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General Survey
HIGHLIGHTS
During the year, 1992-93, the Department of Atomic Energy crossed many milestones and achieved
several targets in its industrial and R&D activities. Unit-1 of Kakrapar Atomic Power Project attained
criticality and was synchronised with the western grid. Unit-2 of Narora Atomic Power Station commenced
commercial operation. The fuel bundle needs of all the operating power plants including the initial cores of
Kakrapar Units-1&2, were met with several process improvements introduced by the Nuclear Fuel Complex.

The heavy water enrichment plant at Hazira was commissioned which upgrades the 50-60% concentrate
of heavy water produced at Hazira, to the reactor grade level of better than 99%. Various heavy water plants
operated at a desired level to meet the heavy water requirement of our Nuclear Power Plants.

Research reactors Dhurva, Cirus and Apsara were operated in a safe and efficient manner at BARC and
provided facilities for neutron beam research, neutron radiography and isotope production. The core and
reflecting assembly of the U-233 fuelled Kamini research reactor were tested for its physics properties for
final installation at Kalpakkam. The Fast Breeder Test Reactor (FBTR) at Kalpakkam, operated satisfactorily
and the design analysis and technology development for the prototype fast breeder reactor made good
progress.

Thorium bundles were successfully used for the first time in a pressurised heavy water reactor (PHWR)
core of KAPP-1 to achieve an efficient power flattening. The garter springs were repositioned in KAPP-1
thereby increasing the life of coolant tubes. The new thorium plant of the Indian Rare Earths Ltd. (IRE) was
commissioned at Chhatrapur, Orissa, based on a solvent extraction process developed at BARC. The thrust
of reactor engineering research remained on the development of 500 MWe Pressurised Heavy Water
Reactors and the development of advanced nuclear fuels.
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Over 81,000 consignments of radioisotopes and related products valued at Rs. 8.7 crores, were supplied
enabling 6 lakh patient investigations. The Sludge Hygienisation Research Irradiator plant (SHRI) at Baroda'
was used to reduce the bacterial counts in city sewage sludge to safe levels. The electron beam accelerator
at BARC was used for radiation processing of various materials of commercial value.

In the field of nuclear agriculture, high yielding groundnut and mungbean seeds developed at BARC
were released in Bihar and Maharashtra, and two varieties of groundnut and one of blackgram were also
notified by the Ministry of Agriculture. Efforts were continued towards further improvement of pulses oil
seeds and green manure crops, improvement in fertiliser utilisation and devising pest control strategies.

A radiation safety programme was implemented in the non-DAE institutions all over the country. Studies
were conducted to develop the parameters of a "Reference Indian Man" with respect to the nuclear
radiation exposure which were earlier available only for the Caucasian population. The radioactivity release
levels from the reactors were kept well below the permissible limits.

In the frontline areas of Science and Technology, BARC developed a high speed Parallel Processing
Computer which is a significant break-through in the development of super computing system to meet the
high speed computing needs of the country. A variety of Remote handling and Robotic equipments wore
developed for the effective and safe operation of nuclear facilities including a 5 axis robot for neutron
tomography studies with Kamini reactor, a manipulator to enable visual inspection within the caiandria vault
and a rugged duty manipulator for post-irradiation examination. The high power longitudinal and transverse
flow CO2 lasers were fabricated. A Nd:Yag laser oscillator was set up for micro drilling of various metals
and alloys, and a Resonance lonisation Mass Spectrometer was designed and fabricated for ultra-trace
analysis and laser spectroscopic studies. A facility for large scale synthesis of yttrium and bismuth based
superconductors was set up. A satisfactory operation of pulsed power system KALI-1000 and 80 KW
electron beam melting furnace were achieved.



At the Centre for Advanced Technology, Indore, a microton required for injecting electrons into the
Synchrotron Radiation Source, lndus-1, under construction, reached the final stages of commissioning.

Mineral exploration efforts resulted in augmenting uranium resources and new uraniferous zones in the
country were identified.

Work progressed on the Giant Metre Wave Radio Telescope at Narayangaon (Maharashtra).

A sector-wise general survey of the activities of the Department during the year 1992-93, divided into
Research and Development, Public Sector Undertakings, Industrial Organisations, and others, as follows:

RESEARCH & DEVELOPMENT

Four research centres, namely, the Bhabha Atomic Research Centre (BARC) at Trombay (Maharashtra),
the Indira Gandhi Centre for Atomic Research (IGCAR) at Kalpakkam (Tamilnadu), the Centre for Advanced
Technology (CAT) at Indore (Madhya Pradesh) and the Variable Energy Cyclotron Centre, Calcutta are the
focal points of nuclear research and development, and the Atomic Minerals Division (AMD) at Hyderabad
carries out exploration and prospecting of atomic minerals in the country.

-' Bhabha Atomic Research Centre (BARC^ is the national centre for research and development work in
atomic energy and related disciplines. Its facilities include research reactors, accelerators, special R&D
laboratories, advanced computers and a modern workshop. The research activities of BARC are delineated
in the following paragraphs.

Research Reactors

Four indigenously built high neutron flux research reactors, 100 MWt reactor Dhruva, 40 MWt Cirus, 1 MWt
Apsara and the reactor assembly Purnima-lll, are operating at BARC.

During the year, over 1500 samples were irradiated in Dhruva, Cirus and Apsara for isotope production
and for research in basic and applied sciences. Dhruva, a national facility for neutron beam research, was
used by scholars under the DAE Inter-University Consortium Programme. Studies conducted on the ageing
management of over thirty year old Cirus reactor identified refurbishing requirements towards extending its
useful life.

Purnima-lll reactor was reconfigured by replacing aluminium reflector modules with zircaloy reflector
modules as a final assembly for Kamini reactor to be installed at Kalpakkam.

R&D programmes in reactor engineering have led to the development of a number of useful technologies
for power reactors such as in-service inspection system BARSIS for inspection of coolant channels, remote
video inspection system DRYIS, vibration based diagnostic system for identification of coolant channels in
contact and a number of computerised I&C system such as programmable digital comparator and
disturbances recording system. Development of further design details for 500 MWe PHWR and Advanced
Heavy Water Reactor was continued.

Thorium bundles were used for the first time in a PHWR core at Unit-1 of the Kakrapar Atomic Power
Project to achieve an efficient power flattening. The loading provides valuable experience on the various
aspects of handling thorium in the nuclear fuel cycle.

Research in Nuclear Fuels

BARC has been reviewing different advanced fuel cycles for increasing fuel utilisation in pressurised
heavy water reactors (PHWRs). Fabrication of mixed uranium plutonium monocarbide, containing 55%
plutonium carbide for the second core of FBTR, was also taken up. Investigations on the chemical aspects
of nuclear fuels were continued. This involved research on advanced fuels and related systems for fast
reactors, and development of sol-gel process for preparation of nuclear fuels.

The Advanced Fuel Fabrication Facility (AFFF) at Tarapur has produced uranium oxide under contain-
ment condition. Plutonium has been introduced in a part of the plant prior to the bulk introduction in the
facility. The production of MOX fuel is to commence shortly in AFFF for trial in PHWRs.

An engineering scale facility is being set up in Trombay to process the thorium fuel elements. This will be
the stepping stone for building similar plants of larger throughput.

Heavy Water Upgrading

During the year, the Heavy Water Enrichment Plant, Hazira was successfully commissioned to upgrade
50-60% concentrate of heavy water produced in Hazira plant to the reactor grade level of better than 99%.
With the commissioning of this enrichment unit, BARC has successfully installed ten such heavy water
upgradation plants at various nuclear power plants and heavy water plant sites.



Fuel Reprocessing

The indigenously developed technology for fuel reprocessing has been in use in India for the past three
decades. Based on the operating experience with plants at Trombay and Tarapur another plant is being set
up at Kalpakkam which is in an advanced stage of completion. A number of R&D programmes are being
pursued to bring the fuel reprocessing technology to the state of the art level.

Radioactive Waste Management

Treatment and safe disposal of various types of radioactive wastes generated in the nuclear fuel cycle
activities, has been accorded highest priority in DAE's Nuclear Programme.

During the year, the Waste Management Facilities (WMFs) at Kalpakkam, Trombay, Tarapur and Kota
continued to render uninterrupted service and the facility at Narora site became operational. While the
Waste Immobilisation Plant (WIP) at Tarapur for processing high active liquid wastes has been operational,
the construction activities of WIP's at Trombay and Tarapur have made significant progress.

A number of development programmes are in progress in the management of different types of wastes
covering low, intermediate level wastes. Expertise from India was also utilised by the IAEA in the
preparation of Radioactive Waste Management Safety Standards documents. India participated in a
number of coordinated research programmes with other countries in the world, coordinated by IAEA.

Radioistopes

India is a leading producer of radioisotopes which find diverse applications in cancer therapy,
non-destructive testing, industrial process control, agricultural research and preparation of radio-
pharmaceuticals. During the year 1992-93, production of a wide variety of radioisotopes, research on new
radiopharmaceuticals and tracer studies in hydrology were pursued. Isotope studies were taken up to
determine the salinisation and recharge to the ground water along a section from Bhubaneshwar to Puri.
Ground water recharge and circulation studies were also carried out for the Bagepalli Taluk in collaboration
with the Department of Mines and Geology, Government of Karnataka. Radiotracer studies were carried out
to determine the movement of silt at the new Mangalore port and Hooghly river estuary, flow measurements
in river Tiesta in Sikkim and for water seepage identification in Chaskaman Dam, Pune.

SHRI Facility

The Sludge Hygienisation Research Irradiator (SHRI) commissioned at Baroda in November 1991, operated
successfully. Three batches of city sewage sludge were treated per day.

Radiation Applications

Irradiation studies using electron beam accelerator, were conducted for various polyethylene based
formulations for developing contact lens technology. The radiation plant for vulcanization of natural rubber
latex at Kottayam was commissioned during the year.

Nuclear Agriculture and Food Irradiation

Atomic energy research has immensely benefitted the agricultural field by way of crop improvement, and
preservation of farm produce by irradiation.

Development of economically important crop plants, improvement in fertilizer utilisation, protection of
plants against insect pests and studies on pesticides, was pursued. Two varieties of groundnut (Somnath &
TAG-24) and the blackgram (TPU-4) developed at BARC, were notified by the Ministry of Agriculture. One
variety each of groundnut (TG-22) and mungbean (TARM-2) was released by the Bihar State, and
Maharashtra State Seeds Committee respectively. During 1992, Maharashtra State Seeds Corporation
organised seed production programme of Trombay varieties of pulses and oilseeds.

At Trombay, work on micropropagation of commercially valuable crops was continued. About 5000 plants
were produced through tissue culture and micropropagated banana plants were distributed to farmers in
Maharashtra. For field planting and evaluation, these plants were given to the Banana Research station,
Jalgaon and the Mahatma Phule Krishi Vidyapeeth, Rahuri, and also planted in Gamma field at BARC.

Research and Development programme was continued on the preservation and hygienisation of perish-
able foods in their natural form by gamma radiation. As a part of intra-country transportation trials, samples
of whole spices and spice mixtures were irradiated by gamma rays. After six months of storage, the
irradiated samples were found to be commercially sterile. Also, complete disinfestation of basmati rice was
achieved by gamma irradiation.



Radiological Safety and Protection
Radiological Safety and Environmental Surveillance programmes were carried out by BARC at all the
nuclear installations of DAE and health physics support was provided tor the execution of special jobs at the
different nuclear power stations and reprocessing plants.

The impact of International Commission on Radiological Protection recommendations (ICRP-60) re-
mained under examination in the Indian context. The Atomic Energy Regulatory Board (AERB) directive
regarding reduction of dose, continued to be implemented at Uranium Corporation of India Ltd. (Jaduguda),
Nuclear Fuel Complex (Hyderabad), Indian Rare Earths Ltd. (Udyogamandal) and OSCOM (Chattrapur), as
well as PREFRE and Waste Immobilisation Plant at Tarapur.

During the year, the Environmental and Radiological Laboratory (ERL) at Kakrapar Atomic Power Project
became functional.

Pre-operational radiation survey was conducted at the site of the pilot plant for uranium recovery from
phosphoric acid, at Ambalamedu, Cochin.

Monitoring for internal contamination of radiation workers was carried out and an intercomparison study
of whole body monitors at Tarapur, Rawatbhata, Narora, Kalpakkam, Kakrapar and Alwaye completed.

In the field of radiation safety, a number of new instruments and methodologies were developed.

As part of GERMON programme, a model station which has an integrated monitoring system, was
commissioned at BARC.

The implementation of radiation safety programme in non-DAE institutions all over the country using
radioisotopes and radiation sources for medical, industrial and research applications, was continued.
Personnel monitoring service was provided by BARC to both DAE and non-DAE institutions. 45,000
radiation workers were monitored. In addition, about 1300 additional radiation workers for fast neutron
exposures were monitored.

Radiation Medicine
Apart from the routine clinical and laboratory service, research projects on radiopharmaceutical develop-
ment, various thyroid disorders, leprosy and chronic obstructive pulmonary diseases (COPD), were
continued.

Remote Handling and Robotics

In the field of robotics, which has an important role in the safe and effective operation of nuclear facilities,
BARC has successfully developed a number of remote handling machines. A special manipulator was
developed to enable visual inspection within the calandria vault. A prototype bilateral servomanipulator is
nearing completion which provides improved transparency of task environment and higher degree of
operator safety and comfort. Developed for radioactive area applications, the system has big deployment
potential in other sectors such as manufacturing industry, defence, space research, rescue missions and
oceanography. A 5 axis robot was also developed for neutron tomography studies and for use with the
Kamini reactor at Kalpakkam.

In the field of logic and servocontrolled pneumatics, some of the achievements include the development
of an automated system for assembling explosive devices. Evolution of Robot vision systems for scene
recreation, extraction of 3D surface details of polyhedral objects and development of algorithms for fine
handling of tiny bearing pads after identification of location and orientation are other notable achievements.

Accelerator Programme

The 14 MV Pelletron accelerator, set up jointly by BARC and TIFR, was operated round the clock, providing
heavy ion beams to experimental groups. Several beamline components like beam profile monitors and
Faraday Cup for measuring beam current were developed as import substitute components. For the
superconducting LINAC booster, resonators for one module have been fabricated in BARC Central
Workshop.

Desalination

As a research spin-off, BARC has developed process for desalination of water and reverse osmosis
filteration process. The Centre has already built desalination plants of various capacities.

Trial operation of the 425 cum/d multi-stage flash desalination plant was carried out for about 500 hours.
A demonstration run of 30 tonne/day shipborne plant for two weeks duration, was carried out. A reverse
osmosis (RO) pilot plant was designed, fabricated and installed at Trombay.



Superconductors

Facility for large scale synthesis of yttrium and bismuth based superconductors were established for further
experiments on shaping and fabrication.

Basic and Applied Research in High-Tech Areas

BARC has been the cradle of frontline researches and technological developments in nuclear sciences and
engineering and allied high-tech areas. Following is the profile.

A triple axis neutron spectrometer was commissioned at the Institute of Nuclear Sciences and Technolo -
gy, Bangladesh.

A super computer system based on parallel processing techniques, was developed at BARC having a
peak processing speed of 640 MFIops.

An electron beam sustained CO2 laser was developed and. operated successfully. Research and
development was carried out on laser glazing, laser cutting and laser surface alloying techniques utilizing
the laser material processing facility at BARC. A notable achievement was the hardened stainless steel by
surface alloying with chromium and graphite with several time increase in its hardness. A laser calorimeter
has been developed for UV absorption measurement of optical thin films for various laser based
experiments in physics and chemistry.

An 80 KW Electron Beam Melting Furnace has been developed at BARC for the first time in India. Such a
furnace is capable of melting ingots of refractory and reactive materials such as niobium, zirconium,
tantalum etc. Studies with plasma jet devices were continued. A prototype 50 KW plasma melting torch was
developed. Also, the pulse power system KALI-1000 operated satisfactorily.

A system for storage of still colour pictures in a personal compgter and their subsequent display on TV
has been developed with its application in Data base linked picture bank and in security systems.

A GP-Text system was developed which enables the visually handicapped persons to create and listen to
the text document.

The development of thyrister traction choppers for the Central Railway Suburban Services in Bombay was
continued as a part of the major modernisation programme of the Indian Railways.

Phonetic place-code-grid was designed and Phonetic-code-books were prepared for security use in
border areas of the country.

Sophisticated nuclear systems such as basic gamma camera for medical use, automatic liquid counting
system for biology, medicine and environmental studies and variety of specialised nuclear instrumentations
were developed and fabricated.

A facility for depositing poly-crystalline diamond films on suitable non-diamond substrates has been
developed with applications in electronics and optics industry.

Development of technology of decontamination of reactor system surfaces remained a thrust area of the
Centre. Efforts were also devoted to developing new methods of decontamination of radioactivity using
cross-linked gels, catalyst development for nuclear reactor-oriented problems, and development of high
technology materials.

A pilot plant for recovery of uranium from phosphoric acid was installed at the Fertilizers and Chemicals
of Travancore (FACT), Cochin.

Research programmes on the molecular basis of genetic recombination, DNA repair and response to
radiation and environmental stresses we're continued.

Basic researches on the emerging areas of bio-organics involving natural products and synthetic
bioactive compounds were carried out.'

Technology Transfer

During the year, BARC transferred nine technologies to private industries related to electronic and nuclear
instruments, and to metallurgical, chemical and biochemical processes. Besides, M.O.U's were signed
with a number of public sector undertakings notably, IBP Ltd., Central Electronics Ltd., RRL, Bhubaneshwar,
Engineers India Ltd and Ordnance Factory, Dehu, providing a variety of consultancy services for the
commercial development of products and processes in high-tech areas. An M.O.U. was also signed with
the National Research Development Corporation under which 8 technologies were licensed to it for their
transfer to industry.



International Training Programmes

18 scientists from various countries were offered training under the technical assistance programme of
International Atomic Energy Agency (IAEA). Besides, an IAEA training course on mutation breeding of
tropical crop plants, was organized at BARC under an Regional Co-operation Agreement (RCA). Training
was also provided in nuclear sciences and engineering, to scientists from developing countries under
various bilateral agreements.

n The Indira Gandhi Centre for Atomic Research was established in 1971 for research and development of the
technology of sodium cooled fast breeder reactors (FBR) and its fuel cycle. The activities and achievements
of the Centre during the year were as follows:

Fast Breeder Test Reactor

The Fast Breeder Test Reactor (FBTR) operated satisfactorily for 50% of the time, the reactor systems
performed well and a fuel burn-up of 1930 MWd/t was achieved. Experiments relating to physics, reactor
kinetics, and neutronic studies for the second larger core were carried out. The reactor is now operating at
4MWt power level.

Prototype Fast Breeder Reactor

The design analysis and technology development for the Prototype Fast Breeder Reactor (PFBR) made
good progress. Bowing analysis of core subassemblies was completed and the work on primary sodium
pumps continued. Studies on restructuring behaviour of FBTR fuel indicated that it could safely operate at a
heat rating of 400 W/cm.

Other Developments

The processing maps developed at IGCAR in respect of special steels for clad and wrapper tubes,
underwent industrial trials at Nuclear Fuel Complex, Hyderabad, and better yield and surface finish of the
formed products were obtained.

The commissioning activities of the hot cells at IGCAR reached completion. The radiochemistry hot cells
were made ready to receive spent fuel from MAPS for post-irradiation studies.

Phase-I of the lead shielded Mini Plant for processing irradiated fuels from FBTR, was completed.
Modification of the Phase-ll for enhancing the capacity, and construction of the regular Fast Reactor Fuel
Reprocessing plant continued. About 98% of civil works for the Kalpakkam Reprocessing Plant (KARP) was
also completed.

• The Centre for Advanced Technology at Indore (Madhya Pradesh) has major research and development
programmes in the field of accelerators, lasers and cryogenics. Following are the details of its activities
during the period under review:

Synchrotron Radiation Sources

Synchrotron Radiation Sources, being set up at the Centre consist of the first source comprising a 20MV
microtron, a booster, and the storage ring lndus-1, and the second source which is a 2GeV booster-cum-
storage ring lndus-2. During the year, microtron-the first indigenously developed electron accelerator in its
energy range, reached final stages of commissioning. Assembly of Booster ring components continued and
many critical components for lndus-1 were fabricated and tested. During commissioning, electrons were
accelerated upto the last orbit and the efficiency of the beam extracted compared well with the beam
efficiency achieved elsewhere in the world. The microwave power will gradually be increased to the full
design value.

