-time Mossbauer Spectroscopy
was used to study the conversion
times involved in photosynthetic tran-
sitions in model complexes of iron.
Phase transitions in mixed liquid
crystals were studied giving informa-
tion on their transition entropies.

The structure of biocomplexes of
human carbonic anhydrase I with
iodide and gold cyanide has been
studied. Iodide and gold cyanide
bind to the active site of the enzyme
at different positions and inhibit the
function of the protein. The possible
implication of inhibitor binding to
enzyme function has been deduced.
Structure of the blomolecule human
carbonic anhydrase II has been
predicted on the basis of their amino
acid sequence and the known
structure of carbonic anhydrase I. It

compares very well with the known
information about the structure in this
system. A universal Graphite
Monochromator mount has been
designed and fabricated for use on
the rotating anode X-ray generator.

Experiments on the model memb-
rane, DPPC-H2O were continued in
order to study the effect of the
protein, Lysozyane, on it. In another
membrane DPPE-H2O evidence for
existence of metastable phases was
found, and effects of the drug, DDS,
on these phases were investigated.

Single crystals of potassium titanyl
phosphate (KTP), a strategic material
with important electro-optic applica-
tions, were grown for the first time in
the country, using the flux method. A
new comprehensive classification of
twinning in crystals was formulated.
The effect of the Curie-Shubnikov
principle of symmetry on the macros-
copic tensor properties of composite
materials was analysed. Temperature
dependence of the spontaneous
strain of ferroelastic thallous nitrate
was investigated.

A microprocessor based X-ray
stress analyser was designed and
fabricated. It is being used for the
study of stress values in a number of
stainless steel tubes and in the heat
affected zones (MAE) of welded tube
joints.

Theoretical Physics

The effects arising solely due to
the quantization of the electromag-
netic field on the dynamical behav-
iour of a two-level Rydberg atom in a
high-Q microwave cavity were
analysed. The single atom as well as
the collective effects in Rydberg
atoms undergoing two-photon transi-
tions in a high-Q cavity were also
studied.

Analytical and numerical studies
on quantum jumps in coherently and
incoherently driven three-level atoms
were carried out. Side-band correla-
tions and squeezing behaviour in
cooperative resonance fluorescence
from a system of two-level atoms
were studied. Non-classical effects of
radiation, like violation of
Cauchy-Schwarz inequalities in
cooperative optical double reso-
nance, were investigated.

A time dependent density
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functional formalism was developed
for many-electron systems subjected
to external electric and magnetic
fields with arbitrary time dependence.
The single particle current density is
shown to determine uniquely the
time-dependent scalar and vector
potentials characterising the system,
and also the many particle wave
function. A Levy type universal
functional was defined and practical
schemes for the calculation of
electron density through hydrodyna-
mical as well as a set of single
particle Kohn-Sham like equations
wbre proposed. The guage inva-
nance of the present self-consistent
formalism was also proved.

In Theoretical Nuclear Physics, a
macroscopic model of nuclear shape
evolutions has been developed to
understand the dynamics of heavy
ion fusion near and below the
coulomb barrier energies. The
microscopic varialional many-body
formalism was successfully applied in
predicting the onset of deformation in
isotopes of Sr, Zr, Mo and Ru with
neutron number N = 60. A study of
finite size corrections to the thermody-
namic properties of small aggre-
gates in the extended Thomas-Fermi
formalism has shown that even at
temperatures of the order ot Fermi
energies these effects are not negli-
gible. In the (alpha, 2 alpha) reac-
tons, influence of kinematic term in
the three body final state description
has been estimated. The brrak-up
process ot 130 MeV 3He on colliding
with various target nuclei have been
analysed. The (p, p , n *) reaction
has been stuJied to explore the
propagation of pion and nucleon
resonances in nuclear medium.
Precise description of the octet
baryon magnetic moments has been
obtained by the addition of a SU(3)
(flavour) tensor term having isoscalar
and isovector parts to the quark
model expression. Structure function
of the nucleon has been calculated
using relativislic, scalar and vector
harmonic potential model. Studies on
the production of quark-gluon plasma
in high energy heavy ion collisions,
and on antiproton annihilation ir. light
nuclei have progressed in terms of the
calculation of energy spectra, multip-
licities of mesons and strange particle
production from the coagulation of
quark-gluon droplets,
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3 Watt argon modular demountable laser.

Computer graphics in stress analysis
studies.

Lasers & Speciroscopy

A compact continuous wave
carbon dioxide laser, with a wide
range of medical application, was
developed. It can deliver an output'
power of 40 watts under optimum
working conditions. A microprocessor
system to control the output power of
the laser is being tested. An articu-
lated arm is also being developed to
guide the laser beam to any desired
location so that it can be used in
surgery.

R & D activity in the field of tunable
dye lasers was continued. An internal
spherical lens incorporated into the
cavity of the grazing incidence
grating dye laser was found to
improve its narrow band efficiency
substantially,

By way of providing analytical
support to different DAE units, about
one thousand three hundred samples

m-4

(involving twelve thousand determi-
nations) were analysed using diffe-
rent spectroscopic techniques. The
studies in atomic spectroscopy
included evaluation of isotope shifts
for all the stable isotopes of gadoli-
nium, useful for evaluating the
nuclear mean square charge radii.
Spectroscopic diagnostic studies of
Plasma Focus have led to the deter-
mination of electron density and
temperature of the plasma. The work
on molecular spectroscopy included
detailed study of the electronic
spectrum of silicon selenide, SiSe.
The correct vibrational assignments
for the ultraviolet and visible bands
could be established by studying the
isotopic species, Si7eSe and Sr°Se.
Theoretical expressions for the rota-
tional intensities in the orbitally
forbidden and magne ic dipole transi-
tions in diatomic molecules have
been derived. The abnormal spin-sp-
litting in the rotational levels of some
of the states has been quantitatively
explained on the basis of perturba-
tions by some of the close lying
states.

Studies on laser induced fluores-
cence in molecules were continued,
The theory of quantum jumps in a
system of a few ions has been formu-
lated and analytical results were
obtained for a system of two ions,
From these studies it has been
possible to identify the underlying
three state Markov process that can
be used to characterise the quantum
jumps in the ion systems. The Infrared
multiphoton dissociation (MPD) of
thiophene in vapour phase has been



studied using laser. X-ray fluores-
cence (XRF) and X-ray excited
optical luminescence (XEOL)
methods have been developed to
analyse neutron absorbing rare
earths in uranium. These methods
have several advantages over the
existing optical emission spectros-
copic method. The Inductively
Coupled Plasma Spectrometer has
been installed for carrying out the
trace analysis of reactor materials.
Several special optical components
were designed and fabricated and
thin film coatings were developed for
different R & D programmes of BARC.

Computers

Installation and commissioning of
new ND-570 systems as enhance-
ment of ND-540 systems and upgra-
dation of the existing ND-570 with
additional hardware and software
were completed during this year. The
main developmental work carried out
included 3-D Solid Modeller package,
PERT/CPM package for ND and IBM
Personal Computers, connecting
ND-terminals to the computer using
laser communication link, setting up
of 68020 based work stations on
Norsk Data system, implementation of
Numerical Algorithm Library on
Personal Computers and 68020
based systems.

In line with modern Integrated
Services Digital Networks (ISDN), an
integrated data-voice network is
being implemented in BARC for
accessing the various computers in
the campus from different laborato-
ries in the Centre. The network
consists of two node digital switching
system with high speed fibre optic
internodal link. With the implementa-
tion of this network, any of the compu-
ters on the network can be accessed
from the place of work of personnel at
Trombay.

Under the Laboratory Automation
& Systems Development programme,
a number of systems have been
completed and are operational. An
8K multichannel analyser based on
IBM-PC has been fully developed
and the technical knowhow has been
passed on to ECIL for production. An
IBM-PC compatible data acquisition
system for neutron time of flight
analysis has been developed. It has
been installed at Cirus to acquire
data from upto 8 neutron detectors

stationed around a neutron spectro-
meter. A microcomputer based scan
controller has been developed for the
study of materials under high
pressure, and it is used for pressure
calibration. Development and
prototype engineering of dual analog
to digital converter (ADC) required for
position sensitive detector experi-
ments have been carried out. First
prototype of a 50 MHz, 11 bit
Wilkinson type ADC was successfully
tested. Design and development of
Nanosecond Delay Unit (giving
delays from 100 nanoseconds to 100
micro seconds in steps of 10 nanose-
conds) has been completed.

An integrated online hospital
management system meant for Tata
Memorial Hospital is in an advanced
stage of development. This includes
maintenance of patient medical
records, facilities for retrospective
analysis and prospective clinical
trials, journal reference system for
library, computer aided training and
education programme, bed manage-
ment, appointment scheduling and a
drug inventory system.

An advanced version of a recor-
ding annunciator with 128 channels
has been supplied to RAPS. It is
proving to be extremely satisfactory.
A window annunciator logger has
also been made and supplied to
Nuclear Power Corporation. A new
version of an integrated data logger
and sequence event recorder using
state-of-the-art technology is being
designed. It will replace the older
system currently being used at RAPS.

Seismology

Continuous monitoring of global
seismicity was carried out by the
Gauribidanur Seismic Array, with
special attention to detect and cscri-
minate signals generated by earthq-
uakes and underground nuclear
explosions. Two indigenously fabri-
cated seismometers were installed at
Gulmarg and Srinagar to monitor
seismicity in that region.

A wireless telemetered seismic
network with digital data acquisition
and processing facility is planned to
be set up at Bhatsanagar to monitor
the seismicity around the dam site.
Major items of equipment were fabri-
cated, and the necessary
infrastructure was made ready.

Experimental studies on waves
propagating along interface of two
solid media were carried out and the
results are expected to be useful for
quantitative evaluation of strength of
welded surfaces by non-destructive
methods.

Earthquake data were analyzed
and compiled to meet the require-
ments of seismic evaluation of
nuclear power plant sites. Accelerog-
rams from strong earthquakes
recorded under rock and soil site
conditions at different locations in the
world were analyzed to derive
spectral shapes for different excee-
dance probabilities. This analysis is
useful in specifying earthquake resis-
tant design inputs for nuclear power
plants. Technical help was given to
Bharat Gold Mines Ltd. for the main-
tenance of rockburst monitoring
system and for data analysis.

Nuclear Research Laboratory,
Srinagar and High Altitude
Research Laboratory, Gulmarg

The Gulmarg gamma-ray teles-
cope has been optimized to improve
its sensitivity. A personal computer
has been incorporated for rapid,
on-line data acquisition to study fast
pulsars and other gamma-ray
sources with periodicities down to
milliseconds. AM-Hercules, represen-
ting an entirely new class of binary
objects, involving a magnetic dwarf
star as the compact primary, as
against the usual neutron star, has
been shown for the first time to be an
emitter of TeV (= 1012 eV) as well as
possible PeV (= 1015 eV) photons.
The TeV and PeV light curves exhibit
significant morphological correlations
with the optical polarization data of
the source, suggesting the underlying
important role of the source magnetic
field in generating ultra high energy
particles. Observations were also
made on three other sources: namely,
Cygnus X-3, Crab Nebula and
Cassopia gamma-1. The data are
being examined for presence of both
pulsed and steady annals. A scheme
to study ultra high energy gamma-ray
sources by a conventional optical
telescope has been formalized and is
being utilized to study the south-
ern-sky sources through 30" and
40" telescopes at Kavalur. It has
been shown that the apparently large
long-term variation observed in the
luminosity of PeV gamma-rays from
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Cygnus X-3 and the apparent lack of
it at TeV energies are consistent with
the apsidal motion of the source
binary orbit, which is assumed to
have a moderate eccentricity.

The study of neutron generation in
lightning discharges has been
continued. In one event a high
concentration of tritium in a tree
struck by lightning and the arrival of a
burst of neutrons at the neutron pile
about 500 metres away have been
observed. The study of asymmetry in
the geomagnetic variation in northern
and southern hemispheres, as a
function of solar disturbance, has
been now extended over a period of
the past 100 years. The symmetry
apparently varies in step with the
11-year solar cycle, leading to its
peak near sun spot maximum and
almost vanishing near sun spot
minimum. The results have important
implications for a variety of solar-ter-
restrial related phenomena.

Studies in atmospheric chemistry
are in progress and an instrument for
simultaneous analysis of trace
chemical species is being installed at
Gulmarg. A microprocessor cont-
rolled multiunit sampler cum analyser
set up is being developed to augment
the facilities for unattended operation
over long periods.

Energy Dispersive X-ray Fluores-
cence (EDXRF) analysis was exten-
sively used for multielement analysis
of a variety of samples at the request
of various institutes and government
organisations in the region. The
gamma source of 2.96 x 1015 Bq (8
x 104 Ci) continues to be used for the
sterilization of various medical
products by local hospitals. It is also
being used by the Sher-i-Kashmir
University of Agricultural Sciences
and Technology and Kashmir Univer-
sity for mutation studies on various
agricultural products like saffron,
onions, oil seeds and cumin seeds.

Plasma Physics

Detailed studies on the basic
processes, and work on the techno-
logy of plasma jet devices producing
thermal plasma in the temperature
range 2000-20,000°C at atmospheric
pressures were continued. Computer
codes have been developed and
used for the determination of ther-
modynamic and molecular transport
properties of inert and combustion

plasmas. The investigations include
radiative heat transfer from alkali
seeded combustion plasmas.

Several plasma diagnostic instru-
ments such as spectroscopic tempe-
rature measurement, laser-doppler-
velocity measurement, electrical
conductivity measurement, laser-
Faraday-rotation technique for
electron concentration determination
and high-speed-photographic tech-
nique for arc fluctuations have been
developed and used. The detailed
energy balance for radio frequency
plasma for varying geometries and
operating conditions have been
experimentally determined.

The 100 kW plasma cutting torch
developed at BARC has been used
successfully in cutting uranium plates
upto 50 mm thickness in under water
mode. A 1 MW plasma cutting torch
has been designed. Components are
under procurement. Plasma sprayed
thin and thick coatings have been
prepared for specific requirements.

Variable Energy Cyclotron Centre

Alpha beams with energies varying
from 25 to 70 MeV at required beam
currents were delivered on to the
targets in three different experimental
areas (caves) to users from Research
Institutions and Universities for funda-
mental and applied research in
various branches of science. Deve-
lopmental programmes were under-
taken for the improvement of
machine performance and capability.

Besides alpha particles, protons
and deuterons beams were also
accelerated with 15 to 30'micro
amperes of extracted beam currents
for use in materials science studies
and for medical purposes. The overall
efficiency of the cyclotron during this
year was 60%, which is comparable
with international performance level of
machines of similar type. Develop-
ment of a Penning ion gauge (PIG)
type of high power Heavy Ion Source
Test and Development Stand
(HISTS), for studying its operating
parameters as an internal source for
generating heavy ions ranging from
beryllium to argon, has progressed
considerably and is nearing comple-
tion. The accelerated energies that
can be produced at the cyclotron with
this source will be unique in the
country. Development of a room
temperature version of Electron

Cyclotron Resonance (ECR) ion
source has been started. Using the
VEC-ECR combination a variety of
heavy ion beams are expected to'be
available with usable intensities. An
external injection system which uses
telescopic optics for convenient
operation and tuning has been
designed to transport and inject the
heavy ions extracted at 10-15 kV
potential from the ECR into VEC.

Investigations were started for the
study of the emission of fragments
from highly excited nuclei due to colli-
sions with heavy ions. Studies on
angular momentum saturation in the
evaporation residue of compound
nucleus formed in heavy and light ion
fusion reaction were carried out.
Neutron induced gamma rays in an
anti-Compton system was charted for
the first time and would be of great
value for identifying background
spectra in certain reaction work. The
energy levels of the well-deformed
odd-odd nucleus Rhenium-182 was
studied by in-beam gamma ray
spectroscopy at 45 MeV. Alpha
induced reactions on tantalum,
cobalt, and silver have been investi-
gated from threshold to 58 MeV using
stacked foil technique. The excitation
functions were compared with calcu-
lations, considering equilibrium as
well as pre-equilibrium reactions, and
the agreement between theory and
experiment was good. Three
separate foil-stack irradiations of
niobium were carried out using 50
MeV alpha particles from VEC, and
80 and 120 MeV alpha beams from
the ICUF, Bloomington, USA. The
radioisotopes Thulium-164 and 164m
have been produced by irradiating
Holmium-165 with alpha particles at
60 MeV. The conversion co-efficient
measurements characterising high
multipole electromagnetic transitions
in a number of reactions were made.
Experimental and theoretical studies
are being carried out on different
types of alpha induced reactions and
their characteristics. The secondary
neutron dose and energy distribution
in several directions from thick
targets of tantalum, gold and carbon
bombarded by 40-60 MeV alpha
particles were measured using a
proton recoil scintillator, threshold
activation foils and tissue equivalent
proportional counter.

In the field of radiobiology of
membranes, high energy particles
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derived from VEC were used to study
radiation effects on dried lipid film,
eliminating all possible interference of
the cellular consitutents and also
radiolysis of any aqueous or non-aq-
ueous solvent system. This has
extended the existing knowledge of
lipid peroxidation in several ways
specially about radiation or chemical
induced carcinogenesis. Positron
annihilation measurements on the
evolution of defect structure in alpha
irradiated austenitic stainless steel
(SS 316), and alpha irradiation effects
on superconducting materials were
carried out. A silicon wafer was irra-
diated and a metal-contact Schottky
diode was prepared from it. Radiation
damage experiments were carried
out on a stack of stainless steel (SS
302) foils, in a beam of 30 MeV alpha
particles. The particle radiolysis of
uracil in nitrous oxide saturated solu-
tion was investigated with 40 MeV
irradiation in air and the base degra-
dation was ascertained. The range of
particles in pure and doped sodium
chloride crystals were determined.
The effect of 40 MeV alpha particle on
the catalytic activity of manganese
dioxide has been investigated at
different total doses. The decomposi-
tion o f hydrogen peroxide in the
presence of manganese dioxide was
followed off-line after irradiation by
polarographic technique. An active
programme to standardise produc-
tion and quality control procedures
for established radionuclides like
Gallium-67 and lndium-111, to collect
relevant basic data for production of
potentially useful radionuclides like
Ruthenium-97 and to study feasibility
of producing some important
radionuclides through new reactions
were started.

The Cyclotron Centre has started
studies on Quark-Gluon Plasma, one
of the most interesting areas in theo-
retical physics, and on the state of the
Universe a few microseconds after
the Big Bang. Results obtained so far
are encouraging.

MHO Generation

After the successful commission-
ing of the MHD plant at Tiruchirapalli
the MHD programme is oriented
towards closed cycle alkali seeded
inert gas and liquid metal systems.
Investigations on plasma instabilities
in 100 kW seeded inert gas, and
2-phase flow studies in mercury-air
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liquid metal MHD systems have been
carried out. Computer codes for
complete loop calculations for liquid
metal MHD system have been deve-
loped, and optimization of the main
loop is under progress. As a part of
the development of the hot electrode
for MHD generator, the electrical
properties of some promising
systems were investigated.

Pulse Power and Particle
Beam Technology

Because of numerous applica-
tions, pulse power systems and
particle beam technology have
become front-line research areas. A
new type of trigatron, called a double
mode trigatron, that can be simulta-
neously command triggered at
cathode and anode auxiliary gaps,
has been developed. Due to its excel-
lent switching characteristics in the
range of 11-28 kV, a delay time of
less than 100 nanoseconds and rise
time of about 10 nanoseconds with
jitter less than 4 nanoseconds, the
double mode trigatron can be used
as an efficient closing switch.

A capacitor bank with an energy
storage capacity of 100 k j at 20 kV
has been successfully tested at 60 kJ
level. A special feature of this capac-
itor bank is that it can be used for fast
oscillatory as well as unidirectional
discharge. The fast oscillatory mode
is required for high temperature high
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density plasma generation, magneto-
forming, demagnetization of perma-
nent magnets etc. The unidirectional
mode is useful for long duration
pulsed magnetic field generation in
plasma confinement and heating
studies, magnetization of permanent
magnets etc. The radial tesla trans-
former to be used in the 1 kJ pulse
power system (REB 1000) has been
fabricated with improved insulation
design. It has been assembled in the
system and is ready for precommis-
sioning tests. Fabrication of the three
electrode oil Blumlein for a pulse
power system of 1 MV at 5 kJ has
made considerable progress.

In connection with the experiments
on garter spring repositioning in
PHWRs with a modified 30 kJ capac-
itor bank, a high strength magnet coil
has been fabricated with special
insulation system. The magnet coil
has shown a life of more than 100
shots and has produced a displace-
ment of 15 to 50 mm per shot. This
system will be ready for the proposed
use during the commissioning of
NAPP.

Propagation of an intense charged
particle beam in neutral gas or
plasma is important in many situations
such as inertial fusion, plasma confi-
nement, plasma heating, collective
acceleration of ions, and microwave
and free electron laser generation. A
unique and novel experiment was



performed in which generation and
transport of relativistic electron beam
(REB) have been carried out at the
same pressure using foil-less diode
configuration. An experiment to study
the interaction of REB with the target
plasma produced by coaxial plasma
gun is in progress. The plasma gun
has now been assembled on
KALI-200 set-up and the characteri-
sation of the plasma injected in the
mirror magnetic field has been
carried out. REB technology has
been successfully used to produce
neutrons using deuterated electrodes
in REB diode. A numerical analysis of
plasma heating and beam transport
in neutral gases was carried out for
REB with voltages of 0.29 and 1.0 MV
taking collisions, two stream instabi-
lity and charge and current neutrali-
sation processes into account. The
results were in agreement with expe-
rimental values. A model of exploding
wire plasma has been developed.

Electron Beam Technology

An indigenously developed
electron beam (EB) welding machine
was used to weld large batches of a
wide variety of high precision compo-
nents such as thin walled cylindrical
assemblies of high strength steel,
seam welding of thin walled high
strength steel cylinders for defence
applications, miniature bellow
assemblies for reactor control
systems and zircaloy-2 boxes for
reflector blocks for Kamini reactor.
Machine utilisation time of 90% could
be achieved. Effort has been initiated
to transfer this proven technology to
industry.

Two indigenously developed EB
evaporation systems with a rating of
10 kW each was commissioned, and
another rated at 20 kW is under fabri-
cation for metallurgical apllications.

Industrial Design

The Ultra High Vacuum System of
TIFR's Gravitation experiment was
relocated and commissioned, and
later the entire assembly was shifted,
installed and commissioned at Gauri-
bidanur tor the Fifth Force Experi-
ments. The tetrode D,C. sputtering
system is under development.

High Temperature
Superconductors

Extensive studies are now on at
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Trombay on the high Tc oxide
ceramic superconductors. Since the
first breakthrough in February 1987 in
the synthesis of a material with a
superconducting temperature of 38
K, considerable progress has been
made. Three different materials which
are all composite oxides of yttrium,
barium and copper with super-
conducting transition temperatures of
84 K, 95 K and 106 K respectively
were prepared. Methods were stan-
dardised to prepare these
compounds in fairly large quantities.
Some of the composite oxides of lant-
hanum and yttrium that were made
had transition temperatures excee-
ding 90 K. Another composite oxide
showed zero resistance at about 90 K
and maximum current density of
40-50 A/cm2 at 77K and zero field.
Wires of 0.5 mm diameter and 10-15
meters length were made from this
material. Texture enhancement in the
Y-Ba-Cu-0 system was achieved by
doping with silver oxide to improve
the critical current density.

Fundamental properties of these
materials are now being studied. A
profile refinement programme
was deployed to carry out neutron
structure refinements on polycrystal-
line high Tc superconducting mate-
rials. Studies on ageing effects on the
composite oxide superconductors,
and on doped systems have also
been initiated. X-ray and TG analysis
of superconducting composite oxides
synthesised wiih varying oxygen
content have revealed a complex
physicochemical behaviour. A new
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low temperature oxygen loss feature
in small grained samples of
Y-Ba-Cu-0 system has been estab-
lished. This loss is found to remar-
kably influence the width of super-
conductig transition.

Microwave absorption studies of
the high temperature oxide super-
conductors in the 9 GHz region using
Electron Paramagnetic Resonance
(EPR) technique have given some
insight into the possible mechanism
of superconductivity below critical
temperature. The field independent
microwave absorption observed in
these studies has been attributed to
a.c. diamagnetic susceptibility
enhanced due to percolative nature
of superconductivity in this
compound. A theoretical explanation
of the magnetisation curve in the
oxide superconductors has been
proposed by taking explicit account
of the magnetic field dependence of
critical current. A new anomaly in
magnetisation curve was predicted
and later observed.

Laser deposition technique is
being developed for deposition of
thin films of high temperature ceramic
superconducting material on different
substrates. Stoichiometric composi-
tion has been successfully achieved.
Such films will be used for device
applications.

High temperature superconduc-
tivity pellets have been plasma
sprayed. After suitable treatment they
retained their high temperature
superconductivity properties.
Currently RF plasma assisted
cathode sputtering with reactive
gases is being investigated for its
suitability for the preparation of thin
film of binary-ternary compound.

CHEMICAL SCIENCES

Basic Chemistry

Basic research was carried out pri-
marily in the frontline areas of mate-
rials science, radiation and photoche-
mistry, laser chemistry, reaction dyna-
mics, isotope effects, interface phe-
nomena and structural chemistry.
Applied research was mainly concer-
ned with reactor-related problems,
high technology materials and cata-
lyst development.

A pulse radiolysis facility, the first
and only one of its kind in the country,



has become operational. It uses a
Nanosecond Pulses Electron Accele-'
rator commissioned earlier. It will be
used for investigation of radiation-
induced fast reactions in the time
scale of a hundred millionth of a
second. The capabilities of this facility
are being augmented by incorpora-
ting data processing systems. An ion
accelerator facility is being set up for
surface damage studies. Detailed de-
sign of a Molecular Beam Unit with
Mass Spectral Detection has been
completed. Fabrication, planning and
testing of components are in pro-
gress. A uniaxial hot pressing unit for
making pellets has been designed,
and is under fabrication.

Studies on some of the intermetal-
lics of uranium with gallium, alumi-
nium, iridium, osmium and ruthenium
with anomalous magnetic and super-
conducting properties were under-
taken in collaboration with TIFR. The
systematics of electron hybridisation
and narrow band formation in some of
these materials have been identified
for the first time. For the first time
again, a new mode of thermal
conduction in solids was demonstrat-
ed in lanthanum, neodymium and ga-
dolinium cobalt oxides. An efficient,
palladium-based low temperature
catalyst was developed for conver -
sion of carbon monoxide into carbon
dioxide. It is to be used in carbon dio-
xide laser systems.

Pulse radiolysis studies of various
systems are being carried out in order
to understand the basic mechanism of
radiation-induced processes and fast
charge and energy transfer pathways.
Conclusive evidence for a dioxetane
mechanism for addition of molecular
oxygen to vibrationally excited olefin
was obtained by a fast time-resolved
emission in laser-induced oxidation of
perfluoro olefins. Chemiluminescence
was observed in certain molecular
beam reactions.

A new surface hydrolysis model
was proposed to explain the sorption
behaviour on hydrous oxides. It was
successfully applied on uranyl ion
sorption on some of the potential
materials for extracting of uranium
from sea water. The model can be
used to predict their selectivity for ura-
nium. Slow-release urea systems with
release rates lasting for about two
months have been developed and
field tested.
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Water Chemistry

Research and development work
related to nuclear energy prog-
rammes was continued. A significant
achievement was the development of
an efficient chemical cleaning formu-
lation for dissolution of crud and
corrosion products from service water
system pipe lines of FBTR. The
method was successful and has been
recommended to FBTR for dynamic
loop testing. Detailed evaluation of
the performance of the condensate
polishing unit at MAPS-1 was done.
The cation and anion slip has been
the same as predicted by earlier
experiments. Studies were further
extended by using a test rig simula-
ting linear flow conditions. Work on
morpholine based ion exchange
resins under such flow conditions
was carried out, and the results were
applied to field conditions. Differen-
tial potentiometric technique was
used to determine chloride concen-
trations in the effluent at parts per
billion (ppb) levels.

Studies on quality of coastal water
at both MAPP jetty and FBTR cooling
tower were conducted for assisting
the power plant operations. Various
aspects related to chlorine demand,
biofouling, effect of fresh water influx
during north-east monsoon etc., were
studied.

Another major task was evaluating
suitable liquid poisons for use in
Dhruva reactor. Based on chemict
and radiolytic stability studies, gadoli-
nium nitrate was recommended.
Experiments on use of dispersants
and antifoulants for use in Heavy
Water Plants were done.

Investigations were carried out to
understand cracking observed in
some of the valve discs in operating
power reactors. Detailed crud
chemistry studies and cation adsorp-
tion on boiler crud samples were
done. Studies on performance eval-
uation of modified and nonmodified
fuel bundles in TAPS, and review of
NAPP calandria water cooling system
were also carried out.

A novel ion exchange resin
capable of reducing fluoride concent-
ration in water from about 3 ppm to
less than 0.05 ppm, and corrosion
Inhibitors containing organic phosp-
honates were developed. Analytical
procedure to determine minute varia-
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tions of fluoride concentration in drin-
king water was finalised.

Mass transport studies of the acti-
vated corrosion and erosion products
in lncoloy-800 and in a cupronickel
alloy were carried out in detail at
diffrent temperature ranges.

Several complexes of uranium,
thorium and rare earths were investi-
gated from the point of view of solid
state synthesis, phase changes and
kinetics during thermal cycling. For
the first time, an alpha to beta transi-
tion was shown in U 3O7 and this
seemed to get catalyzed by presence
of U3O8.

High temperature chemistry and
thermodynamic analysis of several
metals and binary systems were
actively pursued. Studies on metal
complexes of crown ether and
on model membranes were also
undertaken.

Instruments were updated and
innovated. Instrumental analytical
services were provided to other units
of DAE. Work connected with the
Task Force set up by DAE-SRC for
evaluating chemical and radioche-
mical aspects in case of severe
nuclear accidents was completed
and the final report was submitted.
Consultancy service was provided to
several national and international
agencies.

ruel Chemistry

Based on the encouraging results
obtained from the sol-gel process,
the facility was scaled up to produce
about 10 kg/day porus U02 gel
particles for pelletisation trials at
Nuclear Fuel Complex, Hyderabad.
Work for the preparation of uranium
carbide and nitride materials by
sol-gel process was initiated.

Tellurium is a fission product which
can cause failure of stainless steel
clad of fuel rods. Tellurium potentials
for the corrosion of stainless steel
clad were calculated based on the
determination of free energy of forma-
tion of tellurides of iron, chromium
and nickel.

Free energy of formation of an
oxide formed by the interaction of-
sodium with zirconium in mixed oxide
fuels has been determined. Heat
capacity and structure of some
compounds of interest were deter-



mined. Investigations were carried
out on certain compounds of uranium
and thorium which are of interest.

Mass spectrometric methods have
been developed to determine the
isotopic compostion and concentra-
tion of uranium and boron at sub-
microgram levels. The Spark Source
Mass Spectrometry (SSMS) tech-
nique is being extended for the
analysis of thorium fuel materials.

Methods were developed for the
chemical quality control of new alloys
of uranium, aluminium and zirconium,
and mixed oxide of thorium and pluto-
nium. Studies on chemistry of pluto-
nium in different media, and extraction
of plutonium and actinides from
various solutions using ion exchan-
gers were carried out. Stability cons-
tants of fluoride complexes of thorium,
uranium and plutonium were evalua-
ted.

Yield data tor more than 40 fission
product nuclides released in thermal
neutron fission of fissile nuclides have
been determined using mass spec-
trometric, gamma spectrometric and
radiochemical methods under iden-
tical experimental conditions. Half-
lives of a number of transactinium
isotopes were determined, including
a precise value for the half life of
Plutonium-241.
Radiochemistry

Nuclear and physico-chemical
studies on actinides and fission
products were continued. Radioche-
mical measurements of independent
isomeric yield ratios for antimony
isotopes have been carried out in the
alpha-induced fission of uranium.
Angular distribution of thirteen fission
products covering the asymmetric
and symmetric mass regions was
also determined in the alpha-induced
fission of uranium. Radiochemical
studies of yield distribution for iodine
isotopes in neutron induced fission
have given new insight into the dyna-
mics of fission. Data on fission
product activities in grass samples
obtained as part of an IAEA intercom-
parison study showed valuable
isotopic correlations with fuel burn-up
systematics.

Stability constants of Hf-EDTA
complex have been determined using
Perturbed Angular Correlation (PAC)
technique from coincidence measu-
rements of the gamma rays. The infl-
uence of internal charge transition In
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aniline on positronium chemistry, the
effect of chemical environment on the
L-X-ray generated in internal conver-
sion process, and thermally stimu-
lated luminescence (TSL) in
phosphor were studied. Information
on the nature of bonding of trivalent
actinide chelates with beta-diketones
and crown ethers has been obtained
from thermodynamic parameters. The
equilibrium constants for the addition
reaction of crown ether with uranyl
chelates of various pyrazolones have
been determined. Studies have been
initiated on the stabilisation of ameri-
cium, and on the extraction of acti-
nides with dialkyl aliphatic amides.
The kinetics of the oxidation of Pu(lll)
to Pu(IV) by a Cr(V) chelate and on
the Pu(IV) catalysed decomposition
of the Cr(V) chelate were evaluated,
and proton magnetic resonance
studies on chelates of Th(IV), U(IV)
and U(VI) with fluorinated beta dike-
tones and sulphoxides were carried
out. Studies on solvent extraction,
and synthesis of plutonyl synergistic
complexes with pyrazolones and
sulphoxides, have established the
composition of the complexes.

Analytical Chemistry

The chemistry of the transport
process and measurement of forma-
tion cross sections of short lived (upto
5 sec.) nuclides were studied using
the Helium Jet Recoil Transport System
set up at VEC, Calcutta. Methods for
the determination of bulk oxygen and
carbon in pure materials such as
copper and silicon were standardised
using charged particle activation
analysis. Thin layer activation
approach has been applied to inves-
tigate the wear rate in the piston ring
and cylinder housing of an internal
combustion engine using the alpha
beam at VECC.

Sorption characteristics of a
phosphonic acid type less familiar ion
exchanger, Bio-Rex 63, has indicated
that it will be suitable for separation of
traces of rare earths from thorium,
cadmium from zinc, and for precipi-
tation ion exchange separation of
calcium from magnesium.

Methods for separation, and deter-
mination of components of post-exp-
losion debris and gun shot residues
was developed employing HPLC to
identify compounds of explosives and
propellents which are of interest in
forensic studies.
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Methods for the determination of
tin at ppb levels in shell fish, for deter-
mination of gallium and indium at
ppm level in or's, and gold at ppb
level in concentrates were provided
to Naval Chemical and Metallurgical
Laboratory and M/s. Hindustan Zinc
Ltd. respectively. The Deoartment of
Environment has entrusted the
second phase of Quality Assurance
Studies, which involves conducting
quality assurance exercise for analy-
sing drinking water samples and food
articles for trace elements.

Some other important R&D studies
carried out are separation of
tungstate from other anions by ion
chromatography, determination of
enthalpies of certain compound
formation, optimisation of experi-
mental parameters for fluorescence
by adopting simplex process, spec-
troelectrochemistry and chronopoten-
tiometric studies.

More than 2000 samples of diffe-
rent nature were analysed, involving
about 5100 estimations. These
included determination of chemical
composition of high temperature
oxide superconductors, oxygen and
nitrogen in laser-weld samples of
zircaloy-2, compositional characteri-
sation of high purity gallium, fluoride
in water and other samples, thermal
analysis of uranium oxides and
metallic glasses, and of individual
rare earths in rock samples for geo-
chemical studies.

The Ultratrace Analysis Facility
was made suitable for determination
of elements in still lower concentra-
tions. High impurity gallium was
characterised by multitechnique
approach to validate impurities at
ppb levels. A frit-glass nebuliser was
designed and fabricated to replace
the existing one in the ICP-OES
resulting in lowering argon gas
consumption and sample volume
requirements for trace element
analysis.

MATERIALS AND MATERIAL
SCIENCE

Heavy Water

A prototype 150 cm diameter distil-
lation column for upgrading heavy
water has been succesfully commis-1

sioned at BARC.Test runs with the
internals have confirmed that effi-
ciency of these internals at larger



diameters is the same as that of the
internals developed earlier for smaller
diameter columns. This successful
commissioning has shown that only
one 150 cm diameter column need
be employed per 235 MWe power
station, instead of two columns of 105
cm diamater employed at present.
Apart from the economic advantage,
this will also lead to operational simp-
licity. The process and design reports
for 150 cm diameter distillation
column have been completed.

Degraded heavy water from
Ohruva, after purification in the
clean-up facility, has been upgraded
to reactor grade in the reconcentra-
tion plant at BARC.

Work on the setting up of the final
enrichment plant at Manuguru and
upgrading plant at Narora are pro-
gressing satisfactorily. The final
enrichment plant at Thai has been
running satisfactorily. Project reports
for additional upgrading facility
at Thai and Hazira have been comp-
leted.

The pilot plant set up for the study
of production of high purity hydrogen
sulphide by direct combination of
hydrogen and sulphur at elevated
temperature over a suitable catalyst,
has been satisfactorily operated over
extended periods. Studies on the
corrosion behaviour of the materials
of construction of the reactor under
various simulated conditions, were
undertaken. The results have shown
that only anonised stainless steel
would be suitable for this service.

Setting up of chemical exchange -
cryogenic distillation pilot plant for
removal of tritium from contaminated
heavy water, and the laser laboratory
to study the application of laser
isotope separation technique for
heavy water production, are progres-
sing satisfactorily.

The national deuterium survey to
study variation of deuterium content
in different natural sources of water in
the country, was completed. Deutera-
tion of chemicals was carried out, and
these compounds in requisite
labelled form were supplied to
various users in the country.

Rare Earths and Other Material*
High purity rare earth metals have

bean prepared by high temperature
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Ettctrothtmml fluid btd CNorinttton of zircon sand.

fusion salt electrolysis of rare earth
chloride in inert atmosphere in a
specially designed electrolytic cell.
Work was continued on the direct
production of samarium-cobalt alloy
by the metallothermic reduction
process. Fabrication of cylindrical
and ring shaped epoxy bonded
magnets employing a specially deve-
loped procedure involving field pres-
sing and curing was carried out. A
process for the production of yttrium
metal which is of interest in nuclear
technology is under investigation.

A solvent extraction process is
being developed for the low cost
production of yttrium oxide from the
60% concentrates produced by IRE
Yttrium oxide having 95% purity has
already been prepared. Efforts are
underway to purify it to greater than
99% purity. This material will be
useful in developing supercon-
ductors.

Studies on the recovery and purifi-
cation of uranium, lithium and helium
gas and preparation of stable
isotopes, fluorine gas, labelled
compounds, scintillation chemicals
and carbon specialities were
continued. Analysis of the effeci of
lower thorium content in thorium
concentrate feed material on the
process developed earlier for the
large scale production of nuclear
grade thorium nitrate was completed.
Preliminary design work on flow-
sheets, lay out of building and equip-
ment, process and storage tanks etc.
have been completed for the new
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thorium plant proposed to be set up
in Orissa by IRE. The work on process
development for the recovery of
lithium from lepidolite ore has been
completed. A high pressure helium
purification unit based on condensa-
tion and cryogenic adsorption of
nitrogen has been set up and
test-runs will start shortly. Develop-
ment of a method for the electrolytic
decomposition of nitric acid using
lead oxide coated graphite and tita-
nium anodes is in progress.

The Niirogen-15 plant set up by
RCF at their Trombay plant, based on
BARC technology, has gone into
production. The preparation of Nitro-
gen-15 labelled compounds will
shortly be discontinued in BARC as
RCF can now meet the requirement of
agricultural research users.

A fluorine cell with improved
design was operated satisfactorily.
Production of scintillation chemicals
PPO and POPO, were continued to
meet the increasing requirement of
the nuclear power plants and
research organistions. Development
work on the synthesis of organo-tin-
compounds for plastic/liquid scintilla-
tors and production and supply of
plastic scintillator blocks was
continued. Attempts were made to
standardise the process steps and
conditions for the production of
ultra-pure carbon anodes suitable for
the electrolytic production fluorine
gas. Contour shaped graphite space
nozzles were developed in collabora-
tion with VSSC, Trivandrum. These



gave promising results when static-
tested in a test rocket.

A small scale processing facility for
recovery of hafnium oxide was set up
and several kilos of hafnium oxide
was recovered A number of organo
silicon compounds were developed
and are under evaluation as prospec-
tive candidate materials for corrosion
prevention

Metallurgy

Work on the production of boron
carbide and bocarsil was continued.
About 418 kg of acceptable grade of
boron carbide and a total ol 550
pieces of bocarsil shapes in plug and
sheet form were produced and
supplied to units in DAE and to
DMRL Hyderabad for neutron abso-
rber and shielding applications. A
further quantity of 10 kg of high purity
silver nelal was obtained from the
processing ol silver chloride residue
from IRE

Substantial progress has been
made in the development of an alumi-
nothermic process for production of
nuclear grade calcium metal and a
nitriding-denilriding process for the
production of capacitor grade
tantalum powder.

A new concept involving extractive
distillation using molten salt mixture is
under examination for the separation
of zirconium from hafnium. An experi-
mental set-up consisting ol an elect-
rothermal fluid bed and extractive
distillation unit has been fabricated
and installed for carrying out Ihe work

Samarium-cobalt magnet fabrication.

Extractive distillation column for the sepa-
ration of zirconium.

Silver ingots from IRE silver chloride
residue.

and model studies are in progress to
test the system performance.

Work on advanced ceramics was
continued. Processes have been opti-
mised for the production of high
density thorium oxide-yttrium oxide
solid electrolyte bodies, electrically
conducting substoichiometric titania
ceramic bodies and steatite based
machinable ceramic insulator compo-
nents.

One of the major achievements in
the field of electrometallurgy has
been the successful electroplating of
chromium to close tolerances on the
sealing surface of metallic seals of
Dhruva guide tubes. A process
involving eleclroless nickel plating
and flash gold coating has been
developed for the production of metal
optics with high surface reflectivity
Based on the expertise generated
here, a large scale facility has been
set up for electroless nickel plating of
engineering components. Installation
of a new laboratory rolling mill was
completed and over 600 numbers of
zircatoy sheets have been cold rolled
in the mill.

The 2-ton tin extraction pilot plant
at Raipur has been working very
satisfactorily. A rotary electrical
furnace has been installed as an
additional facility for pyro processing
ores and mineral concentrates. Plans
are under way to set up a 100 ton
plant in Madhya Pradesh for proces-
sing of cassiterite concentrate and
recovery of associated niobium-tan-
talum values.

Production of nuclear grade calcium metal.
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Materials Science

The kinetic studies ol carbothermic
reduction of uranium oxide lor
synthesis of uranium carbide and
nitride is in progress An indentation
technique using Vicker's Indentor has
been developed tor evaulation of
fracture related properties of ceramic
fuel pellets. An NDT technique based
on ultrasonic velocity measurement
was developed for determination of
density of oxide fuel pellets and for
ferrite content in duplex stainless
steels

Procedure for PHWR fuel pins
spacer welding using laser has been
standardised, and laser glazing of
zircaloy-2 and zirconium-niobium
alloy is being developed

Development work was carried out
on standardization of EBW parame-
ters for liquid zonal control rods for
500 MWe PHWRs, clad ballooning in
PHWR, LPRMs for TAPS, tungsten
electrodes for lasers, aluminium

.silicon alloy, eddy current technique
for crack detection in coolant tubes
etc Extensive testing in connection
with feed water sparger replacement
for TAPS was also conducted.
Various material evaluation, specifi-
cation scrutiny, specialised
non-destructive testing, heat treat-
ment, machining, welding and
mechanical forming jobs were
undertaken against specific requests
by DAE Units and outside agencies.

Irradiation, testing and evaluation
of mechanical properties ol end
fitting, pressure tube and calandria
tube materials have been started as a
part of the R & D activities for 500
MW(e) PHWRs, Static and dynamic
Iraclure toughness parameters have
been measured for SS 403 end lilting
material. For fracture mechanical
studies, crack propagation measure-
ment by compliance technique has
also been carried oui. Strain harde-
ning parameter has been evaluated
for irradiated zircaloy pressure tube.

Corrosion evaluation studies on
reactor materials were continued, and
for the 500 MWe programme, exten-
sive data have been generated on the
high temperature aqueous corrosion
and hydrogen pick-up charactristlcs
of Zr-2.5 Nb alloy. A new electroche-
mical technique has been developed
for the In-silu metallurgical examina-
tion of fabricated SS components for
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evaluation of their susceptibility to
intergranular attack. The technique
has been extensively employed for
metallurgical examination of various
components recceived from the DAE
units.

Two projects on mechanical
properties of advanced ceramics and
on passivation and stress corrosion
cracking' have been undertaken
under the Materials Science Co-
operation Programme of the Indo-US
Science and Technology Subcom-
mission. Under the former project,
processes have been developed for
the production of alumina specimens
with specified amount of liquid phase
These have been sent for microcha-
racterisation In the latter project,
several stainless steel types have
been studied for sensitization behav-
iour, stress corrosion cracking (SCC),
localised corrosion and passivity
development and break-down

Thermodynamic properties of
FBTR fuel (mixed U/Pu carbide) have
been evaluated both experimentally
and theoretically. A detailed thermo-
dynamic analysis of mixed U/Pu
nitride and carbonitride fuels have
also been carried out. Partial
pressures of nitrogen, ptutonium etc.,
and carbon potential have been
computed as functions of composi-
tion and temperature. These data are
essential prerequisites for the
production of these advanced fuels
and for the assessment of their
in-reactor behaviour.

Physical Metallurgy

Physical metallurgy programme is
concerned with research and deve-
lopment activities relating to nuclear
materials, involving structure-pro-
perty correlations, heat-treatments,
evolution of optimum fabrication
procedures and failure analysis. In
addition, basic research In many
areas of materials science is being
actively pursued. R & D work was
done in order to develop a suitable
fabrication procedure as well as the
associated thermal and mechanical
treatments for the production of
Zr-2.5 wt% Nb alloy pressure tubes.
This route is currently being followed
for the indigenous production of
pressure tubes for PHWR from this
alloy. These tubes have met all the
specifications regarding the mecha-
nical properties at room temperature
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as well as at the reactor operating
temperature of 310°C A jig for in-pile
stress relaxation experiments has
been fabricated to obtain creep data
expeditiousiy. This has been tested
on zircaloy-2 at 300°C under 170 MPa
stress upto 6000 hrs. The results were
satisfactory, and testing is now being
extended to Zr-2.5 wt% Nb alloy
Current research work in this area
includes the evaluation of hydrogen
embrittlement susceptibility of zirca-
loys and Zr-2.5% Nb alloy, and the
development of superior ternary
Zr-base alloys.

An extensive study on formation,
crystallisation, deformation, structural
relaxation and corrosion of metallic
glasses has been carried out. The
materials studied include commer-
cially available iron base metal-metal-
loid glasses as well as zirconium
base metal-metal glasses produced
in-house. Helical springs of a Zr-Ni
metallic giass were produced through
topological order induced by mecha-
nical and thermal treatments. A
notable achievement of this prog-
ramme has been the formation of an
amorphous phase in a bulk diffusion
couple, a phenomenon which has not
been reported earlier.

Structure property correlation
studies have been successfully
completed on ball bearing steels,
maraging steels and nickel base
superalloys. Metallurgical investiga-
tions for establishing the causes for
the failure of components and mate-
rials are carried out for DAE units as
well as for other organisations. Prog-
ress has been made in basic
research carried out on Ni-Ti shape
memory alloys, diffusion in iron-base
ternary alloys, fracture mechanics
and oxidation behaviour of zirconium
alloys, nickel base superalloys and
metallic glasses.

Installation of major pieces of
equipment for the 425 m3/day Multi-
stage Flash Desalmationplant was
completed. Electrical, instrumentation
and other works are in progress.
Performance of the 30 m'/day
ship-borne desalination plant is being
evaluated.

The Reverse Osmosis (RO) brac-
kish water desalination plants set up
in rural areas of Gujarat and Andhra



Fresh water generator plant 3QT/day capacity developed at Trombay,

Pradesh lor community use continued
to work satisfactorily A50 m'day RQ
plant for eflluent treatment at RCF
plant al Bombay, was erected and
will be commissioned atler testing.
Participation in the activities of the
Technology Mission for drinking water
set up by Government of India was
continued. Tamil Nadu Electricity
Board awarded a consultancy cont-
ract to set up a 200Vhr RO-DM
plant for boiler feed water treatment
at Ennore Thermal Power Station.
R&O work on polymeric membranes.
calcium purification, for on-site gene-
ration of radium hypochlorito and for
chlorinalion ol cooling water system
in nuclear power stations are in
progress.

Fabrication, erection and testing
activities for Iho 33 nV/hr Hydrogen
Pilot Plant made lurther progress.

Beryllium Technology

Development of beryllium techno-
logy and production of vacuum hot
pressod (VHP) boryllium metal and
copper boryllium ingots starling from
Indian beryl was continued, Some
piocos of equipment which have
boon in uso from Iho commencement
of (ho plant operation, such PS Iho
vacuum lillor, evaporator and crystal-
lisor, wore replaced with now ones ol
improvod design. About 3.64 tonnes
ol Indian boryl was processed In the
plant. Basod on iho demand Irom the
Department of Space, work is In prog-
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ress on the production ol VHP beryl-
lium blocks of improved specifica-
tions. A small air classifier was set up
and it was demonstrated that beryl-
lium blocks of improved specifica-
tions could be produced. About 3.54
kg. ol beryllium blocks were supplied
lor space applications. Copper-beryl-
lium alloys were supplied to different
industries at a total sale value of
about Rs. 11 lakhs. Action, in colla-
boration with Department of Electro-
nics and Department of Mines, is in
progress to set up a facility that could
lake up fabrication of various copper
beryllium shapes from the ingots
produced in the plant.

RAOfOfSOTOPES

Radloiiotope Production

During the year about 1,225
samples of target materials were irra-
diated in the Cirus. Apsara and
Dhruva reactors for production of
radioisotopes and for neutron activa-
tion analysis. A total of 58,700 con-
signments of a variety of radioiso-
topes and associated equipment
valued al about Rs. 3.02 crores were
supplied lo users in the country and
abroad. The major ones among these
included 9 cobalt teletherapy sources
for cancer treatment, 3 gamma
chamber units supplied to research
institutions, antimony-124 start-up
source for Tarapur Atomic Power
Station and mulliktlocurie cobalt-60
replenishment source for the ISOMED
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plant at Trombay

Radiochemicats

About 200 batches of various
reactor produced radioisotopes such
as phosphonjs-32, sulphur-35 and
iodine-131 totalling 37 x 1013 Bq
(1000 Ci) were processed during the
year. 13 batches of phosphorus-32
labelled superphosphate were
produced for supply to agricultural
research institutions. About 200
tritium light sources and 30 con-
signments of promethium-147 acti-
vated self-luminous compound were
supplied lor illumination of instrument
dials, sign boards and other devices.
A facility for the processing of
iodine-125 produced by neutron irra-
diation of xenon gas has been set up

Radiopharmaceuticals

Production and supply of radiop-
harmaceuticals were continued and
about 45,750 consignments of
radiopharmaceuticals were supplied
to about 150 medical institutions in
the country for applications in nuclear
medicine. These are estimated to
have benefited 5 lakh patients Deve-
lopment work was carried ou t ' >r the
production of new radioimmunoassay
(RIA) kits such as RIA kits for aldos-
lerone, phenytoin, IRMA kits for TSH
and EIA kits for triiodothyronine and
thyroxine. The work for the develop-
ment of a gel generator using low
specific activity molybdenum-99 for
production of technetium-99m has
progressed and this system shows
promise for use in nuclear medicine
applications. The development of
technetium-99m labelled tertiary butyl
isonitrile complexes (or myocardial
imaging was continued. Labelling of
monoclonal antibodies with
indium-111 for possible use in
radioimmuno detection (RID) and
radioimmunotherapy (RIT) is being
investigated. The regional centres tor
radiopharmaceuticals set up at
Bangalore, Calcutta and Dibrugarh
continued to offer RIA services to
hospitals. The Bangalore centre has
also supplied short-lived techno-
tium-99m labelled products to a local
cancer hospital.

Carbon-14, Tritium and
Photphonifr-32 U b a t M
Compound*

Over 250 different compounds
labelled with carbon-14 and tritium



Synttmts of phoaphotus labaMad gamma ATP at ISOMED.

were supplied to about 120 research
institutions in the country (or use in
biochemistry. . organic chemistry,
drug research, agriculture etc. A
laboratory was set up at the campus
of CCMB, Hyderabad, for the produc-
tion of P-32 biomofecutes for use in
the genetic engineering and biotech-
notogy programmes in the country,
Prime Minister Sh. Rajiv Gandhi formally
inaugurated this laboratory on
November 26. 1967.

Radiation Sources

About 2,200 consignments of
sealed radiation sources for applica-
tion in medicine, industry and
research were produced and
supplied to a large number of users in
the country, lridium-192 sources with
a total activity of 6.066 x iO"Bq
(16,450 Ci) were supplied for indust-
rial radiography.

Tracer Applications in Industry
* Hydrology

Assistance was provided to indust-
ries for trouble shooting in various
Industrial operations using radio-
tracer techniques. Radiotracer tech-
niques were used to determine the
transit time o< crude oil in the 200 km
Bombay High-Uran pipe line of
ONGC, the leakage in a underground
pipe line of a petrochemical complex,
dilution and dispersion of Industrial
effluents into sea In Karnataka, move-
ment pattern of the charge In a rotary
kiln In a cement plant, and to evaluate
the efilclency of the cooling water
Intake pump of a thermal power
station.
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In hydrology, radiotracer tech-
niques were used at the Poip dam
site in the Konkan region of
Maharashtra to identify the path of
seepage observed in the dam and in
the Hooghly estuary to study the
movement of the dredged silt. Stable
isotope technique was employed for
the delineation of the command area
of percolation tanks in Maharashtra.
Groundwater recharge studies in the
Bikaner area of Rajasthan were
carried out by the measurement of
concentration of stable isotopes and
environmental radiotracers in the
water samples collected from the
area.

Radiation Technology

The construction of the radiation
sterilisation plant at the premises of
the Kidwai Memorial Institute of
Oncology. Bangalore, has prog-
ressed considerably. The installation
of mechanical equipment, conveyor
and source control system is in prog-
ress and the plant is expected to be
commissioned before June 1966.
Work for setting up another radiation
sterilisation plant in the northern
region for sterilisation of medical
products is in progress. The work of
the Sludge Research Irradiation Faci-
lity being set up at Baroda in coope-
ration with the local Municipal Corpo-
ration is hearing completion and trial
plant operations with Cobalt-60
sources Is expected to commence by
the middle of April 1988.

in-is

Radiation Sterilisation of Medical
Products

The ISOMED plant continued to
provide gamma irradiation service for
sterilisation of medical products to a
large number of user industries. A
total of. 5835 m3 of a variety of
medical products were sterilised.
Cobalt-60 loading of the plant was
increased to meet the increasing
service demand. Research and deve-
lopment work for extending the scope
of radiation sterilisation to pharma-
ceutical products was continued

Industrial Radiography

Thirty radiography cameras
housing indium-192 and cobalt-60
sources were supplied for
non-destructive testing to a number
of industrial organisations Expert
radiography service was rendered to
a number of units for special prob-
lems in non-destructive testing.

REACTORS

Reactor Engineering

The main thrust of the R & O prog-
ramme in reactor engineering during
the year has been on the design of
500 MWe PHWR, safety related work
concerning the 235 MWe PHWRs
under operation and construction,
fuel handling system for 500 MWe
prototype fast breeder reactor and to
set up experimental facilities at
Dhruva reactor. Some of the major
achievements during the year are:
analytical support to the successful
repair of RAPS-I end-shield, design of
the replacement feed water sparger
at TAPS-I which has been
successfully installed, successful
implementation of the procedure for
remote measurement of creep on
PHWR coolant channels using fuel-
ling machines, leading to significant
saving in man-rem expenditure and
design and analysis of the contain-
ment, piping and pressuriser of 500
MWe PHWR. A detailed review of
PHWRs was carried out in the light of
Chernobyl accident, Level-I Probabi-
listic Safety Assessment of 235 MWe
PHWR was also completed. Tray rods
and self-serve facility for isotope irra-
diation were installed in Dhruva.

Special rupture disc configuration
was worked out for the ECCS scheme
of Dhruva to facilitate passive isola-
tion between the light water and
heavy water zones, which could be



breached in the event of a loss of
coolant accident leading to injection
of emergency coolant A plug hand-
ling facility for use with neutron beam
holes in Ohruva was completed A
mockup assembly of cold neutron
guide vacuum shroud has been
designed and ordered for installation
in Dhruva. A slug rod meant tor irra-
diation of cobalt pencils in Dhruva
was designed, manufactured and
supplied. Special zircaloy pressure
tubes for fabricating test sections of
in-pile loops in Dhruva reactor have
been procured. Based on thermal
hydraulic analysis, necessary modifi-
cations were carried out on Dhruva
fuel design. Modifications were also
introduced to permit reusability of
components. Based on operational
experience, design of the seal plug
assembly was also modified. Vibra-
tion assessment of various important
components in Dhruva reactor was
continued to evaluate the state of
health of these components.

After introducing all the modifica-
tions power of Dhruva reactor has
been raised to 100 MW and the
performance of all the systems was
found to be quite satisfactory.

Installation of the 2 MW in-pile loop
to be used in Dhruva reactor, at Hall-7,
instrumentation etc. were completed.
Hot commissioning activities are in
progress. Loop layout at Dhruva was
finalised and schedule for loop instal-
lation is being worked out. Design of
a buggy drive mechanism of Dhruva
X-ray chase was completed. Design
and fabrication of test fuel assembly
and its handling procedures are
being finalised. Procurement of major
pieces of equipment for the 150 kW
loop was completed. Procurement of
instruments and detailed design o<
equipment are in progress.

The Primary Heat Transport pump
test facility was used for endurance
testing of one of the 2800 kW PHT
pumps meant for KAPP-I with a view
to obtaining data on long term perfor-
mance under tknulatad pressure and
temperature conditions existing in
powtr reactors. Tht pump has
already logged mort than 2CT0 *vs A
pretsurlMr for control of pressure In
the primary hMt transport system has
been Incorporated In the design of
500 MWe PHWR. Technical speci-
fication for various alternatives of the
pressuriser were prepared. Experl-
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mental facilities were set up tor deve-
lopmental work on the liquid poison
injection system and the steel ball
filled end-shield These facilities
would be used to generate design
information and performance data for
those systems. A facility has been
commissioned for testing and evalua-
tion of indigenously manufactured
high pressure pipe couplings used
for feeder connections and other
similar critical applications. A similar
test facility has been commissioned
for tests on large 200 mm diameter
high pressure valves. A blowout
panel capable of quickly relieving
pressure from different chambers of
containment volume at pre-set
pressures has been developed.

Three fuelling machines for use at
Narora have been acceptance tested
in the Integral Thermal Facility (ITF)
and despatched to the project site.
Efforts are being made to augment
the best facilities in order to handle
the increasing work load envisaged in
the power programme. The expertise
available in BARC has been used for
resolving fuel handling problems that
arose in power reactors. A design
basis report for the spent fuel trans-
port system of 500 MWe PHWR has
been completed. Experiments on
measurement of pressure drop in the
fuel locator to be used in the 500
MWe PHWR coolant channels have
been carried out. Substantial cont-
ributions were made in specifying the
procedures for handling emergency
conditions connected with operation
of fuel handling systems. An alter-
native scheme involving rotating
shielded flask tor transfer of fuel from
Prototype Fast Breeder Reactor to
external storage was worked out, A
number of models relating to different
schemes of fuel transport system of
PFBR were manufactured for getting
familiar with their performance.

A scaled down model of a vapour
suppression pool experimental facility
was commissioned at MAPS,
Kalpakkam. A number of experi-
mental runs were carried out. While
data analysis and further experiments
are still in progress, experiments
done so far have confirmed the ade-
quacy of vapour suppression pool
system In limiting the pressure and
temperature In the containment buil-
ding to well below the analytical esti-
mates. An IAEA standard problem
Involving predictions for a test Simula-
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ting partial cold leg break, with
accumulator injection at the uppe.
plenum and top of downcomer, in a
WER 400 reactor, was also analysed.
Post test analysis is in progress.

Flow coast down analysis for 500
MWe PHWR was completed. A
thermal hydraulic sub-channel
analysis of the fuel assembly for 500
MWe PHWR has been completed. An
experimental scheme for analysing
the moderator inlet nozzle of the 500
MWe PHWR calandria has been fina-
lised. Stress analysis of a typical
nozzle group on the calandria of 500
MWe PHWR has been completed.
Extensive structural analysis of-500
MWe PHWR containment system,
piping and the reactor has been
carried out.

The work on development of
mechanical techniques for the reposi-
tioning of the garter springs in PHWR
coolant channels was continued. A
tool to be used at reactor site for this
purpose is being made. Work on the
development of coolant channel
replacement machine is progressing.
Theoretical as well as experimental
work on the development of tech-
niques for remote detachment of
rolled joints using high frequency
induction heating has yielded encou-
raging results. The pressure tube
cutting tool is being fabricated and
several other hardware items needed
for coolant channel replacement are
in various stages of design and
procurement. Experimental work is in
progress for the development of
rolled joints for 500 MWe PHWR
coolant channels.

Work related to the development of
probabilistic safety assessment (PSA)
models of standardised 235 MWe
and 500 MWe PHWRs is being
carried out. Safety and reliability
analysis of reactor building isolation,
emergency core coding, moderator
circulation and fuelling' machine
hydraulic control systems has been
completed for NAPP. In addition, relia-
bility analysis of important process
systems like process water, feed
water etc. which might cause
common-cause failures in various
safety systems, has also been carried
out. A number of modifications, as a
result of recommendations based on
reliability analysis, have been incor-
porated in the system design. A
report on Level I PSA of NAPP has



been prepared A package incorpo-
rating essential computer programmes
tor PSA Level I analysis including
development of a failure data base,
construction and quantification of
Fault Trees, uncertainty propagation,
and quantification of Event Trees is
being developed. A computer code
KITT (Kinetic Tree Theory) for Fault
Tree Evaluation, has been commis-
sioned. Reliability evaluation of the
electrical power supply of TAPS was
carried out. Apart from the evaluation
of onsite and offsite power sources, a
probabilistic assessment of station
blackout was also incorporated. Miti-
gating measures to cope with blac-
kout situation were also recom-
mended.

Mechanical engineering support is
being provided to a few other prog-
rammes. Manufacture of borewell
lock assembly, neutron velocity
selector, position sensitive detector
housing, turnstile gates, automatic
sample changer and a facility for irra-
diation of food products are some of
the examples of work of this kind.

A scheme of utilising thorium for
the purpose of power flattening in
Narora reactor was worked out. A
scheme was also worked out for
once-through irradiation of thorium in
isolated channels of RAPS reactor
fuelled with MOX fuel. A number of
calculations for optimisation of garter
spring design with inconel as
construction material were also
carried out. Calculations to explore
possibilities of reoptimised layout for
shutdown device in 235 MWe PHWR
are in progress. A (THCyPuO?) fuel
assembly has undergone an irradia-
tion ol 20000 RMWD in Cirus pressu-
rised water loop, and its irradiations
still continuing. Design of test pins for
the inpile irradiation has been comp-
leted A fuel assembly containing
ThOz fuel pellets was designed.
Three assemblies were loaded in
Dhruva.

Fourteen (7 x 7) fuel assemblies
were loaded in Tarapur Atomic Power
Station, Unit I. Specifications for TAPS
fuel pellet, fuel rod and cladding tube
were revised.

A number of components were
fabricated for use In power and
research reactors. The important
ones among these are: a boron
carbide control rod blade, 8 antimony
pencils and 20 tray rod components
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for TAPS, 1200 zirconium niobium-
copper alloy garter springs and 6 SS
mechanical shut-off rods for NAPP-II,
4 zircaloy liquid shut-off rods and 1
zircaloy inner tube assembly for
NAPP-I, 42 uranium slugs for NAPP,
240 thoria elements for physics expe-
riments and 10 thoria J rods and 10
aluminium finned tubes for develop-
ment of reprocessing technology at
IGCAR. Besides, nitriding of more than
280 power reactor components was
carried out for NPC.

Reactor Analysis

The proposal for constant pressure
programme at the secondary side of
235 MWe PHWR steam generator
which will simplify the existing control
scheme was analysed ior different
rates of power setback. Based on this
analysis an experiment was
conducted at MAPS which confirmed
no low pressure trip of the reactor.

An analytical model for pure steam
chugging in a vapour suppression
pool has been developed for evalua-
ting the associated structural loads.
Data for orifice design for feeder lines
have been generated for 500 MWe
PHWR. Thermal hydraulic analysis of
primary heat transport system has
been carried out to ascertain that no
incipient boiling takes place in any
subchannel.

A one-dimensional 3-equation
model for Loss of Coolant Accident
relevant to Indian PHWRs has been
developed and validated with
published experimental results.
Further modifications are being made
for improving numerical efficiency.

Response spectra of 89 earth
quake accelerograms recorded at soil
sites were computed (or various
values of damping and statistically
analysed to arrive at the standard
response spectral shapes with
various confidence levels.

A relatively inexpensive multigroup
transport code capable of treating
exactly all the geometric details of the
2-D heterogeneous LWR fuel
assembly was developed.

The reload pattern optimisation for
Tarapur reactor was made comple-
tely automatic by incorporating a two
Parameter search calculations In 2-D
simulator code. Sector symmetric
core loading was employed resulting
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in smooth operation of Tarapur reac-
tors.

Reactor Control

The instrumentation and control
system for emergency core cooling of
Dhruva reactor has been commis-
sioned. The triplicated system
detects Loss of Coolant Accident
(LOCA) situation by computing the
System Inventory Loss (SIL) of heavy
water and Excess Moderator Return
Flow (EMRF), and annunciates the
same in the control room for the
manual injection of heavy water or
light water in the coolant circuit. The
automatic injection scheme will be
implemented during the second
phase.

An advanced instrumentation and
control system has been designed,
developed and fabricated for Kamini
reactor. It incorporates redundant
microcomputer based direct digital
control of reactor power, integrated
process information system and fail-
safe trip system. To enhance the
reactor safety, concept of hybrid
protection scheme employing micros,
backed by conventional relay logics,
has been adopted. This system
presents to the operator a user-
friendly menu driven interface. An
integrated control panel-cum-
console, incorporating mimics of the
reactor systems, 3 colour graphic
terminals with key-boards, alarm
windows and push button indicator/
switches, has been fabricated, wired
and tested. Stepper motor driven
control plate and adjustable reflector
block mechanisms have been
designed, fabricated and extensively
tested. These compact mechanisms
are basically fail-safe with gravity
drop feature and with solenoid
operated latches preventing acci-
dental removal of safety control
plates.

A computer control system for
operating on-power fuelling machines
and fuel transfer systems developed
by BARC has been installed at NAPP
The control system is based on a
dedicated network of one master
computer PDP11/24 and two micro-
computers, enabling the simulta-
neous operation of two fuelling
machines and two fuel transfer
systems. A prototype system installed
at Integral Test Facility (ITF) has been
used for calibration and testing of the
machine-heads. The system incorpo-



rates an elaborate operator's console
providing facilities (or operation in
full-auto, semi-auto and manual
modes As the operations are in pro-
gress, the alarm condition and the
information pertaining to the opera-
tion are displayed on colour CRTs
and also logged on printers. Off-line
system support programs have been
developed to provide flexibility and
simpler interaction with system logic.
The know-how for fuel handling
system has been transferred to ECIL,
Hyderabad.

Channel Temperature Monitoring
System (CTM) has been developed to
monitor the outlet temperature of all
the 306 channels and the differential
temperatures in the four boilers of
NAPP. The system based on a 8086
microprocessor and employing VME
bus based hardware boards,
incorporates several advances in
hardware technology like PCB back-
planes, flat cables and passive inter-
face units.

The system includes several
features superior to the earlier
MAPP-CTM system like automatic
"outine log, synchronized acquisition
of information etc.

A Digital Recording System has
been developed for NAPP to store
information for 48 process para-
meters every two seconds for-seven
days. The system is based on a PC
and a front end dafa acquisition
microprocessor, communicating in
serial witn each other. It provides
information to operator as trend or
history curves on a colour mointor,
hard copy on a plotter and discrete
trend values on a printer. The system
provides a user-friendly menu driven
interface to the operator and also
permits limited information to be
stored on a floppy disc which can be
subsequently analyzed at NPC
headquarters. This scheme replaces
48 conventional chart recorders and
is the first step in replacing panel
instrumentation with CRT based
operator-support systems.

Analysis of reliability of emergency
core cooling system o) Uhru*u and
moderator circulation and shutdown
cooling system ol 500 MWo PHWR
have been carried out. The laboratory
testing of first indigenous four way
solenoid valve to replace the existing
MOROTTA valve in 235 MWe PHWRs
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has been completed. Two more
valves were fabricated for field trials
at MAPS. Ten numbers of SRM/IRM
drive mechanisms based on BARC
design have been fabricated to
replace the existing GE sensors with
KUW sensors, without the need for
replacing the dry tubes withir. the
pressure level.

Reactor Operations and
Maintenance

After confirming the satisfactory
performance of Dhruva reactor and
all its subsystems and the modified
fuel assemblies at a power level of 25
MW, and after commissioning the
modified emergency core cooling
system, the reactor power level was
progressively raised and was stabi-
lised at 80 MW. Performance of the
various process systems and the fuel
assemblies continued to remain satis-
factory. Subsequently the power was
raised to the design value of 100 MW
and the reactor performance was
found to be satisfactory at its full rated
power. A number of fuel assemblies
were discharged from the reactor

after having attained their stipulated
burn-up. Performance of the fuel
assemblies was also quite satisfac-
tory. The prototype grease lubricated
non-return device assembly of one of
the main heavy water coolant pumps
was replaced by a regular assembly
in which the relative postions of radial
bearing and ratchet mechanism have
been interchanged for better main-
tainability. Commissioning of process
instrumentation for ECCS (Phase I)
was completed. A microprocessor
based monitoring system for the
detection of failed fuels was deve-
loped.

Apsara and Cirus reactors
continued to be operated in a safe
and efficient manner. Radioisotope
production and irradiation testing of
fuels and other materials continued to
be the major on-going activities,
besides utilising the reactor facilities
for basic research. Over 1800 irradia-
tion samples meant for isotope
production were evaluated for reac-
tivity effect, heat production and
radiation shielding prior to their irra-
diation in the three reactors. Over

Dhruva Reactor



40,000 samples of water, heavy
water, helium and ion exchange
resins were analysed for chamical
control of Apsara, Cirus and Dhruva
reactor systems. Guidance was given
to other units of DAE for chemical
analysis for process systems and to
the Bureau of Indian Standards for
standardising the specifications of
nuclear grade resins.

FUEL CYCLE
Ore Dressing

The main thrust of activities was on
maximizing the recovery of uranium
values from Singhbhum Copper Plant
tailings and on the feasibility of
employing beneficiation techniques
for exploitation of low grade uranium
ores. Pilot plant scale tests carried
out using integrated gravity beneficia-
tion flow sheet have shown substan-
tial improvement in the recovery of
uranium values from Mosabani
copper plant tailings. Application of
magnetic separation methods for
recovering uranium values from
copper tailings as well as from low
grade uranium ores is being
explored. Wet High Intensity
Magnetic Separation and High
Gradient Magnetic Separation
methods are being evaluated and the
latter appears to be promising. High
Gradient Magnetic Separation of
Mosabani copper tailings sample
gave nearly 90% recovery of uranium
values in the magnetic fraction.

A process flow sheet was deve-
loped based on laboratory studies to
beneficiate low grade wolframite ores
from Degana, Rajasthan. Nearly 50%
tungsten values at a concentrate
grade of 20-25 tungstic oxide (WO3)
could be recovered from a granite
type of ore with a tenor as low as
0 04% WO3 and mica concentrate
assaying 1% Li2O as by-product
could be obtained by using this
method. Beneficiation tests on
tungsten ores from Khobna in
Maharashtra and Madurai in Tamil
Nadu have been taken up and the
results are encouraging. Studies on
gravity processing of low grade tin
ores from Toshan in Haryana and
Bastar in Madhya Pradesh are also in
progress.

Application of chelating type of
flotation reagent like Glyoxal-bis-
hydroxyanil (GBHA) is found to lead
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to considerably improved nickel
recovery from Jaduguda uranium ore.
Investigations are in progress for the
use of flocculating agents grafted
with specific functional groups like
polyacrylamide grafted with glyoxal
for flocculation, and application of
hydroxamate type of reagents for
flotation, of uranium minerals. Funda-
mental studies on various aspects of
mineral beneficiation, petrominera-
logy and chemical analysis of diffe-
rent types of ores were continued.

Uranium Metal Production

Production of uranium metal for
fuelling the research reactors Cirus
and Dhruva was continued. Neces-
sary modifications in the plant, inclu-
ding setting up of an auxiliary solvent
extraction unit, were carried out to
facilitate the increased rate of
production.

Uranium Fuel Fabrication

Using available U-233, aluminium
clad plate fuel elements which will
constitute the major portion of the
Kamini fuel was fabricated and eva-
luated using indigenously developed
technology. A sol-gel microsphere
pelletisation (SGMP) process was
successfully developed for fabrica-
tion of thorium oxide and uranium
oxide based fuels. This safe and
simple process will give high density
pellets with an ideal pore structure
and is amenable for automation and
remotisation. Production trials in
batches of 6-10 kg were successfully
carried out in BARC and NFC. Around
100 kg of porous uranium oxide
microspheres have been prepared
for pelletisation and sintering in NFC
and for testing in one of the PHWR
fuel channels. The SGMP process
has been successfully extended to
fabricate fuel pellets of uranium oxide
containing gadolinium oxide, uranium
carbide and uranium nitride.

A process flow sheet has been
developed to prepare depleted
uranium oxide powder by direct
reduction and for pelletisation and
sintering. The fabricated fuel will be
used in PHWRs for flux flattening.
Industrial scale trial with 400 kg of
such powder has demonstrated the
very high acceptance rate. Around
100 kg of double dished UO2 pellets
have been fabricated for out-of-pile
clad collapse experiments. The
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overall pellet acceptance rate was
around 85 per cent in a single cycle.

About 185 metallic uranium fuel
elements (X-rods), 1658 sub-
assembly components and 3 tray rods
for Cirus, and 127 uranium fuel
clusters, 9 cobalt slug tray rods, 99
aluminium shields and various other
aluminium components to be used in
Dhruva were fabricated and supplied.

Quality Assurance

Quality surveillance on a variety of
components and equipment such as
fuel bundles, zircaloy components,
garter springs, coolant and calandria
tubes for PHWRs, fuel bundles for
TAPS, SS strips for Heavy Water
Plants, SS slabs and process vessels
for Kalpakkam reprocessing plant,
forged flanges and pipes, seam
welded tubes and SS process
vessels for use in BARC and in IRE,
fuel and core assemblies for FBTR,
lead bricks, aluminium cartridges and
diaphragm valves, shut off rods and
adjuster rods for Dhruva etc. was
carried out.

Plutonium Fuel Fabrication

A MOX fuel fabrication plant
oriented towards fabrication of PHWR
type MOX fuel elements is under
construction at Tarapur. The installa-
tion of machinery and equipment for
pellet fabrication is in advanced
stage. Procurement of rod fabrication
and fuel bundle assembly equipment
is in progress. Various aspects of
plutonium recycle in RAPS, including
physics and safety, are under study
to arrive at a MOX fuelling scheme
that will result in significant extension
of fuel burn-up.

An additional number of 337 stain-
less steel (SS 316) clad mixed
uranium plutonium monocarbide fuel
pins were fabricated for use in the
Fast Breeder Test Reactor (FBTR) at
IGCAR. Plutonium recovery from
rejected pellets and scraps was
carried out.

A process flowsheet has been
developed for fabrication of uranium
rich mixed uranium plutonium mono-
carbide and mononitride fuel from
uranium oxide and plutonium oxide
feed materials for Prototype Fast
Breeder Reactor (PFBR 500). The
thermal conductivity and hot hard-
ness of these materials have been



determined upto 1500°C and the
out-of-pile compatibility of these fuels
with SS 316 cladding has been
successfully demonstrated. Automa-
tion systems for some activities of the
Pu-fuel fabrication plant at Tarapur
were developed and perfected.

As a part of the thorium utilisation
programme in PHWR, a process
flow sheet has been developed for
fabrication of high density thorium
uranium mixed oxide and thorium
Plutonium mixed oxide fuel pellets by
the "cold pelletisation and sintering"
route. High density pellets at a rela-
tively low temperature of 1400°C was
obtained by using niobium oxide as
dopent during sintering in nitrogen.

Post-Irradiation Examination

Post irradiation examination of
several modified fuel bundles of
Dhruva reactor, two fuel bundles of
MAPS and several structural mate-
rials from RAPS and MAPS was
conducted. The PIE of Dhruva fuel
bundles established the excellent
performance of the fuel assemblies.
The PIE data of fuel bundles and
structural materials of MAPS, and
RAPS were utilised to improve the
performance of fuel elements and to
ascertain the life limit of structural
materials.