For booster synchrotron, preparations continued to locate surveying targets and benchmarks for preci-
sion installation and alignment of components. Installation of service lines also continued.

The dipole magnets of lndus-1 were fieid mapped and their performance was within the specifications.
Fabrication of Radio Frequency (RF) cavity for lndus-1 continued. The specifications of 5 beam lines of
lndus-1 were finalised and the design of three beam lines was completed. These will deliver very high flux
of monochromatic radiation in ultra-violet and soft X-ray wavelength region.

lndus-1 building and erection of 132 kV substation and switchyard were completed and pre-
commissioning tests of the substation continued.

Laser Programme

CAT has undertaken indigenous development of lasers for applications in medical sciences, industries,
and basic sciences. Lasers such as copper vapour laser, carbon dioxide laser and nitrogen laser were



developed and supplied to laboratories. Laser based uranium fluorimeter successfully completed field
trials and its performance was comparable to similar instruments in the international market.

Intensive research carried out at CAT has led to the development of an excimer KrF laser with a peak
power of 2 MW, a passively stabilized, line tunable carbon dioxide laser deveJoped for pumping mid-
infrared and far-infrared lasers, and an import substitute dye cell with cooling arrangement to handle 40 W
of average pump power. The 40 W copper vapour laser (CVL) continued to be used for developing tunable
dye lasers.

As part of a continuing effort to indigenise crucial components in lasers, an acousto-optic modulator
suitable for mode locking was developed. Facilities were also developed for production and separation of
fullerenes.

Other Activities at CAT

An experiment to measure the magnetic response of high temperature superconductor was set up and
sintered pellets of two superconductivity materials were investigated.

The compressor module for the closed cycle helium refrigerator, was modified with oil injection cooling to
improve its performance.

A high vacuum, high temperature degassing furnace was fabricated and used.

To develop laser technology, growth of crystals for development of lasers was started at CAT and good
quality crystals were grown.

• The Variable Energy Cyclotron Centre at Calcutta is a national facility for experiments in nuclear physics,
nuclear chemistry, radiation damage studies, and isotope production.

During the year the Cyclotron delivered proton, deutron and alpha particles beams to user groups. For
better operation of the machine, the procurement of materials for upgrading various subsystems was
initiated. Work also commenced on the Superconducting Cyclotron Project. Design aspects of the proposed
machine were in the process of finalisation.

The Electron Cyclotron Resonance (ECR) heavy ion source gave improved performance. Progress was
made in the fabrication of the external injection system for transporting beam from the ECR Source into the
cyclotron.

The Isotope-Separator-On-Line (ISOL) system functioned with a transmission of 20% and steps were
taken to improve the transmission.

R&D activities on Neural Network & Computer Vision commenced in Computer Facility of VECC. A nodal
centre for the Electronic Mail (E-Mail) facility will be set up.

Separation of helium from natural gas collected from Bakreswar was carried out intermittently. Modifica-
tion of the cryogenic method for purifying helium continued to handle larger input gas volumes expected
from the Tantloi hot springs at Santhal Pargana, Bihar.

The Regional Radiation Medicine Centre (RRMC) continued to provide nuclear diagnostic and radioim-
munoassay facilities to the public.

D Mineral Exploration

Exploration of atomic minerals for the Indian nuclear power programme is carried out by the Atomic
Minerals Division. The major activities and achievements of the Division during the year encompassed:

— Setting-up and commissioning of pilot plant at Domiasiat (Meghalaya) for uranium extraction.

— Augmentation of uranium resources by over 7480 tonnes of uranium oxide (U3O8).

— Identification of new uraniferous zones at nineteen localities in Uttar Pradesh, Haryana, Himachal
Pradesh, Andhra Pradesh, Bihar, Meghalaya, Arunachal Pradesh, Gujarat, Madhya Pradesh, and
Rajasthan by ground radiometric and geological investigations, and new areas of xenotime concentra-
tion in Sarguja (Madhya Pradesh) and Salem (Tamil Nadu).

— Exploratory drilling proving subsurface continuity of uranium mineralization in 22 prospects.

— Estimation of ilmenite (10.54 million tonnes), rutile (0.68 million tonnes), zircon (0.45 million tonnes),
and monazite (0.22 million tonnes) in the beach placers of Kerala and Andhra Pradesh.

— Production of xenotime-bearing polymineralic concentrate (37.88 tonnes), columbite-tantalite concen-
trate (4500 kg), spodumene (21 tonnes) and beryl (3.2 tonnes) in the recovery plants in Karnataka and
Madhya Pradesh, and niobium-rich columbite-tantalite concentrates (1.165 tonnes) at Adval (Madhya
Pradesh) and heavy minerals (1600 tonnes) in alluvial gravels of Kullampatti (Tamil Nadu.)



PUBLIC SECTOR UNDERTAKINGS

The Department has four public sector undertakings. Their activities during the year are detailed below:

D Nuclear Power Corporation of India Ltd.

The Corporation is responsible for the design, building and operation of. nuclear power stations in the
country.

Commencement of commercial operation of Unit-2 of Narora Atomic Power Station from 1 July 1992,
attainment of criticality of Unit-1 of Kakrapar Atomic Power Project on 3 September, 1992 and its
synchronisation with the western grid on 24 November 1992, were the major achievements of NPCIL during
the year. The cumulative gross power generation till December 1992 from all the nuclear power stations
since commencement of their commercial operation amounted to 81038 million units (Mils). The annual
gross electricity generation in the year 1992 was 6328 MUs as compared to 5443 MUs in 1991. The gross
generation during financial year 1992-93 is estimated to reach about 6600 MUs. The net profit in the year
1991-92 after appropriations was placed at Rs.20.82 crores. Based on the operating experience, Madras
Atomic Power Station-1&2 and Narara Atomic Power Station-1&2 were rerated to 2x220 MWe each. The
Unit-1 of Rajasthan Atomic Power Station was derated to 100 MWe on account of restricted operational
power level arising out of repair to the south end shield.

Power stations in operation

Table-1 below gives the gross generation, capacity and availability factors of operating nuclear power
stations in commercial operation during 1992.

Table 1: Gross generation, capacity and availability factors during 1992

Units

TAPS-1
TAPS-2
RAPS-K®
RAPS-2®

MAPS-1
MAPS-2
NAPS-1
NAPS-2*

Generation Capacity
MUs

834
911
82

975
1233
761
884
648

Factor
%

59
65
9

55
64
39
46
67

Availability Factor
%

63
69
12
60
84
54
63
80

@ Includes electricity equivalent to steam supplied to nearby heavy water plant.
* Unit commenced commercial operation from 1.7.1992. Generation figure excludes 123 MUs of infirm electricity generation from 5
January to 30 June 1992.

The Tarapur Atomic Power Station (TAPS) performed well during the year logging 46th reactor year of
commercial operation. The twelfth refuelling outage of Unit-1 was successfully completed. The Unit-1 and
Unit-2 had an uninterrupted run of about 120 days and 205 days respectively.

RAPS-1 had an outage for investigating and repair of a minor heavy water leak in the over pressure relief
device of the calandria. Annual maintenance outage of RAPS-2 was taken for a period of about 107 days
during end-May to mid-September 1992.

The power levels of the two units of Madras Atomic Power Station (MAPS) were restricted to 75% of their
full power levels by Atomic Energy Regulatory Board (AERB). The availability factor of Unit-1 was 84%
during 1992. Unit-2 took a maintenance outage for about 149 days July 1992 to November 1992.

The performance of Unit-1 of Narora Atomic Power Station was an improvement over the previous year.
The capacity factor of the Unit was limited mainly due to the reduced operating power level during certain
periods and unplanned outages due to equipment related problems and grid disturbances. Unit-2, which
was synchronised with the grid and commenced commercial operation since July 1992, performed well.



Projects under construction

The nuclear power plants under construction with expected dates of criticality, are given in Table-2

Table-2

Project

KAPP-2

Kaiga-1&2

RAPP-3&4

TAPP-3&4

Caoacity
MWe

1X220
2X220

2X220

2X500

Expected date for attainment
of criticalitv
December 1993
June 1996 & December 1996

Nov. 1996 and Mav 1997

Will depend upon availability
of funds.

KAPP-1, which achieved criticality on 3 September, 1992 and synchronised with the grid on 24
November, 1992, reached a power level of around 150 MWe. The power level will be raised further after
clearance from AERB. The Unit will be declared commercial shortly. KAPP-2 is in an advanced stage of
construction and commissioning. It is expected to attain criticality in December 1993. Besides these, work
progressed on four 220 MWe reactors under construction-2 units each, at Rawathbhata and Kaiga.

Main plant civil construction of Kaiga-1&2 progressed well. The equipment erection and piping works
also commenced in Unit-1. RAPP-3&4 main plant civil construction and site infrastructural works of the
project were in progress.

In TAPP-3&4, it was not possible to award and commence the main plant civil works due to funds crunch.

Safety & Quality Assurance

A Corporate Safety Policy document was prepared. Safety audits of Industrial Safety sections were carried
out for TAPS, MAPS, TAPP 3&4 and Kaiga. TAPS attained a record of 391 accident-free days. Quality
assurance audits on major manufacturers and project sites were also carried out.

D Indian Rare Earths Limited

The Indian Rare Earths Ltd. operates southern units comprising two mineral sands separation plants at
Chavara (Kerala) and Manavalakurichi (Tamil Nadu), Rare Earths Plant at Alwaye (Kerala), and Orissa
Sands Complex at Chhattarpur (Orissa). It also manages Thorium Factory at Trombay. The rare earths
minerals and value added products have export and domestic market.

During the year 1991-92 the Company achieved a record turn-over of Rs.86.22 crores and foreign
exchange earnings of Rs.39.37 crores. While its southern units made a profit Rs.24.69 crores, due to losses
at OSCOM, an overall profit of Rs.1.27 crores was achieved. The Chemical & Allied Products Export
Promotion

Council Export Award was given to IRE for its export performance during 1991-92.

During 1991-92 the production in Manavalakurichi showed a substantial increase, especially for Zircon
and Rutile which are high value products. To improve the quality of ilmenite, a new Rs.6 crore project was
taken up in Chavara.

At the Rare Earths Division, production increased as compared to the production last year. The work in the
Co-generation Plant continued. The Company also commenced modifications which showed encouraging
results. The production of the Synthetic Rutile Plant was suspended earlier in view of the accumulated
inventories and market/cash constraints.

To rehabilitate OSCOM, the Company has been exploring the possibilities of setting up joint ventures with
foreign equity participation. For production of more value added products joint ventures with local
participation were also explored.

For exploitation of new deposits at Ayiramthengu, Kudiraimozhi, Bhimlipatnam and Neendakara, pre-
project activities were taken up, and for exploitation of the deposits joint venture proposals from public and
private sector organisations were considered.

Improvement in recovery of minerals, reduction in cost, development of new products, and import
substitution were achieved by adopting new technology for setting up of preconcentration, concentration
upgrading and dredge-and-wet gravity concentration plants at »arious units.



• Electronics Corporation of India Limited
The Company supports DAE's nuclear power programmes and caters to the needs of national activities
such as thermal power projects, steel, petrochemicals and cement industries, defence, communications
and railways.

Foreign exchange constraints, continued recession in computer and consumer electronics sectors, and
changes in the industrial and import policies, adversely affected performance of the Company during
1991-92. Its production was Rs.188 crores, sales turnover was Rs.228 crores, and with income of Rs.195
crores it suffered a net loss of Rs.27.58 crores.

The thrust areas continued to be computers, communication and control systems, which contributed
nearly two-thirds to its turnover. ECIL supplied control & instrumentation (C&l) equipment to the DAE
projects. The supplies worth about Rs.19 crores were made to DAE units which consisted of C&l packages,
nuclear instruments and CCTV equipment. For the non-nuclear sector, supplies worth about Rs.250 crores
were made which included computer based systems and C&l and communication equipment security
systems such as X-ray baggage inspection systems, a wide range of professional grade components and
instruments to various organisations, and TV sets to general public.

For the year 1992-93, ECIL has set targets for production, turnover and income at Rs.267 crores, Rs.310
crores, and Rs.270 crores respectively.

D Uranium Corporation of India Ltd.
UCIL, which completed 25 years of its existence in 1992, has two operating mines, one mine under
construction and five plants including by-products and uranium recovery plants.

Both turnover and profit of UCIL, during the year 1991-92 were higher than the previous year. The income
of the Company recorded an increase from Rs 30.80 crores to Rs 39.29 crores and the net profit aftertax was
Rs.2.45 crores. A dividend of Rs.50 lakhs was also paid.

The capacity utilization of Jaduguda Mine and Mill increased to 83.3% from 72%, and to 82.3% from
73.5% respectively. Capacity utilization of Bhatin Mine also improved from 57.3% to 61.6%. Production of
copper concentrates and magnetite, and recovery of uranium mineral concentrates from copper tailings
was improved.

New Projects

UCIL has suspended mine and mill construction work at Turamdih and also scaled down the mining activity
at Narwapahar due to financial constraints. Now the ore produced in Narwapahar will be transported to
Jaduguda mill for processing. For this purpose the Company plans to expand the Uranium mill at
Jaduguda. Possibility of bringing Domiasiat Uranium Deposit (Meghalaya) into production will also be
examined.

INDUSTRIAL ORGANISATIONS

• Heavy Water Production
Heavy water production in the country comes within the purview of the Heavy Water Board. At present there
are eight operating heavy waterr plants at Nangal (Punjab), Rawatbhata (Rajasthan), Baroda and Hazira
(Gujarat), Talcher (Orissa), Thai (Maharashtra), Tuticorin (Tamilnadu) and Manuguru (Andhra Pradesh). The
plants at Rawatbhata and Manuguru are based on indigenous technology developed at BARC.

During the year, there was an overall improvement in the heavy water production profile. Performance of
Heavy Water Plants at Nangal, Kota, Baroda, Tuticorin, Thai and Hazira was satisfactory. Manuguru Plant
also performed well after initial period of stabilisation. However, operations of Talcher plant got restricted
due to non-availability of inputs from the fertilizer plant to which it is linked. The requirement of heavy water
for the new nuclear power stations was met successfully.

D Nuclear Fuel
The Nuclear Fuel Complex (NFC) Hyderabad manufactures and supplies fuel assemblies and zircaloy core
components for the pressurised heavy water and boiling water reactors. Here the fuel, zircaloy tubes and
components are manufactured under one roof starting from Magnesium diuranate and Zircon sand.

During the year, NFC supplied fuel bundles for the operation of power reactors at Tarapur, Rawatbhata,
Madras and Narora, and initial core of KAPP I and II. Requirements of Zircaloy calandria tubes, shutoff
tubes, flow tubes for Kaiga I & II and RAPP III were also met. Fabrication of coolant Zirconium-Niobium
tubes for Kaiga II, and RAPP III reached completion. In-house fabricated equipment such as shear strength
testing units, reduction and vacuum distillation units, calcination/reduction furnaces etc. were built and
commissioned.



At NFC work on the expansion of production capacities continued. Ordering of critical equipment was
taken up and site related activities commenced. The two continuing schemes of Phase-I expansion and
augmentation approached completion. To meet the requirements of Nuclear Power Programme by the year
2000 AD, four new projects, as detailed below, have been envisaged during VIII and IX Plans.

New Uranium Oxide Fuel Plant-I, Hyderabad 670 T of uranium dioxide (UO2) pellets per year

New Uranium Fuel Assembly Plant-I, Hyderabad PHWR fuel assemblies containing 600 T
| of UO2/yr.

New Zirconium Sponge Plant, Palayakayal,
Tamilnadu.

300 T zirconium sponge per year

New Zircaloy Fabrication Plant, Hyderabad 80 T zircaloy fuel tubes and other components/yeai

For these projects, the Atomic Energy Regulatory Board (AERB), Department of Environment and the State
Pollution Control Boards granted clearances and financial sanctions were obtained. Phase-I of these plants
is expected to be commissioned by the year 1995.

D Radiation & Isotope Technology

Production and supply of radioactive chemicals, radiation sources, radiopharmaceuticals, and radioimmu-
noassay (RIA) kits, labelled compounds and biomolecules, radiography and irradiation equipment are
administered by the Board of Radiation & Isotope Technology (BRIT).

During the year, BRIT supplied over 81,000 consignments of radioisotopes and related products valued
at Rs.8.73 crores to 800 user institutions, besides exporting radioisotopes and equipment worth Rs. 44
lakhs. Over 41% increase in the sale value was registered as compared to the last year.

The Board also supplied over 57,000 consignments of radiopharmaceuticals that enabled about 6 lakh
patient investigations. Also, work continued on the development of new radiopharmaceutical products for
brain and heart imaging.

RADIOISOTOPES AND IRRADIATION
SERVICES

FROM BRIT IN THE YEAR 1992

10.0

9.5

9.0

SALE VALUE OF RADIOISOTOPE
PRODUCTS SUPPLIED BY BRIT

8 73

89 90 91 1992



A total of 12.46PBq (337 KCi) of radiation sources of various radioisotopes, and 15 sources of cobalt-60
were supplied. These radiation sources find applications in cancer therapy and industrial processes.
Phosphorus-32 and Sulphur-35 labelled biomolecules, were also supplied by BRIT to over 40 user
institutions. This covered most of the indigenous requirements, Isomed Plant at Trombay sterilized over
9000 cubic metres of medical products and devices and its revenue increased by 29% from irradiation
services. About 2.88 PBq (78 KCi) of cobalt-60 was loaded in the radiation sterilization piant at the Kidwai
Memorial Institute of Oncology, Bangalore.

A new remote cable operated radiography camera ROLI was fabricated and 10 pieces were supplied to
industry.

New Projects

BRIT's projects in the VIII Five Year Plan cover extension of nuclear medicine facilities, preservation of
spices by radiation, testing of radioisotope equipment & packages, and upgradation of radiopharmaceutic-
al production facilities. Work on upgradation and modernisation of radiopharmaceutical facility at Vashi has
commenced.

D Support to Research

The Department has been funding four aided institutions namely, the Tata 'nstitute of Fundamental
Research, Bombay (Rs.41.32 crores), Saha Institute of Nuclear Physics, Calcutta (Rs.7.20 crores), Tata
Memorial Centre, Bombay (Rs.23.91 crores), and Institute of Physics, Bhubaneswar (Rs.3.09 crores).
Rs.1.90 crores and Rs. 1.03 crores were provided to Mehta Research Institute, Allahabad, and the National
Board for Higher Mathematics, Bombay.

During the year, the Board of Research in Nuclear Science recommended financial assistance of Rs.4.43
crores for 257 projects, and Rs.50 lakhs for 59 symposia. A sum of Rs.50.00 lakhs was provided for award of
research fellowships.

D Giant Metre Wave Radio Telescope

The Giant Metre Wave Radio Telescope is being set up at Narayangaon near Pune. Considerable progress
in the construction works of this telescope has been made.

• ACTREC Centre

The Tata Memorial Centre has been setting up a new Advanced Centre for Treatment, Research and
Education in Cancer at New Bombay. Land for the Centre was acquired and preliminary works continued

D Leprosy Vaccine

The evaluation of anti-leprosy vaccine, developed at the Cancer Research Institute, Bombay, made steady
progress. The vaccine was earlier given to 36,000 individuals to assess its efficacy. The study was
expanded to include larger number of patients.

• Emergency Planning

The Department of Atomic Energy has drawn up extensive Emergency Preparedness and Response
mechanisms to handle even the remote eventuality of an emergency-either a nuclear or a conventional one.
To monitor the implementability of the Emergency Preparedness plans, several exercises simultating
emergencies, were conducted and corrective actions taken wherever necessary.

D International Relations

India was designated to the International Atomic Energy Agency (IAEA) Board of Governors for the 36th year
in succession. The country continued to offer training facilities, fellowships, and scientific visits, and made
available services of scientists for expert assignments both through the IAEA and to the countries with which
we have bilateral agreements for cooperation in the field of peaceful uses of atomic energy.

During the year, an Agreement for cooperation in the peaceful applications of nuclear energy was signed
with Peru. The Cooperation Agreement with Syria was extended for a further period of 6 years, and with
Vietnam for 5 years.

Concerted efforts were made to publicise our expertise for the purpose of export of technology and
equipment for peaceful applications of nuclear energy.

The detailed report is given in the following chapters.
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Pick-n-Place Robot with 6-axes movement capability

Hydrogen flame microwelder

Intelligent Braille Interpreter with voice it-cogmuor, <,<*;«.-..>



BARC low (1) and high grade (3) pectins and commercial

pectins (2&4)

High yielding groundnut
variety TG-22 released for
cultivation in Bihar plateau

A powdery mildew resistant iwngbean variety (TARM-2) released
for cultivation (left) in comparison with susceptible variety TAP-7.
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Irradiation technique has been used for preservation of sea-food and
spices

Inside view of an irradiator at BARC.
The blue halo is due to the water immersed source.

BARC has successfully used irradiation technique in preventing sprouting
in potatoes and onions, and increasing shelf life of fruit.
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Real time environmental Gamma Dose Logging System (EDLS)

Study of dispersion characteristics of Atmospheric Effluents with SODAR
(Health Physics Division)



Sound Detection and Ranging (SODAR) Facility at Kaiga Atomic Power
Project for micro-metereological studies carried out by
Health Physics Division, BARC

Special flask for handling control rod drive mechanism
ofFBTR

Injection side of 2 MV Tandem Accelerator showing the negative Ion Source.Mass Analysing
Magnet and Accelerator Pressure Vessel. The Accelerator is indigenously developed and
installed in Materials Science Division of IGCAR



• RESEARCH AND DEVELOPMENT •

• The seismic arrays at Gauribidanur and Delhi operated continuously.

• Final enrichment plant based on vacuum distillation of HWP, Hazira, was successfully commissioned.

• Trial operation of the 425 cum/d multi-stage flash desalination plant in round-the clock carried out. A reverse osmosis (RO) pilot plant
designed, fabricated and installed techno-economic feasibility reports made for commercial recovery of uranium from the phosphoric acid.

• The Sludge Hygienisation Research Irradiator (SHRI) facility operated successfully.

• Purnima-lll reactor assembly was reconfigured by replacing aluminum reflector modules with zircaloy reflector modules.

• Research reactors Dhruva, Cirus and Apsara operated satisfactorily and utilised for production of radio-isotopes and research in basic
and applied sciences.

• Fabrication of mixed uranium plutonium monocarbide containing 55% plutonium carbide for the second core of FBTR taken up.

• The implementation of radiation safety programme in non-DAE institutions all over the country using radioisotopes and radiation
sources for medical, industrial and research applications continued. Personnel monitoring service provided to both DAE and non-DAE
institutions.

• 45,000 radiation workers were monitored with TLD and film badges. In addition around 1300 additional radiation workers for fast neutron
exposures were monitored.

• A 5 axis robot developed for neutron tomography studies and for use with the Kamini reactor at IGCAR.

• One variety each of groundnut (TG-22) and mungbean (TARM-2) released by the Bihar State and Maharashtra State Seed Committee
respectively.

tthahlia Atomic
Research Centre

PHYSICAL SCIENCES

Nuclear Physics Research
The 14 MV Pelltron accelerator producing
heevy ion beams forms the major facility
around which basic nuclear physics re-
search activities are conducted. The de-
velopment of various sophisticated nuc-
lear instruments form the backup for plan-
ning further detailed experiments at the
Pelletron.

In the field of experimental nuclear phy-
sics, the thrust of investigations are main-
ly based on the utilization of heavy ion
beams from the 14 MV Pelletron facility.
The energetic heavy ion beams from the
accelerator bring in large amount of
linear and angular momentum and nance
one explores the nuclear structure effects
at high excitation energies and high
angular momenta.

The super deformed shape isomeric
nature of resonances in 28Si populated in

the 160 + 12C collisions conjectured
earlier have been confirmed through de-
tailed sequential alpha-alpha coin ci-
dence studies.

Multinucleon transfer reactions in 12C
+ In and 12C + Sr have been investi-
gated to understand the role of particle
transfer in dissipation of energy and
angular momentum. Measurement of
angular momentum distributions using
BGO multiplicity set up in different reac-
tion channels 16O + " 5 l n and
12C + 115ln collisions has resulted in cor-
relation between the linear momentum
loss and angular momentum transfer and
provides important clue to the reaction
dynamics. The observed gamma-fold dis-
tribution for the transfer and fusion chan-
nel were converted into gamma multiplic-
ity distributions which yields the angular
momentum distribution.

Entrance channel dependence of fis-
sion delay as obtained by the measure-

ment of prescission neutron multiplicity in
case of z48Cf have been investigated
through ™0 + 232-^ a n d n B + ?37Np

channels.

The high energy proton spectra were
measured in the reaction 12C +93Nb
(compound nucleus 104Pd) in order to
obtain evaporation particle spectra from
an excited compound nucleus (8-20 MeV
excitation and J < 20). Using Reisdorf's
model, energy variation of nuclear level
densities in the compound nucleus has
been accurately measured.The fusion
cross-section and gamma ray multiplici-
ties for the system ™F + 16SHo have been
measured in the incident energy range 74
- 95 MeV to obtain average momentum at
various excitation energies.

In the field of theoretical nuclear phy-
sics, the thrust of investigation continues
to be the intermediate energy physics.
The reaction mechanism studies include



• In the 14 MV Pelletron accelerator was
operated round the clock providing heavy
Ion beams to experimental groups.

• The Installation and commissioning o f .
triple axis spectrometer at the Institute o
Nuclear Sciences and Technology, Savar
Bangladesh carried out.

• BARC rendered analytical service to va-
rious units of DAE.

• An electron beam sustained CO2 laser,
the first laser of its Kind in the country,
developed and operated during the year.

• The seismic arrays at Gauribidanur and
Delhi operated continuously. More efficient
methods for detection and discrimination
of seismic events, at very large distances
developed

• Studies with plasma jet devices con
tinued. A prototype 50 KW plasma melting
torch developed.

Using the pulsed high magnetic field
facility Garter Spring repositioning suc-
cessfully carried out at KAPP-il.

• Work on the testing and commissioning
of the 150 Kj/40 KV fast energy storage
capacitor bank at Purnima reached an
advanced stage.

charge exchange reactions of the type
P{p,n)P pi + and P{p,n)delta++. A formal-
ism for incorporating Rho meson ex-
change in (p,n) reaction has been com-
pleted to explore the effect of final state
interaction on the polarization variables
and the cross sections. The elastic scat-
tering and the fusion cross-sections and
spin distributions in 16O + 208Pb system
have been analysed in terms of energy
and angular momentum dependent optic-
al model potentials.

Studies have been initiated to look for
signatures of quark gluon plasma in the
elastic scattering of anti-proton on deuter-
on using the Glauber formalism. Prepara-
tory studies are being carried out for par-
ticipation in the International Collabora-
tion in PHENIX experiment at RHIC at BNL
in which BARC has been included as the
collaborating institution.

Various instrumentation for nuclear
physics experiments have been de-
veloped. Large area position sensitive
ionization chamber fabricated locally is
now undergoing detailed beam tests at
the Pelletron. Dipole magnet for the
Separator for Heavy Recoil Ions (SHRI) for
use at the Pelletron is fabricated and field
mapping is presently being done. For
measuring high energy gamma rays in
nuclear reactions a BaF2 detector assem-
bly consisting of 7 hexagonal detectors
has been planned and two of these detec-
tors have been procured and tested. The
response of Barium fluoride and Cesium
Iodide detectors to light charged parti-
cles is being studied. These single crys-
tals have been developed at the BARC.
Neutron scintillation detectors using NE-
213 have been assembled and tested for
pulse shape discrimination and timing
responses.

Accotonrtor PfOQramnw

The 14UD Pelletron has been operated
round the clock providing heavy ion
beams to experimental groups. In addi-
tion, components of the beamline such
as, beam profile monitors and Faraday
cup have been fabricated substitute the
presently imported components. For the
super conducting LINAC programme,
modifications in the drying sequence af-
ter the lead plating have resulted in lower
power dissipation. The present figure of
electric field of 2.8 MV/m at 6 Watts of
power is closer to our design value.
Radiofrequency controller developed at
BARC has been used for phase and am-
plitude locking the resonator and has per-
formed satisfactorily. Eight quarter wave
resonators are in various stages of fab-
rication. Steps have been taken to opti-
mise the quality of the electron beam
weld of the can to the shorting plate. A
modular Helium cryostat designed to
hold four resonators is in advanced stage
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of fabrication at M/s IBP Co.Ltd.Nasik and
is expected to be delivered by mid march
1993. Work on RFQ is continuing.

Reactor Physics

Fuel management activities such as
regular core follow up, analysis of
Traversing-in-core probe data, critical
rod patterns etc., were continued in re-
spect of TAPS units. The reload pattern,
guideline control rod patterns for critical-
ity and power operation for unit-1 cycle-
13 were worked out. In connection with
reload pattern, a detailed parametric
study of the new technique for optimisa-
tion of reload pattern was carried out. In
view of the necessity of some discharged
fuel bundles being loaded into dry stor-
age cask, criticality studies to demons-
trate safety against accidental ingress of
water into the dry cask were carried out.
As a part of the programme for insertion of
a couple of test fuel bundles of MOX
design into Tarapur, detailed physics de-
sign studies were performed. Using noise
analysis technique, times between pairs
of axially displaced Local Power Range
Monitors for TAPS unit-1 were obtained &
analysed to obtain fluid velocities in the
reactor core.

The operation of NAPS-I was followed
up ir- letails taking account the variation
of boron in the moderator.

The pre-equilibrium operation of 220
MWe PHWRs was analysed with uses of
either depleted uranium or thorium bun-
dles in the initial fuel charge, in order to
study the effect on the reactivity worth of
the two shutdown systems.

.All situations related to control and
safety were analysed prior to the start up
of KAPP-I with thorium bundles in the first
fuel loading. A post experiment analysis
was also carried out.

Re-optimisation of the core of 500 MWe
PHWR under design was carried out to
increase the burn up by reducing the
number of adjuster rods without sacrifing
the control capabilities. The number of
detectors for the regional overpower sys-
tem was optimised. Some exercises were
done to validate the software developed
for "on-line flux mapping system". Models
were developed to assess the second
shutdown system of injecting poison in
the moderator.

Monte carlo code MONALI was
adapted on Landmark computer to exploit
the parallel processing system de-
veloped in BARC. The code has been
used for generating lattice parameters for
8x8 fuel box of a BWR required for IAEA
benchmark study. A speed up factor of
7.65 was obtained with 8 processors.
With 12 processors it took only 27.2 mi-



nutes of real time in comparison to 30 hrs.
of CPU time taken on ND-570 system.

Computer codes developed for design
and fuel management for Light Water
reactors were validated by participating
in IAEA coordinated research program-
me. Fuel cycle analyses were carried out
for PWR and WER for this purpose.
Analysis of measured data were also
made using the recently acquired Korean
cross-section library.

The development, improvement and in-
tercomparison of various methods to
solve space-time kinetics equations was
continued. Codes based on modal, alter-
nating direction explicit (ADE) and modal
quasi-static approximations were de-
veloped. Frequency transformation tech-
nique was incorporated in the code
based on ADE. The modification has re-
sulted in saving the computation time
without loss of accuracy. An improved
thermal hydraulics routine was incorpo-
rated in the space-time kinetics code 3D-
FAST. A number of benchmarks simulat-
ing control rod drop transients in a PWR
were analysed. To estimate shutdown
systems' worth in KAPS-I reactor, dyna-
mic tests have been performed. These
experiments are now being analysed. A
point kinetics routine has been success-
fully incorporated in LOCA code for 500
MWe PHWR. The hypothetical core dis-
ruptive fast reactor accident analysis
code ANEXDI has been modified to in-
clude partially failed structures. Work on
spatial control and kinetics for 500 MWe
PHWR was carried. Spatial controllability
for the modified 500 MWe PHWR core
with 21 adjusters was examined from the
point of view of setback and shim opera-
tion.

During Nov.23-26, 1992, RCM on ben-
chmarks for PHWRs was organized at
BARC. Four benchmarks on (i) loss of
regulation transient, (ii) effect of isotopic
composition on void reactivity, (iii) mixed
oxide loading with 0.47 PuO and (iv) pow-
er distribution control transient were
analysed and the results were compared
with those from Canada, Argentina &
Romania. Summary reports for supercell
and loss of regulation benchmarks were
prepared.

Condensed Matter Physics

In continuation of the ongoing programme
of work on structural characterisation of
high-Tc superconductors, structures of
several high-Tc materials synthesized at
BARC and other institutions have been
investigated at Dhruva reactor using the
neutron powder diffraction technique.

High precision single crystal neutron
structural studies of ferroelectric (Ba/
Ca)TiO3 and ferroelastic TINO3 have

been carried out, with a view to probe the
structure property correlations in those
materials.

High precision neutron structural stu-
dies of white and pink ruby (AI2O3) single
crystals supplied by Institute of Crystal-
lography, Moscow have been carried out,
in order to investigate possible changes
in structural features introduced by 0.5%
doping of Al by Ti- in pink ruby.

Ferrites continued to be of interest for
their interesting magnetic properties.
Magnetic structure of a mixed ferrite of
type NisxZnxFe, 5Ga.50.4 has been deter-
mined using Neutron Diffraction techni-
que. Crystal structure of compound
LaBa2Cu3.xCoxO7+y has been studied
from powder samples. These compounds
have structure similar to that of high Tc
materials. T h e ^ ^ o f chal_

cogenide glasses is an important and
controversial subject. Using the High-Q
diffractometer at Dhruva reactor, the dif-
fraction pattern of Ge«Sei.x(x = 0.10,0.20,
0.33 and 0.40) are- measured. Neutron
interferometric and polarimetric experi-
ments involving quantum evolution of a
neutron spin state have been proposed to
elucidate Geometric Phase, a new fun-
damental geometric concept discovered
recently. One such experiment is due to
be carried out shortly at the University of
Missouri Research Reactor (MURR), USA
in collaboration with the groups at Vienna
and MURR.

A novel evanescent-field beam splitter
has been proposed with the unique fea-
ture that the two split beams are in iden-
tical polarisation state and which opens
up possibility of a new class of optical
polarisation state interferometry experi-
ments not hitherto feasible.

The structure of biomolecules is essen-
tial for understanding the structure activ-
ity relation and also for rational drug de-
sign. The structure is also the starting
point for molecular dynamics studies to
study movements in biomolecules. The
crystal structure studies of human carbo-
nic anhydrase I complexed to HCO3-, a
substrate/inhibitor molecule of the en-
zyme has revealed the binding site of
HCO3- and catalytically important re-
sidues in the active site. The structure of
three different sulfonamide drug mole-
cules bound to HCAI have been analysed
and 20 different sulfonamides modelled
in the active site on the basis of these
studies. The structures have also been
energy minimized to get a good fit of the
drugs.

The structure of native human carbonic
anhydrase is being refined at a high re-
solution of 1 6A with the data collected at
a synchrotron x-ray source at Japan.
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Structure of RUBISCO multi enzyme
complex under study has been generated
from alpha carbon atom coordinates with
a computer code developed for this pur-
pose.

The restrained least squares program
PROLSQ, used extensively in protein
structure refinement has been parallized
on the BARC parallel computer system
and tested with the high resolution syn-
chrotron HCAI data. This has resulted in a
speed up of 118 times on the parallel
processor as compared to ND570 com-
puter.

Hydrogen bonds play a vital role in
structure stability and function of
biomolecules. A systematic analysis of
accurate structures of amino acids and
peptides determined by neutron diffrac-
tion analysis has been applied success-
fully to analysis of H-bonding in the struc-
ture of triclinic hen egg white lysozyme
studied earlier.

Resonance Raman Scattering studies
have been performed on AgGaS2. This
ternary chalcopyrite semiconductor pro-
vides a natural extension to the binary
semiconductors which have been well
studied. We have obtained new results on
the exciton mediated resonance en-
hancement of cross-section for the B2 lon-
gitudinal polar mode across the direct
band gap (~ 2.75 eV). Since the exciton
level shifts with temperature, resonance
condition could be temperature tuned in
the range 100K-200K. The exciton be-
comes overdamped at higher tempera-
tures.

1H NMR studies of model membrane
(made up of the phospholipids DPPC,
DPPE and DPPA) doped with the antilep-
rosy drug, dapsone, has given a clear
insight into drug-membrane interaction.

Study of aggregation mechanisms re-
sponsible for generating different aggre-
gate morphologies is of vital importance
in understanding many natural phe-
nomena. BARC have investigated two
dimensional aggregation of glucose and
sucrose from their aqueous solutions.

With the aim of investigating the mic-
roscopic electronic properties, of mate-
rials from first principles, a state-of-art
band structure calculation scheme (tight
binding linear muffin-tin orbital method)
has been implemented in LM-860 RISC
computer of BARC. This is very efficient,
versatile and reasonably accurate com-
putational tool for extracting self-
consistently various electronic, structural,
optical and magnetic properties of bulk
solids (metallic or insulating), as well as
interfaces and multi-layers. It was de-
ployed to calculate the electronic struc-
tures and energy-volume phase diagrams



of various observed phases of Sn. We
have also studied Mg2X compounds
(X = Si, Ge, Sn) which are rather uncon-
ventional semiconductors having anti-
fluorite crystal structure were also stu-
died.

Molecular Dynamics studies of PdD2
and argon have thrown light on the pre-
sence and effect of Short Lived Large
Energy Fluctuations which can influence
diffusion of atoms, reduction of interato-
mic separations and also act as sources
of quanta of energy for evaporation of
atoms in solids and liquids.

A quasi-elastic neutron scattering
spectrometer in Multi-Angle-Reflecting-
Crystal (MARX) mode has been commis-
sioned. The whole spectrometer is mov-
able on air-cushion. Monochromator is
vertically bent to achieve focused neutron
beam at the sample position. It has been
fabricated indegeneously. The instrument
has resolution of 200mueV at zero energy
transfer. It is capable of measuring atom/
molecular dynamics in the range of 5 to
20 psec.

The installation and commissioning of
a triple axis spectrometer at the Institute
of Nuclear Sciences and Technology,
Savar, Bangladesh was carried out dur-
ing April - June, 1992. This spectrometer
was fabricated on the basis of an order
received from IAEA at BARC with support
from indigeneous industry

In pursuit of the objective to make Dhru-
va Reactor as a National Facility open to
Universities in India, the fourth school on
Neutron Scattering with emphasis on
small angle neutron scattering techni-
ques, was held at Indore during October-
November 1992 which included a week
long practical session at BARC Dhruva
Reactor.

The laboratory scale superconducting
High Gradient Magnetic Separator built
last year has continued to be used for
separation experiments of various miner-
als. An industrial scale SC-HGMS is
being designed. Work on development <5f
SC cables is continuing.

A new Helium Liquifier has been instal-
led, commissioned and successfully
operated. This 30 litres/hour capacity
liquifier will be able to satisfy all the re-
quirements of Liquid Helium in BARC for
the next few years.

The spectral characteristics of a possi-
ble undulatorfor INDUS-I are studied. The
results indicate that undulators offer 2 to 3
order higher brightness compared to the
corresponding bending magnet radiation
values.

Production of BF3, 3He and X-ray Prop-
ortional Counters has continued. New de-
tector development includes high sensi-

tivity 3He counters for Neutron REM Moni-
tors and multi-anode, neutron, linear posi-
tion-sensitive detector for Small Angle
Neutron Scattering (SANS). The 2-
dimensional PSD for SANS is now in an
advanced stage of fabrication at CWS A
PC based data-acquisition system to
generate 3-dimensional graphic display
from the raw data of the 2-D PSD has been
successfully tested.

The development of liquid methane
cold neutron source for Dhruva reactor
has continued.

A new diamond anvil cell similar to the
Basset cell, fabricated at Trombay has
been tested for pressure generation on
samples. The molecular solid p-
dichlorobenzene has been studied upto 8
GPa by Raman scattering to understand
the competing nature of CI-CI and C-CI
interactions. X-ray diffraction studies
under pressure have been carried out on
LiCsSO4 and Auln2 to monitor the ex-
pected phase transitions in them. The gas
gun system for generating shock waves
on samples has been continuously used.
A molecular interpretation of pressure in-
duced crystal to amorphous phase transi-
tions in terms of steric and kinetic con-
straints has been given. An ab-initio de-
nsity functional molecular dynamics
program has also been implemented on
the BARC Computing system. A state of
art energy dispersive X-ray diffraction sta-
tion for structural studies at high press-
ures has been set up and tested on a
VEPP-3 synchrotron beam line at Novosi-
birsk, Russia.