Fuel Reprocessing
The Power Reactor Fuel Reproces-

sing Plant at Tarapur (PREFRE)
successfully completed another
reprocessing campaign with the
spent power reactor fuel and met the
additional plutonium requirement for
the initial fuel charge of the Fast
Breeder Test Reactor. Preparations
are underway for starting a fresh
campaign. The Plutonium Plant at
Trombay has started reprocessing
the spent fuel from Dhruva reactor.
The uranium seperated has been
purified and shipped for reconversion
to metallic uranium for fabricating
new fuel elements.

The Reprocessing Plant under
construction at Kalpakkam (KARF)
has made satisfactory progress. The
construction of the low block building
which will house the control room and
utilities is completed, and that of the
high block which will house the
process cells is in progress. A
computer based Management Infor-
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mation System (MIS) is closely moni-
toring the physical and financial prog-
ress of the project and .the procure-
ment calendar to take effective
mid-course corrective actions in the
event of slip-ups in targets or cost
over-runs. The critical pieces of
process equipment are being fabri-
cated in BARC, while others have
been contracted out. The engineering
design of the process, auxiliary and
utility systems are in advanced stage
of completion.

Project work on the facility for
separation of U-233 from irradiated
thorium fuel has been started.
The process flow sheet has been fina-
lised and the systems engineering
design is on hand. The cells in the
evaporation plant building in the
Plutonium Plant Complex at Trombay
are being decommissioned and
decontaminated for installing the new
facility there.

The thrust in the R & D efforts has
been towards solving some of the
recurring problems encountered in
the operation of reprocessing plants
and to generate data on certain new
design concepts. Information
required to firm-up the KARP design
is also being generated. Significant
results have been obtained in the
studies involving the application of
electrolytic methods in various stages
of Purex Process.

Laboratory scale studies have
identified some new matrices for the
separation of degradation products in
the spent solvent and for the fixation
of radionuclides from the liquid
effluents of the plant. New techniques
for the measurement of fissile element
concentration, especially non-
destructive assay of process
samples, have also been developed.

The safety record of both the
operating reprocessing plants and
the various active facilities associated
with them has been excellent during
this period.

Radioactive Waste Management.
The construction of Solid Storage

Surveillance Facility (SSSF) at
Tarapur, designed for interim storage
of high level radioactive waste
packages produced in the Waste
immobilisation Plant, is completed.
Erection and installation work of
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equipment and components is being
carried out. Inactive operations for
characterisation and evaluation of
glass matrix were continued.

The design of various services for
Waste Immobilisation Project under
construction at Trombay is nearing
completion. Sanction has been
accorded for setting up Waste Immo-
bilisation Project at Kalpakkam for
processing the high level waste from
fuel reprocessing plant at IGCAR.

Installation of equipment and
piping at the Waste Management
Plant (WMP) for Narora Atomic Power
Project is nearing completion. Work
on the design of WMP of Kakrapar
Atomic Power Project, RAPS 3 & 4,
and Kaiga Atomic Power Project is
progressing. Work on a facility for
handling and away-from-reactor
(AFR) storage of spent fuel from
Tarapur Atomic Power Station,
WMF-AFR (Tarapur), is in progress.

The vitrification and bituminisation
plants of the Waste Immobilisation
Plant, Tarapur were operated under
inactive conditions after necessary
modifications. Preparations for taking
up high level active waste are being
made.

Radioactive waste management
facilities for low and medium level
wastes at Trombay, Tarapur and
Rajasthan were continued to be
operated, and alkaline waste from the
fuel reprocessing plant at Tarapur
was immobilised insitu in cement in
trenches. Discharges made at dif-
ferent sites were restricted to less
than 10% of the permissible limits.
Radioactive concentrates were
conditioned in suitable matrices
before disposal into the engineered
containment such as RCC trenches
or tile holes and are kept under cons-
tant surveillances. Special filters were
supplied to different units of the
department. Besides on the develop-
ment of protective system for
armoured vehicle for defence serv-
ices are in progress. Development
work on imported technique for vitrifi-
cation of high level radioactive waste
and for thermal decomposition of
organic wastes by pyrolysis is in
progress. A process was developed
for the removal of surfactants from
laundry waste by adsorption in activ-
ated charcoal.

Experimental set up for thermomec-
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hanical studies in deep geological
formation, under simulated condi-
tions, has been commissioned in a
deep underground chamber, to
generate data for the development of
repository for high level waste
products.

The modelling of radionuclide
migration during storage of solidified
wastes in shallow land repository at
Narora waste disposal site has been
done Results of the safety analysis
indicate that there is no likelihood of
any activity release to environment
beyond permissible levels even
under very adverse conditions.

Work on setting up shallow solar
evaporation ponds where chemical
effluents can be dried on a daily basis
at NFC is progressing. Effluent
management for wastes containing
phosphorus-32 to be generated
at Jonaki at CCMB Campus in
Hyderabad was commissioned and is
being operated satisfactorily. Plants
for treatment of effluents generated at
some of the facilities at ECIL have
been constructed. The feasibility ol
recycling waste water at ECIL is
being evaluated. A method for treat-
ment of printed circuit board effluents
generted at ECIL for recovery of
valuable elements from it was deve-
loped. A status report was prepared
for effluent management at IRE,
Alwaye providing a long term straiogy
based on various disposal options.
The Centralised Waste Management
Facility (CWMF) at Kalpakkam
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continued to treat liquid radioactive
effluents from the nuclear facilities at
Kalpakkam, and to dispose solid
wastes in underground engineered
containers. A method was deve-
loped for determining the surface
areas of flocoulating particles used
for adsorbing radioactive nuclides
from liquid wastes. Studies were
continued to develop methods for
fixation of radioactive nuclides from
liquid wastes. Studies were also
continued to develop methods for
fixation of radioactive wastes in
polymer matrices and in biological
media. Project proposal for cover gas
cleaning and emergency air cleaning
system for PFBR was prepared.
Hydrogeological studies for selecting
a new housing site at Kalpakkam
were carried out. Work was initiated

Visual monitoring system for personnel in a

6 0.5 1 2

for developing natural thermosyphon
evaporators for radioactive liquids
and to develop a suitable process for
preparing activated charcoal for air
cleaning. A number of air filters were
tested for their efficiency and an
activated charcoal cartridge was
constructed for measurement of
radioiodine in air streams of FBTR.

RADIOLOGICAL SAFETY AND
PROTECTION

Health Physics

Health physics surveillance was pro-
vided during the operation and main-
tenance of the various nuclear power
reactors, research reactors and the
cyclotron at VECC, Calcutta.
Concentrations of toxic substances in
the working environment in BARC
were estimated and were found to be
well within the maximum permissible
values. No internal contamination was
detected in any of the radiation
workers in any of the different nuclear
facilities. Members of public from the
critical group were examined by
whole body monitoring unit ai the
Environmental Survey Laboratory at
Tarapur, and in no case any dose
level attributable to power station
operation was detected. Results of
environmental surveillance at dif-
ferent DAE installations showed no
significant contribution due to the
operations carried out at these
places. Environmental radiation
survey around all DAE installations in
the entire country showed no
abnormal increase in radiation levels.

Planning for the health physics

nuclear emergency.
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TiLO reader for personnel monitoring.

services for the WIP and PREFRE
projects, and for the Kalpakkam
reprocessing plant is in progress.
Technical specification limits for envi-
ronmental discharges from nuclear
power plants were revised based on
the report of International Committee
on Radiation Protection (ICRP), Paris,
Statement 1985 on "population dose
limit".

Radiation safety aspects of the
proposed replacement of the
defective end-shield of RAPS-I were
examined. Experimental and theore-
tical studies on the intake, retention
and elimination of different radioac-
tive nuclides by human body were
carried out.

Analysis of air, water and marine
samples around Trombay installa-
tions showed that maximum internal
exposure arising due to consumption
of fish harvested from Bombay
harbour bay was 0.001 mSv (milli-
sieverl) per year and the highest
external exposure, at the areas in
close proximity of the discharge loca-
tions of eflluents, is about 0.065 mSv
per year, which are much below the
stipulated limits.

A computer programme for extreme
value analyses of meteorological data
using graphics has been developed,
and it was used to estimate the
optimum depths of evaporation
ponds at some of the proposed
nuclear power station sites. An inte-
ractive computer program for use in
radiation emergency, and a particle
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trajectory atmospheric model to study
dispersion of effluent releases were
developed. The Kakrapar Atomic
Power Project stack parameters were
derived after estimating the effect of
stack effluent-diffuse-velocity on
off-site radiation exposure.

A one dimensional hydrodynamic
model to predict leaching characte-
ristics of canisters dumped on ocean
floor and a four box compartmental
model to study migration of
Carbon-14 and tritium from different
burial compartments were deve-
loped. Under an intercomparison
programme a sediment sample obta-

ined from IAEA was analysed for Pu
and Am isotopes.

The multichannel analyser software
was upgraded to enable it to be inter-
faced with a personal computer. The
VHF based environmental dose
logging system was madn functional
at Trombay. A number of special
radiation survey and meteorological
instruments, large gas flow pro-
portional counters for detection of
alpha and beta surface contamina-
tion, an alpha counter array for low
level analysis, an electronic integrator
to record hourly value of incoming
radiation, and an instrument for
processing temperature signal from
RTD were developed.

Portable optical radiometers for the
survey of laboratories using lasers
Chlorine trifluoride cylinder half buried for
safe discharge.

Nitrogen purging of cylinder.
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and optical radiation, probes incorpo-
rating an orthogonal array of radio-
frequency coils for monitoring
leakage of electromagnetic radiation,
and a passive monitor for estimation
of nitrogen dioxide in ambient and
occupational environment were deve-
loped. Two beta-gamma continuous
air monitors were installed at the
Waste Management Plant at Tarapur
and an on-line monitoring system for
ammonia and oxides of nitrogen was
installed at the Heavy Water Plant at
Thai.

Samples of food items from import
and export consignments, and from
indigenous sources and other
samples, were continued to be
analysed for detecting radioactivity
residues from Chernobyl accident.
Six new fallout monitoring stations
have been started at various loca-
tions of the country i r detecting
radioactivity releases to ti.a environ-
ment from weapon tests or nuclear
accidents. Lead, cadmium, zinc and
copper levels in air, water, food and
surface soils at Bombay and Mora-
dab.ad have been studied. Blood and
teeth samples of Bombay residents
indicated that blood lead levels of
children in Central Bombay are
increasing.

The inspection of various units of
DAE was carried out for observing
compliance with specific reference to
the relevant regulations, such as
Factories Act 1948, Atomic Energy
(Factories) Rules, 1984 etc., and
inspection reports were submitted to
DAE Safety Review Committee and to
the concerned safety offices. A
computerised data base for inspec-
tion reports is being created.

Radiological Protection

Radiation safety programme was
continued to be implemented for the
users of radioisotopes and radiation
sources throughout India. Personnel
radiation monitoring service was
provided to 32,400 radiation workers
in 2,780 institutions using radiation
sources. The average doses received
was about 2 mSv per person. Ther-
moluminescence dosimeter (TLD)
monitoring service was introduced for
all industrial radiation workers from
Bombay.

Plans of 65 medical and 12 indust-
rial installations using radiation
sources were approved. Radiological
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protection surveys of 134 medical
and 288 industrial institutions were
carried out. Source loading opera-
tions of 19 teletherapy units were
supervised and source retrieval
operations in a teletherapy unit conta-
ining Cs-137 with an activity of 7.4 x
10 i 3Bq (2000 Ci) was carried out. On
all India level 400 radiography
cameras were inspected for their
functional safety.

A variety of radiation monitors,
specialised instruments such as
secondary standard dosimeter,
clinical dosimeter and TLD readers
were fabricated and supplied to diffe-
rent institutions. Quality assurance
check of the seven TLD personnel
monitoring stations was conducted
and corrective measures were taken.
A quality assurance analyser for diag-
nostic X-ray machines and an X-ray
monitor for scanning radiation field
around colour TV receivers were
made.

National standards for radionuc-
lides, neutrons, X- and gamma ray
beams for therapy and radiological
protection were maintained. Calibra-
tion services for secondary standard
dosimeters, protection monitors and
other radiation monitors were pro-
vided. Standard radioactive sources
were supplied. Postal intercompa-
rison with various hospitals in the
country was conducted for radioac-
tivity and secondary standard dosi-
meters. A dose assurance prog-
ramme for high dose radiation facili-
ties using free radical dosimeters was
started this year. More than 14,00,000
indicators for identification of radia-
tion sterilized medical products were
supplied to users of ISOMED plant.
For quick medical management of
exposed persons in a nuclear emer-
gency, a visual chemical dosimeter
was developed.

Monazite Survey Project

Survey of new born babies and
epidemiological studies have been
continued to estimate the incidence
of congenital abnormalities, sentinal
phenotypes, morbidity and mortality
rates, fertility indices in populations
residing in normal and high backg-
round radiation areas of Kerala coast.
The new born survey covers six
hospital units and over 11,625 births
have now been recorded.

Cord blood samples have been
III-23

collected for cytological analysis to
detect numerical and structural chro-
mosome changes. Referred cases of
new borns having congenital abnor-
malities were also karyotypicallly
analysed.

Epidemiological studies involving
house-to-house survey of 7,700
households comprising more than
9,100 couples and a population of
over 51,000 individuals have been
completed, and further studies are in
progress. Chromosomal analyses of
personnel in different units of BARC
are being carried out for various
structural changes including dicent-
rics, rings and translocations.

ELECTRONICS AND
INSTRUMENTATION

Electronics

A powerful 4K nuclear data acqui-
sition system has been fabricated.
The multiprocessor system does high
speed data acquisition and software
processing functions simultaneously,
and provides communication facility
with IBM-PC. An 8K nuclear ADC with
the differential non-linearity of 1
percent based on DAC-correction
principle has been designed and
fabricated. A beta ray aluminium and
paper foil thickness gauge has been
developed for use in sheet metal and
paper industries. For estimiting
uranium metal enrichment in fuel, a
nuclear instrument arithmetic module,
"Digital Rate Multiplier" has been
fabricated and supplied to Nuclear
Fuel Complex.

Instrumentation

The Centralised Process Instru-
mentation Unit consisting of a calibra-
tion standards laboratory and an
evaluation and testing laboratory, has
become functional. The services of
this facility is available to all DAE units
and provides professional expertise
in assessing the suitability of instru-
ments for each specific application,
especially for the nuclear power
programme.

Undoped YAG crystals of 22mm
diameter and 75mm length, and lead
germanate crystals were grown. Fast
infrared detectors with about 15 ns
rise time for laser power measure-
ment, and CdTe gamma ray detec-
tors were developed. Routine produc-
tion of KDP -crystals, optical windows



and surface barrier detectors was
continued.

Development of the Process Mass
Spectrometer with microprocessor
based sample inlet system for contin-
uous on-line isotopic ratio measure-
ment of gaseous nuclear materials
was completed. The fabrication of
Knudsen cell ion source was comp-
leted and used for investigating the
problem of corrosion cracking of fuel
cladding materials. A mass spectro-
meter for geochronological applica-
tions was supplied, installed and
commissioned at the Atomic Energy
Agency, Indonesia. The system for
extraction of gases from rocks for the
above machine was fabricated and
tested and is ready for shipment. A
heavy water mass spectrometer with
enhanced analytical range was fabri-
cated for use in the Heavy Water
Plant, Manuguru.

One 600 kW current controlled DC
power supply for testing reactor
components was fabricated. An
imported 2 MeV, 30 kW linear
electron accelerator for irradiation
uses in industry, agriculture and
medicine is being installed.

An infrared night viewer was deve-
loped for studying insects affecting

.crops. Ultrahigh vacuum sputter ion
pumps of capacity from 70 1/sec to
270 1/sec were designed. Routine
production of ultrahigh vacuum
pumps and components was
continued.

An isoelectrofocussing column for
separation and characterisation of
proteins and for studying cell
surfacces and a new cerium hollow
cathode lamp for spectroscopic
analysis were developed. Regular
production of xenon flash lamps,
glass to metal seals, hollow cathode
lamps, pocket dosimeters and BA
gauge heads were carried out.

Various CAMAC modules required
lor accelerator control instrumenta-
tion and nuclear data acquisition
system have been fabricated. The
CAMAC crate controller for IBM-PC
with the standard CAMAC subrou-
tines has been developed.

Nuclear Instrumentation Systems
for NAPP-1 and 2 reactors have been
designed, developed and fabricated.
Neutron power limiter units to ensure
reactor operation at safe power level
were supplied.
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A liquid scintillation spectrometer
with a capacity to change 100
samples automatically has been
fabricated for conducting environ-
mental survey at NAPP site.

Twenty ion-chw"•* ->r amplifiers for
monitoring the reactor power in RAPP
reactors to replace trie old units of
Canadian design were fabricated. A
micro-processor based system for
the early detection of failed fuel in
Dhruva reactor was designed. A
digital video frame data acquisition
and processing system has been
designed and evaluated at Dhruva for
screening of defects in fuel rods.

Health instrumentation to monitor
neutron and gamma radiation
required for the Medium Energy
Heavy Ion Accelerator (MEHIA)
Project, has been commissioned at
site. Nuclear control instrumentation
for Kamini Reactor has been comp-
leted. Modernisation of reactor instru-
mentation has been undertaken with
a view to introducing on-line data
acquisition and communication link
with main control station. A walk-th-
rough type doorway monitor for the
detection of small amounts of pluto-
nium in nuclear plants was fabri-
cated.

An Event Sequence Recorder with
the capacity to handle 512 points of
either AC or DC voltage or potential
free contacts has been fabricated for
use in the Heavy Water Plant at Tuti-
corin. The salient features include 5
millisecond time resolution of events,
optical isolation of signals, event
summary print out etc.

A two channel Electromyograph
instrument with nerve conduction
velocity measurement facility has
been clinically evaluated at various
hospitals in Bombay and the
know-how is being transferred to
industries for commercialisation. An
ultrasonic two dimensional viewing
system for non-destructive testing
applications has been developed and
is being evaluated.

A smart card for utilisation at stra-
tegic locations to monitor and control
access to high level security areas
and an explosive detection system
were developed. Computer based
integrated multipurpose security and
surveillance systems were designed,
Installed and commissioned at FBTR
and NFC.
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Process instrumentation and con-
trols for 2 MW inpile loop at Hall-7. 3
MW Boiling Water Loop and a
number of small experimental test
facilities used for development of
works pertaining to 235 MWe and 500
MWe power reactors were completed
and commissioned. Performance
tests on Kakrapar P.H.T. pump were
carried out.

Computer Based Instrumentation
A token bus local area net-work

was developed to facilitate high
speed reliable message transfer
between the local control stations and
central graphic display stations.
Media access control, logical link
control, net-work layer and applica-
tion layer protocols were developed
and tested. Development of
command interpreters and graphic
display packages for the central
station was also completed. The
communication net-work will find
large scale applications in distributed
plant control systems.

To facilitate multi-tasking in
scanner systems, a real time multi-
-tasking executive was designed and
integrated with scanner and comm-
unication software and tested. Bus
compatible memory board, system
controller board and Media Access
Controller were also fabricated and
tested.

An expert system has been deve-
loped using an IBM-PC/XT computer
for on-line nuclear instruments main-
tenance of Cirus reactor. Based on
operator inputs of trip and alarm data,
the system performs analysis by
model based reasoning approach,
and provides interactive communica-
tion for quick diagnosis of instrument
faults. The knowledge is expressed in
both frames and rules, and the pro-
PC b§t$d Mdvtocod nHtUchtnntl tottyttf.



PC based advanced on-line data collection system.

grammes are written in "Prolog". An
IBM PC based Mossbauer Data
Acquisition and Processing System
and digital signal processing tech-
niques to analyse nuclear spectral
data was developed. Development oi
an ultrasonic C-scan imaging system
is under progress. Algorithms have
been developed for processing two
dimensional images.

An image processing and analysis
system was developed around a
personal computer IBM-PC/XT. A
light pen interaction is provided for
editing images directly on the
monitor. Six such systems are being
developed for use by various groups
in BARC and in NFC. Hyderabad.

A pilot phonetic coding project
scheme, based on the method deve-
loped at BARC is under implementa-
tion in the border areas of Rajasthan,
under the direction of Ministry of
Home Alfairs. Govt of India. Neces-
sary code books were supplied and
training was provided for the
successful implementation of the
project. An electronic machine was
developed for the verification of six
digit phonetic identity codes. A
Permanent Phonetic Radiation Code
(PPRC) was evolved lor radiation
workers in India to facilitate the entry
of all the exposure data of radiation
workers in a single record ol file irres-
pective ol their place of work. This will
help in belter health care of radiation
workers as well as in the study of long
term effects of low level exposure.

Control Engineering

Eignt 50 kVA source inverters have
been fabricated and tested under
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simulated load conditions. A 50 kVA
prototype current source inverter,
having all the features of a voltage
source unit has been developed and
tested. Experimental studies have
been started to incorporate freon
cooling in GTO thyristor based chop-
pers to be developed. A proto-type
inverter required to pre-excite the
series fields of the traction motors for
regeneration has been developed.

A 100 kVA semi-automatic welding
machine with novel features for the
welding of zircaloy fuel pin was deve-
loped and tested.

Hundred canned motors of two
different types have been manu-
factured and supplied. Hastalloy
cans have been developed to
enhance efficiency of caoned motors.
Detailed documentation for techno-
logy transfer was prepared.

The design for a transportable
onion irradiator capable of proces-
sing about three tonnes of onions per
hour was completed. A prototype
stainless steel conveyor of endless
type was fabricated and satisfactorily
tested in the mock-up irradiator unit.

The Pressure Tube Gauging
Equipment (PTGE) is upgraded using
a microprocessor based data printer.
The system is being used at Narora
for measuring Ihe deflection,
diameter and ovalily ol the tubes.

ENGINEERING SERVICES

Civil Engineering

During this year schemes totalling
Rs. 164.2 lakhs were completed at
Trombay, These included workshop
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building for Reactor Control Division,
pile foundation of Waste Immobilisa-
tion Plant (WIP). Electron Beam Faci-
lity at FIPLY. helipad and approach
road. Works totalling about Rs. 11
crores are at various stages of imple-
mentation. During this year construc-
tion of a new glass house costing
Rs. 8 lakhs was taken up. The
schemes under planning are
expected to cost nearly Rs. 3 crores
This includes facilities for various
laboratories, an over ground water
tank, a glass house for biological
studies, buildings for Directorate of
Purchase & Stores. Bank and Post
Office, covered parking lot and resi-
dential facilities for medical officers
Rs. 75 lakhs was spent lor the mainte-
nance of various facilities.

In Tarapur construction of building
and structures of Ihe S3F plant and
Ihe 6th and 7th sets of RCC trenches
at the Waste Management Site
together costing about Rs. 7 crores
were completed. Construction of 45
residential quarters costing Rs. 75.73
lakhs was completed, and construc-
tion of 230 quarters at a total cost of
nearly Rs. 3 crores is under progress
Plans were approved for constructing
230 quarters costing about Rs. 3
crores. Plan for extension of the
hospital buildings and School
Complex were completed and
construction of welfare centre costing
Rs. 4.50 lakhs was taken up. New
buildings and facilities are planned
for NRL at Srinagar. Structural and
public health design services for NPC
township at RAPP 3 & 4 and KAPP
were also provided.

Architects of BARC continued to
render architectural services in desig-
ning buildings for BARC, NPC and for
other units under DAE including
aided institutions like TIFR. SINP.
TMC etc. Architectural services were
also provided to other departments
and outside agencies which included
Ihe Department of Electronics (for
SAMEER), Institute of Motel Manage-
ment, Catering Technology & Applied
Nutrition. Bombay and for the Festival
of India ai USSR.

Electrical and Mechanical
Services

Operation and maintenance work
on all the electrical power systems,
electrical installation at various labo-
ratories and workshops, airconditio-



ning plants ventilation, pneumatic
controls, vacuum system and water
supply systems, cranes, airconditio-
ners etc was carried out. Electrical
and mechanical services of the
Central Services Building for TSD
having a cost of Rs. 87.80 lakhs was
completed. Besides this, installation
works costing Rs 2 crores were
completed during this year. Major on
going projects are PREFRE Expansion
Phase-ll, Solid Storage Surveillance
Facility, Labelled Compound Labora-
tory, buildings for Reactor Control
Division, and 230 numbers of staff
quarters at Tarapur.

Exhaust ducts with a total surface
area of 600 mslaid in underground
tunnel for Isotope Laboratories were
decommissioned, and new duct fabri-
cated out of mild steel and lined with
FRP was laid dnd commissioned.
Guidance on design and construction
works for airconditioning and ventila-
tion, electrical, waste disposal
systems for Labelled Biomolecules
Laboratory, Hyderabad was prov-
ided.

Central Workshops

Central Workshops successfully
commissioned the electron beam
welding system with a chamber of
1.2m x 2m x 2m size, and with a
computerised work handling system.
Development work on tube to tube
sheet welding by explosive welding

Mass spectrometer components.

Sculler ton pump components.

technique has progressed satisfacto-
rily. Expertise in maintenance, erec-
tion, design, manufacture and testing
of equipment and components was
provided to various constituent units
of DAE.

A Hadron Calorimeter for large
electron positron collider experiments
to be conducted by TIFR at CERN,

Part of hadron catormwfar tor electron- petition coHider experiments of CERN, Geneva

Geneva was manufactured A Triple
Axis Spectrometer was designed for
Bangladesh. Scintillation counter for
Radioprtarmaceuticals Laboratory,
components lor fuel plate assembly
for Kamini reactor, under water
cutting machine for TAPS and fuel
scanning stage assemby for S3F
plant were designed. Development of
a 3m diameter bellow in pure alumi-
nium for Cirus calandria was unde-
rtaken. Design work on transportable
onion irradiator. detector shield and
trolley assembly, electron beam
chamber for laser research, vacuum
chamber for dipole magnet tor CAT,
Indore. toolings for manufacture of
500 MWe project fuelling machine
(FM) heads and end fittings, macrog-
raph, monel condc sers. etc is in
advanced stage, c f"puter Aided
Design (CAD) techniques were
utilised in many design works. Four
numbers of fuelling machines have
been assembled and tested. Manu-
facture of end fitting and linear tubes
for Kakrapar Atomic Power Plant, slit
assembly, mass spectrometer and
sputter ion pump parts, forty canned
motors of different sizes, catalyst
tubes, tensile testing machine, space
control rod drive mechanism. SS
condensers, etc. were completed
Development of welding techniques
for pure aluminium - IS type, free of
defects for Cirus Calandria is in prog-
ress.

The Transport Maintenance Unit
continued the maintenance of
vehicles. Use of computer for data
storage, inventory control and tor
maintenance purpose is progressing.

GENERAL

Remote Handling and
Robotics

Various remote handling systems
and prototypes of mobile and
non-mobile robots are being
designed, fabricated and installed for
use in nuclear installations. The pneu-
matic Pick and Place Robot deve-
loped earlier was deployed in several
installations such as In Nuclear Fuel
Complex and in (he Trombay Fuel
Reprocessing Plant. The multiple
gripper can handle 4 fuel pellets at a
time. Design of automatic spacer pad
placement system for NFC has been
completed and it is under fabrication.

A more effective drive card for
stepper motor has been developed
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for use in the robots being
constructed An articulated robot with
four degrees of freedom has been
constructed for use in PREFRE
Expansion Project for handling fuel
pellets. This will pick up pellets from
the conveyor system and place them
sequentially in sintering trays. A
robotic system capable of automati-
cally handling liquid samples for
radioactivity determination is being
developed and is expected to be
ready by early 1968. These robotic
systems will be installed at the fuel
reprocesing facilities at BARC and
Kalpakkarn, and a personal computer
will be able to control several such
robots. A compressed air driven
remotely operable ultrasonic
non-destructive testing system with
electronic logic control and 4 probes
for inspection of pipes in reactors was
developed and tested Under the
Nuclear Robot Project, as part of the
development of a six-legged remote
controlled walking robot, a six-legged
walking mechanism capable of adop-
ting different gaits and orientations,
with a total of 18 degrees of freedom,
and driven by 18 DC motors has been
assembled. The servo drive cards are
ready and work on the control system
is in progress. This is expected to
carry out diverse tasks in highly
radioactive areas and can be prov-
ided with protective clothing for easy
decontamination and prolonged life.

The AC servo robots which require
minimum servicing, and hence ideal
for prolonged use in radioactive
areas, are being developed and will
be ready shortly. This robot can be
used to handle and manipulate
objects weighing up to 5 kg, and can
perform tasks widely varying in speed
and accuracy such as welding, mate-
rial handling, painting, assembling of
components, dismantling of reactor
fuel, reconstitute of fuel bundles,
etc A prototype of low Inertia drag
cup type AC servo motor has been
built and tested exhaustively. A total
of 11 motors are now being
assembled for use in various
systems, A manually operated servo
manipulator with AC servo motors
and drives, operable remotely by
operators remaining in visual contact
with (he slave arm with the help of
closed circuit TV, was developed.
Servo manipulators are expected to
be more economical and need less
shielding than the presently used
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master slave manipulators. Equip-
ment for lighting and viewing inside
the FBTR reactor vessel was fabri-
cated and delivered to IGCAR, and is
currently being used.

One of the robots constructed was
sent to USSR for demonstration in the
Festival of India Exhibition.

Technical Information

BARC Library at present holds
about 773.148 publications. This
consists of about 77.000 books,
nearly 56,000 volumes of bound
periodicals, more than 22.000 patents
and standards, and about 618.000
technical reports. More than 1.800
journals published in India and
abroad are regularly received in the
library.

Substantial progress has been
made in computerising library opera-
tions. A database containing all the
relevant information pertaining to
each of the 1,800 odd journals being
received in the library has been
created. A set of programmes has been
written to retrieve the desired informa-
tion from this database and to print
out a list of scientific journals in any
desired format. 'Operation of the
Books Acquisition Unit has been
computerised. The Circulation Unit
maintains a database of books issued
out, and gets reminders printed, with
the help of the computer, for books
which are not returned within the
stipulated time. A computerised
catalogue of library books is nearing
completion. A database of all the
library users containing their names
and addresses is also nearing comp-
letion.

India continued to actively parti-
cipate In the International Nuclear
Information System (INIS) of IAEA.
About 700 items of literature falling
under the INIS subject scope and
published in India were submitted
and added to the INIS database
during this year. Library continued to
receive the monthly magnetic tape
output from IAEA. By processing this
tape on the NO computer INIS-SOI
service was continued. In order to
bring about improved awareness of
INIS among the DAE community, a
number of short duration workshops
on the use of INIS were organised
One month's INIS data is kept on-line
on the ND computer. An ND
computer terminal was installed in the
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Central Library exclusively for
retrieving information from the INIS
database maintained on the ND
computer.

A computer terminal was
connected through telephone lines to
the IAEA computer at Vienna in order
to carry out on-line search on the INIS
database maintained at Vienna on an
experimental basis. Using a data
transmission rate of 300 baud, a
query profile can be transmitted fran
Trombay to Vienna through Interna-
tional Subscriber Dialing, and the
information retrieved from IAEA
computer is printed at IAEA and
mailed to Bombay Necessary action
is being taken to have this service on
a regular and selective basis.

A number of technical and scien-
tific reports, a booklet on research
reactors at Trombay and a few
brochures were published during this
year. Proceedings of more than 10
scientific symposia were also brought
out. A new publication "BARC High-
lights 86" was brought out. For the
first time a technical annual report of
BARC was published, giving the list
of papers published and summary of
work done during 1986-87.

Work on setting up a laser disc
based information retrieval system
has made substantial progress
Necessary equipment is about to be
ordered.

Translation of technical papers
and reports published in foreign lang-
uages was continued at the request
of scientists and engineers belonging
to all constituent units of DAE. About
150 articles were translated from
French, German, Italian, Japanese.
Russian and Spanish languages
Copies of the translations were depo-
sited in the National Science Library.
New Delhi, which maintains the
national databank of translations
Interpretation service in Russian and
German languages was also prov-
ided.

Landscaping

Landscaping was done on about
38,000 m* area In Trombay, Anusha-
klinagar and at BARC • facilities In
Tarapur. Rejuvenation of about 5000
m f garden in Trombay was carried
out. About 200.000 saplings of
various types were planted and about
200 kg seeds of different types of



trees were sown on Trombay hills for
afforestation Landscape plans for
various units of DAE were also
prepared

Contributory Health Service
Scheme

The scheme at present covers
64.400 beneficiaries BARC Hospital
and peripheral dispensaries
continued to extend diagnostic and
therapeutic facilities to the beneficia-
ries. About four lakh patients bene-
fited from the CHSS facilities.

The bed strength in the BARC
Hospital is now 169, excluding the 23
beds in special area like Labour
Room, Casualty, Pre- and Post-
Operative rooms

Under the family welfare prog-
ramme, 209 Medical Termination of
Pregnancy (MTP) cases and 288
permanent sterilizations were carried
out The number of infants added to
the scheme was around 780, and
annual birth rate is 12.11 per thou-
sand which is comparatively lower
than that in the previous years. 3000
major and minor operations were
carried out by the various units of
BARC Hospital. Initial medical exami-
nation and periodical medical exami-
nation of the employees were
continued, in addition to the occupa-
tional health activities and accident
prevention programme.

Radiation Medicine Service

Clinical services provided to the
patients referred to the oentre
included in vitro and in vivo diag-
nostic services like thyroid function
tests, analysis ol thyroglobulin and
protein bound radioiodine in serum
sample, estimation of circulating
levels of antithyroglobulin and antl-
microsomai antibodies, administra-
tion of radiopharmaceutfcals,
followed by sclntl-imaging the vital
body systems and organs etc. About
10.000 patients Including 3000 new
patients made use of the facilities of
thyroid clinic. Therapeutic services
with radioiodine were provided to
about 300 patients having hyperthy-
roidlsm and thyroid cancer.

A number of batches of sterile,
apyeogenlc and lyophllfzed kits of Sn
(II) llgands viz. phytate. MOP, OTPA,
glucoheplonate, OIPIDA besides
constituents of S colloid worth over
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Rs 2 lakhs were manufactured based
entirely on in-house developed tech-
nology

Technology Transfer

The effort to transfer technologies
and processes developed as a result
or R 1 D In BARC for commercial
exploitation was continued. The follo-
wing technologies were transferred
during the year: (i) Boron carbide
developed by Metallurgy Division to
M/s Boron Carbide India Ltd, (ii)
Electromechanical Actuator deve-
loped by Engineering Services Group
to M/s. Project and Equipment Deve-
lopment Corporation. Mohali and to
M/s Semitronik Industries, Ahme-
dabad. (in) Reverse Osmosis Plant
(Rate Module) developed by Desali-
nation Division to M/s Alweyn Pumps
& Systems Pvt Ltd.. Bombay and to
M/s. Rashtriya Chemicals & Fertilizers
Ltd.. Bombay, (iv) Gamma switch
developed by Electronics Division to
M/s. Roifa Technologies Pvt. Ltd.,
Hyderabad and (v) Zirconium
Oxide/Oxychloride developed by
Chemical Engineering Division to M/s.
Zirchem Industries (Bombay) Pvt.
Ltd.. Bombay.

A revenue Rs. 11.60 lakhs was
earned by transferring the technolo-
gies. Additional 26 technologies are
ready for transfer, and 91 technolo-
gies are presently being processed.

M/s. Water Chem, Hyderabad,
have started production of bilirubin
strips with BARC know-how and it is
reported that these strips have been
found satisfactory by pathological
laboratories.

Human Resources
Development

One hundred and ninety one trai-
nees belonging to different discip-
lines successfully completed Ihe 30th
course of Training School, and were
absorbed In various units of DAE. The
31st training course of 219 trainees
made up of 144 orientation and 75
in-plant trainees commenced on
September 1967. Computer facilities
for the trainees were strengthened by
adding PCs, Advisory services were
rendered to DRDO, IAMR, NCTVT,
CEI etc for launching their in-house
training programmes.

Practical training and project work
were arranged for more than 200
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engineering under graduates spon-
sored by IITs. RECS.BITS. and Engi-
neering Colleges from all over the
country, as a part of their degree
course Projects were also arranged
for National Talent Search Scholars
from NCERT Active assistance was
continued to be rendered .o Bombay,
Pune and SNDT Universities in their
post-graduate and pre-doctoral
courses and projects

Intensive course of teaching, trai-
ning and on the job apprenticeship
programme was conducted by the
Radiation Medicine Centre in radia-
tion medicine. After undergoing trai-
ning at the Centre, 15 trainees
comprising ol 7 medical and 8
non-medical degree holders were
awarded diplomas (DRM, DMRIT) by
the University of Bombay. Presently 7
medical and 8 science graduates-
/post graduates are undergoing the
respective diploma courses To date
a total of 78 medical and 67 non
medical personnel have directly
benefited from these programmes
and have helped to develop the
clinical discipline of nuclear medicine
in various parts of the country.

A training course on Quality
Control & Compatibility of Materials
was organised under the aegis of
UNDP/IAEA/RCA. This course was
attended by participants from 8
countries from Asia and the Far East.
A scientist from ISOMED was
deputed to Thailand for assisting in
the organisation of a training course
on microbiological aspects of radia-
tion sterilisation organised at
Bangkok under the UNDP/IAEA/RCA.

Five training courses in industrial
radiography technique and safety
aspects were conducted, and over
160 participants from various indust-
ries were trained, In addition, one
regional certification course and 2
national courses in NDT were
conducted under the Phase-ll of the
UNDP/IAEA/RCA industrial project. A
total of 42 participants attended these
courses.

A three-week course on "Water
Chemistry and Its Role In Materials
Behaviour" was organised in collabo-
ration with Materials Development
Laboratory, IGCAR

Engineers from M/s Bharat Heavy
Eleclricals Ltd. are being trained in
the design, fabrication and testing



aspects of MHD generators and
plasma diagnostic equipment

One trainee from Iraq was trained
in glass blowing and joining tech-
niques for 6 weeks under the Indo-
Iraqi Cooperation Agreement in the
Peaceful Uses of Atomic Enargy

An I A E A sponsored workshop
on the use of BARC fabricated dry
aerosol generator for inhalation and
imaging and useful for diagnosing
respiratory disorders (especially
CODP) was held in November 1987
and nine participants from different
South-East Asian countries took part
m the deliberations

A three-week IAEA/RCA Workshop
on Operation & Maintenance of
'ter.earch Reactors was organised
arci conducted in Trombay in colla-
boration with Iniernational Atomic
Energy Agency under the aegis of
Regional Cooperative Agreement
(RCA) for the benefit of RCA count-
ries. A total of 21 participants, 9 from
Bangladesh, China, Indonesia.
Republic of Korea, Malaysia.
Pakistan, Philippines. Thailand and
Vietnam and 12 from India partici-
pated m the Workshop.

Training courses were conducted
to train medical and paramedical staff
in the field of Radio Immuno Assay
(RIA) and its clinical applications

The total strength of BARC and its
units is at present around 15,000
comprising of 3,900 scientists and
6,900 technicians, the remaining
being supporting staff

About 250 persons including
statesmen, parliamentarians, diplo-
mats, service personnel and scien-
tists visited BARC, Many disting-
uished scientists from India and
abroad delivered lectures and partici-
pated in the large number of
colloquia and seminars conducted in
the Centre. Thirty scheduled caste
and 6 scheduled tribe candidates
were recruited to various posts.

The Benevolent. Fund, started In
1963, has at present about 3400
members. A sum of Rs. 37,395/- was
disbursed to the needy employees as
educational and other assistance.

During the year a total of 170 scien-
tists went abroad lor the purpose pi
attending seminars, meetings, higher
studies and as IAEA experts. The
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collaboration schemes with IITs and
University of Bombay in the deld o(
higher studies were continued This
centre has so far been recognised for
post-graduate studies by 30 universi-
ties of India. Three lecturers are
carrying out research here under the
UGC Faculty Improvement Prog-
ramme. Under IAEA technical assis-
tance programme and also under
collaboration agreement and in terms
of India's objectives for the peaceful
use of atomic energy, scientists from
Vietnam. Hungary, Srilanka, Brazil.
Indonesia. Ghana. Iraq, Malaysia.
FRG and Cuba were given training in
the fields of nuclear energy in the
Centre

LIFE SCIENCES

Molecular Biology

Methodologies for making specific
gene transfer to tobacco plants have
been standardized using an Agro-
bacterium-based system. Leaf discs
of tobacco exposed to bacteria
tailored to carry Kan (Kanamycin
resistance) gene and nif HD DNA
sequences were genetically trans-
formed. Plants grown from these leaf
discs transmitted the Kan marker
heritably to progeny A gene for
insect resistance has been partly
cloned in E. coli which also will be
transferred to tobacco

Evidence has been obtained that
deamplification of tandem repeats of
Transposon 9 (Tn9) is accomplished
by excision as circles of this DNA
Circular ONA molecules were recov-
ered and confirmed to be those of
Tn9 DNA by electron microscopy and
Southern hybridization.

DNA ol small plasmid isolated from
Rhizobium melibti was used as a
probe to see if sequences correspon-
ding to It are present in the larger
plasmids. Some ol the larger plas-
mids both in the same strain or in
other strains gave a positive signal
when small plasmid probes were
hybridized to them suggesting an
internal origin for the small plasmid.

A mutant strain N19 that yields
differential transformation lor two
linked markers, normal strain yields.
Extrachromosomal fixation
depressed In strain N19, suggesting
that it carries a small aberration in the
vicinity of nov gene and that recombi-
nation per se is required.
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The nitrogen fixation genes
(n/M),H) were found to be differently
organised in the heterocystous
(Anabaena) and nonheterocystous
(Plectonema) cyanobacteria. A
genomic library of Plectonema was
constructed. A clone of it functionally
complemented a glnA mutation in E.
coli. A nifH mutation in Klebsiella
pneumoniae could not be comple-
mented indicating differences in nif
transcriptional elements in the two
organisms. Three plasmids of sizes
1.5, 14 and 42 kb were observed in
Plectonema. Several multimers of
1.5kb plasmid were found and
resolved into a single monomer upon
Clal digestion

A low molecular weight uv-positive
compound has been isolated from
cowpea root exudate that enhances
nodulation response of cowpea
specific rhizobia only. Curtailment of
sodium ion influx has been identified
as a major mechanism of salt tole-
rance in nitrogen-fixing cyanobac-
teria.

Bacillus thuringiensis sub-sp.
Kurstaki var HDI showed differences
in plasmid profiles and in the location
of the plasmid-borne crystal protein
gene(s) depending on Ihe nutritional
status of the growth medium

Indomethacin, a common anti-inf-
lammatory drug has been found to
improve considerably the cure rate of
tumours when treated with single or
fractionated doses of gamma-rays or
hyperthermia The presence ol drug
in animals during these treatments
was essential. Studies on Ihe lethal
effects of radiations in E. coli Bit cells
showed that hyperthermic radiosensi-
tisation is achieved only a! tempe-
ratures beyond the cellular phase-t-
ransition point.

A pulse field gel electrophoresis
apparatus has been constructed and
has been used for isolating DNA frag-
ments larger lhan 50kb. The condi-
tions have been standardised lo
separate large linear DNA molecules
and megaplasmids of rhizobia.
Fusion of erythrocyte membranes has
been achieved by exposure ol red
blood cells to high intensity electrical
pulses followed by cenlrifugation.

Studies on limited proteolysls ol
ribulose btsphophate carboxylase
(RuBisCo) by trypsin were continued.
The experimental results strongly



suggest that RuBP carboxylase has
essential tyrosyl residues at or near
the active site which may also be
necessary tor maintaining the
structural integrity of the enzyme
molecule

Observational support has been
obtained for the hypothesis that in
Anacystis nidulans photosystem II
(PSII) constitutes a second target for
UV-inactivation. Thermoluminescan
studies show a period of four oscilla-
tions in all glow peaks including V
appearing at +48C in phoiosynihetic
membranes Oscillatory behaviour of
peaks with maxima on flashes 2 and 6
establishes a relationship with the
charge accumulation process in
photosynthesis.

Computerised genetic sequence
data bank, Gen Bank, has been
implemented on system of Norsk data
computer. It can be used for determi-
ning amino acid sequence, prediction
of molecular weight of the peptides
produced, codon usage frequencies,
restriction enzyme recognition sites,
search for any string with certain
homology, direct and inverted
repeats etc

A mutant allele, defective in utiliza-
tion of several carbohydrates, has
now been cloned in a multicopy
mini-Mu plasmid. The clone has all
Ihe properties of the original mutant.
In addition it has lost the capacity to
grow on glucose The differences in
growth of wheat leaf as studied from
serial sections were due to differential
cell division and expansion. These
sections showed age-dependent
sequential response to naphthyla-
cetic acid (NAA) in terms of extention
growth and protein synthesis.

Experiments on delayed hypersen-
sitivity (DH) response in CBA mice
suggested that the damage to
antigen presenting cells might cont-
ribute to radiation induced suppres-
sion of DH. Gamma irradiation of one
month old mice at 3 Gy (300 rad)
preceded by prenatal exposure to
cyclophosphamlde. a cytotoxic drug
and known mutogen, markedly
suppressed allo-skin graft rejection
without inducing any significant alte-
ration of Ihe immuno suppression. A
pronounced prolongation of DBA skin
graft survival on AKR mice was obta-
ined when an anti-lymphocyte serum
(ALS-l-GR) was given 4 days after
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transplantation followed by donor-s-
pecific bone marrow cells 2 days
later. A significant reduction in natural
cell-killer activity due to 20% ethanol
ingestion in drinking water was
observed in 8th and 18th generation
mice in a multigeneration study.
However, allograft rejection or DTH
and humoral response to sheep
erythrocytes remained unimpaired.

Studies on immunotherapy using
alloantigen stimulated (AAS) and
tumour stimulated (TS) syngenic
lymphocytes revealed that 3 injec-
tions on day 3,5 and 7 of 20 x 206

cells each, of the former were
required to cure the tumour, while
only a single injection of the latter
given as late as on day 7 after tumour
transplantation could cure 100% of
the animals. Bleomycin, a known anti-
•cancer agent stabilized the cells
against hypotonic shock and also
brought about significant inhibition of
membrane-bound enzyme acetyl
choline esterase.

The flow cytometric DNA distribu-
tion pattern of severely vitamin A defi-
cient rats showed complete absence
of haploid cells indicating profound
impairment of spermatogenesis.

A peripheral micronucleus assay
based on micronucleated erythroc-
ytes was validated as a simple
measure of chromosomal damage in
mice. Kinetics of Ihe migration of
micronucleated erythrocytes in
gamma irradiated mice from bone-
•marrow to peripheral blood showed
a quantitative relationship. Further
studies in animals exposed repea-
tedly to low-dose gamma radiation
demonstrated accumulation of
micro-nucleated cells in peripheral
blood and these cells persisted for
several weeks after the withdrawal of
radiation. Unlike the bone marrow
cells, Ihe peripheral erythrocyte
assay can be used for serial observa-
tions and for detection of
accumulated chromosomal damage. •

Post-meiotic exposure of mouse
spermalogenic cells to methylmet-
hane sulfonate (MMS) result in a high
incidence of dominant lethals in the
progeny. Breeding tests demonst-
rated transmissible post-inplantation
lethals. The incidence of induced
lethals. however, gradually declined
In the successive generations and
was comparable to spontaneous level
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in the 4th generation. These results,
for the first time, demonstrate genetic
risk associated with post-meiotic
exposure, a subject hitherto, not
given adequate attention.

Five different strains of mice were
investigated for ethanol metabolizing
enzyme alcohol dehydrogenase
(ADH) as a model system. The
marked strain and sex differences
observed in ADH activity were found
to be genotype dependent and not a
generalized phenomenon in mice.
Modulatory effects of cobalt chloride
on methyl methane sulfonate (MMS)
induced chromosomal damage were
investigated in somatic and germinal
cells in mouse. These studies
revealed reduction of MMS induced
bone marrow micronuclei and domi-
nant lethal mutations in mice pre-
treated with cobalt chloride.

Cytogenetic monitoring of the new
born infants was continued for the
incidence of numerical and structural
chromosomal aberrations. Over 300
cord blood samples have been
scored for different anomalies to
generate base line data. The biolo-
gical dosimetry studies using whole
blood cultures were continued for
chromosomal changes particularly
dicentrics and fragments in blood
samples drawn from accidentally
exposed individuals or those
suspected for radiation exposure.

Biochemistry

Research programmes on
structure-function relationships of
macromolecules invoked in genetic
information transfer, biochemical
basis of regulatory processes,
mechanisms of injury following
exposures to low doses of radiations,
chemicals and mechanisms, meta-
bolic basis of diseased slates and
drug actions and applied bioche-
mistry were continued. Among the
diverse techniques used in these
studies were gene cloning, DNA-seq-
uencing, immunological techniques
and advanced physical techniques.

Important components of mitoc-
hondrial DNA replicating apparatus
including DNA polymerase and
primase in Saccharomyces cerevi-
siae have been purified and immuno-
logically characterised. The entire
mitochondrial DNA replicating appa-
ratus was shown to be synthesised



de novo during transition from anae-
robic to aerobic growth. In addition to
the well-known extracellular Iher-
monuclease, at least two intracellular
nucleases were identified in Staphylo-
coccus aureus they have conside-
rable similarity with respect to requi-
rements of calcium ions and DNA or
RNA as substrates and electropho-
retic mobility but differ in immunolo-
gical cross-reactivity. Unlike in
Escherichia coli. alpha-galactosidase
induced by melibiose in Corynebac-
terium murisepticum is the same as
that induced by raffinose, as
evidenced from structural studies.
The DNA replicating machinery in rat
liver was found to be confined to
nuclear matrix. Wholebody irradiation
at near lethal dose of 10 Gy inhibits
DNA synthesis in regenerating rat
liver and depletes nuclear matrix of
alpha DNA polymerase However, in
vitro irradiation has no effect on the
nuclear matrix DNA polymerising
activity.

Molecular weight analysis of class I
aldolase and glyceraldehyde
3-phosphate hydrogenase from Halo-
bacteria which require high salt
concentration for growth indicates
that enzymes differ in many respects
from their counterparts in non-halop-
hilic bacteria. Deacetylation of N-alp-
ha-acelylated proteins was found to
proceed with the step-wise actions of
the enzymes, protease(s), acyl amino
acid releasing enzyme and amino
acylase.

Deficiency of thyroid hormones
brings aboul alterations in size,
number and population ol cells in the
rat embryonic brain. For the first time,
rat and mouse brain mitochondria
have been isolated that exhibit
highest respiration rates reported so
far. A protein associated with diffe-
rentiation of stromal cells in the uterus
during pregnancy has been identified
and purified. Development of liver
and kidney during pregnancy in the
rat is associated with the decrease in
membrane lipid peroxidalion in these
organs. Imipramlne, an anlidepres-
sant drug, was found to slimuiate
brain mitochondrial funclion<; in vivo.
The inhibition of energy metabolism in
cardiac mitochondria seems to be
related to the negative inotropic
action of propranolol - a beta
blocker. Depleted levels of catechola-
mines as a result of reserpine admi-
nistration to rats leads to impairment
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of mitochondrial functions in brain.

The palliative effect of cod liver oil
on hypertensive patients is asso-
ciated with increased plasma lipase
activity. A membrane strip entrapping
banana oxalate oxidase has been
developed which can be used for
clinical diagnosis of kidney stone
disease.

Feeding of nicotinamide increased
the survival rates of rats fed simulta-
neously the carcinogen diethylnitro-
samine (DEN) and inhibited the
DEN-induced activity of glutathione
S-transferases and gamma-glutamyl
transpeptidase. marker enzymes.
Studies on modulation or caicinoge-
nesis as measured by modification of
DNA-adduct formation and bacterial
mutation of carcinogens have
revealed that vitamin A and copper
are two dietary constituents with great
promise as anticarcinogens. Several
heat-inactivated bacterial cultures
were found to have antitumour activity
against fibrosarcoma in mice. Studies
on the effect of gamma irradiation on
male germ cells of mice showed
induction of congenital malformations
in prenatal offspring and mortality of
the offspring was more severe in early
spermatids.

Bio-Organic Chemistry

Investigations concerning isolation
of bioactive compounds from plant
sources and propagation of
economic as well as crop plants
through tissue and cell cultures were
carried out. Eight medicinal plants
were worked out and from these
seven lignians, twelve alkaloids, eight
coumarins and four alkamides of
different skeletons have been isolated
using conventional and new separa-
tion techniques. Their structural e' jc i-
dation was carried out using
chemical and physical methods inclu-
ding 2D NMR. Structure activity rela-
tionship studies of lignins with
respect to their synergistic activity
revealed that methylenedioxy group
and lactone ring were responsible for
such activity. Biodistribution and
pharmacokinetic studies of " C
Tylophora alkaloids prepared by
biosynthetic method carried out in
mice have further confirmed the
safety of these alkaloids for clinical
use.

A large number of plants were
obtained from shoot tip cultures of
Gingely (Sesamum Indicum). Tissue
cultures established from an elite 20
year old disease-resistant sandal
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wood tree (Santalum album)
produced numerous somatic
embryos. Methods were standar-
dised to encapsulate individual
somatic embroys with sodium
alginate. The encapsulated embryos
germinated to yield plants indicating
their utility as synthetic seeds. 300
mulberry plants developed through
tissue cultures were supplied to
Khadi and Village Industries Board.
Maharashtra, for yield trials in Pune
under the technology transfer prog-
ramme.

Cell cultures from periwinkle have
been successfully grown in 20 litre
capacity bioreactors for the produc-
tion of bioacjive compounds and
these synthesised ajmalicine as a
single major component.

A number of compounds were
isolated from plants for possible use
as antifeedants in the integrated pest
management programmes which
aims at environmentally acceptable
pest control methods. A alkaloid
isolated from the plant, Pergutaria
pallida, an oxygen heterocycle, xant-
hotoxin, isolated from a common tree
of Western ghats Atalantia racemosa
and Khellin, isolated from a garden
plant Pimpenella sp were found to
have significant aniifeedant and
insecticidal activities. Pyranobenziso-
xazoles, a new class of precocenoids
were synthesised and two of the
synthetic compounds showed insect
antifeedant activity.

Research on eflects of photo-ac-
tive compounds on insects has been
initiated. Some of the natural
products on photo-activation provide
protection to the plants by their loxi-
city or by feeding inhibition. Effects of
several photoactive natural products
were tested on tobacco caterpillars,
Skin depigmentalion was observed
when the larvae were treated with
alpha-terthienyl methanol, followed
by UV light exposure. Effects of
substituents on the bioactivities ol
acetophenones have been studied.
Introduction ot alkoxy substiluents
oriho to acetyl group enhanced the
insect toxlcity.

Plumbagln, a naphthaquinuno
available from the common Indian
medicinal plant, Chita (Plumbago
Zeylanica) exhibits a variety of biolo-
gical effects on insects. It was found
to interfere with moulting hormone

secretion of red cotton bugs causing
disruption of normal metamorphosis.
It showed insecticidal action on
mosquitoes.

Researches in the above areas are
complemented by synthetic work
which aims at devising practical
synthesis following bio-raliorial
approach. New synthetic routes
involving regiospecific reactions have
been developed and used in the
synthesis of variety of compounds
containing more than one hete-
rocyclic rings. Naturally occurring
compounds such as encecalin,
eupatoriochromene. dihydrostyryl
and styrylchromones were synthe-
sised.

Synthesis of insect sex phero-
mones was continued. Prominent
among these are the pheromones of
bollworms (Heliothis sp s-H Erias sp)
which are serious pests of cotton and
other agricultural crops. Synthetic
pheromones are being tested in the
field at International Crops Research
Institute for Semi-Arid Tropics
(ICRISAT), Hyderabad.

Plant growth regulators (PGR) are
finding increasing use in agriculture.
A practical alternate method for
synthesis of n-triacontanol and its
analogs was developed.

N-Nitrosation reaction of amines
with nitrites plays a very important
role in aetiology of human cancers, as

Effects of cocnpott.

it results in the formation of carcino-
genic nitrosamines. The same has
been found to be effected by certain
aldehydes and sulphydryl
compounds presented in food stuffs.
While certain aldehydes like vanilin.
anisaldehyde, p-hydroxybenzai-
dehyde catalyse the nitrosation reac-
tion, the sulphydryl compounds
present in onion juice and garlic juice
inhibit such reaction.

Nuclear Agriculture

About 300 Tons of certified seed of
crop varieties developed at BARC
was distributed by Maharashtra State
Seed Corporation (MSSC) and
Punjabrao Krishi Vidyapeeth (PKV) to
cover an area of over 20,000 ha. Area
under certified seed production of the
BARC varieties was further increased
by the Maharashtra State Department
of Agriculture. Certified seed of
pigeonpea, mungbean and
blackgram varieties developed at
BARC were produced by MSSC and
foundation seed by PKV. Foundation
seed of jute, TJ-40 was produced by
Orissa State Government. Pulses and
groundnut varieties released also
performed well in Karnataka, Andhra
Pradesh and Tamil Nadu.

Ministry of Agriculture, Gover-
nment of India notified TG-3 variety of
groundnut which was earlier exten-
sively tested and found suitable for
cultivation in the states ot Orissa,
Madhya Pradesh and Kerala.
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Rice fish microecosystem set up

Seed multiplication plot of
TAP-7 mung bean.

Pigeonpea variety TT-5 and
groundnut variety TG-9 were recom-
mended for pre-release seed multipli-
cation by the respective Directorates
of Pulses and Oilseeds of the Indian
Council of Agricultural Research
(ICAR). Seed of pigeonpea (TT-5),
rice (TR-17 and TR-21), groundnut
(TG-9) and mustard (TM-4) was
produced for minikit trials to be
conducted in cultivators fields.

Eleven new strains of cereals,
pulses, oilseeds and jute were eval-
uated in coordinated varietal trials
and 34 in the initial evaluation trials
under the coordinated programmes
of the ICAR, In the pulse improvement
programme, the emphasis was to
develop disease-resistant strains. A
simple, reliable method for assessing
powdery mildew reaction on excised
mungbean leaves was developed
and used for screening. A highly
resistant source against powdery
mildew disease was identified.
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TT-6 pulse variety developed at Trombay.

Genetic polymorphism for arachin,
the major seed protein of groundnut
was attributed to differences in
molecular size, net charge and poly-
peptide composition. Four genes
coding for arachin were identified.
The putative protein* undergoes co-
and post-translational modification to
yield the final subunit of about 60 kd
molecular weight.

As a result of earlier findings at
BARC, Indian rock phosphates are
now extensively used as a cheap
source of phosphorus in acidic soils.
Efficiency of rock phosphates could
be further improved by the addition of
organic manures. Field trials by the
Directorate of Pulses Research indi-
cated the superiority of ammonium
polyphosphate (APP) and diammo-
nium phosphate (DAP) over simple
superphosphate (SSP) for summer
mungbean.

A rice-fish microecosystem Simula-
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ting the common practice of fish
culture in rice paddies was set up to
evaluate the fate of pesticides used in
rice culture under tropical conditions.
Studies on the distribution of
herbicide l14C nitrofen in water, rice
plants, fish and snail upto the harvest
period of rice showed that this
herbicide is not bioconcentrated and
also it gets degraded.

Pest Control

Gamma-irradiation of potato tuber-
worm male moths with a dose of 15
KGy was found to induce 49% sterility
in them and their F2 male progeny
were completely sterile. Antifeedant
compounds present in the calyx of
the fruit could be the reason for the
failure of spotted boll worm of cotton
to feed on fruits of Red Sorrel
(Hibiscus subdariffa), a malvaceous
plant. A highly pathogenic isolate of
(Bacillus sphericus has been obta-
ined from a cadavor of culex mosq-
uito larva was found to sporulate in
the nutrient broth medium only after
addition of 0.3% molasses or Ca, Mg
& Mn ions. A formulation of 8. sphe-
ricus for the control of culex moxquito
larvae has been developed which
permits release of spores at effective
dose levels over a period of 45 days.
Process parametaers have been
evolved for rapid mass-multiplication
of Bacillus thuringiensis var. Kenyae,
a microbial oathogen of lepidopte-
rous agricultural insect pests, in a
rotating drum type fermentor.

Food Technology

The Government of India has
accorded clearance for decontami-
nation of spices by gamma irradiation
at 10 kGy and radicidation of frozen
shrimp at 4 kGy to eliminate patho-
gens for export purposes.

R & D work on further development
of radiation technology for food
preservation in terms of designing
plants and equipment suitable for
various products to be treated by
gamma radiation has been initiated.
Simple and reliable biochemical
methods for the detection of irra-
diated and non-irradiated varieties
potatoes and onions were developed.
Gamma irradiation at 0.03 to 0.06 kGy
was found to be effective in preven-
ting sprouting of ginger though the
storage stability of the product
depended on the harvest maturity



and storage temperature.

Disinfestation doses of gamma
irradiation reduced the levels of the
flatulence causing oligosaccharides
like raffinose, stachyose and verbes-
cose in legumes. The aroma and
pungency principles of irradiated at
10 kGy and unirradiated spices,
when compared on the basis of the
essential oil profile did not show any
significant change indicating the
absence of any adverse effect of irra-
diation on the quality. The amenability
of unirradiated and irradiated spices
to produce aflatoxin was tested by
inoculation of Aspergillus parasiticus
spores. The growth of the mold was
observed in all the spices during
storage after inoculation, but none of
them except the chillies showed the
presence of aflatoxin. The presence
of 2 (3, 4-dihydroxyphenyl) ethanol
giucoside in the green pepper bury,
the compound responsible for the
blackening during oxidation by o-dip-
henoloxidase, was established. The
mediation of enzymes of phenylpro-
panoid pathway was shown to be
involved in the gamma irradiation
induced susceptibility to soft rot
formation in potatoes. The first
enzyme of the pathway, phenyla-
lanine ammonia lyase was purified to
homogeneity by affinity chromatog-
raphy and the reversibility of the reac-
tion was established for the first time.
The natural cofactor present in pota-
toes for the second enzyme,
cinnamic acid 4 hydroxylase was
characterized. Two proteins having
molecular mass of 33 KDa and 34
KDa were isolated from oxygen
evolving complex of spinach chlorop-
lasts having Mn2+ oxidase activity
and ferroxidase activity respectively.
An alkaline protease was shown to be
located in lysosomes. It formed an
integral part of the lysosomal memb-
rane. Protein malnutrition significantly
reduced the oxidative burst and
phagocytic capacity of macrophages
in rats. A toxic compound formed
from food colourant, carmoisine, on
heating with protein was purified and
its toxicity towards bacteria, fungi and
protozoa was ascertained. Genotoxi-
city studies of curcumin, z. colouring
agent from turmeric, established its
non-mutagenicity either before or
after the activation by mammalian
liver enzyme or microsomal enzyme.
The toxic action of quercetin, a flavo-
noid present in vegetables and fruits,

towards Tetrahymena pyriformis was
ascribed to a plasma membrane
injury leading to leakage of the
cellular contents. The flavanoid
possessed strong mutagenic poten-
tial, the frequency of which is
increased by activation of liver micro-
somal enzymes.

A simple economic method for
large scale preparation of invertase
from bakery yeast was standardized
and its immobilization on the anionic
waste cotton was effective in comp-
lete hydrolysis of 80% sucrose in
packed bed reactor capable of
processing about 300 kg sugar per
month. Buffalo milk desugarated by
fermentation with Saccharomyces
fragilis was acceptable for lactose
intolerants, galactosemics and-
diabetic patients because of the
complete absence of sugar.
Hansanula anomala cells were shown
to convert trans-cinnamic acid and its
4-methoxy derivative tao styrene and
4-methoxy styrene, which possessed
typical fruit-like aroma. Preparation of
surimi from highly washed, bone-free
minced fish muscle from Bombay
duck and doma was standardized
and commercial potential of this
process is being exploited. Mobilized
cells of Acromonas hydrophila
secreted a protease which could
solubilize fish muscle proteins indica-
ting the feasibility of this method for
industrial application in solubilizing
muscle protein of meat and fish.

Radiation Medicine

On going research contracts with
the I.A.E.A./W.H.O. viz., radioimm-
unoassay procedure in filarial infec-
tions, study on immunodiagnostic
techniques in evaluation of tubercu-
losis, external quality control for RIA
of thyroid hormones, pharmacokine-
tics of radio-labelled hepatobiliary
radio-pharmaceuticals, quantitative
evaluation of nuclear medicine
imaging procedures for the diagnosis
of liver diseases, quality control
survey for gamma cameras in India
with simple methods were continued.
A new cardiac perfusion agent
"Tc - t - butylisonitrile has been deve-
loped and succesfully evaluated in
animals. Clinical testing o f M m Tc (IV)
DMSA in a larger group of patients of
medulay carcinoma of the thyroid
demonstrated that the agent shows
positive localization in 84% of the

patients studied. Of these, however,
only 65% showed localization in the
metastasis. Despite these limitations
the aqent is useful for delineating
metastatic spread and also for
follow-up studies.

Metabolic studies employing a few
experimental animal models of
human disease states like cirhosis,
hepatites,, malaria, vitamin D defi-
ciency etc. were carried out and
critical biochemical parameters
investigated. The behaviour of a few
" m Tc-radiopharmaceuticals in some
of these patho-physiological condi-
tions was studied and newer insights
of the mechanism of localization obta-
ined like bone uptake of " m

Tc-phytate, a liver agent, in vitamin D
deficient rats. The binding of radio-
pharmaceuticals to blood components
was also investigated in animals and
in humans.

M m Tc-albumin aerosols are being
evaluated in smokers and in patients
with chronic obstructive lung disease
to evaluate mucociliary function. The
kinetics of different hepatobiliary
agents in patients with varying
degrees of jaundice is also being
investigated. Considerable expe-
rience has been gained by studying
renal function - renograms, GFR, in
patients undergone percutaneous
nephrolithotomy. Various methods to
evaluate the onset and degree of
rejection in patients with renal transp-
lants is being tried out at the Centre.

MUGA studies are currently being
used to evaluate cardiac toxicity
caused by certain drugs like
adriamycin and also to assess
cardiac function in patients who are
to undergo surgical procedures.
Alongwith stress tests it helps the
progress in patients of myocardial
infarction/insufficiency.

RIA assay of TB antigen and anti-
body in a variety of clinical disorders
like CSF, ascitic, pleural fluid,
lymphnode tissues is being carried
out. In addition two major monoclonal
antibodies HG T3a against 38 K D
epitope of TB bacilli antigen and HG
T6 against 42, 45 K D repeating
epitope are being tested for their
diagnostic specificity in clinical disor-
ders. Large quantities of antigens are
being prepared for separating 38 K D
TB antigen.
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Attempts are being made to reliable in vitro enzyme immunoassay bodies ate very useful in diagnosis of
produce monoclonal antibodies has been developed for the determi- involvement of thyroid as a primary
specific to myobactenum leprae cell nation of serum thyroglobulin by tumour especially when the biopsy of
wall antigen In a survey conducted of labelling rabbit antihuman tg anti-bo- the metastitic lesion is equivocal,
family contacts of leprosy patients it dies with enzyme horse raddish pero- _ ,. . _ _ , , .
was found that 6% of the populations xidase. S t u d i e s *"<h developing rat brain of
screened had moderately elevated M , , . h H. h neonates of hypothyroid mothers has
levels of circulating PGL-I antibodies Monoclonal anti-bodies to human shown that malic enzyme activity is

thyroglobulin have been developed. markedly lowered Malic enzyme
Simple ELIZA (dot-blot) assays are Attempts are being made to radio- generates NaDPH required for

currently being developed for TAB label these anti-bodies for immunos- biosynthesis of myelin lipids.
and PGL-I antibodies to aid epider- cintigraphy in patients of differen-
mological surveys. A rapid and tiated thyroid carcinoma. These anti-
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Indira
Gandhi
Centre
for Atomic
Research

The Indira Gandhi Centre for
Atomic Research (IGCAR) is the
secoid largest research and deve-
lopment unit of DAE and is engaged
in the indigenous development
of sodium cooled fast breeder reac-
tors which will increase utilisation of
energy potential in uranium by a
factor of 60 to 70 as compared to
thermal reactors, using natural
uranium as fuel.

Residual construction works on
FBTR relating to the steam genera-
tors; the steam-water system and the
associated instrumentation were
completed and low-power physics
experiments were continued. Power
operation was delayed due to diffi-
culties experienced during transfer
operation of fuel subassembly. The
design of the prototype fast breeder
reactor (PFBR) is progressing well.
Financial sanction was obtained for
technology development on the
manufacture of PFBR components
with the participation of Indian
industry, Development work for repro-
cessing of the FBTR fuel reached an
advanced stage. A facility was set up
for separation of uranium-233 from
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thorium rods irradiated in CIRUS
reactor at Trombay. Under the
Radiochemistry Programme, an
instrumented liquid sodium loop was
commissioned, for studies on
radioactivity transport, incorporating
on-line meters for close control on
sodium chemistry. A programme was
organised on preparation, and
characterisation of the high Tc (critical
temperature) oxide superconductors
and their behavior at high pressures.
Radiation emergency preparedness
and action plan for the Kalpakkam
site was drawn-up and a rehearsal
was made. Construction of the
neutron source reactor was mostly
completed and fabrication of
uranium-233 alloy fuel elements for
the reactor is in progress at Trombay.

Fast Breeder Test Reactor

After carrying out some of the low
power physics experiments between
October 1965 and February 1986, the
reactor was shut down till March 1987
for connection of steam generators.
During this period, the reactor conta-
inment building was leaktested,
commissioning of the steam water
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Temporary sNekHng on the transfer tiask tor removal of an irradiated subasaembfy.

system was completed, improve-
ments in the nitrogen plant and
preheating and emergency cooling
circuit were done. One of the secon-
dary sodium pumps was replaced
due to noise observed on the dis-
charge line. Service water and ther-
mofluid systems were improved.
Instrumentation and control systems
of steam generators, sodium aerosol
detection system, handling flask and
dismantling machine were completed
and commissioned. Physical protec-
tion system was installed and made
operational. Technical specifications
for 10 MWt power operation were
discussed with Safety Review
Committee and got approved.
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The reactor was made critical in
the first week of April 1987 and expe-
riments related to measurement of
control rod worths, radiation levels in
the cells surrounding the reactor, and
radioactivity of primary sodium were
carried out by increasing the power
upto 45 KWt. The measured values
are comparable with the calculated
ones. When a fuel subassembly was
being transferred to the peripheral
location in the reactor as a part of the
physics experiment for finding the
reactivity worth of a fuel subas-
sembly, problems were faced in
lowering the subassembly in its posi-
tion and releasing the subassembly
from the transfer flask gripper. The
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transfer flask holding the stuck
subassembly was provided with
temporary lead shielding and the
subassembly was extracted from the
reactor vessel. Both head and foot of
the subassembly were found to be
benl. The subassembly was loaded m
a shielded flask and sent to Radiome-
tallurgy Laboratory for examination in
hot cells. Problems were also en-
countered during removal of guide
tube from the reactor vessel as this
small diameter long tube was also
bent. Damage to heads of some ol
the steel subassemblies in the core
was also suspected. The reactor
vessel was partially drained off liquid
sodium to have an estimation of the
guide tube bend and to identify
damaged subassemblies by direct
viewing of the heads by a periscope
About 20 nickel and steel subassem-
blies appeared to be damaged
Efforts were continued to remove the
guide tube by insitu cutting and
replace it with a new guide tube so
that the damaged subassemblies
could be replaced and reactor
brought back to operation stage. A
new guide tube and fuel handling
gripper subassembly are being manu-
factured inhouse. The reactor is
expected to be restarted very soon
Valuable experience was gained on
inspection of reactor vessel internals
and intervention on sodium systems.

Prototype Fast Breeder Reactor

Design of a pool type prototype
fast breeder reactor (PFBR) of 500
MWe capacity is progressing well. A
three dimensional diffusion theory
code in hexagonal geometry was
developed and tested with a bench-
mark problem, for use in the detailed
neutronics calculations. Fuel burnup
calculations leading to an equilibrium
core composition were made, The
detailed power distribution in various
subassemblies of the active core and
blanket regions for fresh and equili-
brium core was calculated. The reacti-
vity coefficient governing safely of the
reactor such as Ooppler coefficient at
different temperatures and sodium
void coefficient for different voiding
fractions were evaluated. Static power
coefficient and its components were
calculated. The invessel neutron
shield optimisation studies wero
completed. The complementary shiel-
ding requirements (or top shield were
estimated. The neutron and gamma



shielding requirements for core
component handling machines and
decay powers oi irradiated core and
subassembiies were calculated.

The safety criteria for design of
PFBR were prepared by a Sub-Com-
mittee constituted by the Safety
Review Committee Safety classifica-
tions of all the components of NSSS
were established Design base
events were studied and the various
events to be considered were listed
out Preparation of assembly
drawings for the main components of
the nuclear boiler was continued.
Flow sheets and operation notes were
prepared for the sodium and their
auxiliary circuits. Structural analysis
of the major components of the
reactor assembly was completed
including preliminary seismic analysis
and containment potential during a
hypothetical core disruptive accident.
A computer code was developed for
inelastic analysis of inner vessel and
intermediate heat exchange (IHX).
Development of a two dimensional
thermal-hydraulic code was comp-
leted and temperature distribution on
the inner vessel and How distribution
in the hot and cold pools were calcu-
lated. Development of computer code
for core mechanics was completed
and used for solving the IAEA Co-
ordinated Research Project prob-
lems. The transient temperatures of
the top shield of the reactor assembly
were estimated in the absence of
cooling. Experimental stress analysis
was carried out at IIT, Madras, on a
model of roof stab.

Consultants were appointed for the
design of balance of plant. Layout of
major buildings, design criteria for
structural analysis and containment
modelling for seismic design
continued to make progress. In
consultalioniwith theCentral Electricity
Authority (CEA) ano Tamilnadu Elect-
ricity Board (TNEB), voltage level and
number of interconnections to the
grid were finalised, The latest deve-
lopments in the field of instrumenta-
tion and control were studied and
guidelines to be adopted In the
design of the systems were worked
out. Dialogue with Industries was
continued for their participation In
technology development. Tender
documents were prepared for the
manufacture of main vessel, inner
vessel, IHX and steam generators,
Trials on Internal bore welding for
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steam generator tubes were made
and the welds evaluated by destruc-
tive and non-destructivo tests Procu-
rement of plates, hollow bars,
tubes and forgings continued. Fabri-
cation of 1/10 scale model of reactor
assembly was completed. Manu-
facture of a 7.3 m long sodium pump
shaft is progressing in one of the
industries.

Scale model of PFBR pool for
hydraulic studies.

Engineering Development

As most of tha engineering deve-
lopment work required for commissio-
ning of FBTR was completed, deve-
lopment of systems and components
for PFBR was taken up Cavitation
performance of indigenously built
5Qcum/n sodium pump was tested by
using acoustic and accelerometer
techniques The results were in good
agreement with the theoretical
prediction. The pump is presently
undergoing endurance tests in the
500 KW loop. To study the hydraulics
of the primary sodium pool, a 1/24
scale model in perspex was built for
testing in water and velocity measure-
ments using a propeller anemometer
were started. For testing of shell side
pressure drops and flow induced vib-
rations, fabrication ot 1/6 scale sector
model of IHX and a water loop con-
tinued.

An experimental set up was
commissioned for measuring effec-
tive thermal conductivity of a multip-
late reflective insulation. A project for
building a large component test rig
was launched. Detailed design of the
rig is in progress. Operation of the
500 KW sodium loop was continued
to carry out tests on eddy current flow
sensors. A new sodium loop for
studying corrosion and mass transfer
in SS/Sodium system was completed.
To establish temperature stability of
permanent magnet materials at
temperatures upto 603 K, tests were
carried out upto 5000h. The decrease
in the flux density after such long
periods was found to be negligible
and the magnets can be considered
suitable for use in sodium immersible

of kxMff0Ooutly tntnuftctuftd 50 curn/h $odturn pump



fiowmeters An experimental rig was
commissioned lor studying detection
of simulated steam generator leaks
by acoustic technique Oxygen
conditioning of a lithium niobate
acoustic transducer was carried out
at a temperature of 803 K An algo-
rithm was developed for the adaptive
learning network of pattern recogni-
tion technique for application in the
acoustic noise detection of sodium
boiling and was applied successfully
to various sets of boiiing noise data
as a part of IAEA benchmark experi-
ment. Underwater-imaging experi-
ments using ultrasound were carried
out

Metallurgy

Activities of the Metallurgy Prog-
ramme include characterisation of SS
and ferntic materials, corrosion
studies, welding metallurgy, quality
control post-irradiadon examination
and development of nondestructive
examination (NDE) techniques Deta-
iled studies on the tensile and creep
deformation of SS 316 showed that
Ihe rate controlling deformation
mechanism was not diffusion as is
commonly believed, but unzipping of
attractive dislocation junctions. The
sigmlicant improvement in creep
rupture life and ductility of SS 316
obtained wilh a finer grain size was
found to be due lo smaller inlerg-
ranular cracks ol lower aspect ratios
in reduced densities in the fine
grained material Evaluation of the
creep properties ol SS 316 welds was
carried out at 923K and for the stress
range of 96-195 MPa; rupture lives
were found lo be as low as 20% and
ductilities as low as 50% of Ihe
corresponding base metal properties.