Theoretical Physics

New quantum effects in the behaviour
of Rydberg atoms in microwave cavities
were studied. A model for understanding
the multiphoton excitation in polyatomic
molecules by lasers was analyzed theore-
tically. Some aspects of the quantum
measurement theory were studied for in-
terpreting recent experiments in quantum
optics. A new interpretation of the non-
adiabatic geometric (Berry's) phase was
proposed in terms of the geometric dis-
tance function and the geometric length
of the curve for arbitrary cyclic evolution
of the quantum state. The ready viability
of this method for calculating geometric
phases has been shown for some non-
trivial examples in quantum optics.

Considerable progress was made in
the frontier area of non-linear dynamics,
classical and quantum chaos. A scheme
for the enumeration, classification and
characterization of the periodic orbits for
the P/3-rhombus billiard was developed
and the law of proliferation of these orbits
was derived. A new theory of fluctuations
in the length-spectrum of periodic orbits
of classical Hamiltonian systems was
formulated and applied to pseudo-
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integrable and chaotic billiards. A novel
quantization scheme based on a rela-
tionship between classical and quantum
resonances in chaotic systems was prop-
osed. It was mathematically shown that
the nature of the quasi-energy spectrum
for the Fermi-Ulam model is "fractal-like".
Physics of complex spatio-temporal sys-
tems with chaotic elements was studied
extensively and a wide range of novel and
interesting statistical and dynamical be-
haviour was discovered. Random matrix
theory was used to study the chaotic
dynamics of a new model of coupled
spins.

In condensed matter physics, nonlinear
optical properties of fullerenes were in-
vestigated in a tight-binding model. In
connection with Inertia! Confinement Fu-
sion, nonlinear drift vortices in two dimen-
sional plasma were studied. Also a new
formulation for calculating Bethe's aver-
age ionization potential as a function of
density and temperature was incorpo-
rated in the multigroup opacity program-
me developed earlier.

Integral transform and discrete ordin-
ates techniques were used to obtain
numerical solutions of one-speed neutron
transport equation in two-dimensional
cylindrical geometries. The results indi-
cated a non-monotonic variation of the
critical number of secondary neutrons
with the system size in presence of purely
forward scattering. For asymmetric eigen-
modes of the transport equation in one-
dimensional spherical geometry, another
interesting new feature was predicted- As
the system size increased the decay con-
stants alternated between complex and
real values.

Laser and Spectroscopy

BARC has rendered analytical service to
various unite of DAE. This involved the
analysis of about 1400 samples with more
than 8000 determinations during the year.
Spectroscopic methods were developed
for analysis of Tm and Lu in Y2O3; Al, Cu,
Fe, Ni in Cr etc.

An electron beam sustained CO2 laser
was developed and operated during the
year. This is the first laser of its kind built
in the country. The system, when oper-
ated as a laser oscillator gives reproduci-
ble laser energy output of 20 Joules with
an elliptical burn pattern of 45 mm x 49
mm. Its output is presently limited by the
size of the available optics.

The fabrication and performance eva-
luation of a prototype ICP emission spec-
trometer has been completed satisfactori-
ly. All the optical, electonics and software
systems for this spectrometer have been
developed.

High resolution FTIR spsctra of CH2F2,
isotopic methyl acetylenes, and deuter-



ft

ated phosphines have been studied.
Effects of various interactions on the
spectra have been taken into account and
the spectra have been satisfactorily
analysed to yield several molecular con-
stants and perturbation parameters.

Investigation of the emission spectra of
the monohalides of gallium and indium
has enabled the identification of bound-
free transitions in some of these mole-
cules which have the potential to be used
as possible laser transitions in the visible
region. The study of the intensity distribu-
tion in the forbidden molecular spectra
was continued with particular emphasis
on the electric quadrupole rotation-
vibration spectrum of the oxygen mole-
cule.

Theroretical formulae were developed
for absorption intensities of zero-phonon
single and double transitions in solid
para and ortho-H2 systems.

A Resonance lonization Mass Spectro-
meter was designed and fabricated.

In the area of laser spectroscopy mul-
tiphoton excitation studies in CS2, laser
induced fluorescence from iodine and
NO2. laser excited multiphoton ionization
of Yb. K. and Na, laser enhanced ionisa-
tion studies of potassium and rare earths
in flames were carried out. For multipho-
ton ionisation studies of atoms in a heat-
Dipe oven a ring diode has been fabri-
cated and tested. Spectroscopic studies
were carried out on laser produced plas-
mas in Zr, Cu, CuO etc.

The design of the photophysics and
high resolution VUV spectroscopy beam-
lines for INDUS-I has been completed.
Fabrication of the monochromator and
mirror chambers for the photophysics
beam line have also been completed. A
mirror chamber for the high resolution
beam line has been fabricated and is
vacuum tested.

Extensive studies of isotope shifts in
the complex spectra of both neutral as
well as singly ionised rare-earth atoms
were carried out in the UV region. These
studies enabled the evaluation of the
crossed second-order field shift effect in
the terms of Nd" +, experimental verifica-
tion of the theoretical calculations of con-
figutation mixing, electronic configuration,
assignments to the energy levels of Gd,
Dy and Yb. Laser excited and X-ray ex-
cited luminescence spectra have also
been obtained for several rare earth
doped crystals.

For the Pelletron - based spectra^copic
set up the Cu vapour laser dye system
has been installed and tested. Atomic
beam assembly and time-of-flight mass
spectrometer in the reflection mode have
been fabricated and tested.

A comprehensive computer programe
has been developed for vibrational analy-
sis of high Tc and related compounds.
With FTIR spectra obtained in the Division
the program has been used for analysis of
phonon spectra of CuO, Y?O3, Bi2O3,
GdaCuO4 and Bi based High Tc com-
pounds. Fluorescence studies of dyes
under high pressures have given interest-
ing information on the dynamics of the
dyes in solution.

Design of a 1m scanning Czerny- Tur-
ner monochromator has been completed
and fabrication is almost over. A laser
calorimeter for precision measurements
of absorption coefficients has been built
and used for determination of absorption
data for several materials in the UV.
Several thin film devices have been fabri-
cated and supplied.

Studies related to gas lasers, tunable
dye lasers and laser applications were
continued. The system, when operated as
an oscillator gives reproducible laser
energy output of 20 Joules with an ellip-
tical burn pattern of 45 mm x 49 mm. An
unstable resonator cavity, under fabrica-
tion, will be utilized to increase the laser
output.

Optimization of the medium power RH-
6G dye laser was done after a systematic
study of beam divergence, beam profile
and efficiency of the amplifier as a func-
tion of dye concentration had been car-
ried out. At present, efficiencies upto 40%
have been obtained under certain condi-
tions.

Antireflection (AR) coatings were de-
signed and developed for very large 79°
angles of incidence. The AR coating was
a 3 layer, design using titanium dioxide
and magnesium fluoride as the high and
low index materials.

A Michelson type of interferometer has
been set up to measure free surface velo-
cities in specimen targets subjected to
dynamic pressures. Free surface veloci-
ties upto about 100 meters/sec were mea-
sured when one of the interferometer mir-
rors was subjected to a shock produced
by the exploding wire technique.

A rate equation model has been formu-
lated for a SF6 saturable absorber used
for suppressing parasitic oscillations in
large CO2 laier chains. The model in-
cludes three transitions in the ladder and
one hot band transition along with the
intramolecular V-V relaxation to the bath
states. The transmission characteristics
have been calculated for several ex-
perimental conditions. Theoretical values
were compared with experimental data,
and it was found that this model com-
pared to earlier models explains the
absorption behaviour more closely.
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A mode locked Nd:YAG (3 mm x 65
mm) laser oscillator has been set up.
Mode locking has been achieved by ac-
tive/passive technique using a combina-
tion of accousto-optic modulator and a
contacted flowing type of dye cell.

Microdrilling of stainless steel, copper,
nickel and brass of 2 mm thickness have
been achieved using a Nd.glass laser
operated in a free running mode. Micro
holes of diameters, less than 50 microns
have been drilled with a uniformity of
better than 10%. Minimum laser energy
required for drilling was about U. The
existing cw-C02 laser was used for study-
ing the laser procesing of non metallic
material like quartz, alumina, pyrex wood
and plexiglass.

Development work initiated earlier was
continued during the year to increase the
range of laser communication to over 2
kms.

Solsmology

The seismic arrays at Gauribidanur and
Delhi continued to operate uninterrupted-
ly. Three underground nuclear test explo-
sions were defected. These more efficient
methods and techniques than hitherto
available for detection and discrimination
of seismic events, particularly those from
weak sources and at very large distances,
were developed and are being closely
examined.

To replace in a phased manner the old
cable telemetry system at Gauribidanur
array, six remote field seismometer sta-
tions along one arm of the array have
been upgraded to employ line-of-sight
UHF wireless communication directly to
the central monitoring laboratory. An ex-
perimental borehole vertical component
high gain seismic station with the seismo-
meter module anchored deep downhole
has been established at one of the field
stations of the triangular array at Delhi.

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

Work was started on the two high-
sensitivity ground-based gamma-ray tele-
scopes TACTIC and MYSTIQUE which
when fully commissioned, will enable one
to make detailed spectral and temporal
studies of cosmic gamma-ray sources in
the TeV and PeV energy ranges. On the
TACTIC unit with a 91 pixel imaging
camera, detailed Monte-Carlo simula-
tions of showers were carried out with the
following primary goals : (i) Optimization
of the triggering criterion suggesting an
energy threshold of" 0.2 TeV and a detec-
tion sensitivity comparable with that of its
international counterpart, GRANITE, the
stereoscopic imaging system at Mt. Hop-
kins (ii) Finding of optimal shower selec-



• The pulse power system KALI-1OOO
operated satisfactorily.

• BARC signed a MOU for the fabrication
of electron beam equipment with M/s. IBP
Co. and BARC.

• An 80 KW Electron Beam Melting Fur
nace being developed indigenously for the
first time in India. Such a furnace is cap-
able of melting ingots of refractory and
reactive materials.

• Facility for large scale synthesis of
yttrium and bismuth based superconduc-
tors using both ambient and reduced
pressure established for further experi
ments on shaping and fabrication.

tion criterion based on imaging, spectral
and temporal feature of the recorded
pulses.

On the theory side, efforts have been
made to understand the genesis of TeV
gamma-ray emission and modulation
from the classical polar AM-Herculis. The
mass of the companion star in Cygnus
X-3, one of the highlight objects of ultra^
high energy astrophysics, has been esti-
mated to be around ~ 10"z solar mass
from various theoretical considerations. It
has also been shown that, for a given
luminosity of a PeV source, the recorded
photon flux may be one order of magni-
tude lower than what was considered ear-
lier. The new theory of photomeson-
generated very high energy gamma rays
in Cygnus X-3 has been developed furth-
er to indicate a near compatibility of the
theoretical prediction on the ultra-high
energy photon flux from Cygnus X-3 with
the recently obtained experimental upper
limits. The anlaysis of the data recorded
by the Gulmarg Cerenkov Telescope over
1989-90 has been completed. This has
shed useful light on the emission charac-
teristics of several cosmic gamma-ray
sources.

Conventional nuclear beam dumping
model was invoked to understand the
emission of TeV gamma-rays from AM-
Her. The accretion column geometry of
AM-Her was modelled with considerable
detail to find that the protons accelerated
at a particular shock site of the same
column may give rise to the broad TeV
gamma-ray light curve of AM-Her.

Using the binary evolution equation,
appropriate specific angular momentum
for each component of Cygnus X-3, and,
in addition, by demanding that the soft
X-ray emission from the source is not
quenched by excessive circumstellar
matter, the mass of the companion of
Cygnus X-3, been estimated to be ~ 10'2

solar mass. This suggests that the secon-
dary in Cyg X-3 system may be a dwarf.

Using an explicit numerical paramet-
rization of the inclusive cross-section for
pamma-ray production in p-p reactions
and by recalling the fact that various, loss
processes often forbid acceleration of
particles in the X-ray binaries much
above 10 PeV, it has been shown that the
PeV telescopes are likely to register a
photon flux atleast one order lower than
believed earlier, in case the gamma-rays
are indeed of nuclear origin.

For TeV-PeV gamma-rays supposedly
generated close to the neutron star of
Cygnus X-3, the effects of magnetic de-
gradation and electromagnetic cascad-
ing effect in the presence of the same
intense soft X-ray field responsible for the
production of the gamma-rays via the
photomeson process have been consi-

2.6

dered. The other research activities pur-
sued by NRL during this period included
trace-elomental and dating work using
X-ray flourescence and thermoluminesc-
ence techniques, detection of neutron
bursts of solar and lightning origins using
the Gulmarg cosmic ray neutron monitor
and radiation sterlization work using the
PANBIT facility at Srinagar.

Plasma Physics

Studies on the basic processes and tech-
nological applications connected with
plasma jet devices have been continued.

A prototype 50 KW plasma melting
torch has been developed. This torch is
based on axial flow stabilization and was
chosen after trials on both vortex stabil-
ized and axial flow stabilized torches.
Extensive experiments have been carried
out to characterize the torch. The two wire
arc spray system currently undergoing
trials has been used for spraying of alumi-
num, copper, stainless steel (AISI 308L)
wires on various metal and ceramic subs-
trates. Titanium Carbide Coatings have
been prepared on alumina substrates by
reactive plasma spraying of titanium met-
al powder with acetylene as the reactive
gas and also with premixed powders of
titanium and graphite. Similarly nickel
aluminide has been synthesized by feed-
ing powders of nickel and aluminium.

As the final part of the collaborative
program with M/s. Steel Authority of India
Limited (SAIL), field trials were carried
out using plasma spray coated slide gate
plates in a steel plant environment. The
plasma coating doubles the life of the
plates. Under a joint program several tita-
nium plates have been coated with the
bioceramic hydroxylapatite. The coatings
show excellent characteristics and the
spray parameters are being optimised.
This has dental application.

An isolation trigger circuit has been
designed and developed for cathodo-
iuminescence studies. The circuit at 20
KV isolation from ground can trigger the
grid of an electron beam system ON for a
controlled variable duration of the order
of milliseconds.

Magmtohydrodynamlcs

The Liquid Metal Magnetohydrodynamic (
LMMHD ) Generator has possibilities of
utilization of 'waste' heat and at the same
time offers challenging opportunity for
theoretical and experimental work. The
6.5 m high LMMHD System after clear-
ance from the Safety Committee for Phase
I operation was loaded with 1.5 tons of
mercury and commissioned during this
year. Initial experiments were performed
with mercury as the electrodynamic fluid
and nitrogen as the gasdynamic fluid.
With a magnetic induction of 0.45 Tesla, a



load current of 200 A per electrode pair at
16 mV was obtained.

Recirculating currents near the edges
of the LMMHD generator, modify the
velocity profiles at high interaction para-
meters. In order to verify this ex-
perimentally, the 2 m high air-mercury
LMMHD facility was reconstructed with a
new epoxy channel and an electromagnet
to achieve interaction parameter values
from 0.05-5. The theoretical calculations
based on the modified velocity profile
model account for observed ex-
perimental results.

P U I M Power and Particle Beam Tech-
nology

Using the pulsed high magnetic field
facility based on an 85 kJ/20 kV capacitor
bank, Garter Spring repositioning was
successfully carried out at KAPP-II at
Kakrapar in a record period of one month.
As a result of this excercise the creep
contact life of 20 coolant channel of the
PHWR were increased.

Work on the testing and commissioning
of the 150 Kj/40 KV fast energy storage
capacitor bank at Purnima is in an adv-
anced stage. In addition to the studies in
Plasma Physics this bank will also be
used for generation of pulsed high
magnetic fields to conduct feasibility
trials on shrink fitting of zircalloy spacers
on zircaloy fuel tubes used in the PHWRs.

The pulse, power system KALI-1000 has
shown satisfactory operation for more
then 200 shots in electron beam mode at
a charging voltage of 550 kV. To further
upgrade the performance, the dielectric
medium in the output spark gap is being
changed to deionised water instead of
mineral oil to achieve multichannel spark-
ing and long term reliability.

For the KALI-500, Marx generator, the
casing of size 3000 x 1700 x 1500 mm has
been received, and fabrication of 600 mm
long castor oil based Blumlein line is
nearing completion.

Electron Beam Technology

An order for the fabrication of a 150 KV 6
KW EB welding equipment is being ex-
ecuted. Electron Beam processing equip-

ment are a frontline technology. Keeping
in view the future demands for such
machines a MOU for the fabrication of
electron beam equipment has been
signed between M/s. IBP Co. and BARC.

Mechanical properties of vanadium nit-
ride films produced by reactive sputter-
ing in an indigenously developed DC
Magnetron Sputtering equipment have
been studied for the first time. These films
have been found to possess good hard-
ness and abrasion resistance.

An 80 KW Electron Beam Melting Fur-
nace is being developed indigenously for
the first time in India. Such a furnace is
capable of melting 50 mm dia x. 600 mm
long ingots of refractor/ and reactive
materials like niobium, zirconium, tanta-
lum etc. Various subsystems of this fur-
nace have been commissioned. The unit
has been operated upto 10 KW for button
melting of niobium charge. Further work
is in progress for increasing the power
level and installing the feeding and re-
traction assemblies.

One 20 KW Electron Beam equipment
has been fabricated. Trials for long con-
tinuous runs have been carried out. Apart
from obtaining uninterrupted perform-
ance, the aim was to simultaneously
achieve long cathode life. A life of 60
hours for filament life has so far been
obtained.

During the year several EB welding
jobs were carried out on coronets, rotat-
ing anodes of x-ray machines, zircalloy
boxes for reactors etc.

Thin film coating of refractory metal
carbide and nitrides find wide industrial
applications. Reactive DC magnetron
sputtering is extensively used for produc-
tion of such coatings. One such sputter-
ing unit has been fabricated to investi-
gate the microhardness, abrasion resist-
ance, X-ray Diffraction pattern and resis-
tivity of VN films. These properties have
been correlated with process parameters;
VN has been found to possess good mic-
rohardness and abrasion resistance.

Industrial Design

As an integral part of the superconduct-
ing LINAC booster program, a dc magnet-
ron sputtering system has been de-
signed. The system will be used for de-
positing niobium films on the internal sur-
faces of RF resonant cavities. Several
cathodes have been tested for assessing
the optimum parameters that determine
the final film performance.

A new ultrahigh vacuum system for the
T!FR experiments on gravitation has been
fully fabricated, assembled and is being
tested.

Superconductors

Facility for large scale synthesis of Y-123,
Bi-2212 and Bi-2223 superconductors us-
ing both ambient pressure and reduced
pressure has been established for further
experiments on shaping and fabrication.
Enhanced grain alignment has been
obtained in Y-123 by the alkali flux and in
bismuth based compounds by the partial
melting techniques. Effect of starting
materials and processing parameters has
been investigated to synthesize Bi-2223
phase in shorter periods.

The crystallisation behaviour of high
temperature superconductors was stu-
died. The stability of Bi2Sr2CaCuz0x (Bi-
2212) phase in molten KCI flux was in-
vestigated. Iodine intercalation in Bi-2212
crystals was carried out and its effect on
the superconducting properties was stu-
died by fabricating S-l-N tunnel junctions.
Polycrystalline Pb2Sr2(Y,Ca)Cu40z mate-
rial superconducting at 67 K was synthe-
sized. Sputter deposition of YBa2Cu3Oy
thin films using targets prepared replac-
ing BaCO3 with BaF2 was undertaken.
Investigations related to the post deposi-
tion annealing of the precursor films
under different oxygen partial pressures
and temperatures were made. Films su-
perconducting at 90 K and exhibiting cri-
tical currents of 5x10s A/cm2 at 77 K were
prepared and characterized. The epita-
xial growth of Dy, BaO and Y2O3 under
MBE conditions was studied. The RHEED
and ESCA measurements on these films
were performed.
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• The thrust of the work continued to be in
the areas such as superconductivity, che
mical dynamics, radiation and photoche
mistry, laser chemistry, interfacial phe-
nomena, catalysis, hydrogen storage
materials and organometallics.

• Work on solid state reactions, one elec-
tron redox processes in aqueous solutions
of corrosion inhibitors, chemistry of alumi-
nium complexes with organic ligands, ther-
modynamics of fission products, software
development related to water chemistry,
etc. also pursued.

• The radial.on and photochemical prop-
erties of fullerenes, the newly discovered
hollow spheroidal molecules, was thor-
oughly investigated.

• The thrust areas of work chemical tech-
nology concerned understanding the che-
mistry and technology of decontamination
of BWR and PHWR reactor system sur-
faces.

Efforts devoted to applied research such
as new methods of decontamination of
radioactivity using cross-linked gels,
catalyst development for nuclear reactor-
oriented problems, development of high
technology materials, etc.