The activation energy for the
degradation of impact strength of SS
316 on thermal ageing was deter-
mined to be identical for both inter-
granular and transgranular fractures,
and nearly equal to that for sensitisa-
tton in this material. Development of
Ti bearing auttenitic SS and fabrica-
tion routes for applications as clad
and wrapper continued, Experience
gained in making laboratory scale
melts helped In production of com-
rnercia heats at MIDHANI. Characte-
risation of these alloys was continued,
The pitting, crevice and Intergranular
corrosion resistance of such a steel
was found to be superior to type 316
SS.
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In the field ol welding metallurgy,
the structure and properties of
316/316L SS welds during welding of
thick plates by eleclroslag welding
and submerged arc welding were
studied Development of the transition
metal joint for ihe steam generator
circuit of PFBR, using the trimetallic
iomt configuration of 304 SS/alloy
800/ 2 i/4Cr-Mo steel made progress
and recommendations regarding the
choice of welding consumables and
post-weld heat treatments were
made. Microstructural investigation of
hardface deposits of steliite-6 and
stellite-12onSS for in-sodium applica-
tions was completed. Detailed
electron microscopic characterization
of cyclic phsma nitnded type 316 SS
revealed the existence of lamellar
CrN phase in ihe subsurface zone
Pitting corrosion studies on thermally
aged 1 •, .">e 316 weldmetals with diffe-
rent carbon contents showed a
decrease in the pitting resistance with
increase in Ihe carbon content.

Creep properties of thick section
forged 9Cr-1Mo steel (steam gener-
ator material) in both quenched and
tempered conditions and simulated
post-weld heat treated conditions
were found lo be inferior to those of
thin section material; low cycle
fatigue tests also showed poor
fatigue resistance in the thick section
material

In the newly evolving field of
quasicrystals, ihe rapidly solidified
alloys such as Ai-Mn-Fe continued
to be examined for their structure
stability under the influence of ther-
modynamic fields, namely tempe-
rature, pressure and concentration
Continuing the developmental prog-
ramme on mixed oxide coated titanium
anodes, samples, having a coating of
mixture of RuO2 and TiO2 in varying
compostion on Ti base were tested as
anodes in the electrochemical
dissolution of UC in highly concen-
trated nitric acid solutions containing
a representative concentration of
uranium Ions in reprocessing streams
at various temperatures.

The Quality Engineering Section
continued to provide Its services to
FBTR, manufacture of control rod
drive mechanisms (CRDMs), and its
test facility, IRE project, KARP, and
laboratories of IQCAR
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Two concrete hotcells of Radiome-
tallurgy Laboratory were commis-
sioned lor non-destructive evaluation
of fuel subassemblies in dynamic air
environment. The bent fuel subas-
sembly from FBTR was examined in
detail for the damage

Reactor vessel of NSF and neutron
beam tubes were aligned Self-
supporting concrete shield wall was
erected. Neutron radiography rig for
guiding and accurate positioning of
the irradiated samples has been
fabricated A 5-axis stepper motor
controlled kinematic manipulator is
being developed for neutron radiog-
raphy examination of non-radioactive
components

Laser techniques for precision
profiling ol small objects was estab-
lished with an accuracy of +10 fitn
and twist measurement detectability
of 20 seconds Expertise and expe-
rience in nondestructive testing (NDT)
was made available to the depart-
ments of defence and space for
evolving quality assurance (QA)
procedures for critical materials and
components NDT technique using
microfocal radiography was estab-
lished for inspection of thin edges of
high temperature gas turbine blades

Advanced signal processing and
pattern recognition techniques were
explored for detection of fatigue
crack in maraging steel weldmenls
Development work was carried out to
establish sensitivity limits for ultra-
sonic testing using advanced signal
analysis techniques, in noisy weld-
ments

Badtochemtrtry

A radioactive sodium chemistry
loop was commissioned. This
multipurpose loop is a unique facility
which will make it possible to study
activity transport as well as corrosion
in sodium under simulated reactor
conditions. The loop has provision for
long term testing of various on-line
meters for oxygen, hydrogen and
carbon developed in this laboratory.
One ol Ihe features of this loop Is the
close control on chemistry of the
lowing sodium and its continuous
monitoring. The loop is controlled and
monitored by a microprocessor
based control and surveillance unit
interactively accessed through a
personal computer. Two new low



Radioactive sodium chemistry loop in the Radtochemistry Laboratory.

temperature oxygen meters based on
yttria stabilised iucotua were deve-
loped during the year -one for use in
liquid sodium and the other for use in
gases The former has a special
ternary oxide coating to prevent
attack by sodium and the latter
makes use of a low-impedance RuO?
electrode The corrosion ol SS by
oxygen-loaded potassium was
studied and interpreted on the basis
ol the lormation of ternary oxides. A
(Moiled analysis of the carbon poten-
tial and carbide equilibria in auste-
miiK SS led to model which explains
composition of the carbide precipi*
tales and the temperature depen-
dence? ot carbon potential

High temperature! mass spcclro-
motne studios on molflMoHuriurn
r.yntom (M - Fo, Cr, Ni) lod (ho deli-
neation ot phase boundaries, identifi-
cation of new phase changes and
ihnrmodynamic data on various
phases ol metal loitundos Theso
data woro used to analyse Iho role ol
tellurium in the internal corrosion ol
the fuol dad Heat capacities and
thormodynamic functions of several
fission product compounds were
obtained by eaisnmotrie measure-
ments, The meehanism of oxidation ol
uranium diearbido was established
using loelwiquoB cueh as thermal
analysis and x-ray dillraciion
Thormai cenduetivitOQ ol ouropia and
ouropia - S% zirconia woro moasurod
using the laoor Hash technique

A very last HPLC based separation
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technique was developed for separa-
ting fission products Irom irradiated
fuel With this method the burn-up of a
fuel sample can be determined in
less than an hour as against several
days by the more conventional
method Photochemical methods were
developed lor destruction of the

organic acids generated in fuel repro-
cessing thus making it possible to
reduce the quantity of solid wastes
generated to avoid the interference of
these compounds in (he subsequent
extraction steps Further studies on
third phase formation in reprocessing
steps led to the significant observa-
tion that presence of uranium
reduced the limiting organic concent-
ration of plutonium necessary for third
phase formation

Reprocessing

The development work with
respeel to the reprocessing of FBTR
fue! has been almost completed
Engineering Development on equip-
ment, and pian concept was comp-
leted Equipment and systems were
quaiilied by operation in a campaign
with U-system in one cycle ol solvent
extraction in an integrated manner
They are now being qualified in a
second phase with warm thorium
solution

Process development work
advanced to the stage of fmalisation
of the flowhshee! Work was carried
on the eleclroytic oxidation of organic
acids resulting from direct dissolution

Air poise mixer settler batteries located inside the low cell.
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of mixed carbide in an electrolytic
dissolve* Extensive studies on types
ol electrodes for oxidation of organic
acids, evolution of off-gases were
carried out. Prototype equipment
upto a scale of 20 gm with MC and
100 gm with UC were fabricated and
tested. System to cut/slit the fuel pins
under water were worked out. The
installation of equipment and piping
in mint plant and lead celt is almost
completed to process fuel pins from
FBTR on a limited experimental scale
A 16-stage centrifugal contactor for
the first cycle is being fabricated for
installation after evaluating proto-
types

Separation ol uranium-233 from
thorium rods irradiated in CIRUS was
undertaken to meet the fuel develop-
ment requirements of FBTR as well as
to qualify equipment and the systems
in a progressively increasing radioac-
tive environment, The rods from
Bombay were transported to
Kalpakkam and remotely trasferred
Into a specially designed temporary
dry storage system. Process and
process engineering designs were
completed, About 100 equipment
and auxiliary systems were designed
and fabricated and installed in the
existing cell, About 10 km ol SS piping
involving more than 1000 wefds was
completed and the systems were
installed, Neceilary process Instru-
mentation for remote operation were
designed and engineered The
systems include the Following steps:
handling, decladding, dissolu-'
lion-extraction and stripping in 5%
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T6P and purification of separated
uranium-233 by anion ion exchange,
conversion to oxide, and storage of
thorium and other fission products.
The commissioning tests of the
systems were almost completed.

Project sanction for the fast reactor
fuel reprocessing facility in Kalpak-
kam Reprocessing Plant (KARP) has
been obtained Necessary embed-
ments drawings needed for civil
construction are being provided
Hardwares required such as SS
plates, pipes and lead are being
procured. In the lead mini plant mixed
carbide pins after radiation will be
processed to evaluate the flow sheet.
Qesign work on the Fast Reactor
Reprocessing Rant is being
continued,

Procurement ol equipment for
remote handling facility, development
of manipulator and auxiliary systems
is in progress,

fn the field ol fast reactor safety, an
extensive experimental study was
carried out with molten tin and water
lo gain a better understanding of the
molten fuel-coolant thermal Interac-
tion and the conditions that favour
generation ol pressure pulses. Efforts
lo achieve melting of uranium
carbide (UC) by electrical heating
were continued. Computer codes for
modelling fuel cotlant interaction were
refined to treat the heat transfer
process more accurately and to take
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into account a distribution of sizes ol
the hoi fuel particle. The design ol a
100 KJ capacitor bank was taken up
to provide a convenient means of
generating shock pressure pulses of
varying shape and amplitude for
studying the propagation behaviour
of the pulses through tielerogenous
media

Installation work was completed for
a sodium loop to study transport and
deposition behaviour of fission and
activation products in a flowing
sodium system. The loop is now
being prepared for being charged
with sodium. Experiments to study the
interaction of liquid sodium with
limestone concrete blocks were
commenced Influence of relative
humidity, oxygen concentration and
temperature, on burning of sodium
and aerosol release rates was
studied. Thermal decomposition
behaviour of sodium bicarbonate was
studied and its role in exting-
uishing sodium combustion was
investigated. Effect of radiation and
electric fields on the coagulation/sett-
ling behaviour of sodium oxide aero-
sols was studied and rapid reduction
in the atmospheric concentration was
observed in the presence of the
fields. Investigation with 0 01 molar
aqueous caesium iodide solutions
subjected to radiotysis, indicated that
upto about 3 mole percent of iodine
volatilised.

Development ot improved tech-
niques for the solution of radiation
transport equations, tracking of
energy deposition and of (he
changes in the energy spectrum of
radiation as it penetrates into a
medium, and estimation of the effec-
tiveness of shield materials cons-
tituted the main fields of theoretical
study relating to radiation, On Iho
experimental side, characteristics of
bremsstrahlung radiation were
studied in different media ar.d a
betatron was indigenously set up to
provide a source for bremssirahlung
studies, A superheated drop detector
for fast neutrons was set up and
qualitative studies made. The tech-
nique of unscheduled ONA synthesis
was successfully demonstrated for
estlnaiton of personnel exposures to
gamma radiation, Detailed investiga-
tions were also conducted into the
behaviour ol water as a sclntillator for
use in neutron measurements.



Radiation Emergency Prepared-
ness and Action Plans for Katpakkam
site were drawn up A close liaison
with District and State authorities was
established for effectively handling
off-site Radiation Emergencies. In
collaboration with them, Action Plans
were finalised for implementing
protective measures such as shelte-
ring, prophylaxis and evacuation that
may be required. Health Physics
supporl including Bioassay and
Wholebody counting was provided
for operations al FBTR. CWMF and
laboratories

Materials Science

In Iho Materials Science Labora-
tory positron annihilation measure-
ments in helium-implanted Nt-con-
tainmo, 1 to 5 at%Ti were conducted
It was observed that in samples
containing T» the positron lifetime
characteristic of He bubbles was
shorter, thereby indicating higher
pressure of helium than in pure Ni. A
pressure-induced electronic phase
transition in quasierystalline
AI-18%Fe was observed first by resis-
tivity and confirmed by X-ray studies.

Single crystals of GaAs and GaP
were grown by the Czochratsky and
Bndgman methods. La.ge aluminium
single crystals and crystals of pure
silver halides and mixed halides were
grown tor experimental use The
assembly of the 2MV tandem accele-
rator was completed. Protons and
oxygen ion beams of several hundred
nanoamperes were accelerated
Assembly of the 400 KeV heavy ion
implantation machine is in progress.

High Tc Superconductors

Studies relating to basic and
applied aspects are being carried out
in Y, Ba? Cu3 0? system. Suitable
heat treatment conditions were
devised to synthesize samples which
exhibit over 75% Meissner effect with
sharp inductive transition. Some of
these showed preferred orientation.
Stoichiormetric thin films were
produced using a new glow dis-
charge method. A 400 pm single
crystal grown by flux method showed
distinct Laue spots. Examination of
metal ion homogeneity by SEM EDXS
revealed that the phase admits 5%
off-stoichometry without adverse
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eflects on Tc. Fundamental informa-
tion on the change in the nature of
oxygen vacancy and oxygen dimeri-
sation below T(:, which has bearing on
the mechanisms of superconduc-
tivity, was obtained through positron
annihilation studies. Resonant photo
emission measurements using a
synchrotron source at USSR gave
information on the electronic
structure. Application of quasihydros-
tatic pressure led to the destruction of
93 K transition and appearance of a
lower Tc. Hc2(T) studies up to 12T
confirmed the anisotropic nature of the
material. An estimate of 250 T was
made for He2{Q) This was not
sensitive to magnetic Dy in Y sites
Using thermodynamic data obtained
Irom TGA measurements, phase
stability criteria were evolved.

Electronics and Instrumentation

An event sequence recorder and a
RTD Scanner installed at the HWP(K)
site performed very well. A software
package 'P1CSTAR' was developed
for the generation of the process
mimic diagrams. A colour graphic
display system was built for MAPS.
The integration of the hard and soft-
ware is in progress The nuclear
instrumentation channels and safety
and control mechanisms for the
Neutron Source Reactor were tested
The VXL computer in data acquisition
and display system was replaced by
an IBM/PC-XT computer Instrumen-
tation and control system lor the
radioactive sodium loop at Radioche-
mislry Laboratory was installed A
data logger based on IBM/PC-XT
computer was built for reprocessing
laboratory,

A microprocessor based corrosion
measurement system was built for the
Materials Development Laboratory A
PC-XT is being introduced in the
system for implementing the signal
processing techniques such as
averaging, curve filling, location of
peaks, areas etc A microprocessor
based frequency synthesizer to
generate waveforms in the frequency
rango Q°2b Hz to 16 kHz was
supplied lo iho Engineering Develop-
ment Division SCR based tempo
raluro controller and an automation
system for measurement of resislivily
was installed for the high pressure
and high tcmporaluro cell,

The problem of spurious scrams
during start up, duo to noiso pick up
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on tho start up channels of FBTR, was
studied and a pulse shape discrimin-
ator was built for overcoming this
problem. Tho problem in operation of
tho safety logic systom were studied
and design ol a new systom incorpo-
rating the latest CMOS integrated
circuits was taken up, Feasibility
reports for tho fai'od fuel element
detection and distributed digital
control systems for PFBR were
prepared. A multiuser micropro-
cessor dovelepmont system and a 16
bit microcomputer with a real timo
oporaiing system are being procured
to support the development of instru*
momatlon systems for PfBR

Computer Centre

The DPS-8 and the ND-560
computer systems, with their vast
configuration and distributed time
sharing terminal network forms the
nerve centre of the computational
activities of IGCAR Run and
managed by Computer Centre, these
provide necessary computational
support/facilities (or the whole range
of scientific and engineering require-
ments Tho dilferent activities carried
out in Computer Center can be
broadly classified into two categories
namely System Engineering and
Development, and include commis-
sioning of ND-560 CAD system, EDP
function and field engineering activi-
ties associated with the two computer
systems, computer capability enhan-
cement and networking augmentation
of digital dala networking of IBM PCs,
CAD for KARP, integrated CAD soft-
ware for Civil Engineering Structural
Design, feasibility study of a simul-
ator, study on Vector Processing and
algorithm for geometric searching

Civil Engineering

Tho Civil Engineering Group of
IGCAR handles all aspects of civil
works including architectural.
structural and public hoalth designs,

estimating, tendering, quality control
and construction of all the laborato-
ries and other structures ot IGCAR,
and Project KARP The CEG also
fenders architectural and sturctural
design services to the civil works of
MAPS, CWMF and DAE Township at
Kalpakkam. Consultancy services are
being rendered to Centre tor Electro-
magnetics. Department of Electronics
at Madras During the year, major
portion of the work in General Serv
ices Building Ph3se II. except for a
few linishing items, was completed
Work order was issued lor construc-
tion of the Materials Science Labora-
tory Phase II and tenders were invited
for the construction ol Engineering
Hall No 3

In Project KARP (he construction
of mam building and allied structures
is in progress and aboul 25% of the
work is completed Construction work
is in progress for the Radiological
Centre, Workshop. Service building
and Underground Sump

Central Workshop

Fabrication and machining of
components were carried out tor
FBTR, NSF. KARP and MAPS and for
Laboratories of IGCAR The important
lobs fabricated are CRDM bellow
testing assembly, reconditioning of
CRDM Q, window liners lor shielded
doars, dismantling machine lift and
winch. PFBR 1 10 model, contain-
ment boxes, assembly of CIPTEX,
IHX tube natural frequency measure-
ment set up. air heat exchanger mock
up. charcoal adsorber bed, filter
chamber, liquid nitrogen dowar for
HPR priming lank, Ihprmoflmd heat
exchanger. LRP handling structure,
difftisers (or hot coll, guides (or CDF
gnppor, extension structure flanges,
irradiation creep apparatus, maehi.
mng of tensile and impact lost speci-
mens, fabrication qf motal cryostat (or

demagnetisation, iron and
crucibles, ultrasonic

transducer Fabrication and machi-
mng of 50 F welding rolatorr. and
supporting stureturo for rolling lorged
diamoler shells, mnchming ol
specimen from thin IOIIG by ehemcal
milling process, aro umJor progress
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activity started aJ tho
Centre I Advanced Technology
(CAT) in Juno 1986 when tho lust
batch ol r»ciontists find engineers
lowed CAT Two nui(or programmes
woro undertaken al GAT namely
construction ol synchrotron radiation
source) JSflS), am* research and
development m lasers and related
fields To undertake these program-
men, considerable amount of in-
frastructure r.uch as various labora-
tory buildings, housing colony, roads
ote has to bo provided

Tho development ol SRB is being
taken up in ihnto phases In the first
phase, a 800 MoV booster ling and a
450 MoV storage ring (INDUS!) will
bo constructed Tho second and third
phase will ho tor a 800 MoV storage
nrif j (INDUS-ll) and a 2 4 GoV Qtorago
ring (INDUSIII) fho booster riny has
to aeenmmodnio subsyslems sueh as
(lifMlo, quudrypolo and coxlupolo
fnugnels. bonding magnots, r f eavi-
iios ote Those subsystems wero
(Josignod and fabrication ol ono unit
of o.ich is under way Similarly all (he
subsystems of lha 4S0 MeV storage
ring wero designed, and fabrication is
under way This storage ring will bo

evacuated to a pressure ol less than
1 0 r j Torr. This requires special
fabrication and processing tech-
niques to reduce outgassing

Development ol copper vapour
lasers (CVt) was continued Several
13 Watt CVt-s wero fabricated and
one unit supplied to BARC A higher
power CVL capable of giving 25
Watts was also developed One unil
of this was sent to Moscow for the
Science and Technology Exhibition
organised as part ol tho India Festival
m USSR

A workshop wilh precision fabrica-
tion facilities became operational,
Tho computer fddlity at CAT now has
two mini computers with a computing
power of 2 MIBs and a sophisticated
range ol peripherals Including grap-
hics Twenty terminals are being
provided at various locations in tho
Centre,

A third multipurpose shed was
constructed to expand somo of Iho
programmes ol CAT Construction ol
110 quarters was taken up A small
shopping contro with 6 shops was
also constructed
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Tata
Institute of
Fundamental
Research

The academic work ol the Institute
is carried out in two schools - the
School of Mathematics and the School
el Physics.

SCHOOL OF MATHEMATICS

Significant and intensive research
in diverse areas such as algebra,
algebraic geometry. algebraic
groups, Lie groups and lie algebras,
differential geometry and topology
and number theory continued to bo
carried out with tho usual fervour.

Themes dealt with in algebra
included the classification of quad-
ratic spaces of rank 6 over arbitrary
commutative rings generalizing clas-
sical work of Albert and Jacobson.
and tho finite generation of tho Witt
group of nonsingular quardratie forms
over a smooth alfine real 3-fold. As for
algebraic geometry, tho study ol
Schubert vanotioa was extended Irom
the finto dimensional soml-almple
dGonauo to Kae-Moody groups
proving that theso varloilos aro
Frobenlus split, Cohon-Macaulay and
normal. Moreover, significant prog-
ress was made towards a conjecture
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of Mark Green on syzygies of cano-
nical curves and results were obta-
ined concerning Kuga-Satake abeiian
varieties for some K3 surfaces, the
Kodaira dimension of homologically
acyclic algebraic surfaces and the
lifting of varieties from positive
characteristic to zero characteristic

Keeping up the earlier progress of
tho School in Algebraic groups. Lie
groups and Lie algebras, important
work was carried out on absolutely
simple groups, over local fields, with
discrete subgroups of bounded
covolume and further, on relative
fundamental groups of some adelo
groups. Interesting investigations
wore made on the dynamics of
horospherlcal flows on homogeneous
spaces, Plancherel formula for nilpo-
tent groups, relative compaclnoss of
roots and factors ol probability
measures, Demazuro character
formula for Kae-Moody algebras,
unitary represonlaions of loop
groups, and ^equivalent K-theory of
Schubert varieties.

The study of tho topology of Ihe
space of iniergrablo connections on a



principal bundle, generalization of
secondary Chern-Simon characte-
ristic classes.characterisation ol Hopl
fibration on (he 3-sphere, applications
of intersection R-torsion and a new
proof for uniformisation of simply
connected Riemann surfaces
summarise the work in differential
geometry and topology.

Researches in Number Theroy
comprised striking metrical results on
convergents to continued fractions,
frequency of the Titcnmarsh pheno-
menon, analysis of Ramanujan's
modular identities, elliptic integrals
and lacunarily results and estimates
lor coefficients of Segel cusp forms
and associated Satake parameters

Other interesting work done perta-
ined to tilt equivalence ol algebras.
t-structures in derived categories,
t-designs with large parameters.
partitions in matrices and graphs,
characterisation of sigraph and
quantum field theory of nonlinear
a models.

An International Colloquium on
number theory and related topics to
mark the birth centenary ol Srinivasa
Rarnanujan was organised during
4-11 January 1988 The 16 mathema-
ticians invited to give addresses
included distinguished mathemati-
cians Irom abroad like Professors A.
Selborg and J P Serre

Under the T.I.F.R. - I.I.Sc. Prog-
ramme in Applications ol Mathema-
tics al 3an,ga'ore, research was
carried oul at the T.I.F.H. Centre in tho
domains of analysis, differential equa-
tions, numerical analysis and sloe-
hastic processes

Summabiiily results and analogues
ol tho Marcinkiowicz multiplier
.noorom lor Hermito expansions wore
obtained in analysis, Results on tho
origin and propagation of singularities
lor operators with mulliplo characto-
risiics, symmetry breaking for somili-
noar elliptic problems, biltirealion of
non-radial solutions, and multiplicity
results, via Morse indox, for non-li-
near differential equations woro
proved in differential equations,
Successful implementation oi Oioneh
switching In non-linear elliptic prob-
lems, study ol higher order explicit
and implicit schemes (or scalar
conservation laws using discontin-
uous finite element methods, investi-
gation of vibration problems of rein-
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lorced structures and noneycomb
structures, integration of full radiative
transfer and study ol radiative cooling
rates near the ground constituted
work in numerical analysis. In Stoc-
hastic Processes, interesting work
was done on ergodic control of multi-
-dimensional diffusions, and nearly
optimal singular controls (or wide-
band noise systems.

SCHOOL OF PHYSICS
The School has both theoretical

and experimental groups.

Theoretical Studies
Theoretical Physics:

The research activity in Theoretical
particle physics was centered around
the themes of strong interaction dyna-
mics (QCD), supergravity. high
energy phenomenology and string
theory.

In QCD, lattice gauge theory
studies incorporated dynamical
fermions by various methods and
also studied the order of the chiral
transition. More phenomenological
approaches involving non-linear
fermion theories studied the emer-
gence of baryons in these models.

Supergravity studies focused on
deriving mass constraints on light
higgs and suporlight gravitinoes

In high energy phenomenology,
there is continuing work in tho search
for the top quark and Ihe super
particles Effects on iho medium on
K° - R° oscillations were studied. A
QCD model to explain Ihe l iko Sign
Dimuori Puzzle has been proposed,

Various aspects of string theory
woro studied. Those include loop
oflecls on siring vacua, strings with
now boundary conditions, strings with
applications lo tho 3D ising mode1

and QCD, representation theory ol
Iho Virasoro algebra, strings with
higher worldshcel suporsymmotry.
non-ronormalization theorems in
siring compacliliealion and siring
hold theory,

In theoretical condensod moltor
and statistical physics, work was
done on quantum fluids, magnetism,
Forml systems, polymers, optimisa-
tion problems and semiconductors.

A common third sound mode was
found in studies of a film of a mixture
ol two Bose fluids Molecular dyna-
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mics simulations of paramagnetic
europium sulphide were carried out
The role ol holes was analysed in (he
large repulsion limit of Ihe Hubtoard
model The collapse of directed
branched polymers was related to
directed percolation. Spiral animals
were enumerated, and evidence lor
dimensional reduction was obtained
Optimal paths were constructed for
the travelling salesman problems on
diluted lattices. In a study of electrical
fesponse of semi-conductors
pumped by picosecond lasers, a
regime of negative resistance, poten-
tially useful in ultrafast amplifiers, was
predicted.

In theoretical nuclear physic;;
investigations were carried out in the
following areas: Direel photon
production in high energy
proton-nucleus collision was lound to
measure the gluon analogue of ihe
EMC elfect. The rescaling models lor
cjark distribution in nuclei were
found to be in better agreement with
the experimental data than are the
theories based on the shell model An
exact three-dimensional reduction ol
Ihe Bethe-Satpeter equation with a
confining potential was performed A
projection operator technique for
many-quark systems was formulated
and applied lo calculate tho nueleon
magnetic moment. Equilibration ol
quark-gluon plasma formed in ulirarc-
lativisiic heavy ion collision was
studied Tho density ol nudeons «n
lieavy nuclei was studied by first
finding a closed form expression lor
iho form factor, and a simple explicit
form for Iho density was obtained

Theoretical Astrophysics

Tho areas covered in Theoretical
Aslropffysies are solar system
physics, solar and stellar physics,
physics of <nlor •stellar medium and
star formation, studies in galaxies,
cosmology and general relativity The
studies in first two topics include
identification of H,fluorescence emis-
sion in comet Bradliold, a proscrip-
tion for treating iho ofloel of timo
dependent convection on non-radial
pulsation, 9 7 and £0pm silicate
emission in M mire variables and
mass loss Irom stars, The studios in
intor-slollar medium and Galaxies are
Ihe positive detection of X-ray from
nuclei of planetary nebulae, tho
chemical evolution of galaxies, a now
law of star formation in galaxies, on



the effect of thermalization of mecha-
nical tidal energy on the formation of
neutron star-main sequence binary in
globular cluster and explanation of
bluer nature of active galaxies than
normal ones in term of large star
formation in active galaxies. The
studies in last two categories include
the origin of large inhomogeneities in
and limits on cosmological constant
for inflationary universe, the role of
general relativity in uncertainty prin-
ciple, the quantum fluctuations in the
Schwarschild metric, quantum
conformal fluctuations in the past of
Robertson-Walker background
geometries and the role of topology
change in a spacetime in naked
singularities and hence its effect on
violation of cosmic censorship.
Besides the studies on dark matter in
the universe, and on various aspects
of gravitational lensing were coni-
tinued.

Experimental Areas

Astronomy and Gravitation:

A resonance torsion balance
designed to be sensitive to a 'fifth
force' coupling to baryon-number
with a strength of 10~3 of gravity has
been installed at Gauribidanur site.
Experiments have started.

In the ultra-high energy gamma ray
experiment at Kolar Gold Fields, no
significant emission of gamma rays
of energy > 0.5 PeV were observed
from the X-ray binary source Cygnus
X-3, thus setting an upper limit for the
flux from this source, which is about a
factor of 15 lower than the earliest
reported flux by the Kiel group in
West Germany. However, short term
emission has been detected from
Cygnus X-3 at a significance level of
0.002 and from the source Her X - 1 ,
at a significance level of 0.0003,
suggesting that both the sources are
variable in nature.

The 24 detector array at Ooty was
modified to have 85 detectors with
10r xagonal grid structure, well
sui.aci ior accurate determination of
shower age. Test runs are being
taken.

Data were collected from various
candidate sources including Cyg X-3,
4U0115+63, Crab pulsar and Her X-1
at the High Energy Gamma Ray
Observatory at Pachmarhi. Analysis
of the data from Her X-1 and

4U0115+63 showed that VHE
(100-10,000 GeV) gamma rays are
emitted by these sources during
certain active periods whose duration
ranges from a few minutes to a few
hours.

The studies on hard X-ray emis-
sion from galactic and extragalactic
X-ray sources using Xenon filled
proportional counters and Nal/Csl
phoswich crystal detector flown to
balloon altitudes were continued.
Measurements were made on X-ray
pulsations, period derivative and
X-ray spectrum of sources 4U
1907+09, Cyg X-3, Cyg X - 1 , Sco
X - 1 , G X 5 - 1 and GX 1+4.

The discovery of 2.93 millisecond
pulsation in the bright X-ray source
Sco X-1 is the first such observation.
The design of a new high sensitive
X-ray telescope using 1000cm2

Nal/Csl scintilla'tor phoswich detector
is almost complete. Many guest
observations were also done using
American, European and Japanese
X-ray astronomy satellites. Using a
infrared telescope several southern
HII regions were mapped in the
120-300 micron band. Multiple
sources were seen in all of these
regions; many of these for the first
time. These maps throw light on
conditions occurring in these regions.
A new two band photometer has
been fabricated for making simulta-
neous observation in 45-80 and
100-200 micron bands. Some uniden-
tified sources seen by IRAS satellite
were detected at 2.2 micron using
UPSO telescope, at Nainital. For site
survey at Mt. Nimu near Leh, a double
beam telescope to study image
motion due to atmospheric perturba-
tions and a microthermograph to
study rapid fluctuations in air tempe-
rature, were constructed.

IRAS data on various kinds of
sources were analysed and interes-
ting conclusions drawn about their
nature. Global properties of star
formation in spiral galaxies were
studied by making use of observation
in infrared, radio and optical bands. A
study was made for emission from Be
stars at various wavelengths and
models were made to explain the ob-
served data. A study was undertaken
to examine the spectra of secondary
particles in a supernova explosion.

The Ooty Synthesis Radio Teles-
cope (OSRT) was used for observing
a variety of radio sources. These
observations led to the discovery of
'dead' radio galaxies inside clusters
of galaxies. A gaint radio galaxy, third
largest known, with a size of 7-million
light-years was discovered. Several
examples of super-nova remnants
(exploding stars) with peculiar radio
morphology were found, including
cases when the expanding supe-
rnova shell collided with clouds of
molecular gas in space. A large
number of compact extra-galactic
and galactic radio sources was regu-
larly monitored and variations in there
intensities at metre wavelength were
recorded in many cases.

Detailed enrc'neering was started
on the giant Metre-wave Radio Teles-
cope (GMRT) which will consist of 34
steerable parabolic dishes of
45-metre diameter each, spread over
a 25-km region. A novel design was
developed for these dishes. GMRT is
scheduled to be ready in 1992.

Cosmic Ray and Space Physics:
The Anuradha experiment on

cosmic rays conducted in Space-
lab-3 of USA provided new results
which fully support the earlier data
from the Skylab mission. It is found
that the average ionisation state of
these cosmic rays in the energy
region 20-25 MeV/amu interval is plus
one. This measurement is crucial in
identifying the origin of this particular
component of cosmic rays called
anomalous cosmic rays. Also the
study on the measurement of the
relative number of low energy heavy
ions scandium to iron is made. This
study throws new light on the propa-
gation of cosmic rays.

A new method of measuring
relative number of high energy (Ess
10 GeV/amu) deuterons to proton in
cosmic rays was developed. Studies
were made on the acceleration of
solar cosmic rays and temperature
conditions of the acceleration of the
region. Also investigations were
carried out on the problem of cosmic
ray positrons in high energy (=* 5
GeV/amu) region.

High Energy Physics:

For proton decay experiment, two
massive detectors were operating
continuously at the depths of 2.0 and
2.3 km underground in the Kolar Gold

Annual Report 1987-88 I-47



Mines to look for proton decay. In the
past year, two candidate events were
recorded in which there is evidence
tor preponderance of Kaons in the
de/*'./ channels. New (upper) limits
are set on the flux of GUT monopoles
with velocities larger than 0.1 % of the
velocity of the light at a level of
4 x 10 " Cm ? Sec ' Sr '.

New examples of Kolar events
were recorded suggestive of hitherto
unknown particles of mass > 2 GeV
and lifetime > 10 9 seconds. Major
improvement programme for the Ooty
multiplate cloud chamber is nearing
completion with absorber rearranged
in double plate structure giving 5 cm
gaps for a better definition of tracks
for determining neutral/charged
nature of high energy hadrons. The
modified and enlarged EAS array is
operational and data taking for high
statistics measurement of N/C ratio is
to begin soon.

In the field of accelerator based
high energy physics, the fabrication
of 850 brass tube proportional
chambers (out of a total of 1100) at
TIFR was completed and fully tested

with cosmic muons. Stainless steel
housings for these chambers and
absorber plates are being fabricated
at the Central Workshop of BARC.
The chambers will be used in the
forward-backward hadron calori-
meter of the L3 detector to study e*e
interactions at the LEP machine due
to start operation in 1989 at CERN,
Geneva. The study of heavy flavour
(charm) production and the produc-
tion of prompt photons in hadronic
collision are continuing.

Nuclear and Atomic Physics:

In-beam nuclear spectroscopic
studies using (°c, xn) reactions were
performed to study the structure of
the .four quasiparticle state at 2256
keV in '"Re and the high spin states in
lead isotopes. The measurements
provided evidence for triaxial defor-
mation at high spins in l82Re. An expe-
riment designed to search for a
neutral pseudoscalar particle, the
axion (0), gave a negative result. The
hyperfine interaction expriments
snowed evidence for the presence of
y - recoil effects in the lattice of the
superconducting compound Hft_Ta,V..

The activities in atomic physics
consist of low energy electronic and
ionic collision as well as gas disc-
harge physics. The crossed electron
and atomic beam experiments
showed evidence of a giant reso-
nance behaviour in the dissociative
ionization of iodine with monoener-
getic electrons.

The work on the fabrication and
design of a recoil mass spectrometer,
a superconducting magnet, a beam
sweeper, an apparatus for ionic colli-
sion experiment (ICE) and an ultra-
high vacuum chamber are in prog-
ress.

The installation of the 14 MV
pelletron accelerator was completed.
The testing of various subsystems
and also the entire accelerator is
progressing.

Condensed Matter Physics:

Programme of Hyperfine Interac-
tion Group represents understanding
specific properties of nuclear excited
states and condensed matter physics
aspects at microscopic level using
nuclear techniques like Mossbauer



Effect and Perturbed Angular Correla-
tion. Conversion Electron Mossbauer
spectroscopy was used to obtain
information on the changes in the
microscopic properties of metals and
semiconductors occurring due to ion
implantation process. The 2 MeV
alpha beam from 5.5 MeV Van de
Graaff accelerator at BARC was
used for determining the depth profile
and lattice position of the implanted
ions in the host material by Rutherford
Back Scattering and charged particle
channelling experiments. Valence
fluctuating rare earth systems and
high T. superconducters continued tc
be studied using suitable nuclear
probes. Magnetic phenomena arising
from competing ferro and antiferro
exchange interaction continued to be
investigated in some systems consis-
ting of Ru Fe Si and Pt Pd Fe.

In the area of low temperature
physics, extensive high precision
measurement of susceptibility and
transport properties and effects ot
high magnetic fields at very low
temperatures were carried out on very
wide range of metallic systems such
as superconducting compounds
(T^Pt, Tijr etc.) to understand elect-
ron-phonon interaction, spin glass
alloys and heavy fermion systems to
study competiton between Kondo
effect and impurity-impurity interac-
tions, amorphous magnetic alloys to
understand role of Cr and Ni atoms.
In some cases Mossbauer speclros-
copic studies were carried out to get
microscopic information. Number ot
new instruments and cryogenic
systems were developed such as
cryoslat for measurement of thermoe-
lectric power, a 7 Tesla superconduc-
ting magnet, an ac bridge for Ge ther-
mometry and automation of resistivity
measurement.

Experiments carried out on Lant-
hanum-barium-copper oxide and
yltrium-barium-copper oxide high
temperature superconductors enabled
an understanding of the differences
in the nature of superconductivity in
these systems.

Study of microwave response of
samples, (of few hundred microg-
rammes) of some of the high tempe-
rature superconducting materials
gave reliable indication of minority
superconducting phases above 90°K
in such systems.

Amorphous (noncrystalline)
metallic ribbons with very interesting
magnetic properties were synthe-
sised.

Chemical Physics:

The main interest of Chemical
Physics Group is the study of
structures, interactions and dynamics
in chemical and biological systems
using modern physical techniques.

Structures of polynucleotides,
conformational and interaction
studies on bioactive peptides and
proteins, drug-nucleic acid it.'.erac-
tion, drug membrane interactions and
model systems pertinent to the study
of heme proteins are being investi-
gated using 2D NMR, 1D NMR and
spectrophotometry. Work has been
initiated in the area of biomolecular
electronics.

Lasers were used to study
chemical dynamics taking place in
the microsecond to picosecond time
region, in model chemical systems.
Temperature jump technique was
used to study details of the steps
involved in the lysis of cell walls by
lysozyme and in understanding the
interaction of ionophores on the
membrane

Physico-chemical models were
used to computer simulate the data
obtained from electrobiolumines-
cence studies in the laboratory.

Electrolytic and chemical methods
are being used in the preparation of
new conducting polymers.

Hydrology:
In this area subjects ol interest are

the study of nanoporosity in natural
minerals, release of radioactivity from
minerals into waters and measure-
ment of seepage using radon
method.

Spade work for setting up a pilot
project (for testing the feasibility of
underground storage of flood waters)
is underway in Uttar Pradesh.

Physics of Semiconductors and
Solid State Electronics:

The Group continued to study the
properties of amorphous and
polycrystalline silicon films , and
physics of Si and GaAs based
devices. Also pursued was the liquid
phase epitaxial growth of new Ill-V

ternary and quarternary alloys and
measurements related to their elect-
ronic structure. Three members of the
Group who were sent to DPR Korea
on deputation to set up a TTL-IC fabri-
cation facility in collaboration with ET
& T for a UNIDO sponsored project
returned after completing the objec-
tive.

Molecular Biology:

In Molecular Biology, research is
carried out in the areas of neurobio-
logy, developmental biology and
biochemistry. The primary interest is
in the genes that control the develop-
ment and functioning of the senses ol
smell and taste in the fruitfly. Three
olfactory genes previously identified
in this laboratory (oil A, oil C and oil
E) have been found to be clustered in
a small region on the X chromosome
About 100 kilobases of DNA in this
region has been cloned to further
analyse these genes. In taste percep-
tion, the gene gust B specifies the
distribution of salt receptors. Analysis
of neural network shows that from the
labial region, seven different types of
neurons project in the ventral part of
the brain. A simple method based on
affinity chromatography has been
utilized to prepare the soluble
acetylcholinesterase from the fruitfly
heads to a high level of purity

In developmental biology, the
basic phenomenon of cell differentia-
tion, and role of genes in develop-
mental decision and pattern lormation
are being studied. A new dominant
enhancer of the bithorax complex of
fruilfly has been identified. Onco-
genes related to tyrosine kinase
family are being isolated and charac-
terized from fruitflies; the aim is to
understand their normal function
during growth, development and
tumor formation. In plants such as the
moss Funaria , the basic trigger for
cell differentiation is nutritional starva-
tion; the starvation could involve a
modulation of endogenous hormone
level or an enhanced sensitivity of
hormone receptors. In the slime mold
Dictyostelium a periodic pulsing of
amoebae by cyclic AMP advances
the aggregation time. The signifi-
cance of this phenomenon is being
investigated.

The structural gene for yeast
fructose 1,6-bisphosphate aldolase
has been cloned. The size of the
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mseri corresponds to the known
molecular weight ol the enzyme
monomer The aldolase transformants
show a live-fold increase in enzyme
activity but no change in the glyco-
lytic rate Contrary to the widely-held
idea, the brain hexokmase does not
have a site for the binding of its
regulator glucose 6-phosphate In the
moss Funana , the nitrate utilising
enzyme (nitrate reductase) has been
found to be highly efficient among
green plants

Computer Science:

In the field of foundations of prog-
ramming and theoretical studies,
semantics of distributed systems and
proof theory, temporal logic, logic
programming were studied.

Computer Systems and Communi-
cations Group has been chosen as
the nodal centre for work on Speech
Input and Output for the knowledge
Based Computer Sciences Project
funded by the United Nations Deve-
lopment Programme and the Depart-
ment of Electronics.

In addition to its interest in Speech
Synthesis and Recognition, the group
is also actively engaged in research
in various other aspects of speech
research such as speech coding,
enhancement, spectral estimation
and signal processing.

Some progress has been made in
the field of parallel processing and
simulation of data flow computers.

Other Units
Homi Bhabha Centre for
Science Education:

During the year, the Government of
Maharashtra have selected three
programmes developed by HBCSE
for large scale implementation. Thus,
the methodologies developed by
HBCSE for improving science educa-
tion at the elementary level, for
improving science teaching at the
secondary level, and the science-
based curriculum for the non-formal
channel will be absorbed into the
system The DAE has given HBCSE a
plot of land at Anushaklinagar to build
premises including laboratories.

studio etc. HBCSE now looks forward
to meet bigger challenges.

Basic Dental Research Unit:

This unit, now a WHO collaborating
centre for Oral Cancer Prevention, is
continuing its intervention studies on
oral cancer and precancerous lesions
with highly encouraging results.
Analysing mortality data and informa-
tion prevalence of tobacco use, it was
estimated that in India among indivi-
duals aged 15 years and over,
£00,000 deaths every year are
attributable to the usage of tobacco.

In addition to its interest in Speech
Synthesis and Recognition, the Group
was also actively engaged in
research in various other aspects of
speech research such as speech
coding, enhancement, spectral esti-
mation and signal processing.

Some progress has been made in
the field of parallel processing and
simulation of data flow computers.
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The Institute, continued its activi-
ties in the following areas: (1) Experi-
mental Nuclear Physics, (2) Atomic.
Molecular and Condensed Matter
Physics. (3) Biosciences, (4) Plasma
Physics, (5) Nuclear Chemistry. (6)
Instrumenlalion. and (7) Theoretical
Physics. The one-year posl-M Sc trai-
ning programme was continued in
these fields with students selected on
a nationwide competitive examination
basis. The Institute, as boloro. pro-
vided lacilities lor research leading lo
PhD degree.

Experimental Nuclear Physics

The data taken during on-line
experiments at the Variable Energy
Cyclotron Centre (VECC) were
analysed olf-line. In a trial run
extreme forward angle inelastic scat-
tering spectra wore obtained, which
were optimised further to reduce (he
largo elastic contribulions. An active
slit lo minimise the alpha beam halo
was designed. Steady performance
ol tho position sensitive doloclors
upto 90 hr was achieved. Plans for
doing fission fragment angular dist-
ribution wilh ihe multiwire pro-
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porlional counter and Brskien counter
using the alpha beam at Ihe VECC
were finalised. Short-lived radio-
activity studies began during this
year wilh ihe 14 MeV neutron beam.
An ultrahigh vacuum system is being
developed to recondition the radia-
tion-damaged germanium detectors.

An in-beam gamma-ray spectro-
scopic study was made of Ihe high
spin slates ol ""Sn nucleus following
Ihe reaction " 4 Cd (a ,4n) induced by
50 MeV alpha beam from the VEC
The de-exciteJ gamma rays were
lilted to a level scheme, and the
slates with spins upto 12* were found
lo be excited in the reaction. The data
taken earlier on ?oaBi(a,// v) reaction
and lor «-scattering from }SC and Te
isotopes from the VEC were analysed
and some new levels in s10At were
identilied. Attempt was made to infer
the neutron transition multipole
moment of 0 ' 2 * transition in ^Sr by
measuring (a,a ) angular distribu-
tions. Tho role ol the pairing gap
parameter In ihe corlolfs attenuation
problem was studied. Energy and
lime measurements with BaF? scintill-
alor using vacuum evaporated
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p-terphenyl as the UV to visible wave-
length shifter and RCA C31024
photomultiplier tubes were made.
Saturable magnetic reactors were
utilised to demonstrate the possibility
of using the technique of pulse
compression for high current pulse
generator

Atomic, Molecular and Condensed
Matter Physics

There has been a surge of activity
m the area of high Tt superconduc-
tors The effect of alkali metal, transi-
tion metal and rare earth substitutions
on the critical temperature Tc of the
YBaCu-0 superconductors were
explored Laser Raman study of the
vibrational mode, as well as positron
annihilation study of several super-
conductors belonging to Ihis class
•.verc made with significant results.

! l /Fe Mossbauer studies and
Nuclear Magnetic Resonance studies
were made to explore several
structural aspects of some solid
specimens including layered
structures. The continuous wave, and
in some cases the Fourier Transform
variety of NMR were employed
involving 'H, 27AI. I9F and 61V reso-
nances The recently incorporated
Microwave-Microwave Double Reso-
nance lacility was put to use in the
study of vibronic states of Allyl
alcohol. Positron Annihilation studies
of radiation induced defects in solids,
measurement of radiative life time of
several atoms, blistering phenomena
in radiation affocled metallic foils,
resistivity of certain magnetic foils,
and of magnetic alloys wero some of
Iho other topics experimentally
covered

In the areas of atomic physics and
impact phenomena, iho 300 kV ion
accelerator has been made opera-
tional, giving al present a stable Ar*
ion beam of 150 KoV.

Theoretical investigations wore
carried out on several statistical pro-
bloms pertaining to condensed
matler, for example stability ol Iraclal
structures, conductivity and dielectric
properties ol random two-dimen-
sional notworko. Studios loiat^n to
electronic strueturo ol ono-dimon-
olonal HubbarcJ Modols woro
contlnuod, and (hat of ono=dlmon-
sional modols of quasi-erystals was
initiated. Among other things, studios
on several problems ol surlaco
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physics, particularly on catalytic
behaviour of some alloy surfaces,
and calculations of susceptibility
components in one-dimensional XY
model were made.

Biosciences

In membrane biology, it was shown
thai malondialdohydo (MDA). an end
product of lipid pcroxtdation, is spon-
taneously released from the memb-
ranes. Since MDA can bind with
DNA and is also carcinogenic, the
causal link between membrane
damage and carcinogonesis seems
to be established. Membrane
damago caused by the ullraviolel-A
component of sunlight, the causativo
agent of skin cancer, was found to be
mediated by a freo radical reaction
with singlet oxygon as Iho initiator
Also UV-A was lound lo induce dose-
dependent prophage ;. in E-coli GY
5027(/)

In a study of intorstrand cross-links
in DNA as olfocted by Furazoliciono, a
statistically slgnilicant doso-roaponso
relationship was established by using
UV-udsorpllon spoctropholomotry,
lluoroGConco spoctrophotomolry fluo-
rescence spoctropholomotry ol olhl-
dium bromldo bound lo DNA, HAP
chromatography and ondonucloaso
assay.

In virology, sovoral aclivalion

inf.?

characteristics ol the lysogenic vibrio
choterae phage. kappa, under diffe-
rent conditions were investigated.

With mammalian cells in culture,
studies continued on various repair
processes and their relationship with
mutation in V-79 cells exposed to
different DNA-damaging agents with
significant" results in some cases
Cytoxicity and mutagenicity of formal-
dehyde is being studied

Crystal structures of several drug
molecules and their complexes were
studied lo obtain a model of their
receptor silos. Structure-reactivity
relationship of substituted sutpho-
namido groups is under investigation
tn a study on eye lens protein, interes-
ting differences woro dotocted in the
aromatic nmino acid contents in both
subunils of the alphacryslnllin
collected from bovine and goal
sources. Two novel fTon'OOllngenous
proteins woro isolated from iho eolln-
gonous lissuos of o'osmobranch fish
and puriliod to homogeneity.

Calculations ol molecular oloclros-
lalic potentials of ionic forms ol
sovoral gamma-aminobutyric acid
inhibitors helped In undorsiandlng
some biological (unctions

Theoretical investigations covered
helix-coil transitions in suporcoilod
DNA. motion ol E coli flagollum, and



noise spectra in synaptic transmis-
sion The thermodynamics of coope-
rative hgand binding to allosteric
proteins, and the kinetics of self-as-
sembly of biopoiymers are being
currently looked into

Plasma Physics

The Tokamak machine, pivotal to
the Hot Plasma Project of the Institute,
was installed, and commissioned in
July 1987 It is operational since then
with the plasma current now reaching
a little over 90 percent of the
maximum design value of 75 kA.
Various kinds of operating characte-
ristics of the discharge were ob-
tained, Three diagnostic systems
namely, the vis-UV spectroscope, the
X-ray imaging apparatus and the
X-band microwave interferometer,
were developed and a 16-ehannel
data acquisition and processing
system set up The Chairman, AEC
dedicated the tokamak facility to the
nation's R&O efforts on 10 December
1987

Work continued on wave propaga-
tion in bound magnetoplasma, ion
beam-plasma interaction, production
of negative hydrogen ions by surface
lomsation techniques, propagation of
electromagnetic wave in toroidal
cavity, and, mode-conversion in
magnetised plasma

Nuclear Chemistry

In radiochemisiry, solvent extrac-
tion and reversed phase extraction
chromatography were used in clean
separation ol the critical element
pairs, Zr-Hf, Nb-Ta and Mo-W in
tracer scale Radiochemical separa-
tion using tin dioxide and Ihoria. as
inorganic ion exchangers, is being
continued. Charged particle activa-
tion analysis with alpha particles has
been used in determining the traces
of niobium in geological samples

In radiation and photochemistry,
the effects of Cu(ll) ions on the radio-
sensitivity of thymlne were studied.
Evidence for the formation ol Nl(lll)
species in the solid state Irradiation
was obtained Further, the formation

of Ni(lll) species in aqueous solution
by reaction with carbonate radical is
being followed by flash photolysis
technique Use of colloidal semi-
conductor in light harvesting process
is being continued Excited state rela-
xation processes in peptides and
flavonoid pigments were studied both
at ambient and at low temperatures
down to 77 K

Instrumentation

A method of amplitude indepen-
dent pulse rise-time measurement
technique, to discriminate between
neutrons and gamma-rays in the
heavy-ion reactions, using NE 213
liquid scintillators, was developed
The time-resolution of the indige-
nously made n-discrimmator was
improved further for use in the pertur-
bed angufar correlation set up

One radio-frequency sputtering
system is being built for the purpose
of preparing microstrip circuits and
SAW filters for microwave study and
application. A theory was developed
towards designing of a wideband
frequency multiplier using SRD for
low-pass prototypes of any response
shape in the microwave frequency
band, and on this basis, a multiplier
with 11% bandwidth centred at 1 14
GHz at the output side was realised

A voltage controlled oscillator was
designed at about 20 MH* using
helical resonator resulting in a
0-value of 700 This was used in a
phase lock loop to realise low phase
noise and settling time with excellent
performance This design is being
modified to achieve large tracking
range

The coarse tuning coil current
driver system for the YlG lunod tran-
sistor oscillator was designed and
successfully fabricated

Theoretical Physics

In theoretical nuclear physics, the
olfect ol deuteron break-up channels
on tho (d.p), (p,d) and (d.pn) re-
actions was investigated in a new
approach Tho post form OWBA

theory of break-up reactions was
reformulated to include the recoil
effects and applied to analyse the
fLi .ad) reaction. The 32 S(d,p) 33S
(unbound) reaction was investigated
in a model where stripping cross-sec-
tion to unbound states was deter-
mined from off-energy shell total
neutron cross-section

The nucleus-nucleus optical poten-
tial was calculated in the energy
density formalism The production of
subthreshold' and pre-equilibrium
particles in the intermediate energy
heavy-ion collisions was investigated
The non-markovian effect on the
deep inelastic observables in heav-
y-ion collisions was studied The rote
of quark degrees ol freedom in nuclei
was studied and the widths of V and
M hypernuclear states were calcu-
lated

Nuclear binding energies and
occupancies in sd shell with universal
SD interaction and B-decay sum rules
and strengths in fp shell were eva-
luated using the spectral distribution
theory The effect of A isobars on the
electromagnetic properties ol nuclei
at high momentum transfer was
studied

Anomalies related lo the commut-
ator algebra and Gauss's law for
nonabelian gauge theories involving
chiral fermions were investigated The
arguments of Witten for the SU(2)
anomaly were shown to be untenable
The role of conlormal and modular
invariance in string theories and
two-dimensional critical behaviour
were studied Aspects of heterotic
strings and compactification were
also looked into Two-dimensional
relativistic mtegrablo field theoretical
models were investigated Nonlinear
mtegrable field models with nonuitra-
local canonical structures were invos-
tigated. Properties of baryons in tho
frame-work of chiral soliton model
were studied

Some investigations wero earned
oul regarding semi-classical approxi-
mations and the Berry's Phaso
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Tata
Memorial
Centre

Tho Tata Memorial Centre, compri-
sing of the Tata Memorial Hospital
<TMH) and (he Cancer Rosoareh
Institute (CRI), continued its activities
m tho diagnosis, treatment and
research on cancer Tlie Centre
continued its training programmes
and educational activities.

Tutu Memorial Hospital

During the year 1987, about
22.SQQ now patients wore registered
Over 12,000 patients wore diagnosed
as suffering from cancer Over 8,000
patients wore adrntltod 15,000
operations, 22,670 histopathologieat
examinations and 5,76S fine needle
aspiratw cytology investigations
woro carried out, Apart from this, over
t,94,000 bioehomiea! investigations,
over 79,000 haemalelogieal investiga-
tions and 60.000 radiological investi-
gations woro also carried out during
the year.

Tho whole body CAT scan bene=
fitod over 3.600 patients In Iho diag-
nosis of cancer, Stops wore taken to
acquire a now xero-mammegrapny
unit. One now ultrasound unit

sonotino SL-2 with video imager and
video tape facility was installed in the
Radiology Department This Depart-
ment had acquired erthopanto*
mogram and ertheephalgram unifs
This will enable to have quality x-ray
ol the jaws. The new expansion of
radiotherapy in-patient ward with 30
beds was commissioned in Septe-
mrxjf 1987 Tho now micro soleetron
remote system using indium-192 lor
interstitial brachythcrapy was
installed and commissioned in Octo-
ber 1987 About 5200 patients were
given radiotherapy and over 1000
patients brachythsrapy.

Tho Hospital is involved with the
international and national clinical
trials on cancers, Children suffering
from haomatotogical malignancies,
particularly with acute lymphatic
leukaemia were undergoing inten-
sive chemotherapy treatment,

The Medical Oncology Department
was involved in overall management
of haemototegical malignancies in
patients for adjuvant treatment in
solid tumours. Basic laboratory work
Including cytogenic study and in>vitro
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Done marrow culture and surface
markers were also being carried out

Pnarmacy Department established
>n 1986 continued to supply various
fluids like g:ucose saline etc tor
intravenous use and also a few drugs
m ampoules tot injection .24,000
disposable nontoxic PVC pouches of
various intravenous (i v } fluids were
manufactured by the Pnarmacy
Department and made available
for patient care at a much lower cost
The new animal house to test the i v
fluids for pyrogenic contamination
was established during the year

The Hospital Cancer Registry of
the Tata Memorial Hospital is on the
network of the National Cancer
Registry Project of ICMR. New Delhi
All cancer patients' data diagnosed
and treated in 1985. were submitted
to the network A report on statistical
analysis earned out was also prov-
ided

The Norsk Data ND 550/CX with 24
interactive terminals was commis-
sioned during the year 1985 With the
assistance of engineers from Ihe
Computer Division, BARC. adequate
software for several clinical research,
such as computerisation of patients
medical record, work related to
hospital based National Cancer
Registry Projoel of ICMR epidemtokJ-
gieal studies, clinical research retros-
pective analysis - prospective clinical
trials, eompuferaided educational
and training package, patient
appointment ami follow-up schedu-
ling, bed management, materials
management (Inventory system for
drugs etc ), (oumai reference system
for Library was developed

Several medical institutions like the
All India Institute of Medical
Sciences, New Delhi, Chi & Natural
Go i Commission, Oehradun, steel
Authority of India limited. Bhilai,
Railway Hospital. Perambur and
others showed Keen interest to
computerize their medical records
etc and visited TMH

A Seminar on Computer in
Medicine' was organised during the
year and medical professionals from
ail over India participated

Government of Maharashtra in
association with the Tata Memorial
Hospital launched a 'Cancer Control
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Programme to educate public about
the hazards of tobacco usage and
also banned tobacco smoking in all
government offices

The Community Rural Cenlre at
Barsi of Sotapur district.
(Maharashtra) continued conducting
rural camps Eleven camps were held
in villages around Barsi An X-ray
diagnostic unit was provided at Barsi

During the year a second Rural
Project was initiated tp conduct
ca"tps for early detection of cancer in
the villages of Pune district m collabo-
ration with the Pune Medical Founda-
tion A fully equipped van was prov-
ided fof this purpose The hospital
organised seminars, workshops and
conferences in various specialties
One workshop on gynaecological
cancer and another on gastrointes-
tinal cancer were held this year By
means of closed circuit television, it
was possible lo have a live telecast o>
the operations

The Tata Memorial Hospital is a
postgraduate university centre affi-
liated to the University ot Bombay it
registers students <or courses such
as MS. MO. OMRD. DMRT. DA MSc
and PhD During the year 40 students
qualified m MS (14). MO (14). OMRD
(6), DMRT (2), OA (4)

The Hospital conducts continuing
education for doctors under its onco-
logy programme During the year 11
doctors from various parts of the
c ountry attended the programme

Cancer Research Institute

The Cancer Research institute
continued its research both on
applied and base aspects of cancer
The baste research on cancer is
directed towards the study of funda-
mental aspects of cellular growth
differentiation and fhrjir control
organs

Case cont'Ol study on the role of
dietary factors in oropharyngeal and
oesophegeat cancers (mouth and
gullet) revealed beneficial effects of
some ingredients of Indian diet, as
against risk-enhancing effocls of
other constituents, such as red chilli
powder, alcohol and excessive tea
drinking, Another such study is being
directed towards evaluating the rote
of occupations In cancer of the lung
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and bladder The population based
Rural Cancer Registry was set up in
Osmanabad and Solapur districts
(Maharashtra) In collaboration with
the Cancer Registry Hospital at Barsi
this rural registry would be an impo-
rtant centre for collection of data on
cancer in rural region

Tobacco is related to the Indian life
style and diet in a vanefy of ways.
particularly in rural areas A multidis-
opUnary project was started to iden-
tity carcinogenic components m
tobacco, mechanism of theit action
and modulaiory effects of other
factors such as vitamin A antioxi-
dartts and other cnemopteventive
agents

Occupational exposure to tobacco
would be harmful In this content
biological monitoring of women (in
Bombay city), chronically exposed to
tobacco due to their occupation in
b:di manufacturing industry, was
undertaken Such monitoring involves
detection and quantitation of comp-
lexes formed between active geno-
toxic agents and endogenous
molecules and measurement of btoto-
gical endpomts that are related to Hie
intensity ot exposure Serial deteimi-
nations of urinary Ihiothers in samples
obtained from women t»di tollers
w.ih and without othei tobacco
habits, revealed significantly lower
level of urinary excretion ot the
compound, indicating an impaired
protective mechanism m subjects
exposed to tobacco

Oral tumours
Continued investigations on the

immune status ot the oral cancer
patients demonstrated that tho penp
herai blood lymphocytes (P8 I ) of tho
patients are immune-competent
Activity of biological modifiers such
as mtetteukin ? (II 2> on the PBL,
lymph nodes and tumour infiltrating
lymphocytes was studied The
studies rovoalod lhat the oral cancer
patients did not show significant
immune deficiencies Those studies
on immune parameters will help
assess the general health status of
(he individual patient and give a
better rationale for their treatment
modalities

Msrkors m Cancer
Karyotyptng ol Ihe oral cancer

cells can yield important data. Prell-



nary studies showed thai me chro-
number .n tr.e tumours

ffOfTi 46 to 59 Studios on
expression n the tumour

tissues showed quantitative variation
•n specific kerarn types m well
differentiated ano mocerately diffe-
rentiated tumour tissues relative to
normal buccal mucosa The keratin
impression and karyotypsng analysis
could possibly De used as markers
for staging of trie oral tumours and for
identifying rretastatic lesions

Search for hormonal markers in
cancer is an important aspect of
diagnostic and therapeutic approach
to cancer Studies indicated
;fb ;i potential
marker in prostatic tumour

Mijf)!(iykj(j!ii phwiotyp© arid levels
/visri! studied m untreated patients
with hemapoietic malignancies which
included certain malignant lyniphoma
and compared with those of healthy
subjects
Carcinoma ot the uterine cervix
(womb cancers)

Studies on the immuno-'ogica!
parameters such as NK activity
showed that this activity could also be
uufiii n'i u prognostic marker indica-
ting th« etticacy of the modi* of troat-

is and Lytnphvtms

Mf.'irtupcm.'fic malignancies form H
iN(i|ot portion ol the cancers that are
treated at (he TMM Chronic rnyatoid
leukemia's (CMt.) comprise about
40% of trio UHtkemiiiK CMl. ts
cttciracjtori'itjcl by an eicevirsive
(jrowth of rriyaltwd progenitor fell!)
which art) roktii'it'd in circulaltof) al
Vi»r«K/'» fiN'iyflS Of £jl>f«f«flll«ltlO»l iVUt
fuivt) tfm (K)tential to urulonjo

Vutiaus tihnl\of>
to as?<fls

flui tools e!
f(jvoi«ii«MiB«u jifot)ft?titt m cancer
rtuiuarch, roftuiting in a quantum |ymp
in iho mpui in iriitj fielti The prejeete
in ihie urtui tl«volo(M)tl at Ihe Institute.
involve preparatien et rtienoelonal
(tnlitMxJit)s, QDNA lihranftti and
ctofiiny, Qneogono Bludios, drgy

using lipgaotnos and pulsed

iII<|)OII mf m

nuclear magnetic resonance studies
on various aspects m cancer

Development ol rnonocijnW
antibodies

Monoclonal antibodies (MAB)
using the hybndoma technology, are
highly specific imj.iuno'.ogicai
reagents with definite applicability as
diagnostic agents and are of thera-
peutic value in certain cancers At the
Institute MABs against alpha fetopro-
tem. erytnrobiastad leukemia cell line
and oral cancer cell line were deve-
loped These are available for dist-
ribution to other laboratories m the
country

Construction ot cDNA library from
CML granulocytt's

At tho Institute, a CONA library in
an expression vector is being made
to obtain sufficient amount ol memb-
rane proteins for analysis The tech-
nology was continued to be deve-
loped by standardising protocols and
screening a / gtll cDNA library
constructed from an AML (M.) blast
sample

Oncogene amplification m oral
tumors

A maior recent advance in cancer
research was in ihe field of onco-
genes which are involved m various
stages of cancer With a view to study
the altered molecular events in oial
cancer Iho oncogene profile of oral
tumours was investigated

Plug targeting using tipasonws

Use of liposomes as a mode ot
drug targeting and thereby attecting
drug pttafmahinefies InvowaWo
continued to be investigated Mono
and muitiiameilar fipesomes
bearing different charges, lipid ratio
and fit/OS, wore used lo entrap

oiled &-riuorouraeii In these
a ffldifiltonindueod murin©

lymphatic leukemia model was used
to follow »w iir>*u>e dtslnbution and
eflicucy of targeting of iho drug via

Pulsed NMfi studios on cancer

The Nuclear MagrMJtie Resonance
(NMR) lechr.ique was used as a duiQ-
noslie inelhod (er detoctien ef
cancer Tho studies at tho Instduto
cstabiistied that isolated cell nuclei
have high T1 values, and provide a

HI 60

sensitive biological system to explore
paramagetic effect

Experimental carcinogenests

Several tobacco specific nitrosa-
mmes showed considerable muta-
genLC activity m m-vitro s'udies One
of these components - ni.roso norni-
cctme - was tested for carcmogeni-
city by tongue application in Swiss
mice Trie results showed tumour
induction in 85% of the animals indi-
cating a high carcinogenic activity

Mashen (Pyrrolised tobacco) is
commonly used as a dentifrice in a
lanHy large fraction of the Indian
population Extracts prepared
contained mtiosamtnes and poiyeyc-
ttc aromatic hydrocarbons, respecti-
vely Masheri mixed with diet at 10%
level was found to induce systemic
tumours in mice, rats, as well as
hamsters

Specialised culture protocols
permitted cultivation of epithelial cells
from new born mouse longue tissue
upto 50% days This system is being

as a model to study caro-
of several compounds

A study showed antimutagenie
activity o! some Indian spices such as
turmeric and curcumms gmgirone <n
Qtngei Two constituents of bete) leaf
ehaviCQl <Wd liydroxy ctuiwcol
caiec'iy and eatechm. showed similar
anttmutagemc aettvity

The Institute developed several
animal systems as models tor
Epftcilc lypes ot malignanices An
impoiianl observation was the
enc leased tumour lormation in oesop
htigeai mucos.1 vvhen 5% tobacco
extract was administered, subseq-
uent to diethyi mtrosamine (DEN)

Mouse &Hif> received eonsiderabie
attention as a system lo lest a variety
el chemieat carcinogens

Search lor agents w<lh
activity, efforts to mciease then
potency and attempts to overcome
the natural or acquired drugresis
tance ot \lte tumours, together lorm a
major research frontier in cancer
etwTOiherapy This Insntute *8
eonductirg several projects in this
area

in experimental work, on ? series
ol anticaneer pyrrolidinodio-
no Nmustard compounds. the
O-meihoKy-phenyl derivative was
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most effective m this respecl This
derivative 'enhanced cytotoxicity of
antieaneer agents like methotrexate,
in mgrino tumor systems A laboratory
has been set up fo explore and
evolve now, economic methods lor
preparation of antieancer drugs

carried out at this Inshluto
showed thai hycJroeortisone has a
deleterious effect on Ihe development
of central nervous tissue (CNS) The
mechanism underlying these effects
is being examined

Baste studm
Several biological molecules or

factors are known to regulate n
variety of physiological processes at
ihe cellular and tissue level Previous

work at this Institute had identified
and isolated a novel factor wttich was
termed Enhancing Factor (EF), due
to its ability !o enhance the landing ol
epidermal growtti facto* (E6F) to
cells This low moteculai we*ghl pofy-
peptide has now been characterised
by peptide mapping and amino next
analysis fmmwoohistoenemieai
studies with a potyetonat aniitxxjy
agatnsl EF showed its (ocal^atton in
several murine tissues, particularly
Leydtg cells in the testts. eh-ol eelis of
the distal stomach and Paneth cells of
the (eiuown &gmfieance of this
finding is being assessed

Conversion of normal e<tfl into a
cancer cell leads to a numbm of aite

in Us btotegtcali behaviour.

several ot vvhicfi afe associated with
the ceil surface plasma membrane
One such alteration is the high aggiu-
ttnability of tumour cells with plant
lectms such as concanava!m-A The
mechanism underlying such
increased agglutmabilcy is being
investigated using human erythroc-
ytes as a model, as their cell-memb-
rane structure is well-understood

An antileprosy vaccine containing
ICRC bacilli was developed by the
Cancer Research Institute in 1979
The ICRC bacitli are a group ot
leprosy-derived cuilivabte mycobac-
(ena grown for the first ttme by the
iRStitute from a leprosy patw?nt in
19&8 After completing the phase!
ami tl elmtcai studies, the vaccine
was c'eaied by the Government ol
India for mass vaccination in 1984
Subsequently between 1984 and
1986. a pslot study was first carried
out to find out the feasibility ot the
project Mass vaccination prog-
ramme was launched in collaboration
wr.lh the Government of Maharashtra
in February, 1987 m Soiapur, Osma-
nabad and Latur districts ot the State
where leprosy is highly prevalent So
far 7.000 healthy house-hold contacts
have been vaccinated This is the f*rsi
study of mass vaccination of antilep
rosy vacctne in India

The Institute continued with its tra>
ntng and academic activities Sixteen
seminars by eminent scientists from
India and abroad were arranged
durtng the year

students obtained PhD
degree by research through ihe
InsMult? Tfne Inslilut® continued to
eonduel ine MSe
course

ttm tnhwin nuclear maltor mod'
el for INJ mats of »\orrm rnidoi, clove-
\ofmi eaflwr was finalised

High Energy Physic*
The work i» done in trie areas of

supergravity. grand umtieaiioo and
superstftng theo«i«8 If w n proposed
thai (he Higgs parftclt for Salami Wetn
berg symmtfry breaking could be
superheavy with their vacuum expec-
tation value* being in the weak scalo
Work also continued on ono loop
calculations in string theories
Annual R«pcxt 190788

Phystca

apparatus for
scattering and poaitron
stittliea was s«t up itl tho

Institute Bolh Cornpton sctiltering
iind positron unnhilation UKpcrirmtnts
aro used to invesltgafe oioeiron tJi6-
Inbution in solids The irtlorntation
obtained from these two experiments,
ih, however, complementary and
therefore gives a complete picture of
electronic distribution This is useful
for defect studies

11157

This year a new high flux campion
sptKiromoter was designed and
fabricated A tead eoliimior systom
wiih cylinder symmetry was «3osignod
lo provide a eoiiimter geometry with
scattering angle ot about 17b" With
ihir, specironwioi it will be possible lo
complete a Compton piofiie measure-
ment on a 3 mm sample of aluminium
in nme of about tS hours, compared
fo say is days by earlier facility



1r
•T'M

13
Institute of
Physics

Tho Instifue- et Physies
noswaf continued1 <f5 research.
dos in various branghesef l
and experimental physies The impo>
riant events of ine yea» were f» inwa>
non ot tho Pc-üotroo Aeeeferator
Projeet Censtfygden et me machine
has twgun ai Middleion, Wisewsin,
USA Building to hoys© Ih© eamo (n
tfip prenr.iscs ot ihff Insfifuro ef
Physics is wnd«f eeflstryctw, and (it)
nesting ot tho Winter Sehoef m high

physies at Pgri m January
Pameipanis frem inöia anö

abroad attendoct ifie §ehe«i whieh
nas now öeeomo a regular annual
feature et ihe institute

Tho researeh activities ef the
institute ean be broadiy g'oup«<J into
iwo eittgwlft: Iheoreiieat ptiyncs
and «Kp«rimenta> phyiies The ma/n
areas of research in th«o<elteil
physies are GomUnisd mütir
phyiies, nueieaf ptiynei «nä high
energy phyiici Th« exptrimefitil
activity eoflinti of applying nuelur
teehmquei to probiemi in c o u n t e d
matter physic• Tht activitiet. in
virioui brincht• are brierly «umm*.
rued below:

AnnuilR«po<nM7-6a

Condtfl»«d M«Mtf Ptiy»ic$

The mam areas el research w e *
ineiuöe styöy ef es'teetive i
m §fd«'eiEl and diddered §!
metals and supereonduetof's,
study et nwünea' medes in »?ese
systews StuäyQfeeiieet've modes m
charge density wave supereondue-
täte, fcif example layeret* transition
metal diehal'eegremöes and A-IS
ewnpeynds was earned mi TIM?
wwi'd wide spurt m nesea'ch m high
temperature supeieonduetivity did
rot leave tot Qf©«3 untöwehed The©-
retieal w@fk oo eonstryetion of models
and study of 3*man and Infrared
results in these materials was
initiated:

NUCIMT Phyttet

The major i r e » ot study «re high
•pin Hates, heavy ion collisions,
effect of nuclear quirk structure in
nuclear matter and mass formula for
finite nuctei. Prediction ot g-faciora for
b*ck°beflding raieeatlh nucleus
using exact angular momentum
projected axlally symmetric Hartree-
•Fock-Bogollubov calculation was

nis« CönW. on page B7
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Atomic
Energy
Regulatory
Board

The Atomic Energy Regulatory
Board continued to carry out the
regulatory and radiation safety
functions in all the DAE installations
and in radiation installations operated
by medical, industrial and research
users in the country.

AERB had held three Board
meetings and several important
policy decisions were taken during
these meetings. Advisory Committee
for Radiation Protection met once
during the year and reviewed the
safety status of medical and industrial
institutions and recommended
several measures. The Advisory
Committee for Nuclear Safety also
met once.

Seminars and meetings were orga-
nised to apprise professionals of
developments in the field of radiation
protection and nuclear safety. The
Board also consulted specialists on
matters associated with the formula-
tion and implementation of important
radiation protection policies. Besides
providing avenues to gather useful
technical inputs, the meetings and
seminars also helped to evaluate the
impact of decisions at all levels in the
professional and public domains.

AERB invited eminent scientists
and specialists from outside as well
as inside the DAE family to work in the
Committees or lask groups cons-
tituted to do specific jobs.

During the year the functions and
responsibilities of AERB were
leviewed by a high level Committee
constituted by the Chairman, AEC. As
per its recommendations, DAE-SRC
became a part of the Board.

Progress of Activities

1. Development of Codes, Guides

and Manuals.

(Nuclear Safety)
1. AERB Safety Manual for Site

Emergency Plan for Nuclear
Installations was issued.

The drafts of the following docu-
ments are under preparation:

1. Codes of practice on -
a) Quality Assurance for Safety

in Nuclear Power Plants
b) Design for Safety of Nuclear

Power Plants.

2. Manual for Off-site Emergency
Preparedness.
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3 Code of Practice for operation of
nuclear power plants.

An 'Atlas of Reference Plans for
Medical Diagnostic X-ray Instal-
lations" was issued to prospec-
tive users.

The drafts of the following codes/
guides are under advanced
stages of preparation:

a) Safety Code for Brachytherapy
Equipment and Installations.

b) Safety Code for Nuclear
Medicine Laboratories.

c) Medical Management of
Persons involved in Radiation
Accidents.

d) Radiation Surveillance
Procedures for Medical Applica-
tions of Radiation.

Industrial Applications and Trans-
port of Radioactive Materials

The following guides/procedures
were issued.

a) "Guide for Open Field industrial
Radiography"

b) Radiation Surveillance
Procedures for Safe Transport of
Radioactive Materials 1987.

c) Guidelines for the Radiological
Safety Officer to implement
Radiation Protection Rules in
Industrial Radiography.

Codes Guides under preparation

a) Guide for Handling Emergen-
cies in Industrial Radiography.

b) Code for Emergency Response
Planning and Preparedness for
Transport Accidents involving
Radioactive Materials.

2. Technical Reviews

The Committee to review industrial
safety status in DAE Units has comp-
leted its work and submitted report.

In-house review of the Preliminary
Safety Analysis Report for the nuclear
power plant (500 MWe) continued.

The revised IAEA Code 50-SG-D
tor Design Safety was reviewed.

The task group on Radiation
Protection Standards proposed a
modified definition of "radioactive
substance" to be included in all legal
documents. The modification was
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proposed because of some limita-
tions in the definitions notified earlier.
The draft of the new definition was
circulated to a few specialists for
comments. The final draft is ready for
legal vetting and notification.

Data on thyroid uptake of iodine
were collected from various diag-
nostic nuclear medicine centres in
the country. This is useful for setting
intervention levels for reducing radia-
tion dose to thyroid after accidental
release of radioactive iodine in public
domain.

A draft of the AERB Basic Safety
Standards is being prepared. The
document will reflect changes in
radiation protection philosophy after
the promulgation of Radiation Protec-
tion Rules 1971.

As proposed by the task group, a
committee of specialists on radiation
protection and measurements was
constituted.

The task force constituted in the
wake of Chernobyl accident to review
safety and emergency systems at
Indian nuclear power plants has
submitted its report. They concluded
that an accident of the type that took
place at Chernobyl cannot pos.sibly
occur in our reactors. The recommen-
dations given by the Task Force are
un^er review for implementation.

Radiation Protection Measures at
DAE Nuclear Facilities.

An AERB Committee constituted
for review of the above audited the
health physics units at the three
operating power stations namely
TAPS, RAPS and MAPS. The
Committee reviewed functions of the
health physics units, adequacy of
manpower, their training and qualifi-
cation programmes, availability of
health physics equipment and instru-
ments, data handling facilities, record
keeping procedures and emergency
preparedness. The Committee also
examined the services offered by the
Environmental Sjrvey and Microme-
teorological Laboratories and their
readiness in the event of emergency
at the power plant. Medical facilities
available at the plant and site were
reviewed from the standpoint of
routine medical examinations of plant
personnel and treatment of radiation
exposed personnel in an emergency.
An interim report on the above is
being prepared.

IV-2

Training. Qualification and Certifi-
cation Programmes for Nuclear Power
Plant Personnel:

An AERB Committee constituted for
review of the above, examined the
programmes for different levels of
plant personnel offered at the Nuclear
Training Centre, RAPS site, which is
engaged in manpower training for
RAPS, MAPS, NAPP and KAPP
stations. The Committee reviewed the
theoretical and practical training at
the Centre, on-the-job training at the
station and the operational and main-
tenance check lists evolved for grad-
uate engineers, diploma holders/
/technicians and craftsman. The
Committee will also review the prog-
rammes followed at TAPS and MAPS.