Investigations on the chemical aspects
of nuclear fuels continued. This involved
research on advanced fuels and related
systems for fast reactors, and develop-
ment of sol-gel process for preparation of
nuclear fuels.

Work on establishing the Centre for
ompositional Characterisation of Mate-

rials (CCCM) at Hyderabad progressed
well. Most of the civil works completed.
The Centre to function shortly.

CHEMICAL SCIENCES

Basic Chemistry

The main thrust of the work continued to
be in front-line areas of basic research
such as superconductivity, chemical
dynamics, radiation and photochemistry,
laser chemistry, interfacial phenomena,
catalysis, hydrogen storage materials
and organometallics. Besides work on
solid state reactions, one electron redox
processes in aqueous solutions of corro-
sion inhibitors, chemistry of aluminium
complexes with organic ligands, thermo-
dynamics of fission products, software
development related to water chemistry,
etc. were also pursued.

For the first time, a number of com-
pounds belonging to the first member
(n = 1) of the bismuth-based high-Tc ox-
ide superconductors, Bi2Sr2Can.
TCUnOan+4 were synthesized in large
quantities and detailed neutron diffrac-
tion studies were carried out to. under-
stand the structural characteristics of
these compounds.

An interesting class of bismuth-based
compounds related to Bi-2201 (n = 1) and
Bi-2212 (n = 2) were synthesized from
strontium-free compositions and the 2212
compounds were made to be supercon-
ducting at 50 K by carefully controlling
the processing parameters.

Unusually large suppression of Tc was
observed by the RBajCu^Os (R= yttrium
and dysprosium) superconductors (Tc =
80 K) towards partial substitution of triva-
lent R by tetravalent cerium, the suppres-
sion of Tc being much sharper compared
to the corresponding enhancement of Tc
by divalent calcium substitution.

Synthetic procedures were developed
for the preparation of the newly disco-
vered (Cd, Pb)(Ca, Y)Sr2Cu207 (Tc = 14
K) and (Bio5Cu0.5)Sr2YCu207 (70 K) su-
perconductors. A series of high-Tc super-
conducting oxides, TI2Ba2CaCu2O8 as a
function of combined ,Ca + Ba
stoichiometry were prepared and char-
acterized in order to understand the
mechanism of formation of single phase
Tli,Ba2CaCu20g (TI-2212). Bulk samples
of R2Cu04 and Y-123 were prepared to
meet the demand of these high Tc super-
conducting oxides for various R&D activi-
ties in the centre.

EPR and microwave absorption studies
on high Tc super conductor materials
have shown evidence for non-equilibirum
vortex distribution with magnetic field
sweeping and the persistence of antifer-
romagnetic correlation. EPR studies of
Cu+2-doped (NH«)« ThF8, (NHJSUFB and
(NHJ^PuFn compounds have shown
structural phase transitions associated
with hindered molecular motion of the
MF8 anionic group at 214 K, 214 K and
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232 K respectively. Positron annihilation
spectroscopic measurements on normal
and Zn-doped Y-Ba-Cu-0 and Bi(Pb)Sr-
Ca-Cu-0 high Tc superconductors in the
temperature range 10-300 K have shown
that the life time and line shape are sensi-
tive to the dopant concentration, super-
conducting transition, microstructural fe-
atures and vacancies. Similar studies on
industrial catalysts brought out the im-
portance of the influence of substituents
on catalytic activity. Time differential per-
turbed angular correlation studies in the
intermetallic HfO85 Ta0i5Fe2 showed fer-
romagnetic to antiferromagnetic transi-
tion at 77 K and 298 K.

For the first time the intrinsic thermal
conductivity of uranium dioxide in the
temperature interval of 500-1400 K was
theoretically explained by incorporating
Slack's expression for reduced Debye
temperature into the general Leibfried-
Schlomann equation for thermal conduc-
tivity of solids.

Fundamental aspects in heterogeneous
catalysis such as the nature and activity
of transient species formed during oxida-
tion and hydrogenation reactions involv-
ing simple molecules like CO, CO2 etc.
the identity of active sites and the role of
support and metal/support interactions
were investigated in detail.

A new surfactant system consisting of
CTAB and sodium 3-hydroxy naphthalene
2-carboxylate has been discovered, with
very strong stress/flow induced birefring-
ence and existence of a liquid crystalline
phase. The investigations have given a
valuable insight into the correlations be-
tween vesicles, liquid crystals and vis-
coelastic solutions.

Fullerenes, the newly discovered hol-
low spheroidal molecules (cages of car-
bon atoms) have attracted a great deal of
attention. The radiation and photochemic-
al properties of fullerenes was thoroughly
investigated. The fast reactions involved
were studied by pulse radiolysis and las-
er photochemical techniques. Some of
the aspects like charge separation, re-
combination and singlet-triplet conver-
sions were studied in pico to nano
second time domain.

The time-resolved and steady state
radiation chemistry of a number of biolo-
gical compounds and biological model
compounds such as DNA bases, pro-
teins, aminoacids, sulphur compounds
and drug molecules was carried out and
the mechanisms of radiation damage and
repair have been worked out. The radia-
tion chemistry of metal complexes such
as those of palladium(ll) has been stu-
died and the site of attack of e"aq and OH
radicals in these molecules has been
established. Light emission from laser
dyes encapsulated in polymeric gels and



adsorbed on membranes has been stu-
died. These studies are expected to help
in improving the efficiency of laser dyes
and in extending their life time.

Pulse radiolysis technique was used to
study the radiation chemistry of corrosion
inhibitors such as diethylthiourea, phenyl
thiourea, 2-mercaptobenzimidazole, 5-
aminotetrazole and 3-hexyne 1-oi. The
reactivity of these compounds towards
e'aq. H and OH radicals and the spectral
and redox properties of the transients
were studied Pressure-sensitive adhe-
sives for use in temporary labeling and
masking have been developed using
radiation cross-linked polymeric compo-
sites Efforts are being made to develop
new routes for the synthesis of nanomate-
rials (which are clusters of a small num-
ber of atoms and display quantum prop-
erties) by using pulse radiolysis techni-
que and nanosecond electron pulses.

Anomalous behaviour was observed in
recovery studies of helium ion irradiated
nickel-aluminium and nickel-copper
alloys due to formation of microbubbles,
and in the case of nickel-chromium sys-
tem due to increase of local order.

Several new coordination compounds
of uranium, nickel, copper and zinc and
organometallic compounds of platinum
group metals and tin were synthesized
and their structural aspects were investi-
gated. Such interesting features as influ-
ence of imidazole on the reactions of cop-
per peroxy complexes of aminoacids, the
formation of new mixed metal peroxy
complexes in these systems, and occurr-
ence of novel 4-, 5- and 6-membered
metallocyclic rings of unique configura-
tion derived from platinum/ palladium/ tin
and group V and VI donor ligands were
observed

An indigenously designed facility us-
ing hot filament chemical vapour deposi-
tion (HFCVD) technique has been set up
for deposition of diamond films (on a vari-
ety of substrates) which offer unlimited
applications in high technology areas. Di-
amond films on various substrates were
successfully prepared and characterised.

A toroid anvil apparatus has been set
up for high pressure high temperature
experiments up to 4 GPa and 1573 K, and
the effect of pressure on ionic conductiv-
ity and activation energy of the superionic
solid, Nasicon, has been studied.

!n the Eight Plan project on "Study of
ultrafast phenomena and chemical laser
systems" various options of generating
and using femtosecond laser pulses were
evaluated and system configuration was
finalised. Work on implementation of the
Eight Plan project "Preparation of novel
materials and study of their physical char-
acteristics: clusters and nanophase
particles" has been initiated.

Thermodynamic investigations include
determination of standard free energy of
formation of HfMo2O;,. heat capacity
measurements on 2rMo2O8 and
Cs2U4O12, assessment of Cr-Te system,
reduction kinetics of ZrMo2Oa by hyd-
rogen, vapour-pressure measurements on
Ag, Au, database for metal-tellurium and
metal-tellurium-oxygen systems etc. A
critical evaluation of binary phase dia-
grams of platinum group compounds was
carried out.

In the field of solid state chemistry,
reactions between NH4HF2 and Al metal,
synthesis and thermal stability of ammo-
nium, potassium vanadium oxyfluoro
compounds, sulphur incorporation into
the lattice of fluorinated tetragonal 1, 2, 3
oxides using KHF2 as fluonnating agent
and oxygen loading and its effect on Tc in
the fluorinated oxide were investigated.
REBa2F7 (RE = Dy, Ho, Er, Tm, Yb) com-
pounds were prepared and characterised
employing physicochemical techniques
such as TG, DTA and XRD. High tempera-
ture XRD studies on Bi2CaSr2Cu20x were
pursued. Lithium borate compounds were
prepared by solid state reaction route and
their solubility and density measurements
and thermal behaviour were investigated
in order to assess their usefulness as
soluble poisons in the secondary shut-
down system of PHWRs.

Non-nuclear ceramics involving the uti-
lisation of sol-gel process include the
preparation of yttrium aluminium garnet
(YAG) powder. Chemical reactions in
solid state have been carried out to
understand interactions among fuel, clad
and coolant in an operating fast reactor.
New phases in alkali uranium oxygen sys-
tems such as NayU1.y02.x, Na2U3O9,
Rb2U4O,,, TI2U3O85 etc. have been pre-
pared, identified and characterised em-
ploying X-ray techniques. New perovs-
kites of uranium(VI! have been isolated
and their structures elucidated.

in the field of complex chemistry trace
level copper species formed in presei.ee
of 1-dimethyl amino 2-propanol and
piperidine were studied using differential
pulse anodic stripping voltammetry. Al
complexes with compounds isolated from
tea extract and with ligands such as
HEIDA, tiron, male ic acid, sulfosalycilic
acid etc. were studied using IR and 27AI
NMR spectral techniques.

Applied Chemistry

The thrust areas of work concerned
understanding the chemisify and technol-
ogy of decontamination of BWR and
PHWR reactor system surfaces. Signifi-
cant efforts were also devoted to applied
research such as new methods of decon-
tamination of radioactivity using cross-
linked gels, catalyst development for nuc-
lear reactor-oriented problems, develop-
ment of high technology materials, etc.
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The main thrust of R & D programmes
concerned the understanding of chemis-
try of decontamination of both BWR and
PHWR system surfaces. In the former, the
work done includes analysis of vanadium
mixtures containing multiple oxidation
states, polarographic studies on vanadyl
ion and electroche-mical generation of
LOMI formulation, and optimisation of
LOMI formulation and AP preoxidation
procedure for decontamination of active
coupons from the recirculation system of
TAPS. Aspects studied in PHWR surface
decontamination include corrosion eva-
luation of structural components in de-
contamination formulation, uptake of de-
contaminants on ion exchangers, synth-
esis of magnetite and ferrites and the
kinetics and pH dependence behaviour
of their dissolution, analysis of particle
size of metal oxide suspensions, evalua-
tion of corrosion inhibitors, radiation
effects on decontaminant formulation etc.
Engineering design of dynamic loop for
carrying out these studies was com-
pleted.

The new method of decontamination
using radiation cross-linked gels has
been successfully employed in cleaning
hot spots at TAPS.

Literature survey was carried out on the
effect of zinc addition to feed/coolant wa-
ter of BWRs and PHWRs in reducing
radiation fields. Other areas pursued are:
high temperature pH measurements and
theoretical calculations of crud concen-
trations in the coolant of 235 MW(e)
PHWRs.

Mass transport studies on segregation
and migration of activated corrosion pro-
ducts in steam generator tube materials
and release of 1'3Xe from SIMFUEL were
continued. Work on development of corro-
sion inhibitor for controlling corrosion in
closed recirculating system, evaluation of
cooling water treatment in detritriation
plant, water quality studies in the context
of RAPS-2 condenser tube leakage etc.
were undertaken.

Actual size noble metal based catalyst
systems were fabricated for application in
nuclear installations for quick removal of
hydrogen under severe accident condi-
tions. A sealed off CW CO2 laser of mod-
ified design which could be operated for
several weeks on a single gas fill was
fabricated incorporating a recombination
catalyst system and efforts are now on to
prolong the laser lifetime further by dis-
persing the catalyst within the laser
cavity.

Different aspects of biofouling such as
influence of biofilm bacteria on diatom
settlement, effect of temperature on mic-
rofouling, chemical dissolution of barna-
cle debris from MAPS waste disposal
line, microbiological analysis of FBTR



cooling water, exopolymeric substances
from bacterial isolates, etc. were studied.

An expeil system for water chemistry of
reactor systems (including secondary
side water chemistry) and a software for
electrochemical studies were developed.

I Help was rendered to nuclear and ther-
I mal power stations, heavy water plants
t and other agencies in solving problems

pertaining to water chemistry aspects. In
particular, activities pertaining to PHT
system for 500 MWe unit, hot conditioning
of NAPS-2 and KAPP-1, condenser cool-
ing and service water system of FBTR,
performance analysis of condensate
polishing plant of Korba Super Thermal
Power Station etc. may be mentioned.
Analytical services (TG, DTA and XRD)
were extended to different units of DAE.
Special emphasis was given on human
resource development in terms of con-
tribution towards training programmes
undertaken by BARC and other DAE
Units.

Fuel Chemistry

Investigations on the chemical aspects of
nuclear fuels were continued. This in-
volved three aspects : (i) providing che-
mical support to the fabrication of FBTR
and other Pu fuels, (ii) research on adv-
anced fuels and related systems for fast
reactors, and (iii) development of sol?gel
process for preparation of nuclear fuels.
In addition, continuous and sustained
analytical support to R & D activities of
BARC and other units of DAE has been
maintained.

Second core of FBTR will have (U0.45,
Puo55)C fuel as compared to (U03,
PuO7)C used in the first core. Existing
methodologies have therefore been au-
gmented and modified to suit to the re-
quirements of the second core fuel. Diffe-

* rent nuclear materials were analysed for
chemical quality control, enrichment stu-
dies and for reprocessing of irradiated
fuels. Controlled potential coulometry of
U on a R electrode in sulphuric acid
medium is being investigated. Methodo-
logies have been developed for the isoto-
pic composition of Li as Li2BO+

2 ion us-
ing mass spectrometry. Experiments car-
ried out have shown the feasibility of us-
ing the indigenously available Pu-239
spike for the determination of Pu concen-
tration at the reprocessing plant site em-
ploying thermal ionisation mass spec-
trometry (TIMS). Application of TIMS has
been extended to determine the amount
of uranium in rat kidney samples for the
purpose of metabolism studies.

The existing software for the on-line
control of, and data acquisition and pro-
cessing from the thermal ionisation mass
spectrometer has been suitably modified
without compromising on the quality of

data acquisition and processing so as to
use the same in conjunction with a locally
available computer which can replace
the existing imported and expensive sys-
tem. Efforts were made to quantify the
spark source mass spectrometric results
on the concentration of trace constituents
in Rb2U(SO4)3, a potential chemical
assay standard developed in the labora-
tory, through the use of calibration factors
determined for U3O8. Extraction of acti-
nides into dihexyl N, N'-diethyl carbamoyl
methyl phosphonate (DHDECMP) was
continued and the stoichiometry of acti-
nide species in different oxidation states
extracted into the organic phase have
been identified and their extraction con-
stants evaluated. Laboratory experiments
on the recovery of Pu from used neoprene
gauntlets have been initiated.

Vapour pressure measurement of diffe-
rent vapour species over uranium nitride
by Knudsen effusion mass spectrometry
has been carried out. Theoretical calcula-
tions have been carried out to arrive at
carbon potentials under different environ-
ments for various carbide nuclear fuels
and phase diagrams have been con-
structed. These studies enabled to estab-
lish the optimum specification limits for
O, N in the case of carbide fuels used in
fast reactors. Oxidation kinetics of U-Zr
alloy fuel materials has been investigated
and a possible mechanism of oxidation
has been put forward to explain the diffe-
rent reaction species that are formed.
Further, thermodynamics of relevant fis-
sion product systems have been investi-
gated employing different techniques to
understand their behaviour under fast
reactor operating environment.

Work on a computer/microprocessor
controlled continuous operation en-
gineering facility for the preparation of
UO3 and (U,Pu)O2 gel particles has been
undertaken. The necessary infrastructure
and computer logic have been worked
out for this purpose.

Analytical spectroscopic methods have
been developed for the trace metal char-
acterisation of uranium silicide. U3Si2,
fuel materials. An ICP-AES method has
been developed for the determination of
trace concentrations of thorium in
aqueous solutions.

Analytical services support has been
provided to various R & D activities. More
than 2000 analyses on 950 samples from
BARC and Units of DAE have been car-
ried out for various determinations.

FwdtochMfilstfy

Basic research on the nuclear and che-
mical properties of actinides and fission
products, applied research and develop-
ment work on the chemical quality control
of plutonium based fuels, preparation and

supply of user-specified actinide sources
and training programmes in nuclear and
radiochemistry were the main areas of
activity during this period.

Systematic experimental work on the
fission properties of several low Z ele-
ments such as terbium, holmium, erbium,
ytterbium and gold at moderate excitation
energies using He4-ions showed that
while both symmetric and asymmetric fis-
sion modes are possible in nuclei with
mass number above 200 only symmetric
fission is possible in nuclei with A<200.
tnvestigations on fission fragment angular
momentum in medium energy fission with
protons and He-ions showed the influ-
ence of fragment emission angle and
kinetic energy in addition to input energy
and spin due to collective rotation. Angu-
lar distribution studies in He-ion induced
fission of actinides showed higher anisot-
ropy for asymmetric fragments. In (', xn)
reaction cross-sections of bismuth and
gold, the influence of the 126 neutron
shell was observed.

Analysis of the fission excitation func-
tion of 2i3Fr compound nucleus formed by
the interaction of 16O with 197Au con-
firmed the validity of rotating finite range
model (RFRM) for a correct representa-
tion of the experimental data with an
angular momentum-dependent fission
barrier. Angular distribution studies in the
12C induced fission of 232Th showed that
the fragment anisotropy is independent of
mass asymmetry in contrast to He-ion in-
duced fission. Studies on the excitation
functions of evaporation residues from the
compound nucleus 105Ag formed by the
interaction of 12C with 93Nb and 16O with
" Y gave evidence for both incomplete
and complete fusion processes. Short-
lived californium isotopes 245Cf (half-life
43.6m) and 246Cf (Half-life 35.7 h) were
synthesised and detected in the reaction
between 12C and 238U.

Absolute yields of a number of pro-
ducts in the fast neutron fission of U
and 237Np were measured as part of an
on-going research project related to the
fast reactor program and supported by
the IAEA. Techniques were developed
and perfected for the preparation of a
large number of241 Am sources which are
presently being imported, for use in
smoke detectors.

Laboratory studies have shown that U,
Pu and Am can be selectively retained on
columns of chromosorb containing
adsorbed CMPO. These studies are of
relevance in actinide partitioning. Studies
have been initiated for selective extrac-
tion of palladium using dioctyl sulphide.
Preferential extraction of trivalent acti-
nides and lanthanides over hexavalent
uranium has been observed with 18
crown 6 employing picrate as counter
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an ion Studies on the gamma irradiation
effects of unsymmetrical and branched
chain dialkylamides on the solvent ex-
traction of actinides and some fission pro-
ducts indicate enhanced extraction of
Plutonium and zirconium beyond a gam-
ma dose of 45 M Rads. A related study
with Amberlite XAD-7 resin equilibrated
with dibutyl octanamide revealed that
monosolvaled species of U(VI) and Pu(IV)
are formed which could be eluted with
oxalic acid and U(IV) respectively.

An electronic circuitry involving time-
gating of photomultiplier tube, synchro-
nisation with laser triggering and digital
integration of fluorescence signals over
the laser pulses has been developed
which enables precision measurements
of uranium at Sub-ppb levels. A PC-
based digital temperature controller
which can be used in the temperature
range upto 2500°C was developed for use
with a high vacuum furnace.

Analytical Chemistry

Essential analytical service support to
DAE units and other agencies towards
their R&D programmes and solutions to
specifie analytical problems was pro-
vided. Technical guidance to outside
agencies in applications of nuclear
methods was also rendered.

Analysis of nearly 2200 samples involv-
ing 5200 determinations constituted the
analytical service support to different un-
its of DAE and other organisations. Analy-
ses which required R&D efforts include:
development of methods for the deter-
mination of selenium and tellurium in
parts per million levels on mint-grade
gold and estimation of goid in trace levels

in silicates of gold mines; determination
of niobium at trace levels in niobium sta-
bilised steel and estimation of iron and
uranium in high purity gem-grade zirco-
nia and development of methods for their
further purification with respect to both
iron and uranium to meet the end use.

Analytical investigations on powder
samples of different types, analysis of
transformer oils for dissolved gases and
estimation of specific impurities like mag-
nesium, fluorine in uranium were con-
tinued to be provided. Polyaniline, was
used as an ion exchanger for separation
and determination of palladium, indium,
platinum and gold in geological samples.
Methods have been developed for pre-
cise assay of noble metals, platinum and
rhodium, (used as catalysts), in response
to request from the fertilizer industry.

Methods were developed in clean
laboratory conditions for the determina-
tion of selenium in biopsy and autopsy
liver tissue samples in connection with
the investigation of Indian childhood
cirrhosis in collaboration with the Institute
of Pathology (ICMR); the absorptive
cathodic voltammetry based on the accu-
mulation of CujSe on the mercury
cathode gave a detection limit of 50 pico-
gram of selenium per millilitre of solution.
Hundred samples have been analysed for
copper and zinc contents and a few sam-
ples have been analysed for selenium
using the Ultra-Trace Analysis Facility
with low chemical blanks. A novel sample
introduction system has been developed
using this clean laboratory facility for the
determination of elements like bismuth
tin, antimony and germanium using ICP-
OES through hydride generation with en-

hancement of sensitivity by three orders
of magnitude!

In a collaborative programme with Insti-
tute of Physics, Bhubaneswar, silicon
samples passivated with bromine, have
been analysed by the XPS system while
vanadium nitride films deposited on sili-
con by magnetron sputtering analysed by
proton back scatterring, for stoichiometry
with respect to vanadium and nitrogen.

Ten kilograms of human hair have been
prepared following standardised clean-
ing and washing procedures towards the
development of a reference material of
hair; the total mercury in this sample has
been analysed by two independent tech-
niques. As part of participation in an
IAEA-WHO coordinated research prog-
ramme on exposure to mercury.

Technical guidance and collaboration
was extended to Central Forensic Scien-
ce Laboratories of Bureau of Police Re-
search and Development, Ministry of
Home Affairs and a two-week Working
Group Meeting was organised for senior
officers of State and Central Forensic
Laboratories regarding application of
neutron activation analysis (NAA). As part
of collaboration with Geological Survey of
India on the application of NAA, resource
prospecting has been extended with the
application of radiochemical separation
in their new laboratories at Pune with
emphasis on platinum group metals.

Work on establishing the Centre for
Compositional Characterisation of Mate-
rials (CCCM) coming up at Hyderabad, is
progressing well. Most of the civil works
has been completed and the centre is
expected to function shortly.

MATERIALS & MATERIALS SCIENCE

Heavy Water

The pilot plant set up at BARC for detri-
tiation of moderator heavy water has been
successfully commissioned. Smooth op-
eration was achieved during trial runs.

Final enrichment plant based on
vacuum diistillation (tenth distillation col-
umn) of HWP, Hazira, has been success-
fully commissioned. This plant is being
operated in tandem with the main plant.
Henceforth the plannt would be able to
produce nuclear grade heavy water on a
continuous basis. Precommissioning
activities are in progress for the final en-
richment plant (eleventh distillation col-
umn) at HWP, BARODA.

Heavy water reconcentration plant at
BARC continued to operate satisfactorily

upgrading heavy water received from
Cirus and Dhruva reactors.

Fabrication of critical components re-
quired for CO2 laser housing is in prog-
ress. Experiments were conducted to col-
lect pertinent data for designing a wave-
guide reactor for isotopic enrichment to
meet our requirement. Experiments per-
taining to photoexcitation of formaldehy-
de and subsequent redeuteration of the
same are in progress. Primary and secon-
dary standards of heavy water have been
prepared and supplied to various labor-
atories of Heavy Water Projects and Nuc-
lear Power Plants. Analytical techniques
have been standardised for gas chroma-
tographic analysis of D2, DT and other
gases. Deuterium labelled compounds
have been prepared and supplied to va-
rious research establishments.

Work has been initiated on setting up a
Centralised Fluidization Facility.

Rare Earths and Other Materials

The work on process development for
ammonium uranyl carbonate (AUC) for
conversion of magnesium diuranate to
sinterable uranium dioxide, recovery of
uranium from crude uranium tetrafluoride,
stable isotopes, scintillation chemicals,
carbon specialities, fluorine and treat-
ment of effluents of NFC was continued. A
system of air-agitated reaction vessel
with venturi dissolver for reactant gases
and slurry recirculation through the ven-
turi, was assembled and tested with the 3
Kg scale AUC preparation process de-
veloped earlier. Based on this , a scaled
up AUC preparation system of 30 Kg
batch capacity has been installed and
trials on it have commenced. A number of
pilot scale trials were made for modifica-
tion of the process developed earlier for
recovery of uranium from crude uranium
tetrafluoride by dissolution in nitric acid,
in the presence of aluminium hydroxide.
The modified process will ease the prob-

2.11



• Final enrichment plant based on vacuum
distillation of HWP, Hazira, successfully
commissioned and precommissioning acti-
vities progressed for the final enrichment
plant at HWP, Baroda.

• Research in physical metallurgy, cera-
mics and metallurgical thermodynamics
concerned with phase transformations,
phase stability and structure property cor-
relations in several materials relevant to
nuclear and other advanced technologies.

• Trial operation of the 425 cum/d multi-
stage flash desalination plant in round-the
clock carried out for about 500 hours. A
demonstration run of 30 Te/day shipborne
plant also carried out.

• A reverse osmosis (RO) pilot plant de-
signed, fabricated and installed at Uranium
Metal Plant, and installed at VECC for
production of low conductivity water for the
cyclotron facility.

• Extensive study made to devise a num-
ber of process flowsheet involving acid
leaching and solvent extraction for the re-
covery of yellow cake from Domiasiat ura-
nium ore. Techno-economic feasibility re-
ports made for commercial recovery of
uranium from the phosphoric acid.

lem of waste disposal and also save on
reagents, without reduction in efficiency
of uranium recovery and with amenability
to purification by solvent extraction with
TBP. Studies on hydrogen-deuterium iso-
tope effect were concluded Study of en-
richment of boron-10 by ion exchange
was continued. Work on development of
carbon anodes from petroleum coke was
continued. Anode testing is being done
by fitting them on fluorine cell in actual
operation. Based on laboratory work, pro-
cess schemes for treatment of three types
wastes from NFC, containing nitrate,
fluorides, alkalis, have been drawn up.
Scale-up is being examined.

PPO and POPOP scintillators and plas-
tic scintillators with polystyrene base and
paraterphenyl and tetraphenyl butadiene
fluors were continued to be prepared and
supplied to nuclear power plants and re-
search organisations.

Work is in progress on three plan pro-
jects viz 1500 ampere fluorine cell/sul-
phur hexafluoride, enrichment of boron-
10 by ion exchange and recovery of liner
material/uranium from uranium slag. De-
sign has been completed. Procurement of
equipment is in progress.

Assistance was given to IRE in the com-
missioning of their thorium nitrate plant at
OSCOM, Orissa. The plant has been suc-
cessfully commissioned. The process
and detailed design for this plant was
also provided.

A process has been developed for the
preaparation of 99% Eu2O3 from mixed
rare earths oxide intermediate by using a
combination of zinc reduction and solvent
extraction technique. A solvent extraction
process has also been standardised for
the preparation of more than 97% pure
Dy2O3. The preparative routes for red
phosphors namely Eu3+ activated Y2O3
and YVCX, have been standardised. Work
is in progress on the preparation of Tb
activated Y3AI5O12 — a green phosphor.
The phosphors were characterised in
terms of quantum efficiency and cathodo-
luminscent properties.

Solvent extraction technique finds ex-
cellent application in separation and re-
covery of important base metals such as
Co and Ni from various secondary re-
sources. Process flow sheets have been
developed for the separation of these
metals from impurities like Zn, Mn and Fe
by using solvent like D2EHPA and PC
88A. A MOU has been signed with M/S.
Engineers India Ltd. to establish commer-
cial application of these processes.

Laboratory scale investigation has
been completed to synthesise and char-
acterise organcphosphorus solvents like
PC 88A and TOPO. A laboratory equip-
ped with larger scale experimental facili-
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ties for synthesising various solvents is
being set up Considerable progress has
been made in the making of liquid sup-
ported membrane and its use in solvent
extraction The technique of solvent ex-
traction has been extended to recover
pure salts of refractory metals such as,
vanadium,molybdenum and tungsten
from various leach liquors using amines
as solvent in each case.

Metallurgy

The areas of emphasis in Metallurgy have
included electrolytic preparation of
elemental boron, fabrication of flexible
boron impregnated neutron shielding
materials, recovery of refractory metals,
evaluation of mechanical properties of
nuclear reactor components, dissimilar
metal joining, development of sulphide
ion sensors, evaluation of corrosion prop-
erties of reactor components and
pyrochemical separations of zirconium
and hafnium.

The electrolytic preparation of
elemental boron which has yielded ultra
high purity amorphous boron powder
(99.6%) has been standardised. Orda-
nance Factory, Dehu Road, Pune has
accepted the technology developed for
the production of elemental boron, and a
MoU has been signed between BARC
and Ordanance Factory for transferring
this technology. The electrolytic cell and
some other equipment have been trans-
ferred to Ordanance Factory.

Fabrication process for ion selective
electrode specific to sulphide and silver
ions has been optimized. The electrode is
capable of monitoring very reliably these
ions in aqueous solutions in the concen-
tration range of 100,000 to 0.01 ppm for
silver ions and 32,000 to 0.002 ppm for
sulphide ions. The electrodes have
shown excellent performance in labora-
tory batch tests and in field trials in a
Heavy water plant. These electrodes have
s"hown much longer life than their im-
ported counterparts.

All the three unit operations for the
pyro-chemical separation process of zir-
conium and hafnium has been tried out in
a pilot plant for generating the design
data and the process parameters for set-
ting up a full scale plant at NFC

Some novel methods for the production
of reactive metals have been attempted.
This include preparation of high purity
vanadium from vanadium nitride by pyro
vacuum treatment and plasma arc de-
composition of zircon to zirconia.

The detailed studies on stress-induced
reorientation of hydrides in Zr-2.5 Nb-
0.5Cu garter springs under simulated
loading condition have shown that the
existing Zr-2.5 Nb-0.5 Cu alloy is also



suitable for tight fit garter spring design.
However, mechanical properties and
corrosion behaviour of high nickel alloy
X-750 are also being evaluated as a
alternative material for garter springs.

Extensive work of the evaluation of end
fitting material and the rolled joint be-
tween the zircaloy-2 calandria tube and
the stainless steel tube sheet has been
carried out. The latter investigation is im-
portant in evaluating the suitability of rol-
led joint at a higher moderator tempera-
ture

Dissimilar metal joints between zirca-
loy 2 and stainless steel have been suc-
cessfully fabricated by employing diffu-
sional bonding technique with multiplle
interlayers. Mechanical properties and
thermal cycling characteristics of these
joints have been found satisfactory for
reactor applications.

Materials Science

Research in physical metallurgy, cera-
mics and metallurgical thermodynamics
has primarily been concerned with phase
transformations, phase stability and
structure property correlations in several
materials relevant to nuclear and other
advanced technologies.

A number of features of the shape mem-
ory effect on NiTi and CuZnAI shape
memory alloys has been investigated in
detail by using several experimental
techniques including Transmission Elec-
tron Microscopy, X-ray Diffractory, Dif-
fraction Scanning Calorimetry, Positron
Annihilation and Resistivity. It has been
possible to rationalize the experimental
observations in terms of self consistent
models and theoretical calculations. The
mechanism of the generation of reversion
stresses in NiTi shape memory alloys
constrained against recovery has been
conclusively established. A thermal
arrest memory effect has been disco-
vered wherein the alloy appears to re-
member the temperature of arrest of the
martensite to parent reversed transforma-
tion. Bio-compatibility aspects ot these
alloys have been looked into.

The structural transformations occur-
ring in a variety of intermetallics in the
nickel-aluminium, nickel-niobium, nickel-
vanadium, nickel-molybdenum-
aluminium, zirconium-aluminium, zirco-
nium-niobium-aluminium systems have
been examined. High temperature phase
diagrams in a number of tantalum binary
systems have been deterr ined.

Self propagating high temperature
synthesis of advanced ceramics like
borides, carbides, etc. was studied using
the model system titanium-boron. Several
compounds, viz. TiB, Ti3B4, TiB2, Ti2B5
and Ti, 87850 were synthesized using

plane wave propagation mode in a quartz
reactor under vacuum. The products were
characterized from the phase purity and
points of microstructure.

The mechanism of sol-to-gel trans-
formation and the phase evolution during
drying, calcination and sintering of gel
monoliths and thick films of alumina and
yttria zirconia were investigated. These
sols were formed by hydrolysis-
polycondensation of organo-metallics as
well as precipitation-peptization of in-
organic salt solutions. Alumina monoliths
could be.sintered to better than 94%
theoretical density at 1250°C when pro-
duced by this route.

Amorphization of crystalline boron dur-
ing attrition milling was studied as a func-
tion of milling parameters, namely,
charge-to-ball ratio, rotor speed, argon
flow, etc. Preparation of the zirconium-
aluminide intermetallic by attrition milling
of the component powders evidenced the
stages of alumina to thin foils, spreading
of comminuted zirconia powder c/er
these flakes to form sandwich-like struc-
tures, and eventual reaction to form the
Zr3AI intermetallic. The course of the
reaction was studied by XRD, DSC and
TEM techniques which indicated the
formation of a nanocrystalline structure.

Single crystal growth of Pb5Ge3On was
carried out to fabricate pyroelectric ener-
gy meters for lager work. The supply of
about one hundred fifty finished single
crystals of KCI, KBr, NaCI, CaF2 and BaFa
for laser instrumentation, spectroscopy
and analytical chemistry work was made
to users in the country. Fundamental in-
vestigations related to the detection of
minute changes in crystal stoichiometry
and defect equilibria in unirradiated and
gamma irradiated CaFs(Eu) crystals were
carried out. Machinable ceramics of diffe-
rent sizes have been prepared from both
commercial and synthetic mica for high
voltage and temperature applications
under UHV conditions. Activity on neutron
transmutation doping of silicon was initi-
ated.

Basic studies pertaining to out-of pile
chemical compatibility of (PU0.55 U 0.45)
C fuel with SS316 cladding for the second
core of FBTR and thermophysical prop-
erties of the fuel have been carried out.
Experiments over a range of temperatures
upto 850 degrees C and periods upto
1500 hours indicated chemical compati-
bility on visual observation. Densification
kinetic studies of certain advanced en-
gineering materials (Zirconia ceramics
and AI2 O3-AIN composite) have been
taken up using the Rate Control ledSinter-
ing (RCS) technique.

Irradiation embrittlement of locally
available structural steel TISTEN-32 was
studied to assess the effect of fast neutron

irradiation on its mechanical properties
and its suitability as a structural material
for nuclear reactors

R&D studies on laser glazing, laser cut-
ting and laser surface alloying techni-
ques were carried out utilising the Laser
Material Processing facility; Laser weld-
ing experiments were also done with re-
jected end-cap resistance welds for
PHWR fuel elements.

Desalination and Hydrogen Production

Trial operation of the 425 M3/d multi-
stage flash desalination plant in round-
trie clock was carried out for about 500
hours. Data obtained were analysed to
incorporate necessary changes and the
plant is being restarted. A demonstration
run of 30 Te/day shipborne plant for two
weeks duration in round-the-clock was
carried out. Outside parties who witnes-
sed the demonstration run have shown
keen interest in the technology. Erection
work of 1 Te/day LT-TC pilot plant based
on low temperature thermocompression
process has been completed. Economics
was worked out for setting up a 4500
M3/day multi-stage flash desalination
plant using steam from a pressurised
heavy water reactor.

A reverse osmosis (RO) pilot plant was
designed, fabricated and installed at Ura-
nium Metal Plant, BARC for decontamina-
tion of ammonium diuranate filtrate con-
taining about 10'3 Ci/ml of activity and
30,000 ppm of NH4NO3 and traces of
uranium. The experimental data indicated
a decontamination factor of 20 such that
the depleted stream was suitable for
direct discharge. A full scale plant was
designed and studies are being con-
ducted to recover the NH4NO3 from the
permeated stream for reuse.

A O.5 m3/hr RO unit was fabricated and
installed at VECC upstream of the ex-
isting demineraliser unit for production of
low conductivity water for the cyclotron
facility. The RO plant will reduce the re-
generation frequency of the IE coloumns
and result in saving in cost of chemicals
as well as manpower.

The synthesis of 5 kg/batch aromatic
polyamide hydrazide polymer and the
preparation of membranes from these po-
lymers is continuing. These membranes
will be utilised in the 10 nrVday ship-
borne desalination plant based on RO.

Modification on bipolar plate and other
cell module components have been com-
pleted and the electrolyser module has
been reassembled. The 30 Nm3/hr Hyd-
rogen Pilot Plant has been trial tested and
is ready for operation.

A versatile hydrogen flame generator
has been developed as a clean source of
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heat for the melting, cutting, annealing,
brazing and soldering operations on
glass, ceramics and difficult to handle
metals. It is a handy tool for the jewellery
and dental industries and can be used for
making all types of thermocouple junc-
tions. A unit of 500 Iph gas capacity has
been made and installed at the Glass
Technology Section for precision fabrica-
tion of quartz, glass equipments and
glass to metal seals.

Beryllium Technology

Thin beryllium metal foils find applica-
tions as windows in radiation detectors
and X-ray tubes. Chemical milling techni-
que was developed for the production of
beryllium foils down to 2 mil in thickness.

Vacuum tight foils were supplied on re-
quest to BARC and IGCAR.

Micron air classifier designed by PMD
is meant for classifying metal, alloy and
ceramic powders into different size frac-
tions. The system has no moving parts
and is capable of giving long mainte-
nance free service. This system is best
suited when either the material or process
demands powders to be kept in dry con-
dition. The technology has a number of
industrial applications and is in the pro-
cess of transfer.

A process of treatment was developed
to remove fluoride ions from aqueous
effluent to satisfy the statutory limit of 1.5
mg/1. A patent was granted for this
method of industrial effluent treatment by
Patent Authority of India.

Uranium Technology
Extensive study nas been made to devise
a number of process flowsheet involving
acid leaching and solvent extraction for
the recovery of yellow cake from
Domiasiat uranium ore. Work has also
been initiated on alkali leaching of ura-
nium ores which are associated with acid
consuming gangue.

The DAE-FACT collaborative project on
technology development for uranium re-
covery from phosphoric acid hjs entered
operational phase and full commission-
ing is scheduled in 1993. Techno-
economic feasibility reports have been
made for commercial recovery of uranium
from the phosphoric acid available with
M/s. Paradeep. Orissa and SPIC, Tuti-
corin.

RADICMSOTOPES

Production of a wide variety of radioiso-
topes, research on new radiophar-
maceuticals and tracer studies in hydrol-
ogy were some of the major activities
pursued.

Radloisotope Production

Production and supply of a wide range of
radioisotopes, radiochemicals and radia-
tion sources to various users formed a
major activity. A total of 1285 units of
irradiations were carried out using the
Dhruva, Cirus, and the Apsara reactors.
These included the production of 1057 Ci
of "Mo, 450 Ci of t 3 ' l , 17700 Ci of 19Plr, 43
Ci of 32P and 20 Ci of 46Sc. In addition 325
units of service irradiations were also car-
ried out.

Radiochemicals
125I is a major raw material used for the
production of the radioimmunoassay kits
and the local requirement is met by im-
port. 125I was prepared by irradiating
natural Xe gas. 125I also finds application
as sources in light baggage screening
machines, where the attenuation of the
soft gamma rays is used for screening the
contents in the bags. It is expected that
replacement sources for these machines
can be prepared using the 12SI produced
locally.

Radlopharmaceuticals

The development of radioimmunoassays
for the steroid hormones progesterone,
testosterone and estradiol was continued.
Procedures for the preparation of the
primary reagents like iodinated steroid
derivatives, antibodies and standards
were standardised. The assays for prog-
esterone and testosterone were optimized
and these assays are being evaluated for
analysis of clinical samples.