3. Regulatory Procedures : Develop-
ment and Implementation

Licensing and Appellate Committee
for Radiation Protection

The Committee constituted in
August 1987 to streamline the imple-
mentation of radiation protection
rules. This Committee examined the
issues relating to licensing of users of
radioactive materials; availability of
trained and qualified staff such as
radiological safety officers, education
and training programmes; type
approval of equipment, transport
packages and emergency prepared-
ness plans. Various legal issues
related to licensing were identified
and legal opinion is being sought.
The Committee intends to bring out a
licensing manual detailing with all the
aspects of licensing and approval
procedures.

Safety in Transport of Radioactive
Materials

A large number of radioactive
consignments, nearly 50,000 per
year, containing radioactive materials
of varying nature and quantities are
being transported within the country
for use in medicine, industry,
agriculture and research, and also for
nuclear fuel cycle activities. In addi-
tion, radioactive materials are also
imported and exported, or pass
through the country in transit. AERB
has instituted strict regulatory cont-
rols with respect to package design
and operational controls during trans-
port in order to ensure safety of
person, property and environment
associated with the transport. During
the year, all the packages deployed



'oi shipments of large quantity of
radioactive materials were scrutinised
and assessed for safety requirements
prior to according approvals for
package design and shipments Safe
Transport of Radioactive Materials.
1987 was issued for publication in the
Gazette of India. Part II. Section III.
Sub-Section(i) A Safety Code specif-
ying detailed requirements for safe
transport of radioactive materials has
also been issued.

Safety in Industrial ana Research
Application of Radiation

Advisory Committees were cons-
tituted to review safety in planning,
design and operation of particle
accelerators and high intensity
radioisotope irradiators.The Safety
Review Committee for particle acce-
lerators has undertaken the safety
review of Pelietron Accelerator
("MEHIA PROJECT") at TIFR Colaba
Radiation Sterilisation Plant at Kidwai
Memorial Institute of Oncology at
Bangalore is being assessed for safe
design by the Advisory Committee for
salety in design and operation of
large irradiators.

To ensure built-in safety in design
and operation of radiographic equip-
ment for non-destructive testing,
nucleonic gauges and other devices
incorporating radioactive materials,
stringent performance standards and
operational safety procedures have
been stipulated and these are being
enforced. Training programmes are
being reviewed to provide for increa-
sing demand of qualified and trained
manpower in industrial institutions
using radiation equipment and
sources.

An Advisory Committee was set up
to review the salety reports for the
"Phosphorus-32 Labelled Biomo-
lecules Laboratory" at Hyderabad
and "Tritium and Carbon-14 Labelled
Compounds Laboratory" at Vashi. On
the recommendation of this
Committee, authorisation was given
for the Phosphorus-32 Biomolecules
Laboratory. Safety review of tritium
and carbon-14 labelled compounds
laboratory is in progress.

The Advisory Committee for
Proiect Safety Review has met three
times to assess the status of safety
review of NAPP

4. Safety Review of Operating
Nuclear Power Plants and Facilities

The Safety Review Committee (SRC)
continued to monitor the radiological
and industrial safety of the operating
personnel, members of public and
the environment resulting from the
operation of different units of the
Department. Safety related unusual
incidents were reviewed through the
Unit Safety Committees.

Radiological Safety Surveillance
was done on a continuing basis
through the Health Physics Division.
BARC and the environmental impact
from the operation of DAE installa-
tions was assessed by the Environ-
mental Survey Laboratories. The
industrial safety inspections of TAPS,
MAPS, IGCAR, Nuclear Fuel
Complex, Hyderabad, UCIL Mines at
Jaduguda and Heavy Water Plant
(Manuguru) were carried out by the
Inspection Section (Factories Act)
Regulatory inspections were carried
out at RAPS, TAPS and MAPS and
inadequacies in respect of implemen-
tation of rules/procedures were
brought to the attention of the respec-
tive station superintendents.

Personnel radiation exposures
during the year were kept under
control. Effluenl radioactive releases
and the environmental impact from
the operation of DAE installations

ra insignificant.

Safety Review Committee
continued to participate in the Inci-
dent Reporting System (IRS) of the
International Atomic Energy Agency
(IAEA), the Convention on Early Noti-
fication of a Nuclear Accident
(CENNA) and the Convention on
Assistance in the case of a Nuclear
Accident or Radiological Emergency
(CERMANA) adopted by the IAEA.
5. Regulatory Inspection of Nuclear

Power Plants

Regulatory inspection of nuclear
power plants and other DAE facili-
ties were conducted during the
year by AERB as follows:

Tarapur Atomic Power Station
18-19 June 1987

Dhruva 23-24 June 1987
Madras Atomic Power Station

20-21 November 1987.

6. Emergency Exercise

The site emergency exercise

carried out at TAPS was observed
and audited by representatives from
AERB.

Representatives from AERB also
participated in the review of off-site
emergency action plans for TAPS and
MAPS as members of the state level
Emergency Response Committee.

7. Workshops and Seminars

a. Seminar on Nuclear Safety and
Environment

Scientists of AERB participated
in a Seminar on Nuclear Safety
and Environment organised by
the Institute of Engineers.
Maharashtra State Centre and
the Maharashtra State Academy
of Sciences on 5 September
1987. AERB also released a
booklet "Nuclear and Radiation
Safety and Environment" during
the Seminar.

b. Specialists' meeting on Permis-
sible Levels of Radionuclides in
Food Stuffs

The possibility of foodstuffs impo-
rted from foreign sources containing
radioactive contamination evoked
considerable interest in the country
AERB collected sufficient technical
inputs to formulate its policy in this
important area

AERB organised a meeting of
experts from various ministries and
departments. and BARC. The dele-
gates unanimously recommended to
the Board the values of the Permis-
sible Levels of Radionuclides in Food
items to be stipulated.

8. Safety Research, Training and
Publications

Sanction letters for AERB funding
of five research projects from medical
institutions were issued. The projecl
covers radiological protection in diag-
nostic and therapeutic applications of
radiation.

Meeting on Safety Related
Research Projects : Programmes
and Perspectives

On 21 December 1987 a meeting
of senior scientists associated with
various safety related research
programmes in BARC, NPC.
Heavy Water Projects and AERB
was organised to examine the
possibility of recommending some
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ill the projects to institutions
o.jtsicie DAE The rneehng prov-
;!ed valuable inputs to the future
programmes of AERB m promoting
.safety related research projects A
task group constituted to review
training courses in radiation safety,
examined the syllabus of various
courses The final report is under
preparation

T'ie AERB Newsletter pubi'sned
various activities of the Board arid
covered several topics ol interest

Crisis
Management

A Crisis Management Group
(CMG) was formed in DAE in October
1987 in response to (he recommen-
dations made by the Cabinet Secre-
tariat. New Delhi. The Group is res-
ponsible for ensuring that each of the
DAE nuclear installations is adequa-
tely prepared and equipped to deal
with any emergency situation invol-
ving radiation conventional hazards
which may arise at such, installations
and during transport of radioactive
consignments. CMG has an ongoing
programme aimed at updating emer-
gency preparedness plans at all
nuclear installations. It will report to
the National Crisis Management
Committee headed by the Cabinet
Secretary at New Delhi regarding
developments in an emergency.

In order to deal effectively with an
emergency situation involving public
and to enlist the cooperation and
assistance .'rom the public authorities
several meetings were held with the
State and District officials concerned
by each major DAE nuclear installa-
tion namely Tarapur, Rawatbhata,
Kalpakkam, Narora and Kakrapar. As

to public This included a review of
thermal reactors, regulatory control
of nuclear power plants and
nuclear safety and environment.

The computer facility of AERB was
used for analytical work and data
processing. The minicomputer was
employed in calculating the chance
of failure on demand and failure rates
of reactor systems of NAPP and
TAPS A programme PHENIX. origi-
nally prepared for a large main frame
computer was converted and run on

the minicomputer SN-23. The prog-
ramme is being used for analysis of
NAPP..

Two desk top computers were also
used for analytical work and record
keeping. A programme was prepared
to plot a fault-tree that shows how the
fault progagates in a reactor system.

A series of computer codes for
assessing different parameters of
safety in nuclear power plant analysis
were taken up for development and
adoption.

a result, manuals on emergency pre-
paredness for Rawatbhata, Kalpak-
kam and Tarapur DAE centres wpre
formulated. Secretary, DAE made a
presentation to the Prime Minister on
the status of emergency prepared-
ness at the various DAE nuclear ins-
tallations on 10,11.87.

An emergency control room with
necessary facilities has been set up
at DAE Headquarters. Bombay, for
establishing communication with all
the nuclear power plants as well as
other DAE proiects/plants. The Ato-
mic Energy Commission has approv-
ed the formation of a Crisis Manage-
ment Section in DAE Secretariat for
assisting CMG. This Section will have
a technical wing and an administra-
tive wing and will coordinate activities
of various DAE units as regards emer-
gency preparedness as well as test
and update the emergency prepared-
ness plans.

A draft action plan for any emer-
gency during transport of radioactive
consignments'was prepared and pre-
sented to an inter-ministerial commit-
tee. A comprehensive revised docu-
ment has been completed on the
basis of comments received. A lec-
ture course was organised for the

representatives of the Department of
Civil Aviation with the aim of familiari-
sing them with safety in transport of
radioactive materials.

Based on the advice of the CMG,
the sarpanchas and private doc-
tors-'nurses in the areas around Tar-
apur DAE Centre were given training
in radiation management. A training
programme was also conducted for
the sarpanchas and patwaris of the
villages around Rawatbhata DAE
Centre. Seminars, discussions and
audio-visual programmes were
conducted at Kalpakkam DAE Cen-
tre. Various workshops on manage-
ment of radiation emergency were
conducted at Rawatbhata, Kalpak-
kam and Tarapur DAE Centre lo bring
about public awareness.

Action is being initiated for ihe es-
tablishment of a central storage faci-
lity at Bombay where adequate stock
of radiation monitors, protective eq-
uipment and other related materials
could be stored, for air-lifting to any of
the sites in the event of an emer-
gency. Rescue teams have also been
identified to assist the operating staff
during an emergency.
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5. PUBLIC
SECTOR
UNDERTAKINGS
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The Indian Rare Earths Limited has
been engaged in the recovery of
various minerals from the beach
sands and processing of some of
them to produce value added
products.

Financial Performance

During the financial year ended
March 1987, the Company's turnover
increased to Rs.28.72 crores and the
net profit to Rs.6.98 crores (excluding
OSCOM) as compared to previous
year's figures of Rs.23.80 crores and
Rs.6.38 crores respectively. The
foreign exchange earned by the
Company was higher at Rs.14.57
crores as compared with Rs. 13.49
crores during the previous year.
Considering the southern units and
OSCOM together the company
incurred a loss of Rs.5.73 crores.

Production

Inspite of constraints on availability
of good quality raw sand at Chavara
the production of various minerals
was maintained at the previous year's
level. Performance of the Rare Earths
Division continued to be good. The

Annual Report 1987-88

Company's proposed dredge-and-
wet concentrator project at Chavara
made satisfactory progress. Consu-
ltants for the project were engaged
and the purchase of foreign equip-
ment is almost finalised. The moderni-
sation programme at Rare Earths
Division was completed. The various
facilities are under commissioning.
The facility for the separation of heavy
rare earths is nearing completion and
is expected to be commissioned
during 1988-89.

OSCOM

Various constituent units of
OSCOM were commissioned in
October 1986. However, production
has not reached the expected level
due to some technical problems.
Some of the materials handling
equipment in the dry mill was
replaced to take care of problems
identified during the trial runs. The
grade of concentrate produced from
the dredge-and-wet concentrator
plant was also a matter of concern.
The higher percentage of garnet and
sillimanite in the concentrate affect
separation of individual minerals and

V-1

Indian
Rare Earths

Top toft
A pnconcentrator at Manavalakurichi.
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purity of the final products. A
concentrate upgrading plant is,
therefore, being set up to upgrade
the concentrate to about 98% heavy
minerals while rejecting major
portions of garnet and sillimanite. In
the synthetic rutile plant, relining of
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roaster and calciners is being done.
In Acid Regeneration Plant also reli-
ning of burner chamber and replace-
ment of some pumps is being carried
out. Foreign suppliers of the acid
regeneration plant were invited for
investigation and report. The matter
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regarding demonstration run of the
plant is being pursued with them. The
total revised project cost has now
gone upto Rs.135 crores.
Thorium Division

The production in the Thorium
Plant which the Company has been
operating on behalf of DAE,
increased during the year as
compared with the previous year
production. The work relating to
construction of the new plant at
OSCOM using the solvent extraction
process, made progress. The design
work for the new plant was comple-
ted. The tenders for building construc-
tion were floated and tenders for the
equipment procurement are under
preparation.

Research & Development

The Company has been marketing
minerals and combined rare earths. It
was decided to augment the
research and development facilities
at all its units and develop more value
added products. It is also proposed
to undertake schemes for separation
of rare earths and develop some
end-products. While pursuing the
new schemes, attention was also
focused on achieving high capacity
utilistion of the working plants.
Demand for the beach sand minerals
is on the increase. It is in this context
that Company is looking up some of
the other deposits reported by AMD.

Future Plans and Outlook

The Company drew up recently
five year Corporate Plan considering
the world demand pattern for the
various products and its expansion/
modernisation activities. In the Mine-
rals Division substantial increase in
the production is expected over next
three years. One or two new mineral
separation plants are also expected
to be commissioned during next five
years which would enable IRE to earn
substantial foreign exchange.
OSCOM Project is also expected to
achieve high production levels in next
two to three years.

In view of the change in use
pattern, the Company is in the
process of setting up a facility for
separation of various concentrates
from mixed rare earths chloride. The
facility is expected to be commission-
ed during 1988-89.
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Production and income for the year
1986-87 reached Rs. 144.80 crores
and Rs. 145.89 crores respectively
and the Corporation earned a net
profit of Rs. 10.79 crores. The working
results of the Corporation for the year
1987-88 in terms of production,
income and net profit are estimated to
be Rs. 161.44 crores. Rs. 161.60
crores and Rs. 9.76 crores respec-
tively.

Participation in DAE's Programmes

During the year 1986-87, the
Corporation supplied Rs. 15.60
crores worth of instrumentation and
control systems to NAPP and
Khammam Chemical Refinery (KCR)
Captive Power Plant. With this,
around 90% of the supplies for
NAPP-1 and 50% of the supplies to
NAPP-2 were completed. The data
acquisition system supplied to KCR
Captive Power Plant was tested and
accepted.

During the year 1987-88, it is
planned to supply instrumentation,
control and computer systems worth
around Rs. 15 crores for Narora and
Kakrapar atomic power projects,
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KCR Captive Power Plant and other
atomic energy programmes. For
NAPP, the Corporation is supplying
the instrumentation and control
systems. For KAPP the Corporation is
supplying the instrumentation and
control systems including DC cells,
control power distribution panels and
main annunciator system. For KCR
Captive Power Plant, the instrumenta-
tion and control systems being
supplied, include sample analyser
systems. Other instruments under
supply to DAE units are criticality
monitors to BARC, CCTV systems to
Baroda Heavy Water Project and fire
alarm systems to NPC.

Other Highlights of Operations
during 198647

The Corporation continued to
progress in its chosen thrust areas
namely the computer systems,
control & instrumentation systems
and communication systems. Agree-
ments were concluded on the techno-
logy transfer for the super-mini
computers from Norsk Data AS,
Norway, and for the stored pro-
grammes controlled electronic telex

V-3
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13m Earth Station Antenna (ESA) for
NICNET programme of National
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Super 32 computer System

Data Acquisition System (DAS) forRaichur Thermal Power Station.

systems from Siemens. FRG. The
Corporation supplied Super-32
computers to the Indian Petro-chemi-
cals Ltd, Engineers India Ltd, Intelli-
gence Bureau, Delhi Electricity
Supply Undertaking, AIR and Central
Electricity Authority, and Micro-32
computers to users including LIC,
Director General of Ordinance Facto-
ries, various industrial training
institutes through DOE, Eastern &
Central Coalfields. The Corporation
also supplied Systems-332 to Rail-
ways, billing systems for SPC-telex
exchanges at Bangalore and Hyde-
rabad and stores & forward message
switching systems to DOT.The Corpo-
ration successfully integrated the
radar data handling system supplied
to IAF with tho new Radar and also,
successfully implemented the auto-
matic data handling system. Gover-
nment of India have concluded an
agreement with Control Data Corpo-
ration (CDC), USA, for the transfer of
technology to manufacture main-
frame computers in India and consi-
dering the extensive capabilities exis-
ting at ECIL, have assigned the

project to ECIL. Under this techno-
logy transfer programme, ECIL will be
manufacturing, marketing and sup-
porting Models 810 and 830 of
CYBER series of mainframe compu-
ters of CDC under the name MEDHA.
A separate dedicated unit was
formed to implement the project and
24 persons were trained at CDC. The
Corporation supplied EAST Packages
to thermal power plants at NALCO,
Wanakbori, Anapara and Unchahar
besides commissioning the Tele-
supervisory Control system at Tandur
cement plant an j the Data Acquisi-
tion system at the Raichur Thermal
Power Station and partially commis-
sioning the DAS with upgraded soft-
ware at Ramagundam and Korba
Thermal-Power Stations. In the field of
Communication, the Corporation has
supplied C-band and S-band TVROs
with antennas and Antenna change-
cover switches to the Ministry of Infor-
mation & Broadcasting, High Power
Amplifiers to DOT, Air-Traffic Control-
lers, Distance Measuring Equipment
and HF Intercept Receivers, Tropos-
catter Antennas and Line of Sight

Electronic vote recording system for
Andhra Pradesh Legislative Assembly.

Towers with Antennas of RCPO works
all for Defence, Transreceivers to
Electricity Departments, Earth Station
Antennas to NTPC, DOT and ONGC
and Line of Sight Antennas to Rail-
ways and DOT. The Corporation has
completed pilot production of 30
channel PCM equipment for DOT.

The Corporation has supplied
X-ray Baggage Inspection system to
National Airports Authority and In-
ternational Airports Authority of India
for use at major Airports, CCTV
systems to NALCO, RBI, TISCO and
Tirumala Devasthanam, Electronic
Vote Recording system to AP State
Legislative Assembly, Electronic Film
Viewer cum enlarger systems to IAF,
Expendable Bathy Thermographs
and Portable Life Boat systems to
Indian Navy and Nuclear Instruments
to DAE units, Research and Educa-
tional Institutions. The Corporation
has also supplied professional grade
components including VT Fuze
products and Tantalum Capacitors to
Defence, Nickel Cadmium Batteries
to Defence, Railways and BHEL,
Thick Film Devices to the Communi-
cation equipment manufacturers,
Technical Ceramic Components to
AIR and BEL, Semi-conductor and
Microwave Components to the
Consumer Electronics and other
equipment manufacturers besides
Printed Circuit Boards catering to the
in-house requirements of the Busi-
ness Groups of ECIL. In the field of
Consumer Electronics, the year
witnessed a slump in the market re-
sulting in intense competition among
the various manufacturers. In spite of
this difficult situation, the Corporation
has increased its turnover by under-
taking innovative marketing measures
including strengthening of the distri-
bution network.
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Store and forward message switching system (SFMSS) for Central Telegraph
Office, Bombay.

Outlook for the Period 1987-88
The outlook for the Corporation is

encouraging in the light of continued
accent given to electronics by the
Government of India and the Nuclear
Power Programme of DAE. In the field
of computers, indigenous manu-
facture of Super-32 system, based on
technology transfer from Norsk Data,
Norway, will continue. Indigenous
manufacture of SPC-Telex Exchange
equipment based on technology
transfer from Siemens, FRG has
commenced and supplies are being
made to Mahanagar Telephone
Nigam Ltd., and DOT. Store &
Forward Message Switching systems,
developed around EClL's Micro-32
computers, are being supplied
to Indian Army, Air Force
and DOT and efforts are on to make
an entry into other commercial appli-
cations. The main thrust in respect of
main-frame computers unit during
this year is in areas of market promo-
tion and building up of the manu-
facturing facilities. The construction
activity continued and the indigenous
production based on SKD/CKD
supplies is expected to go on stream

in the new premises in April 1988. The
in-house MEDHA system was installed
in September 1987 and customer trai-
ning programmes were carried out.
During this year, it is planned to
deliver seven MEDHA computer
systems to DOE, Department of
Space and Defence. In the field of
control systems, important supplies
being made include EAST Packages
to various thermal power plants at
NALCO, Panipat, Unchahar, Ropar,
Kota and Khaparkeda, Tankodrome
equipment to Defence, cockpit voice
recorders to IAF, telesupervisory
system to Naharkhatia - Joragon
Pipeline Project and Gyro-stabilised
horizontal bar systems to Mazagon
Docks Ltd, Bombay. In the area of
communication systems, the Corpo-
ration is supplying C-band, conven-
tional and unmanned S-band TVROs
with antennas and antenna change-
over switches to the Ministry of Infor-
mation & Broadcasting, high power
amplifiers to NICNET Programme and
DOT, PCM equipment to DOT, earth
station antennas to NTPC and DOT,
the troposcatter antennas and LOS
towers with antennas to RCPO

Search and monitoring receiver System for
Defence.

works, air-traffic controllers, search
and monitoring receivers and HF in-
tercept receivers for defence.

The Corporation has orders for
supply of X-ray baggage inspection
systems to the National Airports
Authority and International Airports
Authority of India. The Components &
Special Products Group is concentra-
ting on VT fuze products, thick film
devices, nickel cadmium batteries,
tantalum capacitors, technical cere-
mics besides printed-circuit boards,
silicon power transistors and
microwave components. ECTV
continued to be popular amongst the
public and has been maintaining its
image through introduction of new
models and continuous improvement
in quality and service. A manufac-
turing unit was set-up at Aurangabad
and TV production taken up. The
Corporation, besides striving to make
an entry into the export market
through TV sets and communication
equipment is also continuing its
efforts for VCR manufacture under an
arrangement with ET & T.
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During the year 1986-87 the Corpo-
ration gave better performance over
the previous year, on both production
and financial fronts.

Production Performance

The uranium ore produced from
the Jaduguda mine was higher
compared to that of the previous
year. The capacity utilisation went up
from 88.4% to 89.4%. The construc-
tion of Bhatin mine was completed
and the mine was brought into
production in October 1986. This is
the second mine of the Company,
The ore produced from this mine
oame to about 86% of the target. The
ore processed in the mill was also
Higher than that processed during the
previous year. The production of
uranium concentrate increased by
about 6.5% over the last year. The
capacity utilisation of the mill also
improved from 103.5% to 105.7%.

The production of molybdenum
concentrate was higher than the
previous year by 15.4% however, the
production of copper was slightly less
because of the lower feed grade. The
production level of magnetite was
maintained.
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The Corporation has three uranium
recovery plants based on the copper
tailings at Surda, Rakha and
Mosaboni (Bihar). In 1986-87 the
production of uranium mineral
concertrates from the recovery plants
at Surda and Rakha were much
higher than that of the last year. There
was significant increase in capacity
utilisation. For the plant at Mosaboni
which commenced operations from
December 1986, full scale production
is available from 1987-88 onwards.

Financial Performance

The income of the Company during
1986-87 increased to 20.47 crores
from 16.96 crores during the previous
year which is a new record. The profit
was also higher at Rs.2.84 crores
against 1.34 crores during the pre-
vious year before adjustments. The
rate of compensation for acquisition
of uranium concentrate was revised
from 1 April 1986 by DAE taking into
consideration the rise in the input
costs of the various items. The Corpo-
ration's contribution to exchequer
would be about 1.43 crores in
1986-87.

V-6
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New Projects & Expansion
Schemes

With a view to meet the increasing
demand of uranium for the nuclear
power reactors, the Company has
prepared Project Report for setting
up uranium mines at Narwapahar
and Turamdih East and Uranium mill
at Turamdih East. The Report is
under consideration of the Govern-
ment. Another uranium deposit identi-
fied for exploitation is at Bodal
(Madhya Pradesh). The feasibility
report for this project and release of
funds for preparation of DPR and for
taking preliminary action like acquisi-
tion of land etc. is under considera-
tion of the Government. The other
uranium deposits identified for exploi-
tation are located at Bagjata and
Turamdih West in Bihar. Preliminary
feasibility reports for these deposits
are being prepared.

INCOME
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6. OTHER
ACTIVITIES

Ed2 type silicate Nd doped laser rod
developed under DAE sponsored project



DIRECTORATE OF PURCHASE
AND STORES

The Directorate of Purchase and
Stores continued to provide support
to all the Units of the Department of
Atomic Energy in their various Mate-
rials Management functions. This
Directorate processed over 42,328
purchase requisitions received from
various units and entered into over
35,136 purchase contracts. The total
cost of the purchase during the year
amounted to over Rs. 354.91 crores.
With the formation of the Nuclear
Power Corporation from September
1987, a separate Purchase and
Stores Wing has been organised and
purchases relating to the Power
Projects are being'dealt with by the
NPC Purchase Wing. The above
figures includes purchase requisi-
tions received in this Directorate only
till August, 1987.

The Transport and Clearance Unit
of DPS continued to handle consig-
nments through air, rail and sea apart
from road consignments. An eventful
and noteworthy clearance during May
1987 is the deft handling of 8 Nos.
trepanned circular tube sheets each
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weighing 26 MT and 8 m diameter.
Another major consignment cleared
during 1987-88 was the Liebherr
Crawler Crane weighing 756 MT
received from West Germany for
KAPP.

Receipt and issue transactions
during the year were over 3.31 lakhs.
Large volume of disposal of surplus,
unserviceable and scrap items of
stores was handled by this Direc-
torate during the year and the net sale
proceeds amounted to Rs. 1.70
crores.

The Technical Liaison Mission of
DPS at Paris continued to render
assistance for inspection and follow
up of critical supplies, vendor appra-
isal and identification of new/alter-
native sources of supply. They also
continued to handle matters
connected with the supply of TAPS
fuel from COGEMA, France.

A full fledged Purchase and Stores
Wing has been set up at Indore for
meeting the requirements of the
Centre for Advanced Technology.

VI-1
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Construction and Services
Group,
Civil Engineering Division

The Civil Engineering Division, of
the Construction & Services Group,
continued to perform planning,
design, preparation of estimation,
construction and commissioning of
civil, public health, electrical,
airconditioning and ventilation works
etc. in respect of housing, hostel,
school, hospital, laboratory, industrial
and other public buildings located all
over the country, for various units of
the Department of Atomic Energy,
including aided institutions.

a) The Works completed and handed
over to users/Occupants.

/. Trombay Township Project
Works at Anushaktinagar.

1. 1948 flats of various
categories at
Anushaktinagar sanctioned
during later half of the VI
Plan were
constructed/commissioned
and handed over for
occupation.

2. Extension to secondary
school for Junior College
was completed and handed
over to users.

ii. Tata Memorial Centre Works.

64 Nos. of residential flats
consisting of 32 flats each of
type Ill-C and IV- D were
completed and handed over
for occupation.

Hi. Tata Institute of Fundamental
Research Works:

1. Construction of C-1 block
consisting of 42 flats and a
guest house was completed
and handed over to users.

2. 128 residential flats of type
I-A & Il-B for TIFF) at
Mandala colony in
Anushaktinagar were
completed and handed
over for occupation,

iv. Shri Project at Baroda BARC:

Construction of research
facilities for Sludge Hygiening
Irradiation Project (SHRI) at
Baroda was completed and
handed over to users for
commissioning.

v. Atomic Minerals Division:

1. Construction of 52 flats of
various types for AMD at
Bangalore were completed
and handed over to users.

2. Construction of laboratory at
Shillong for AMD was
completed and handed
over to users.

b) Works in Progress

1. Trombay Township Project at
Anushaktinagar.

a) Construction of DAE Office
complex building is in
advance stage of
completion and about 85%
of work has been
completed.

b) Costruction of 48 flats of
type I-A and 32 flats of type
Il-B covered under the VII
Plan works is in progress.

2.' TIFR Works:

a) Construction of 28 flats of
type V-E at Colaba is in
progress and 22% work
completed.

b) Construction of 24 flats of
various types of Radio
Astronomy Centre at Ooty
(RAC) is in progress and
90% works completed.

3. SAMEER Project:

Construction of housing and
laboratory building at Powai for
the society of Applied
Microwave Electronics & Engi-
neering Research (SAMEER)
Phase-I is in progress and 75%
work completed.

4. GMRT Project:

a. Construction of Housing
and laboratory building for
Giant Metric Radio Tele-
scope (GMRT) phase-l at
Pune has commenced and
5% work completed.

5. VEC Project at Calcutta

Construction of 64 flats of type
I to IV Phase-ll for VEC is
in progress. 60% work
completed

6. Saha Institute of Nuclear
Physics:

a) Construction of 20 flats of

type II & IV under Phase-I
for SINP is in progess and
75% of the work completed.

b) Construction of Laboratory
building Phase-ll is in prog-
ress and about 30% work
completed.

7. Atomic Minerals Division:

a) Construction of 16 flats of
type I-A & Il-B is in progress
and 40% completed.

b) Construction of 28 ready
built flats of type IV & V total-
ling is in progress and 60%
work completed.

C) Detailed Engineering, Design,
Planning & Estimation for various
works.

1: TTP at Anushaktinagar:
a) Out of 744 flats proposed to

be constructed during VII
Plan the estimates are
under consideration of DAE
for financial sanction.

b) Planning, design for addi-
tional 800 flats proposed to
be costructed in phase-ll
under the VII Plan is prog-
ressing.

c) Services for the various flats
proposed to be taken up in
the VII Plan completed.

2. Tata Memorial Centre:

a) Planning for extension to
TMC and NMR facility at
Parel is in progress.

b) Planning for 32 flat for TMC
at Mandala Colony is in
progress.

3. TIFR Works:

Planning for 64 flats of type-ll
and III at Mandala for TIFR is in
progress.

4. GMRT at Pune:

Construction of housing and
laboratory for GMRT at
Narayangav is progressing.

5. VEC Project:

Planning for 48 flats to be
taken up under phase-Ill is in
progress.

6. SAMEER Project:

Planning for construction of
main laboratory complex for
phase-ll and completed
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tenders were invited for execu-
tion of works. Investigation of
site for phase-lll laboratory at
Vashi is in progress.

7. AMD Complex:

Planning of housing and labo-
ratory for AMD at Khasmahal is
in progress.

8. College of Catering Techno-
logy under the Department of
Tourism:

Planning, estimate & design of
new multistoried building has
been completed and estimates
are under consideration for
financial sanction.

Enginering Service Division:

Engineering Services Division of
the Construction & Services Group is
in charge of maintaining 5,868 flats
and 25 public buildings in Anushakti-
nagar, Mandala and city area inclu-
ding execution of improvement works
of minor capital nature required for
those buildings. Besides, it is respon-
sible for operation and maintenance
of the water supply distribution,
power distribution and Sewage
Treatment Plant in the Township at
Anushaktinagar.

Directorate of
Estate Management,

DEM looks after the management
of lands and buildings owned, leased
or hired by DAE in Bombay and is
also responsible for allotment of resi-
dential flats under the control of the
Department to the employees of DAE
and its units stationed in Bombay.
During the year under report, 434
newly constructed Type 'D' flats were
taken over and allotted. Overall
percentage of satisfaction in different
types of flats is about 30 as against
29 during the preceding year.

Financial Assistance,
The Board of Research in Nuclear

Sciences (BRNS;, which comprises
eminent scientists and officers of
DAE, encourages research in science
and engineering and considers for
support research schemes proposed
by investigators through various
institutions in areas of related to DAE
with the objective of developing
research and developing research
and technical manpower and facilities

in these institutions.

The Board overseas activities of
research, fellowships, symposia etc.
Sponsored by DAE.

BRNS meets twice a year to
consider sponsored research and
allocate financial assistance. As
against Rs. 103.00 lakhs allocated for
1986-87, provisions have been
enhanced in 1987-88 and 1988-89 to
Rs. 148.00 lakhs and Rs. 150.00
lakhs respectively in order to offer
larger support to research in nuclear
sciences and related areas and thus
make an impact on the programmes
of universities, IITs and other
research institutions through the
Board. BRNS gives great emphasis
on presentation of the results of
scientific research and discussions in
open seminars and symposia.

During J 987-88, BRNS has recom-
mended funds for organising 15
Departmental symposia out of which,
five had to be dropped due to current
year's drought situations. In addition,
44 specialised seminars, symposia,
workshops have been sponsored.
The total financial commitment during
the current financial yer for DAE
symposia is Rs. 5.30 lakhs and for
symposia organised by outside
bodies is Rs. 3.65 lakhs.

The Department has replaced its
existing scheme of doctoral fellow-
ships by a new scheme of fellow-
ships, named after the late Dr. K.S.
Krishnan. The new scheme is
designed to attract talented students
of science and technology to pursue*
a career of research, by providing
them (i) with a distinct and prestigious
fellowships as distinguished from
other national fellowships (ii) higher
emoluments, and (iii) and assured 5
year post-doctoral appointment to
those who complete their thesis
successfully.

Management Services Group,
The Management Services Group

is an inhouse multidisciplinary Group
providing staff support for analysis
and dissemination of management
information to senior officials. This
Group conducts perspective plan-
ning exercises on nuclear power,
carries out financial analysis, feasibi-
lity studies and manpower planning,
develops computer software, pro-
vides management consultancy

services to the Department and its
units and is in the process of building
of an information base at the Secreta-
riat. The Group operates a compre-
hensive reporting system and is
responsible for generating periodic
reports to the Prime Minister, AEC
and other senior officials at the Secre-
tariat on (a) the physical and financial
progress of major projects under
construction and (b) the performance
of nuclear power stations, heavy
water plants, other operating units
and public sector units under the
Department.

The Group also prepares backg-
round papers for the review meetings
on the public sector units.

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

Some specific tasks and assig-
nments which the group took up
during the year were.
(a) Commissioning and Operating

the in-house computer system of
the Secretariat

(b) Operating and maintaining the
SN-23 computer system of DPS
located at Anushakti Bhavan

(c) Rendering support to various
sections and officers at the
Secretariat in the usage of PC
Workstations

(d) Conducting training programmes
to acquaint larger number of
persons at the Secretariat to the
use PC workstations.

(e) Coordinating with the Ministry of
Programme Implementation for
monitoring the progress on major
projects under construction and
preparation of the Annual Action
Plan of the Department and its
periodic monitoring.

General Services
Organisation,

The functions and responsibilities
presently performed by GSO are as
under:

• Construction of residental quarters
and public buildings.

• Estate management including
guest house, hostels and public
buildings.

• Township maintenance including
maintenance of roads, sewage
plants, parks and garden, etc.

• DAE hospital
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• Departmental transport (buses,
lorries and ambulance)

• Auto garage
• Miscellaneous general services.

At present the Construction Wing
of GSO is handling the following
construction works:

(a) Work in progress
- Construction of 120 Nos. of
flatlets -Rs. 50.21 Lakhs
- Construction of Officers'
Hostel - Rs. 38.00 Lakhs

(b) New Works
- Construction of 40 Nos.
Type Ill-C
quarters - Rs. 37.38 Lakhs
- Construction of 29 additional
class rooms for KV-II at
Sadras - Rs. 34.85 Lakhs
- Construction of 25 Nos.
Type V-E
quarters - Rs. 78.40 Lakhs
- Providing Furniture,
equipments and other
amenities to Ladies'
Hostel - R s . 1.26 Lakhs
- Providing of 80 Nos.
student tables and 160 Nos.
student chairs for additional
4 class rooms in 1st Floor
of KV.II, Sadras - Rs. 1.01 Lakhs
Construction of Diesel
Generator Shed - Rs. 1.01 Lakhs
- Providing of Aspheltic
Concrete surface to
approach roads
in Pudupattinam - Rs. 6.70 Lakhs
- Construction of covered
light vehicle parking shelter
in Central
Bus Stand - Rs. 2.30 Lakhs

Following work pertained to estate
management

- Allotment of residential quarters,
recoveries of licence fee, electricity
and other charges.
- Allotment of Shopping facilities in
the Township
- Allotment of accommodation of land
and co-ordination in respect of public
services like Banks, Post Office,
Telephones, Tamil Nadu Electricity
Board, Police, CISF Staff, KV Staff,
etc.
- Running of the Guest House and
Hostels
- Acquisition of land
- Co-ordination with Panchayats,
Collectorate and State Govern-
ment authorities in various matters
such as Professional Tax, Service

charges, property tax and formation
of Township Committee.

The maintenance work handled
during the year included:

Maintenance of civil, electrical and
public health of the entire township
consisting of 3750 residential
quarters, public buildings like
schools, hospital, (ISF barracks,
guest house and hostels, shopping
centre, assembly hall and other
public facilities, distribution of water
supply, maintenance of sewage treat-
ment plant, upkeep of roads in the
township as well as the main arterial
road upto Kokkilamecfu gate, bridge
over Sadras and Edaiyur bars, bridge
over Buckingham canal, maintenance
of parks and gardens.

Power Supply: Maintenance of
power supply through H.T. lines from
IGCAR site to township for domestic
purpose and street lighting. Mainte-
nance works at sewage treatment
plant at IGCAR and lift station at
MAPS site, maintenance of civil and
electrical works at auto garage at
site.

DAE Hospital

There is a 38 bed hospital with
diagnostic facilities namely X-ray,
pathology and clinical investigation
laboratories. There is a maternity
ward, dental clinic and operation
theatre. Specialists from Chengal-
pattu Medical College visit DAE
Hospital once a week.

Hospital facilities are being given
on a non contributory basis and the
treatment is regulated under the
medical attendance rules of Central
Government. Plans are being made
to increase facilities for decontamina-
tion and handling of radiation emer-
gencies. Steps are also underway to
establish a Site Medical Service for
IGCAR/MAPS in a fullfledged manner.
This Service will take care of the first
and requirements as also the statu-
tory requirements of providing
medical assistance at the site plus
measures at Site relating to deconta-
mination before hospitalisation.

Departmental Transport

There are at present 25 buses and
9 lorries and two more vehicles are
being procured. Lorries are mainly
used for different duties of IGCAR,
MAPS and CWMF including transpo-
rtation of equipment and materials.

Maintenance of all vehicles of DAE
Units at Kalpakham including heavy
tractor, trailers, and road rollers is
carried out in the Auto Garage.

Miscellaneous

Apart from the alone functions
miscellaneous functions of GSO are:

- Making arrangements for various
functions in the township and provi-
ding assistance by way of civil and
electrical works for functions
arranged by other social and cultural
organisations in the township inclu-
ding assistance of minor civil/elect-
rical works to the Tamil Medium
School in the complex.