Development of new ligand systems for
complexation of " T c for radiophar-
maceuticals application has been con-
tinued. A new class of amine phenol
ligands with chirai centers were synthe-
sised by condensing various diamines
with 2-hydroxy acetophenone and reduc-
ing the Schiff bases with sodium borohy-
dride. These tetradentate chirai ligands
form "mTc complexes readily. The
biodistribution studies of these com-
plexes were carried out in Sprague-
Oawley rats to find its uptake in various
organs of interest. A series of pen-
tadentate ligands were also synthesised
by the above procedure using triamines
instead of diamines. Like the tetradentate
ligands these ligands also form very
stable "mTc complexes.

Two isotopes of rhenium, 186Re and
188Re are expected to play a major role in
the development of therapeutic
radiopharmaceuticals. Studies were car-
ried out for preparation of Re complexes
of the above tetradentate amine-phenol
ligands. Instrumental methods like NMR,
IR and single crystal X-Ray diffraction
studies were used to find the structure of
these complexes. Labeling of antibodies
with 186Re was done as preliminary stu-
dies for the development of radioimmu-
notherapeutic agents.

Tracer Applications in Industry and
Hydrology

Isotope studies were taken up to deter-
mine the salinization and recharge to the
ground water as part of a hydrogeological
and hydrochemical investigation being
carried out along a line of section from
Bhubaneshwar to Puri for the proposed
drilling of a number of deep borewells
Environmental Deuterium, Tritium, 18O
14C and ̂ S were measured and the salin-
ity in the under ground water was identi-

fied to be due to entrapped sea water in
the area.

Ground water recharge and circulation
studies were carried out for the Bagepalli
Taluk in collaboration with the Depart-
ment of Mines and Geology, Govt of Kar-
nataka. These studies showed that con-
siderable ground water recharge has
occurred from storm events in 1991.
Recharge process of the ground waters in
the lime stone belt of Jodhpur-Nagaur
district in Rajasthan was studied using
environmental isotopes like D, 3H and

A radiotracer experiment with 46Sc was
carried out at the New Mangalore Port to
determine the movement of silt from the
proposed dumping site about 8 km from
the shore. Similar studies were also
undertaken in the Hooghly river estuary.

Flow measurement studies of the river
Teesta in Sikkim were done using 82Br
and tritiated water as tracers, in col-
laboration with the National Institute of
Hydrology, Roorkee. The tritium data col-
lected was used for calculating the flow
rates at different sections of the river.

Water seepage identification studies at
the Chaskaman Dam near Pune was car-
ried using 198Au as tracer. Using a water
proof scintillation detector assembly, the
entry of seepage water was located at
about 400 m from the dam along a nalla
bed in the reservoir.

A packed bed column used for the pro-
duction of the LPG at GAIL, Bijapur was
scanned using a 23 mCi ^Co source and
a scintillation detector to evaluate the
hydrodynamic performance of the col-
umn. The scanning studies revealed low
liquid level in the middle distributor, no
mechanical damage to column internals
and good liquid vapour distribution in the
packed beds. The above studies were
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done in collaboration with M/s EIL, Gur-
gaon, Haryana.

In collaboration with the National En-
vironmental Engineering Research Insti-
tute, an isotope tracer investigation was
undertaken to study the dilution and dis-
persion of the municipal sewage waste
disposed off into the sea at the Co I aba
outfall. The data generated from these
tracer studies will be useful for designing
the new outfall ensuring the safety of
coastal waters for a variety of uses

Radiation Technology

The Sludge Hygienisation Research Irra-
diator (SHRI) facility commissioned in
November 1991 has been operating suc-
cessfully. Three batches of sludge are

treated per day. Dosimetry studies of the
sludge irradiator were also carried out
during this period using thermoluminesc-
-ence, nylon film and alanine dosimeters.
The efficacy of the irradiation procedure
was assessed by microbiological analy-
sis of the sludge before and after treat-
ment which showed a reduction of bacte-
rial counts to safe levels, for direct dis-
charge into environment.

The Electron beam (EB) accelerator
was used for various radiation processing
applications. A process has been stan-
dardised for the electron beam treatment
of polyethylene gaskets to make them
suitable for use at elevated temperatures
as drum closures. Irradiation studies us-
ing EB accelerator were done for various
polyethylene based formulations for de-

veloping technology for the manufacture
of contact lenses. The radiation plant for
vulcanization of natural rubber latex at
Kottayam was commissioned with 10 kCi
of 6oCo source.

Gamma scanning of shielding blocks
for the X-Ray inspection facility of irradi-
ated fuel and in-pile loop at the Dhruva
reactor was carried out with a 2 Ci eoCo
source. Radiographic inspection of
welded pipe joints of high pressure and
high temperature facility was carried out.
Other radiographic studies conducted in-
clude radiography of rotary table, Cu-Be
alloy castings, Saucer cement tanks, etc.
Gamma scanning of a 14 inch diameter
suction pipe line in the crude distillation
unit of BPCL, Mahul was undertaken. The
blockage due to coke deposit was de-
tected by this method.

REACTORS

Reactor Engineering

The main thrust of R&D programme in the
reactor engineering was towards genera-
tion of design information and design de-
tails for the 500 MWe PHWR and Adv-
anced Theory Water Reactor, technology
development for repair and maintenance
of operating reactors, development of di-
agnostic techniques and safety research.

A special sealing plug was designed
for the BARC Channel Inspection System
developed for the speedy In-service In-
spection of the reactor coolant channels.
The plug avoids the draining and freezing
of the channels resulting in savings of
manrem expenditure and time and reuses
the fuel bundles. It has been successfully
used in RAPS and MAPS. A new method
to restrict flow through channels which
are to be quarented using modified
shielding plug was developed and im-
plemented at MAPS-2. This helps in mini-
mising manrem consumption and down-
time. A PC based MLC card test set up
has been developed for testing various
types of manual and safety logic cards
used in F/M control system. This method
overcomes the laborious method of test-
ing the card by means of logic probe and
hence saves lot of time. Review of design
of shipping cask was done to ascertain
whether the design conform to interna-
tional standards. The use of iodine ratios
as fuel performance indicator was

evolved. The irradiation of a fuel cluster,
using MOX, (ThO2-PuO2) and ThO2 pel-
lets in PWL, Cirus is in progress. This
experiment forms an important step in the
development of advanced fuel cycles.

A major job during the year was reposi-
tioning of garter springs in the coolant
channels of KAPP-1, before the reactor
was made critical. After the hot condition-
ing of its primary heat transport system,
thirty one channels were identified to
have very small creep contact limiting
life, due to displaced garter springs. By
using mechanical flexing technique
alongwith electro magnectic technique
developed earlier, garter springs of these
channels were shifted, so as to improve
the contact time of all the channels to
atleast 8 full power years. An Integrated
Garter Spring Repositioning System (IN
GRES) has been designed and is under
active development for repositioning dis-
placed garter springs in affected coolant
channels of operating PHWRs.

Thorium bundles were used for the first
time in a PHWR core at KAPP-1 for flux
flattening. The reactor was made critical
using 35 thorium bundles and 3637 natu-
ral uranium bundles, as per the pattern
worked out earlier. This thorium loading
in the reactor will provide valuable ex-
perience on the various aspects of hand-
ling thorium in the nuclear fuel cycle.

The primary heat transport system pip-
ing of KAPP-1 was instrumented with

strain gauges during pre-commissioning
and hot conditioning stages. Strain
measurement at site were carried out in
the main piping circuit and shut down
cooling circuit for pressure and thermal
loads. The experimental stresses were
compared with analytical results and
overall comparison was found to be good.

For carrying out remote video inspec-
tion of defuelled and dry coolant chan-
nels of operating PHWRs, a Dry channel
Video Inspection System (DRYVIS) was
developed. This comprises a micro-video
camera, dedicated lighting and indica-
tion measuring devices, pneumatically
activated tube walker and its control sys-
tem. This system was used for the inspec-
tion of 0-11 calandria tube and G-9 press-
ure tube of RAPS-2. Further video inspec-
tion of Cirus calandria shell and pressure
tube of Cirus pressurised water loop
(PWL) were carried out as a part of ageing
studies.

An optics based technique has been
developed for remote measurement of
straightness of a defuelled pressure tube.
A Hydride Scraping Tool has been de-
signed and fabricated and is undergoing
trials. When used during an ISI campaign
these devices will enable generation of
data relevant for predicting the remaining
useful life of a pressure tube.

Following the discovery of some leak-
age of heavy water into the calandria
vault of RAPS-1, a special manipulator
was developed to enable visual inspec-
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• Some of trie major activities pursued in-
cluded production of a wide variety of
radioisotopes, research on new radiophar-
maceuticals and tracer studies in hyd-
rology.

• The development of radioimmunoassays
for the steroid hormones progesterone,
testosterone and estradiol continued.

• Isotope studies taken up to determine
the salinization and recharge to the ground
water along a section from Bhubaneshwar
to Puri, for the proposed drilling of a num-
ber of deep borewells.

• Ground water recharge and circulation
studies carried out for the Bagepalli Taluk
in collaboration with the Department of
Mines and Geology, Govt of Karnataka.

• The Sludge Hygienisation Research Irra-
oiator (SHRI) facility commissioned in
November 1991. operated successfully.
Irradiation studies using EB accelerator
done for various polyethylene based for-
mulations for developing technology for
the manufacture of contact lenses. The
radiation plant for vulcanization of natural
rubber latex at Kottayam commissioned.

The main lhrust of R&D programme in
the reactor engineering towards genera-
tion of design details for the 500 MWe
PHWR and Advanced Theory Water
Reactor, technology development for re-
pair and maintenance of operating reac-
tors, development of diagnostic techni-
ques and safety research.

• Thorium bundles used for the first time in
a PHWR core at KAPP-1 for flux flattening.
The reactor made critical using 35 thorium
bundles and 3637 natural uranium bun-
dles.

• A special manipulator developed to en-
able visual inspection within the calandria
vault.

• A methodology being developed to
monitor the on line fatigue life of important
Nuclear Power Plant components.

Experimental work in support of secon-
dary shutdown system for 500 MWe
PHWR continued on a full scale mock up.

tion within the calandria vault. A leakage
through Over Pressure Relief Device
(OPRD) was detected. To facilitate a clos-
er inspection a vacuum suction based
system was developed and used to re-
move dust lying on top of the OPRD cov-
er. Necessary inspection support was
provided to enable optimisation of the
helium cover gas pressure to minimise
the leak rate. This facilitated the resump-
tion of reactor operation For a long term
solution of the problem a special sealing
technique has been developed and ths
required gadgets for implementing the
technique at site are under fabrication

A Coolant Channel Replacement
Machine (CCRM) is being developed for
carrying out large scale replacement of
coolant channels of Indian PHWRs. De-
sign of all the major modules of CCRM
have been finalised. A technique for rol-
led joint detachment has been de-
veloped. Several modifications in the de-
sign of components ot the replacement
coolant channels have been detailed to
facilitate achievement of 30 FPY service
life and reduction in man-rem spent in
routine maintenance operations on
coolant channels.

A computer code, named HYCON, has
been developed for the prediction of hyd-
rogen pick up in pressure tubes as a
function of channel operating history and
environmental conditions. Another com-
puter code has been developed to assess
the growth rate of hydride blisters in
pressure tubes. These codes and a dedi-
cated computer code SCAPCA, de-
veloped earlier for creepsag analysis of
PHWR coolant channels, were used for
the assessment of residual service life of
coolant channels subjected to ISI in
RAPS-2 and MAPS-2.

A vacuum suction based technique has
been developed for transferring, through
flexible hoses, small metal balls from
drums to hollow enclosures so as to pro-
vide a portable radiation shielding
arrangement. A Pressure-Temperature
Cycling Facility (PTCF) is being set up to
conduct out-of-pile testing of coolant
channel components under simulated
reactor conditions and pressure and
temperature cycling. The design of all the
major components of PTCF has been
completed and the same are under pro-
curement.

Integrity of fuel in a nuclear reactor is
important for the safe and economic op-
erations of nuclear power plants. The
assurance of integrity can be realised
through detailed mechanistic under-
standing of phenomenon like power ramp
cracking of sheath and circumferential
cracking of sheath-end cap weld junc-
tions. A computer code FAIR (Fuel Analy-
sis of Indian Reactors) was developed.
This code predicts the mechanical be-
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haviour of fuel elements and also the fis-
sion gas release. Based on the results
obtained from this code, changes in the
end pellet design have been suggested
to reduce failures.

Shipping casks used for transporting
irradiated materials have to be qualified
for withstanding impact loads. A simpli-
fied computer code has been developed
for the analyses of a shipping cask which
may be subjected to impact loading due
to accidental drop. The code calculates
the depth of crush, deacceleration and
stresses in the cask body for different
orientations of cask drop. Development of
shock absorber to absorb impacts on
casks is going on

A detailed methodology of leak-before-
break is being developed for applications
to important pipings in PHWRs. Applica-
tion of this concept will permit improve-
ments in piping layout and ease of inser-
vice inpsection by doing away with the
pipe constraints which are in use at pre-
sent. This requires extensive use of non-
linear fracture mechanics to demonstrate
that piping is very unlikely to experience
sudden catastrophic break without prior
indication of leakage.

A methodology is being developed to
monitor the on line fatigue life of impor-
tant NPP components The software de-
veloped earlier has been enhanced by
adding the post processor and graphic
capability to the stress calculating mod-
ule developed earlier. To demonstrate the
safety margins available, a finite element
computer code is being developed for
analysing the behaviour of coolant chan-
nels in a PHWR beyond design basis
accident. The accident postulated a fai-
lure of ECCS after a loss of coolant acci-
dent. The heating up permits the coolant
tube to expand and come in contact with
the surrounding calandria tube This
establishes a heat transfer mode from fuel
bundles to cool moderator in the calan-
dria.

Computations were performed in the
areas of seismic analyses of reactor
buildings, safety related piping systems
and equipments, instrumentation tubings
and panels, for 500 MWe PHWR, fracture
mechanics evaluation of piping using J
integral, fluid structure interaction analy-
ses of calandria vessel, etc

IAEA has sponsored an international
coordinated research programme on
seismic analyses of Liquid Metal Fast
Breeder cores. The department is partici-
pating in this programme. Analyses work
for the first stage has been completed.
Under the IAEA research contract signed
for a Benchmark for in-core fuel manage-
ment programs of PHWRs, ten different
tasks varying from basic lattice calcula-
tions to core calculations involving opera-
tion, safety and design were performed.



A number of diagnostic techniques for
use in Indian PHWRs are being de-
veloped. Extensive studies were taken up
to evolve a procedure, using dynamic
response characteristics to identify chan-
nels with gross displacement of garter
spring. Such gross displacement can
lead to a contact between hot coolant
pressure tube and cold calandria tube.
This procedure was adopted in RAPS-2
and MAPS-2 channels in which ISI was
carried out. Based on the results obtained
so far, a reasonable confidence has been
generated to identify the channels with
pressure tube calandria tube contact and
also those with large displacement of gar-
ter springs. Further studies are in prog-
ress. Experiments using the motor current
and leakage flux are being persued for
the diagnostics of motors and motor oper-
ated devices. Studies on diagnostics of
instrumentation and control cables have
also been initiated. Facilities for vibration
study of fuel and other in-channel compo-
nents are being set up.

As a part of programme for qualification
and development testing, proving new
designs for indigenisation, a number of
equipments and components were tested
in the various high pressure high temper-
ature facilities which simulate reactor en-
vironments. Inpile measurements of fuel
clad temperatures were carried out suc-
cessfully, with a specially developed in-
strumented fuel assembly. Development
work on DP cells, conductivity cells and
other sensors is in progress. Work on a
pressurised temperature cycling facility
is in progress.

Experimental work in support of secon-
dary shutdown system for 500 MWe
PHWR is in progress on a full scale mock
up. Work has been initiated to develop a
process independent liquid poison infec-
tion system for the new reactors, to meet
the supplementary shut down functions.
Work on a controlled temperature irradia-
tion in-pile facility is in progress.

The work on the design of a thorium
based Advanced Heavy Water Reactor
System gained further momentum. The
physics design is in advanced stage. The
core is being optimised with regard to
constraints of negative void coefficient,
minimum plutonium inventory, accept-
able fuel pin rating and self sustaining of
U-233. In this reactor inherent neutronic
and thermal hydraulic characteristics and
engineering systems for mitigation of
accidents are based on passive features.
For the decay heat removal system, the
design of isolation condenser was com-
pleted. Work has also progressed on siz-
ing of accumulators for initial short term
cooling and on gravity driven water proof
for a sustained 3 days cooling as part of
ECCS.

Various experiments were conducted in
the Magnesio Thermic Reduction Furnace
of Uranium Metal Plant to understand the
Uranium production by bomb reduction.
Taking into account the various oper-
ational safety aspects on I & C scheme for
the furnace was worked out and im-
plemented. A PC based I & C scheme for
renovation of the Uranium Metal Plant has
been finalised and is in the process of
implementation. At various plants of Indi-
an Rare Earths, magnetic flow meters are
used for slurries. The slurry solutions
were causing erosion of the electrodes
and needed replacement at frequent in-
tervals. Wedge flow elements have been
developed for the same indigenously.
These will be installed soon.

To minimise the refuelling time of on-
power fuelling of operating reactors and
to have the spin off advantages at Flow
Assisted Ram Extension Tool has been
designed and a prototype fabricated for
the reactor worthiness testing.

To simplify the fuel bundle production it
is thought to be worthwhile to dispense
with the spacers/bearing pads. One num-
ber of spacerless 19 element fuel bundle
was subjected to the type test loads.
Based on the test results it is felt that the
spacerless bundle can withstand the spe-
cified loads. Further analysis/testing is in
progress.

The revised version of the DBR of spent
fuel transfer system for 500 MWe PHWR
has been prepared. Detailed design of
the components is in progress and draw-
ings are being prepared . Seismic analy-
sis of the part of the system has been
completed. A new concept of the shuttle
which carries the spent fuel bundle has
been evolved to have the spinning effect
during its travel and has been successful-
ly tested.

As part of programme for qualification
and development testing, proving new
concepts and designs and for indigenisa-
tion a number of equipments and compo-
nents are being tested in the high press-
ure, high temprature facilites. These in-
clude fuelling machine head for KAPP,
fuel bundle for 500 MWe PHWR and in-
digenous ball screw.

Work is in progress for design and de-
velopment of part of fuel handling system
for PFBR. Design of Inclined Fuel Translift
Mechanism to be used for ex-reactor re-
fuelling has been finalised. Conceptual
arrangements have been made to make
provisions for maintenance of different
equipments. Special raw materials and
some of the bought out items like
actuators and sensors have been purch-
ased.

Possibility of making the tube bundles
of emergency condensor of TAPS inter-
changeable was investigated.

The Committee constituted to identify
various possible means of increasing fuel
utilisation in PHWRs reviewed different
advanced fuel cycles which could be ap-
plied to our PHWRs. Recycle of Pu, uti-
lisation of thorium through Once Through
Thorium (OTT) cycle and Self Sustaining
Equilibrium Thorium (SSET) mode were
considered. Relative merits and demerits
of each of the cycles were evaluated and
the committee has submitted its final re-
port on the same. A procedure has been
worked out for evaluating the fuel cost per
unit of energy for different advanced fuel
cycles.

The increase in the iodine activity in
coolant during post shutdown was used
to predict the number and severity of
failed fuel existing in the core. At steady
state, the isotopic ratios of iodine in the
pellet-clad gap and in the coolant were
analysed to indicate the type of failure
and for the evaluation the tramp uranium
in the core. A procedure of evaluating the
isotopic ratios in coolant has been work-
ed out and sent to operating plants. A
computer programe for the evaluation of
tramp uranium was made.

The proposal for tha irradiation of a
cluster assembly (B-C-8) with heat gen-
eration capacity of 90 KW in PWL, Cirus
has been approved by Reactor Safety
Committee. The (B-C-8) cluster assembly
has been installed in Cirus and is pre-
sently operating at 82 KW. The assembly
consists of two six element clusters with
pins made of i) UO2 ii) (Th-Pu)O2 iii) (U-
Pu)O2 and ThO2 fuel. This irradiation is to
study the effect of variables like fuel
material, manufacturing route and fill gas
on the fuel performance.

The preliminary design of the channel
for ThO2 bundles and MOX bundles for
AHWR has been completed. The design
provides for the removal of any pressure
tube alone or pressure tube and calandria
tube as a whole from the reactor. This will
also allow on power refuelling. The de-
sign of fuel handling arrangement of
AHWR is-in progress.