- Co-ordination work relating to
Kalpakkam Management Committee
Kendriya Vidyalaya Management
Committee and Local Management
Committee relating to Atomic Energy
Education Society.

International Relations,
For the 31st year in succession

since the inception of the Interna-
tional Atomic Energy Agency (IAEA),
India was once again designated to
the Board of Governors as one of the
countries most advanced in the tech-
nology of atomic energy including the
production of source materials,
underscoring her leading status in
this frontier technology.

India continued to offer training
facilities, fellowships, scientific visits
etc. and to make available the serv-
ices of its scientists for expert assig-
nments both through the IAEA and to
countries with which we have entered
into bilateral agreements for coopera-
tion in the field of peaceful uses of
atomic energy.

About 230 scientists/engineers
participated in international
symposia, workships, conferences,
etc. on related subjects held under
the auspices of various UN and other
multilateral organisations as also the
IAEA. India also hosted IAEA
meetings, sympoisa etc. and two
workshops under the Regional
Cooperative Agreement Programme,
- jne on operation and maintenance
of Research Reactors and the other
on use of IBM compatiable personal
computers for laboratory automation
and data acquisition.

The IAEA Conventions of 'Early

Annual Report 1987-88 VI-4



Notification of a Nuclear Accident'
and 'Assistance in the Case of
Nuclear Accident or Radiological
Emergency', adopted during the
Special Session of the General
Conference 1986 which were signed
by India are being ratified.

An eight member delegation
headed by Chairman, AEC attended
the UN Conference for the promotion
of International Cooperation in the
Peaceful Uses of Nuclear Energy
(UNCPICPUNE) held at Geneva
during March-April 1987.

A four member delegation led by
Dr. M.R. Srinivasan, Secretary to the
Government of India and Chairman,
Atomic Energy Commission partici-
pated in the 31st Season of the IEAE
General Conference.

Reservation in Services,

The Department had undertaken
special capaign to ensure effective im-
plementation of the Goverment policy
on reservation in service for SCs/STs
and the progress made in appointing
members, belonging to the SCs/STs
communities by the various units,
Public Sector Undertakings and
Aided-lnstitutions, were monitered.
During the year 1987 the total number
of SCs/STs employees rose to 8220
against 7980 in 1986.

Inspection of the rosters were
undertaken by the Liaison Officers of
SCs/STs and appropriate remedial
measures have been taken wherever
required.

23 persons belonging to .SCs/STs
were deputed for appreciation/orien-
tation course during the year 1987.

During the year, 8 persons belon-
ging to SCs/STs in Group C and D
were given inservice training.

Appointment of MlnorftiM

During the year, 178 persons
belonging to minority communities
were appointed in Group C and D
cadres of this Department and other
organisations under DAE.

Reservation in Services for
Physically Handicapped Parsons
and Ex-servicemen.

As on 31 December 1987, 389
physically handicapped persons
were employed by this Department
and Public Sector Undertakings and

Aided-lnstitutions under its control.

As on 31 December 1987, 1570
Ex-servicemen were employed by the
various units and other organisations
under DAE.

Information and Publicity,
The Publication Division of DAE

brings out information literature in
Hindi and English for media and
public and also caters to other publi-
cation needs of the Department and
its units.

The Division brings out two periodi-
cals: Nuclear India (monthly) and
Parmaanu (quarterly) in English and
Hindi respectively to disseminate
information to public on plans, prog-
rammes and research activities of the
Department.

The year leaflets for public educa-
tion on safety were brought out in
English, Hindi, Tamil, Marathi, Telugu
and Gujarati for distribution amongst
members of the public living in vici-
nity of the DAE's plants. This Division
also helped the Crisis Management
Group (CMG), set up at the DAE's
Headquarters, in the production of
various manuals on emergency
preparedness at plants.

Other information booklets
produced include: 'Living with Atomic
Radiation' and 'Nuclear Power is
Safe'. Mention can also be made of
the leaflets on 'Use of radiation
for improvement of crop plants'
and 'Atomic Energy and Food
Preservation'.

The Publication Division of DAE
brings out information literature in
Hindi and English for media and
public and also caters to other punli-
cation needs of the Department and
its units.

The publicity Division of the Depart-
ment of Atomic Energy looks after all
the publicity and Public Relations
activities of the Department. During
the year under report, the Department
participated in and organised several
exhibitions including Science &Tech-
nology Exhibition as part of Festival of
India at Leningrad, Moscow and
Tashkent in USSR. These shows were
appreciated by the visitors. The
Department also participated in the
Republic Day Parade 1988 at New
Delhi by presenting a tableau, the
theme of which was 'Atom for Peace,
Power and Prosperity'.

To popularise activities of the
Department, films titled 'Nuclear
Power Generation and Safety' and 'An
Epoch without Summer' were pro-
duced.

To disseminate information, press
conferences, meetings and visits
were organised with the leading
journalists of international and natio-
nal corps. Number of visits of delega-
tions from International organisations
were organised by the Division.

Atomic Energy Education
Society,

The Society was formed 17 years
ago and since then it has been main-
taining alround growth and excel-
lence in academic and allied fields.
Under the aegis of AEES, 11 schools
have been running at various sites of
DAE installations. The schools have a
strength of 21,000 students and staff
strength of over 900.

In the X and XII examinations,
AEES registered 80% and 98%
successes respectively, with a
number of student scoring distinc-
tions and first grades. AEES set a
record with 50 students of X standard
getting 80% and above marks. In the
class XII examination the junior
college at Bombay was ranked
seventh in the merit list among all the
junior colleges affiliated to the
Bombay Board.

Ten students from the Atomic
Energy Central School, Bombay
passed the I IT joint enterance exami-
nation and a number of students
secured admissions in other profes-
sional courses,

At all the major centres, national
talent search (NTS) familiarisation
camps were conducted for students
of X class. Twelve students secured
NTS scholarships.

AEES' students have excelled in
sports and other activities and have
won laurels at zonal, state and
national levels.

Use of Hindi
During the year, the Department,

its constituent units and the public
sector undertakings under its control,
made further progress in the use of
Hindi in accordance with the Official
Language Policy of the Government
and in pursuance of the Official Lang-
uages Act and Rules made there
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under. In-service training in Hindi,
Hindi typewriting and stenography
was impared to 286 officials, 21
typists and 5 stenographers respec-
tively. Hindi workshops were orga-
nised in the Secretariat of the Depart-
ment, DEM, DPS, C & S Group, HWP,
Bombay, NFC, RAPS and UCIL.
Three Devanagari typewriters were
purchased during the year raising the
total number of such typewriters to
115. Also order were placed for
7more Devanagari typewriters and 3
bilingual electronic typewriters. A
bilingual "Word Processer" was
installed in the Branch Secretariat in
Delhi and orders were placed for a
bilingual "Word Processor" for the
HWP, Rawatbhata Hindi books worth
about Rs. 20,000/- were purchased
during the year.

The Official Language Implemen-
tation Committees of the Department
and its units and public sector unde-
rtakings met regularly to review the
position regarding use of Hindi.
Action continued to be taken to imple-
ment provisions of the Official Lang-
uages Act. All gazette notifications,
cabinet notes and summaries, reports
and other documents submitted to
various committees of Parliament etc.
were prepared bilingually. Inspec-
tions of the offices of DEM, DPS and
AMD (Eastern Region), Calcutta were
carried out.

The first award under the "Dr.
Homi Bhabha Award Scheme" - for
writing of books in Hindi on subjects
pertaining to DAE - was given this
year for the book "Parmaanuon kee
chhaya Mein". The scheme has been
given wide publicity again and
applications have been invited with
regard to books/manuscripts written
during the year 1986 and 1987.

The quartely Hindi bulletin
'Parmaanu', which is brought out by

DAE to disseminate information on its
research and development activities,
plans and programmes entered its
thirteenth year of publication. Four
brochures giving details of the
elementary precautions that the
public need take in the unlikely event
of leakage of radioactivity, chlorine
gas, ammonia gas and hydrogen
sulphide gas, were brought out in
Hindi. The Hindi Vigyan Sahitya
Parishad, a voluntary organisation of
BARC, which has been publishing a
popular quarterly Hindi bulletin 'Vaig-
yanik', was provided financial assis-
tance of Rs. 12,000 this year. The
OLIC's of BARC, TAPS, CAT, IRE,
RAPS and the newly formed Nuclear
Power Corporation (NPC) brought out
their house magazines bilingually. A
glossary of bilingual terms commonly
used in Nuclear Engineering was
prepared and got approved from the
Commission for Scientific and Teach-
nical Terminology. Similar glossaries
on other subjects are being
prepared. BARC developed a
Phonetic Indentification System in
Hindi, which was accepted by the
Government of India for identification
of Indian citizens, and a pilot project
for issuing identity cards by using that
System has been undertaken in four
border tehsils of Rajasthan.

The OLICs of BARC and CAT were
given grants of Rs. 72,000 and
Rs. 3,000 respectively to enable them
to carry out activities to popularise
and promote the use of Hindi. With a
view to popularising Hindi and encou-
raging employees to use Hindi in offi-
cial, 'Hindi week1 was organised in
the Secretariat of the Department,
DEM, NPC, RAPS, C & S Group,
HWPs, Baroda and Bombay, AMD,
and NFC. 'Hindi Day' was celebrated
in DPS, HWP Rawatbhata BARC and
CAT. BARC organised an all India
Hindi Seminar on "Contribution of

Material Sciences in Technological
Development".In October 1987, 173
delegates took part in this seminar.
NFC organised a Hindi Seminar on
'High Technology Material in Dece-
mber :987 and AMD organised a
Hindi seminar on "Raw Materials for
Nuclear Power Programme" on
January 1988.

A liberalized incentive scheme for
noting and drafting in Hindi was
introduced in the Secretariat of the
Department w.e.f. September 1987.
Under this scheme, first, second and
third prizes of Rs. 300/-, Rs. 200/- and
Rs. 100/- respectively will be given
every quarter to participants who
write 5000 or more words in Hindi in a
quarter. Various Units/PSUs of the
Department have also adopted this
scheme. The first results under the
scheme have been encouraging and
it is hoped that the scheme will go a
long way in promoting use of Hindi in
noting and drafting.

At the fifth meeting of the Joint
Hindi Advisory Committee of the
Departments of Atomic Energy,
Space and Electronics was held at
Calcutta on 30 October 1987,
members complimented the Depart-
ment on the work it has been doing in
the field of promotion of Hindi.

Co-operative canteens.

Employees Co-operative Canteens
running at certain DAE units
continued to provide subsidised food
to employees. The total subsidy paid
to the Canteens during the year was
5845301/-.
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ABBREVIATIONS
AERB

AMD

8ARC

BHEL

CAT

COGEMA

DAE

DMRL

DPS

DRDL

ECIL

F8TR

GSI

HWP

HARL

HCL

IAEA

IGCAR

IRE

ISHO

KAPP

KARP

KR1BHCO

MALCO

MAPS

MECL

NAPP

NDOB

NFC

NFL

NLC

NPB

NRL

ONGC
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Atomic Energy Regulatory Board

Atomic Minerals Division

Bhabha Atomic Research Centre

Bharat Heavy Etectricate Limited

Centre for Advanced Technology

Compagnie Generate Des Matteres Nucleaires

Department of Atomic Energy

Defence Metallurgical Research Laboratory

Directorate of Purchase & Stores

Defence Research Development Laboratory

Electronics Corporation of India Limited

Fast Breeder Test Reactor

Geological Survey of India

Heavy Water Project

High Altitude Research Laboratory

Hindustan Copper Limited

International Atomic Energy Agency

Indira Gandhi Centre for Atomic Research

Indian Rare Earths Ltd.

Indian Space Research Organisation

Kakrapar Atomic Power Project

Kafcwkkam Reprocessing Plant

Krishafc Bharati Cooperative Limited

Madras Aluminium Company Limited

Madras Atomic Power Station

Mineral Exploration Corporation United

Narara Atomic Power Project

National Diary Development Board

Nuclear Fuel Complex

National Fertilizer Limited

Neyveti Ligmte Corporation

Nuclear Power Board

Nuclear Research Laboratory

OM& Natural Gat Commission

1967-88

OSCOM

PREFRE

RAPS

RCF

RMC

SAC

SINP

TAPS

TIFR

TMC

UCIL

VECC

Miscellaneous

Orissa Sands Complex

Power Reactor Fuel Reprocessing Plant

Rajasthan Atomic Power Station

Rashtriya Chemicals and Fertilizers

Radiation Medicine Centre

Space Applications Centre

Saha Institute of Nuclear Physics

Tarapur Atomic Power Station

Tata Institute of Fundamental Research

Tata Memorial Centre

Uranium Corporation of India Limited

Variable Energy Cyclotron Centre

AGSM : Airborne Gammaray Spectre-metric and

Magnetic Surveys

CIC : Circulatory Immune Complex

CVL : CopperVapour Laser

EB : Electron Beam

IHX : Intermediate Heat Exchanger

MEI : Mechanical Engineering Inspection

MHD : Magnetohyrodynamics

MT : Metric Tonne

MWe : Megawatt Electrical

MWt : Megawatt Thermal

Na -Ta : Niobium-Tantalum

PFBR : Prototype Fast Breeder Reactor

PHT : Primary Heat Transport

PHWR : Pressurised Heavy Water Reactor

QCI : Quality Control Inspection

RIA : Radioimmunoassay

S3F : Solid Storage Surveillance Facility

TG : Turbine Generator



Glossary
ACCELERATOR: A machine used to

accelerate charged palicles such as electrons,

protons and nuclei to high velocities

A C T I V A T I O N : The process of making a

material radioactive by bombardment with

neutrons, protons or other nuclear particles

A T O M : The smallest part o' an element

which can take part in a chemical reaction.

An atom consists of a small nucleus

containing neutrons and positively charged

protons and extra nuclear cloud of negatively

charged electrons. In an atom protons and

electrons are equal in number.

A T O M I C N U M B E R : The atomic number of

an element is equal to the number of protons

in the nucleus or the number of orbital

electrons in an atom of the element.

A T O M I C W E I G H T : The atomic weight of

any element is approximately equal to the

total number of protons and neutrons in its

nucleus. The unit of the scale of atomic

weights is 1/12 the weight of the carbon-12

atom.

A T O M I C E N E R G Y : N U C L E A R E N E R G Y :

The energy liberated by a nuclear reaction

(fission or fusion) or by radioactive decay.

BECQUEREL: Currently used unit of

radioactivity, defined as the quantity of any

radioactive material in which the nuclides are

decaying at the rate of one disintegration per

second.

BETA PARTICLE : An electron, positive or

negative, emitted from the nucleus in certain

types of radioactive disintegration.

BLANKET: Fertile material put around a

reactor core to breed new fuel, e.g. uranium,

becomes plutonium by absorption of spare

neutrons.

B O D Y B U R D E N : Radioactive material may
be absorbed and retained by the body. The
total amount present at any time is said to be
the body burden.

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

BREEDER R E A C T O R : A nuclear reactor
which produces more fissile atoms then it
burns. The new fissile material is created by
capture of neutrons in fertile materials. The
process by which this occurs is known as
breeding.

B U R N - U P : Tho fraction or percentage of
Moms in • reactor fuel which has undergone
fission. Also the total amount of hMt rslssisd
per unit mass of fuel; usuaHy expressed in
megawatt days per tonne MWD/T .
C E R A M I C FUEL E L E M E N T S : Usually
rsfars to reactor fuel elements fabricated of
uranium dioxid* or uranium carbide. They art

more resistant to radiation damage and can

be used at higher temperatures.

C H A I N R E A C T I O N : When fission occurs in
uranium atoms, neutrons are released which
in turn produces fission in neigbouring
uranium atoms.

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

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

therapy.

C O N T R O L R O D S : Rods, plates or tubes of
steel or aluminium containing some strong
absorber of neutrons. They are used to vary
the rate of fission reaction. By absorbing

neutrons, a control rod prevents the neutrons
from causing further fission. Control rods can
be used to change the power level of reactor.

C O O L A N T : A liquid or gas which is

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

C O R E : The central protion of a reactor that
contains fuel elements, and the moderator in
case of thermal reactors.

CRIT ICAL: It is the condition in which a

chain reaction is maintained at a constant rate

and is just selfsustaining.

C U R I E : A unit of radioactivity, defined as the
quantity of any radioactive material in which
the atoms are decaying at the rate of 3.7 x
1 0 " disintegrations per second (dps). Curie

is replaced by Becquetel now.

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

D E C O N T A M I N A T I O N : Rafws to the
removal of radioactive contaminants from

surfaces or equipment.

D E S A L I N A T I O N : A process to get water
suitable for drinking and/or agricultural use
by removal of salts from S M water or other
saline waters.

D E U T E R I U M : Tha isotope of hydrogen of
atomic weight 2. It is ofwn called httvy
hydrogen and forms heavy wMsr with
oxygen.

D I F F U S I O N P L A N T : Plant for winching

uranium with high urankim-236 leotops. A

large gsseous diffusion plant requires an

enormous amount of electric power.

E N R I C H E D FUEL: Nuclear fuel which is

enriched in the fissile components e.g.

uranium containing more than 0 7 per cent

uranium-235.

FAST BREEDER R E A C T O R : A reactor that

operates with fast neutrons and produces

more fissionable material than it consumes.

FAST N E U T R O N : Neutron resulting from

fission that has lost relatively little of its

energy by collision etc.

FAST R E A C T O R : A nuclear reactor in

which most of the fission is caused by fast

neutrons. Such reactors contain little or no

moderator

FERTILE M A T E R I A L : Isotopes capable of
being readily transformed into fissionable
materials 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
F I L M B A D G E : A piece of masked
photographic film worn like a badge by
nuclear workers. It is darkened by nuclear
radiations. Radiation exposure of the wearer
can be checked by inspecting the film and
comparing darkening or density, after
photographic development, with known
standards.

FISSILE: Capable of undergoing fission

when hit by a slow neutron, e g the isotopes

I F " . U m , Pu2" and Pu"' are fissile

F I S S I O N : The sptiting of a heavy nucleus

into two (or very rarely, more) approximately

equal fragments-called the fission products

Fission is accompanied by emission of neutrons

and the rslssss of energy It can be

spontaneous, or caused by the impact of

neutron, a fast charged particle or a photon

FISSION P O I S O N : Fission products which

absorb neutrons unproductrvely. especially

used for those having high absorption cross-

sections «.g. xenon

FLUX ( N E U T R O N ) : It is the number of

neutrons passing through one square

centimeMr of a given target in on* second.

FUEL E L E M E N T : A unit of nuclear fuel for

us* in a reactor-generaHy uranium, as metal

or oxide, enclosed in a can which may have

fins to assist beat transfer ft may be rod,

tuba, plats, or of any othtr mechanical snaps

F U S I O N : The precast of building up mow

complex nuclei by the combination or fusion,

of simpler ones Th» formation is usually

accornpamad by ralasaa of anstgy,

GENETIC EFFECT OF RADMTION .
Change in reproductive cede in Hying metier
produced by ebeorpttofi of ionizing rsdietion;
effects tnet cen be tfenefefied from perent to

Annual Report 1967-88



GAMMA RAYS: The high enargy short-
wave length electromagnetic radiation. These
are similar to X-rays, but are usually more
energetic and nuclear in origin.
GLOVE BOX: A box used while working
with certain radioactive materials. The box
may contain an inert atmosphere
GRAY: Currently used unit of absorbed dose
or energy imparted to matter by ionizing
radiation per unit mass of irradiated material
at the place of interest (1 Gy = 1 J Kg ')
HALF-LIFE: The time taken for the activity
of a radioactive substance to decay to half its
original value. Half lives vary from less than a
millionth of a second to millions of years.
HEALTH PHYSICS: The scinece concerned
with recognition, evaluation and cotrol of
health hazards from ionizing radiation.
HEAVY WATER: Water in which hydrogen
is replaced by deuterium or heavy hydrogen.
It is present in water as about one part in
6.500 It is used as a moderator in reactors.
HOT LABORATORY: A laboratory designed
for safe handling of radioactive materials.
ION: An atom or molecule that has lost or
gained one or more electrons.
IRRADIATION: The exposure of materials to
radition In nuclear research and in the
production of isotopes, materials are often
exposed t} neutrons in reactors. Intense
irradiation can alter the physical properties of
solids

ISOTOPE: RADIOISOTOPE: Isotope are
the atoms that differ in mass but chemically
are the same element. Isotopic nuclei contain
the same number of protons but different
number of neutrons. All naturally occurring
elements have radioactive isotopes. Isotopes
that are radioactive, are called radtotsotopes.
LABELLED COMPOUND: A compound in
which one of the atoms is a different isotope,
usually radioactive, from that found normally.
The path taken by such a compound can
readily be traced. A labelled compound is also
called a tracer or lag.

LOAD FACTOR: The maximum load on a
power station a* the percentage of the rated
capacity of the electricity generating plant.
Availability factor is the total number of hours
in ao year when the power station was
available-for operation as percentage of the
total number of hours in the year.
LOOP: A circuit, part of which may tun
inside a reactor, into which material* and
engineering component* can be put on and
then subjected to radiation under variable
conditions, e.g. of temperature exposure to
coolant, strain, Me. If part of the loop and
contents art placed in a rwctor, it is called an
in-piletoop.

MAONETOHYDMODYNAMICS ( M H D ) :
Tht underlying principle of MHO depend* on
the fact that • conducting ftoid, ueueHy en
ionized gw or plasma, moving acraM •
magnetic field induce* an electromotive force
in • direction ptrpandieulw to that of tht
magnetic field and th* direction of motion of
the conductor.
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MAXIMUM PERMISSIBLE DOSE
( M P O ) : 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 unit of power
meaning a million watts or a thousand
kilowatts. In MW the e signifies 'electrical'
and the't' thermal power' or heat output.
MODERATOR: The material in a reactor
used to reduce the speed of fast neutrons; as
far as possible without capturing them. Slow
neutrons are much more likely to cause
fission in a uranium-235 nucleus than to be
captured in a uranium-238 nucleus. By using
a moderator a reactor can be made to work
with fuei containing only a small proportion
of uranium-235 e.g. ordinary water, heavy
water, graphite.

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

NATURAL URANIUM: Natural uranium
contains both the heavier isotope uranium-
238, which is not readily fissile material and
the lighter isotope uranium-235 which is a
fissile material. In 140 parts of natural
uranium, only one part is of uranium-235.
The remaining is uranium-238.
NEUTRON: A nuclear particle having no
electri 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
a neutron. Neutrons sustain the fission chain
reaction in a nuclear reactor.
NUCLEUS: The core of an atom which
comprises of protons and neutrons. It is very
small. Its diameter is a millonth of a
centimeter. The nucleus contains most of the
atom's matt.

PLUTONIUM: The element number 94,
produced by neutron irradiation of uranium-
238. It* mow important isotope is fissionable
plutonium-239, produced by neutron
irradiation of uranium-238.
POWER REACTOR: A nuclear reactor
designed to produce electric power.
PRESSURIZED HEAVY WATER
REACTOR (PHWR): A power reactor in
which the heavy water coolant is kept at a
high pnNsurt to prevent it from boHing.
PULSED REACTOR: A type of research
reactor with which repeated short, intense
surge* of p-*wtr and radiation can be
produced.

RADIATION or IONIZING RADIATION: It
embrace* electromagnetic wav»», k,
particular, X-rays and gamma-rays as well as
ttrtams of fast moving chaiyed particles
(electrons, protons, masons, tic.) and
neutron* of aN vttocitits, i.e. $tt the ways in
which energy is given off by an atom.
RADIATION HAZARD: Tha hazard to living
things fssuhing from tht pitaanct of

III

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

RADIOGRAPHY: A method of examining
solid objects by passing X-or gamma-
radiation through them by photographing (or
examining on a fluorescent screen )the
shadows cast. Thus, defects such as cracks,
inclusion of sand, gas bubbles or lack of
honogeneity in metals can be found.
RADIOMMUNOASSAY (H IA) : A unique
technique for the diagnosis of pathologic
states that are characterised by the excess or
deficiency of various biological secretions like
hormones. It is capable of measuring even
their minute concentrations.
RADIOISOTOPE: An isotope which is
radioactive.

REACTOR: NUCLEAR REACTOR:
ATOMIC REACTOR: A device in which a
fission chain reaction can be initiated,
maintained and controlled. Its essential
component is a core with fissionable fuel. It
usually has a moderator a reflector, shielding
and coolant and control mechanisms.
RAD: A unit of absorbed dose or energy
imparted to matter by ionizing radiation per
unit mass of irradiated material at the place of
interest. Rad is now replaced by gray.
R E M : A unit of absorbed dose, used in
radiation protection, obtained by multiplying
the dose in gray with appropriate weighting
factors to normalize and correct for variation
in the degree of biological effect due to the
same dose of different types of radiation. Rem
is replaced by sievert now.
REPROCESSING: The process of removing
fission products from fuel and separting the
different fissile and fissionable elements from
one another, e.g. Pu from U or U from Th
before reusing it.

SIEVERT ( S V ) : Currently used unit of
absorbed dose, used in radiation protection,
obtained by multiplying the dose in gray with
appropriate weighting factors to normalise
and correct for variation in the degree of
biological effect due to the same dose of
different type of radiation.

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

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

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

Contd. onpage(\j)



R & D Centres
BHABHA ATOMIC RESEARCH CENTRE

The Centre was set up in 1957 as the Atomic
Energy Establishment, Trombay. In memory of its
founder it was renamed in 1967. BARC is the
premier national centre for R&D work in nuclear
energy and related disciplines. The facilities avai-
lable at Trombay include research reactors CIRUS
(40 MWt) and APSARA ( I M W t ) . In May. 1984
a zero energy fast critical facility (PURNIMA-II),
using U-233 as fuel became operational. Besides
these reactors, a 5.5 MeV Van-de-Graaff accele-
rator is also available for experimental research in
physics. NORSK Data computers meet the compu-
tational requirements. A larger research reactor
DHRUVA (100 MWt) has been built which
started full power operation during this year. In
collabora- tion with TIFR, the Centre set up a 14
MV pelletron accelerator. It started commercial
operation during this year. In addition to the
various laboratories for carrying out research in
physics, chemistry, biology, agriculture, medicine,
food technology, nuclear engineering, isotope
technology, metallurgy, etc., the Centre also has
Uranium Metal Plant, Uranium Fuel Fabrication
Plant and Fuel Reprocessing Plant. BARC has set
up a Beryllium Plant and a radio- Pharmaceuticals
laboratory ISOPHARM at Vashi. Fuel
Reprocessing Plant (PREFRE) and a Nuclear
Waste Vitrification Plant at Tarapur are also parts of
BARC. The Variable Energy Cyclotron
Centre at Calcutta is a national facility for
advanced work in nuclear physics, nuclear
chemistry, production of isotopes for various
applications and radiation damage studies on
reactor materials. The Saitmic Station at Gauri-
bktanur, near Bangalore set up in 1965, helps in
the detection and identification of underground
nuclear explosions. The Nuclear Research
Laboratory at Srinagar and the High Altitude
Reeearch Laboratory at Gulmarg conduct
research in atmospheric physics and cosmic ray
physics.

BARC activities cover a wide range of areas
such as physics, chemistry, engineering, metal-
lurgy, fuel reprocessing, fuel fabrication, radio-
isotope*, watte management electronics, instru-
mentation, lasers, biology, agriculture, food
technology, radiation medicine, etc. The Centre
has developed a number of technologies, some of
which have been transferred to industry for
commercial exploitation.

INDIRA GANDHI CENTRE FOR ATOMIC
RESEARCH

Set up in 1971 at Kalpakkam, Tamil Nadu, the
Centre undertakes research and development
pertaining to fact breeder reactor technology. The
major facility at this Centre is the Fast Breeder Test
Reactor (FBTR), which attained its first criticality
on 18 October, 1965. After successful completion
of reactor physic* experiments, FBTR it getting
poised for power level operation. The Centre is
drawing up plant to design and build a 500 MWa
prototype fan breeder reactor (PFBR).

CENTRE FOR ADVANCED TECHNOLOGY
The Centre it being eat up at Indore, Madhya

Pradesh to spearhead the national effort in
research and development in high technology
fields such at accelerators, later and fusion.
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Power Sector

ATOMIC MINERALS DIVISION
The Division has its headquarters at Hyderabad

with eight regional headquarters in different parts
of the country. AMD is a multidisciplinary organi-
sation entrusted with exploration, prospecting and
related research and development activities for
atomic mineral resources required for the nuclear
power programme.
NUCLEAR FUEL COMPLEX

Nuclear Fuel Complex (NPC) was set up in the
early 1970s at Hyderabad for production of various
zircaloy components and for production of fuel
bundles both for PHWR and BWRs on the basis of
extensive R & D work and pilot plant scale
experiments done at BARC, Trombay, Bombay.
The Complex consists of different plants for the
conversion of yellow cake into ceramic grade
natural uranium oxide; enriched uranium hexafluo-
ride into enriched uranium oxide; zircon sand to
zircaloy components through stages of zirconium
oxide, zirconium sponge and zircaloy billets c:c;
uranium dioxide to sintered and ground pellets
and finally to fuel assemblies. Production of
components such as blanket fuel containing thoria
pellets, nickel and steel reflector assemblies and
special assemblies required for fast breeder test
reactor and prototype fast breeder reactor forms
part of the fuel fabrication programme at NFC. The
Special Materials Plant at NFC is an unique facility
in the country for production and supply of 4N and
5N purity materials required for the electronic and
other industries. Plants have also been set up for
the production of seamless stainless steel tubes
and other special tubes. Job orders for conversion
of the billets to the requisite sections and mother
pipes to finished tubular products for special
applications are executed for the private and
Government organisations. A fullfledged quality
control laboratory at NFC caters to the needs of in-
process and final quality control of components
and materials supplied. Special control measures
are ensured for effective effluent management.

NFC is gearing up to meet the demands of the
Nuclear Power Corporation in the coming years
through different stages of expansion. Efforts are
also on hand to mechanise some of the operations
in different plants for achieving the higher produc-
tivity and to minimise the manpower. Quality
Circles are introduced for inducting better culture,
involvement and for resolving issues related to
production of critical components meant for power
reactor use.

HEAVY WATER PROJECTS
Heavy Water Plant, Nengal: Bated on the
electrolysis of water and low temperature hydrogen
distillation, the Heavy Water Plant at Nangal,
(Punjab) wat commissioned in August 1962.
Heavy Water Plant, Baroda: Bated on the
monothermal ammonia-hydrogen exchange
process, the plant at Baroda, Gujarat is linked to
the synthesis gat stream of the fertilizer plant of
Gujarat State Fertilizer Corporation.
Heavy Water Plant, Kota; Bated on know-
how developed by BARC on hydrogen sulphide-
water exchange process, the plant it located next
to RAPS at Bawetbheta, Rtjatthan.
Heavy Water Plant, Tutteorin: Linked to the
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fertilizer plant of the Southern Petrochemical
Industries Corporation, the plant is similar to the
Baroda plant.
Heavy Water Plant. Talcher. The plant based
on bithermal hydrogen exchange, will use the
synthesis gas stream of ammonia plant of the
Fertilizer Corporation of India.
Heavy Water Plant Thai: Based on mono-
thermal ammonia-hydrogen exchange process,
the plant at Thal-Vaishet (Maharashtra) has the
annual production capacity of 110 tonnes and is
integrated with the fertilizer plant of the Rashtriya
Chemicals and Fertilizers Ltd. The plant went into
commercial operation from 1 April 1987.
Heavy Water Plant, Manuguru: Based on the
bithermal hydrogen sulphide-water exchange
process, the plant will have annual production
capacity of 185 tonnes.

Heavy Water Plant. Hazira: Based on mono-
thermal ammonia-hydrogen exchange process,
the heavy water plant at Hazira (Gujarat) will have
an annual capacity of 110 tonnes. The plant will be
integrated with the fertilizer plant of Krishak
Bharati Cooperative Limited.
NUCLEAR POWER CORPORATION

The corporation has started functioning since 18
September 1987. This is responsible for the design,
construction, commissioning and operation of
nuclear power plants. It is presently operating the
atomic power stations at Tarapur, Rawatbhata and
Kalpakkam, and constructing Narora, Kakrapar,
RAPP-Unit 3&4 atomic power projects.
Tarapur Atomic Power Station

100 km north of Bombay, TAPS is the first
atomic power station in India. It has two boiling
water type reactors presently operated at 160 MWe
(derated) gross capacity, fuelled by enriched
uranium. The station supplies electricity to
Maharashtra and Gujarat.
Rajasthan Atomic Power Station

Located at Rawatbhata, Rajasthan. the station
has two natural uranium fuelled pressurised heavy
water reactors each of 220 MWe gross capacity.
Construction work on two additional units of 235
MWe each has commenced at RAPS.
Madras Atomic Power Station

Located at Kalpakkam about 80 km south of
Madras, MAPS has two natural uranium fuelled
pressurised heavy water reactor units each of 235
MWe gross capacity. Unit-1 of MAPS has been in
commercial operation since 27 January, 1984 and
Unit-2 has been operated commercially since 21
March, 1980, MAPS is the first indigenous atomic
power station.
Narora Atomic Power Project

The Project is at advanced stage of construction
at Narora, Utter Pradesh. It consists of two pressu-
rised heavy water reactor units each of 235 MWe
gross capacity.

Contd, from page (jjj) _ _ _ _ _ _ _ _ _ _ _ _ _ _
THORIUM: Elememnt number 90 and
atomic weight 232. A naturally radioactive
metal, the mineral sources of which are
widely spread over the earth's surface,
particularly in monazite beach sands. It can
be converted to uranium-233, an excellent
nuclear fuel, by neutron irradiation.
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Kakrapar Atomic Power Project
Located at Kakrapar, Gujarat, the construction

work and delivery of various major equipment are
progressing as per schedule. The project will have
two pressurised heavy water reactors each of 235
MWe gross capacity.
Kaiga Atomic Power Project

Located at Kaiga in Karnataka, the Station will
have two units of 235 MWe each.
ATOMIC ENERGY REGULATORY BOARD

AERB carries out certain regulatory and safety
functions envisaged under Sections 16,17 and 23
of the Atomic Energy Act 1962. The Board has a
full-time Chairman, a full-time Member-Secretary
and three other part time members. The Board is
responsible to the Atomic Energy Commission.
The Atomic Energy Regulatory Board has the
powers to lay down safety standards and frame
rules and regulations in regard to the regulatory
and safety requirements.

Public Sector Undertakings

INDIAN RARE EARTHS LIMITED
IRE is a Government company functioning since

1950. The Company has two mineral sands
separation plants at Manavalakurichi and Chavara
and a Rare Earths Plant at Alwaye. IRE has also set
up a Rs. 130 crore project at Chhatrapur, Orissa
known as Orissa Sands Complex (OSCOM) for
production of various minerals and value added
products. The Company is also managing a Thorium
Plant at Trombay.

ELECTRONICS CORPORATION OF INDIA
UMITED

ECIL was set up at Hyderabad in 1967 to
rrc-nufacture electronic systems, instruments and
components developed at BARC. The Corpo-
ration has pioneered the production of a varied
range of sophisticated electronic systems, instru-
ments and components, based primarily on
indigenous technology.
URANIUM CORPORATION OF INDIA
LIMITED

Formed in October 1967, UCIL is responsible for
mining and milling of uranium ore. It is operating
uranium mines at Jaduguda and Bhatin and indi-
genously designed uranium mill at Jaduguda. The
Corporation has set up uranium recovery plants at
Sutda, Rakha and Mosaboni. A by-product recovery
plant has also been set up by UCIL to recover
accessory minerals such as copper, magnetite and
molybdenum.

The mill at Jaduguda has been expanded in
1987-88 to treat increased quantity of ore. The
existing uranium mine at Jaduguda is being
deepened in Ill-stage to a depth of 900 metres to
mine ore located in deeper levels from the present
workings at a depth of 655 metres. During 1987-
88, four new projects have been taken up for
implementation and consist of modernisation of

uranium recovery plant at Surda, expansion of
Uranium recovery plant at Mosaboni and Up-
gradation of Effluent Treatment System at Jaduguda.

With a view to meet the increasing demand of
uranium for the atomic power reactors, the
company has prepared project report for setting up
uranium mines at Narwapahar and Turamdih and
uranium mill at Turamdih (all in Bihar). Pending
approval of the project preliminary activities are in
progress. Other uranium deposits identified are
Bodal uranium deposit in Madhya Pradesh and
Bagjata and Turamdih West in Bihar.

Aided Institutions
THE TATA INSTITUTE OF FUNDAMENTAL
RESEARCH

Founded in 1945 as a centre for pursuit of
fundamental research in mathematics, theoretical
physics, cosmic rays and nuclear physics. The
research activities of the Institute have now
expanded to areas such as astronomy and astro-
physics, chemical physics, molecular biology, solid
state physics, solid state electronics and computer
science. The facilities being operated by the
Institute are: the Balloon Facility at Hyderabad,
the Radio Astronomy Centre and the National
Image Processing Facility for Astronomy at Ootaca-
mund, and 500 MHz FT NMR national facility at
TIFR, Bombay. The Institute, in addition, manages
activities of the Homi Bhabha Centre for Science
Education (HBCSE) and the Basic Dental Research
Project.
TATA MEMORIAL CENTRE

Located at Bombay, Tata Memorial Centre
comprises the Tata Memorial Hospital and the
Cancer Research Institute. The Centre is the
foremost in the country in education, compre-
hensive care of cancer patients and in cancer
research. The Hospital is a post graduate centre
affiliated to the Bombay University.
SAHA INSTITUTE OF NUCLEAR PHYSICS

SINP at Calcutta was formally opened in
January 1950. The Institute provides facilities in
advanced research in the fileds of experimental
and theoretical nuclear physics, solid state, atomic
and molecular physics, plasma physics, high energy
physics, crystallography, molecular biology, bio-
physics, nuclear chemistry and instrumentation.
INSTITUTE OF PHVSfCS BHUBANESWAR

Incepted in 1974, the Institute of Physics,
Bhubaneswar, was a registered society funded by
the Government of Orissa till March, 1985.
Thereafter it became one of the fully aided
institutes of DAE. The institute provides facilities in
advanced research in the fields of theoretical solid
state, nuclear and high energy physics, and of
experimental solid state physics, It is acquiring a 3
MV tandem pelletron accelerator for experimental
research in atomic, nuclear, solid state and applied
physics.

TRITIUM: The radioactive isotope of
hydrogen of mass 3. It is rare and produced
by neutron absorption in lithium.
URANIUM: Radioactive element with the
atomic number 92. Natural uranium contains
both the heavier uranium isotope uranium-
238, which is not a fissile material, and is the

parent material from which Plutonium is
created, and the lighter isotope of uranium,
uranium-23R, which is the fissile material or
fuel of most reactors. In 140 parts of natural
uranium, 139 parts art uranium-238 and one
part only is uranium-235. Uranium is the
basic raw material for nuclear energy,