Critical experiment with a full scale
mock-up of the U-233 fuelled 30 KW re-
search reactor Kamini under construction
at IGCAR, Kalpakkam were continued at
the Purnima III experimental reactor facil-
ity at Trombay. The actual zircaloy clad
beryllium oxide reflector assembly simu-
lating the beam tubes and other ex-
perimental fixtures proposed to be used
in Kamini reactor, were employed in
these new experiments. Use of zircaloy as
clad materials resulted in considerable
gain of reactivity over the aluminium clad
modules which were employed in the
phase I studies conducted during 1991. A
variety of experiments were performed to
optimise the core-reflector configurations
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for use in Kamini reactor. The temperature
and void coefficients of reactivity were
measured. Also the effect of beam tube
flooding was studied. Use of Pu-239 Al
alloy as alternate fuel was evaluated by
conducting mixed lattice studies using
three Pu-AL fuel sub-assemblies. Follow-
ing completion of the planned ex-
perimental programme Purnima III critical
facility is presently being decommis-
sioned and preparations initiated for
transporting the fuel and reflector to Kal-
pakkam for installation at the IGCAR.

A fuel inspection facility is being instal-
led in one of the chase provided in Dhru-
va reactor for carrying out the inspection
of irradiated fuel assemblies by means of
X-rays. Design, manufacture and testing
cf equipment, drive system and shield
blocks were completed. Shielding in-
tegrity test for lead shield blocks were
completed. Installation of lead shield
blocks and Buggy Drive System were
completed. Installation of X-ray machine
and associated shield blocks is in prog-
ress.

As a part of power reactor fuel develop-
ment programme two inpile engineering
loop facilities, namely 2 MW inpile loop
and 150 KW inpile loop are being instal-
led in Dhruva reactor for carrying out irra-
diation testing of fuels and materials
under simulated operating conditions of
power reactor.

The 150 KW inpile loop facilitates the
irradiation of single fuel pins. Erection of
all the equipment and piping was com-
pleted. Shielding integrity test of lead
containers for purification system, ion-
exchanger and filter assembly has been
completed. Design, procurement and in-
stallation of electrical systems such as
MCC, solid state variable power supply
was completed. Design of instrumenta-
tion and control systems was completed
and procurement of the same is in prog-
ress.

Reactor Safety

A computer code for the dynamic
analysis of 220 MWe PHWR power plant
is being developed taking the Narora Ato-
mic Power Plant design as the reference
design for this category. The code is
being developed with a modular struc-
ture, with the different subsystems consti-
tuting the rodules. These modules are
integrated to form the complete system
code for the dynamic analysis of the
plant. Final validation of the integrated
code will be done with the test data avail-
able from power plants.

A computer code for detailed dynamic
analysis of 500 MWe PHWR power plant
is being developed to study the plant
behaviour during normal and abnormal
transient conditions. This code is also

being developed with a modular struc-
ture. After development of all these mod-
ules with associated controls, integration
of the modules will be taken up.

Thermosyphon Analysis of 220 MWe
PHWR considering four fuel channel
groups in parallel and three groups of
steam generator tubes has been carried
out using the code RELAP-4/MOD-6 for
1% FP. The predictions have been com-
pared with the test data from NAPS.

An AHWR is being designed for natural
circulation cooling during power opera-
tion. As part of development work, studies
on the stability of natural circulation in
rectangular loops are being pursued. Ex-
periments were carried out to study the
stability of thermosyphon flow for different
values of heater power, cooling water flow
rate and diameter of loop piping in a
rectangular loop. A computer code LIN-
STA, based on linear stability theory was
developed to determine the stability be-
haviour of thermosyphon flow. Results
were in good agreement with ex-
perimental data. Stability analysis has
been carried out using non-linear method
also. For this purpose a computer code
'NCIR-V was developed based on finite
difference implicit-explicit scheme.
Theoretical analysis has been carried out
to determine flow rate as a function of
inventory during two-phase natural cir-
culation.

A Gamma-ray Densitometer is being
developed for the measurement of void
fraction in two-phase flow and will be
used in two-phase flow experiments in-
cluding LOCA experiments. A single
beam Gamma-ray densitometer has been
developed and tested. A multiple beam
densitometer is under development. A
compact source projector which will
facilitate source handling from a distance
has been procured. Integral testing of the
multiple beam Gamma-ray densitometer
is in progress.

A Co-ordinated Research Programme
(CRP) has been organised by the IAEA on
the recommendations of the International
Working Group on Advanced Technolo-
gies for Water Cooled Reactors. The
objective is to review and select/generate
a data base forthermophysical properties
of materials used in light and heavy water
reactors and also develop appropriate
formulations for use in safety analysis
codes.

Neutron noise analysis is one of the
methods used to monitor vibration of
reactor internal components. Tempera-
ture distribution in the modified in-core
neutron noise measurement assembly,
proposed to be installed in Dhruva, was
determined using the code HEATING-5
for the case of failure of air cooling sys-
tem. The temperature distribution
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obtained in the assembly was well within
the acceptable limits.

A small break LOCA analysis was car-
ried out for NAPS reactor. A double ended
guillotine rupture of the inlet feeder line of
the hottest channel was considered. The
computer code RELAP4/MOD6 was used
for the analysis. Further development of
the computer code COHRA, for LOCA
analysis, was continued through the addi-
tion of new packages and modification of
existing ones. New correlations for heat
transfer coefficients and critical heat flux
for horizontal channels have been added.

A computer program was developed for
flow pattern identification for flow of a
two-phase mixture in a tube containing 19
rod fuel bundles. A computer program is
being developed to study the behaviour
of air-water mixing in an ejector tray. The
air flow is on the nozzle side. This prog-
ram will be used to study and improve the
design of ejector trays used for producing
heavy water. A computer program is
being developed to study velocity pro-
files in a water agitator tank agitated by a
pulsating air column. This program
would, subsequently, be used to predict if
the velocities are sufficient to lift con-
taminated solid particles at the bottom of
the vessel and form a uniform mixture with
the water, which could then be trans-
ported for further treatment.

As a part of safety assessment, studies
related to postulated, extremely low prob-
ability, severe accident scenarios are
being carried out. One such accident
considered involves postulation of failure
of ECCS following a LOCA. The computer
program developed for the analysis of
fuel heatup under this condition was mod-
ified to account for 1-D steam flow with
energy addition to steam. The code was
used to calculate temperature transients
in the hottest cnannel of the 220 MWe
PHWR for postulated LOCA coincident
with failure of emergency coolant injec-
tion. An experiment was designed to
study the simulated behaviour of a voided
fuel channel submerged in cold modera-
tor. A 12 kW heater is provided in the 1 m
long channel. Fortyfour thermocouples
are provided to monitor temperatures in
the pressure tube, calandria tube and
moderator. Several characterisation ex-
periments have been done with and with-
out moderator flow. The maximum
temperature of pressure tube reached so
far in these experiments is 650 xC.

An International Standard Problem
(ISP) exercises are carried out under the
aegis of various international sponsoring
organisations such as IAEA, OECD, etc.
The ISPs involve an international co-
operative effort aimed at validation of
computer codes for satety analysis. Dur-
ing the year work was taken up for ISP-33
and ISP-34. ISP-33 is a standard problem



exercise dealing with experiments on
natural circulation under depleted inven-
tory conditions, carried out on PACTEL
facility simulating a VVER-440 type of
PWR. The pre-test calculations were done
using the computer codes RELAP4/MOD6
and ATHLET. The results were sent to
Finland for intercomparison with the ex-
perimental data and with the predictions
of other participants. ISP 34 deals with
Aerosol behaviour in PHT System and in
containment. The computer code TRAP-
MELT for the prediction of aerosol be-
haviour and retention characteristics in
the primary circuit of nuclear reactors has
been commissioned on uie LANDMARK
computer system.

The computer code CONTRAN, for the
analysis of transient behaviour of the con-
tainment following an accident was mod-
ified in order to incorporate the trans-
portation of gases such as hydrogen, car-
bon monoxide.and carbon dioxide Model
for the burning of Hydrogen inside the
containment has also bean incorporated.
The containment pressure transients due
to hydrogen release, its transportation
and burning were evaluated tor NAPS
reactor. This analysis was performed
assuming absence of steam. CONTRAN
predictions for the thermal hydraulic ex-
periments on the one-tenth model of the
PHWR containment were compared with
the experimental data. The agreement
was found to be reasonably good.

A small-scale experiment has been
planned to study the aerosol agglomera-
tion and deposition behaviour in a vessel.
This experiment will be helpful in under-
standing the various mechanisms in-
volved and in validafing the computer
codes. Calculations were carried out with
aerosol transport code NAUA to arrive at
the design parameters for the proposed
aerosol experiment facility.

A scheme has been evolved for passive
isolation of reactor containment. The
proposed scheme incorporates a line (L2)
from the V2 area of the containment as a
part of the ventilation line and is con-
nected to the atmosphere through a long
vertical line (L1) submerged in a pool of
water in a tank. A U-bend section is pro-
vided on the line L2. The air space above
the pool of water in the tank remains con-
nected to V1 area of the containment by a
line (L3). Due to pressure (P1) in V1 rising
above atmospheric in trie containment
following an accident, the water starts
rising in L1, A portion of this water flows in
L2 against the pressure P2 in V2. Thus
two water columns are created, one in L1
and the other in the U-portion of L2. Isola-
tion is achieved by these water columns
which prevent escape of air from V2. Ex-
tensive parametric studies were carried
out with the analytical model, developed
for the purpose, and the efficacy of the
scheme has been theoretically proved.

Water sea! is formed well in time and the
water column in the U-tube helps main-
taining the isolation even when the press-
ure in the containment starts reducing.

The applicability of various known cor-
relations for peak ground acceleration
and response spectral shapes were stu-
died for the regions where the Uttarkashi
earthquake of October 1991 was re-
corded. This is useful in selecting an
appropriate correlation and a response
spectral shape to be used in design for a
structure located in that region. A pre-
liminary seismic analysis of a MDOF
model of the reprocessing plant at Kal-
pakkam was carried out using revised
data. A method has been evolved to
generate floor response spectra of a
MDOF system for various ground motion
time-histories through the use of Fourier
transforms. Properties of the transfer fun-
tion were studied using a SDOF system.
General analytical formulation was made
for the transfer function of a MDOF sys-
tem. A study has been initiated to identify
the effect of soil properties on the structu-
ral response to seismic excitation. Case
studies with a plane frame structure and a
3-D structure have been completed. Work
with other types of structures is in prog-
ress.

A facility for interim storage of high
level waste has been planned at Kalpak-
kam. The solid waste encased in small
storage units placed in a vault is prop-
osed to be cooled by natural circulation
of air. Work on the thermal analysis of the
proposed solid waste storage facility at
Kalpakkam has been initiated. As a first
step a one-dimensional steady state solu-
tion for the natural convection air cooling
of a single canister has been studied. The
temperatures of air, storage unit and
canister have been evaluated for the con-
verged flow. Further work on this is in
progress.

Probabilistic Safety Assessment (PSA)
of an operating PHWR plant, viz. MAPS,
has been carried out based on the operat-
ing experience at the station. The results
indicate that Process water and Class IV
power failures and medium LOCA are the
important initiating events. Fire Fighting
System (FFS), Emergency Power Supply
and ECCS are the dominant contributors
to the Core Damage Frequency. Various
importance measures like Risk Achieve-
ment Worth, Risk Reduction Worth, etc.
have been obtained. Common cause fai-
lures affecting FFS, Secondary Steam Re-
lief System, etc. have been observed in
the course of station operation. In order to
have an adequate Accident Management
Program, emergency procedures and the
subsequent operator training has to be
formulated. In order to estimate the total
Risk from the plant in its various states, a
study to assess the risk during shutdown
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and low power operation states has been
taken up.

PSA Study of 500 MWe PHWR is in
progress and that of Kaiga Atomic Power
Project has been initiated. Efforts are on
to collect the failure/maintenance data
from all the operating stations. Software
for analysis of this data has been de-
veloped. Computer code PSAPACK (ver-
sion 4.1) has been commissioned in PC/
AT-386.

A software package 'Living PSA' has
been developed for MAPS and demons-
trated. Another software 'Symptom Based
Diagnostic System' has also been de-
monstrated at MAPS.

A Data Base of the Outage reports,
Safety Related Unusual Occurrence Re-
ports, etc. for MAPS, RAPS is being
generated. It is intended to obtain Com-
ponent & System availability information
and process the data further for identifica-
tion of components, failure modes
causes, etc. contributing significantly to
reactor unavailability.

The computer code CORSOR, for esti-
mating the fission product release from
the overheated fuel during an accident
sequence, has been commissioned and
further modifications are in progress to
adapt it for PHWRs.

Condition monitoring studies on Motor
Operated Valves (MDV), based on Cur-
rent Monitoring, have been initiated. Cur-
rent signatures have been recorded for
different torque switch and limit switch
settings. A software in Turbo-C for data
acquisition, storage and display on PC
has been developed. This would be util-
ised for predictive maintenance of MOVs
being used in large numbers in various
Safety Systems at TAPS and PHWRs.

A computer based operator support
system for safety status monitoring in In-
dian PHWRs, called Safety Parameter
Display System (SPDS), is under de-
velopment. Further design work on SPDS
was done. Detailed logic trees were de-
veloped for the critical safety functions of
'Core Cooling' and 'Coolant System In-
tegrity'. The logic trees were checked us-
ing the instrumented parameters of the
220 MWe PHWR. Work on the develop-
ment of status logic trees for the other
critical safety functions is in progress.

A study to investigate the feasibility of
developing an operator support system
incorporating expert system techniques
was conducted and an information pro-
cessing model of a knowledge based
operator support system was developed.
The knowledge domain was the plant
safety status information related to the
seven critical safety functions in SPDS.
An expert system shell was used to con-
vert the status logic tree model into a rule
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base. A system using this knowledge
based model would be capable of warn-
ing the operator of an approaching tlreat
to safety through a multilevel annuncia-
tion system.

Preliminary studies were carried out for
the development of a Nuclear Plant Ana-
lyser which can simulate transient condi-
tions and accidents that can occur in
Indian PHWRs. Studies were also carried
out for the development of a simulator for
the Condensate and Feed Water System
ol TAPS.

The Facility for Integral System Be-
haviour Experiments (FISBE) is being de-
veloped as a scaled model of Indian
PHWRs and is to be used for LOCA and
non-LOCA transient studies. The overall
instrumentation scheme was worked out
and instrument specifications were de-
lailed for the purpose of procurement and
design. Instrumented flow sheets for all
the major systems in FISBE. namely, PHT
System, Feed and Bleed System, Secon-
dary Heat Transport System and
ECCSwere developed. Control schemes
for some of the main parameters to be
controlled in FISBE were developed.

Work done for Other Units

For NPC

Studies related to flow distribution in the
calandria of 500 MWe PHWR were carried
out. The moderator is circulated through
heat exchangers to remove the heat
generated due to neutron thermal isation.
It is essential to ensure proper distribu-
tion of moderator flow within the calandria
vessel to avoid siagnant zones and local
hot spots. As part of the studies in this
regard, experiments were conducted on
full scale models of type I and type III
diffusers with one/two partition plates.
Velocity distribution at the outlet of diffus-
er and hydraulic loss coefficients were
determined. Flow patterns were visual-
ized using dye and tracer paint. Further to
this, experimental studies on moderator
flow field in the calandria are to be car-
ried out. Fabricationof a semi-transparent
model of calandria to be used in the ex-
periments has been completed.

Further to the LOCA analysis carried
out for double-ended failure of pump suc-
tion line, analysis was carried out for the
double-ended rupture of reactor inlet
header to assess the effectiveness of
shutdown system. Scram rates corres-
ponding to 60%, 70% and 80% free fall of
shut off rods were considered for the
analysis. The analysis revealed that the
peak power attained is independent of
the different scram rates considered. The
peak clad surface temperature attained
over the duration considered for the
analysis was found to be marginally
affected by the change in scram rate.
Peak power attained was lower for the

cases of RIH rupture compared to the
cases of pump suction line rupture.

Analysis for the case of Feed Water
Line Break (FWLB) for the 500 MWe steam
generator was done. The analysis was
done for 500 ms of process time. The
pressure transients obtained are to be
subsequently used for stress analysis.

A LOCA Environment Simulator has
been installed and commissioned. This
will be used for testing and qualification
of process instruments, control cables,
pump motors, etc. of various safety re-
lated systems required to be operational
under accident conditions such as LOCA.

Thermal and radiation tests have been
completed for various elastomeric com-
pounds, e.g. EPDM, NBR, Viton, Neop-
rene, etc. Based on the accelerated test-
ing methods, the life of such materials
has been estimated during normal reactor
operation to help in the replacement poli-
cy at the operating stations. The study has
contributed in taking many decisions,
particularly, at TAPS, regarding indige-
nisation, standardisation and reliability
improvement. In addition, ageing tests
have been carried out for various cable
materials, penetration plugs, reed switch-
es, relays, solenoid valves, etc.

Developmental work for some of the
components of Indian PHWRs was con-
tinued. Design of a prototype mechanical
passive damper for containment isolation
was evolved and tested successfully.
Chemical analysis of system samples
during the chemical decontamination of
primary coolant system of RAPS-2, eva-
luation of magnetite coating during hot-
conditioning of KAPP-I and estimation of
boron content in the moderator system of
KAPP-I during its first criticality were car-
ried out. In addition, man power assist-
ance was provided for the commissioning
of KAPP-I.

For Atomic Energy Regulatory Board

The work on the different aspects of
Human Reliability Analysis (HRA) was
continued. A number of cases of human
error events that have occurred in RAPS
and MAPS were analysed by the Working
Group on HRA constituted by AERB.
Based on the case studies, a report enti-
tled "Generating HRA data from power
plant operating experience" has been
prepared. For collecting HRA data, a
number of simulator runs were conducted
on the Tata Electric Companies' Training
Simulator. The methodology for HRA of
Operating Procedures for Emergency
Conditions (OPECs) was worked out. HRA
for the following OPECs, viz., Extended
Class III and Class IV Failures and Failure
of High Pressure Process Water, is in
progress.

Safety Review and Assessment of the
hardware, software and operational
aspects of Programmable-Digital Compa-
rator System (PDCS) of KAPP, a micro-
computer based system participating in
reactor protection functions, was carried
out for PrCS Working Group of Kakrapar
Design Safety Committee (KDSC). PDCS
documents were studied and a question-
naire for assessment of the quality of soft-
ware was prepared. Designer response
was evaluated.

Experimental Reactor Physics

For phase B commissioning of KAPP-1
reactor, review of the core physics analy-
sis and of the commissioning procedures
was carried out. Studies related to ex-
perimental measurements with the load-
ing of thorium in KAPP-1 core were under-
taken.

Measurement were carried out to map
axial neutron flux in NAPS-1. A detailed
programme for measurement of radiation
dose rates, shielding requirements and
neutron fluence measurement has been
undertaken in MAPS-1 and NAPS-1 as
required by NPC. Vibration measure-
ments were carried out for TAPS and
KAPP-1 turbine bearings to obtain base
line data.

A laminar shield model for shielding
studies was installed at Apsara to con-
tinue shield design studies for IGCAR.
Experiments to assess the effect of radia-
tion on liquid scintillators were continued
at Apsara for Experimental High Energy
physics group of TIFR.

Studies of fission cross section of Pu-
239 and Am-241 for an International Mod-
el and Code Comparison exercise were
continued.

Reactor Control and Instrumentation

The main thrust in the area of Control and
Instrumentation for nuclear reactors con-
tinued to be towards development of adv-
anced computer based control and moni-
toring systems and special mechanisms.

A prototype Computer Control System
based on Dual Processor Hot-Standby
microcomputer configuration for the con-
trol of important PHWR processes like
primary coolant pressure, steam gener-
ator pressure, bleed condenser level and
pressure has been fabricated and assem-
bled. The prototype system consists of a
control computer system, a display com-
puter and a test console. The software
requirement specifications for the control
system have been evolved. Real time ex-
ecutive and software for control and moni-
toring tasks, implementation of fault toler-
ance features, networking, operator in-
formation, etc. are under development.
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A real-time Simulation and System.Test
Facility consisting of a simulation compu-
ter alongwith a front-end microcomputer
with real time interfaces has been assem-
bled. The mathematical models simulat-
ing the control processes have been
formulated in a form suitable for incor-
poration in the real-time simulation facil-
ity. In this test facility the prototype con-
trol system is connected to the simulation
computer in a closed loop manner
through analog and digital inputs and
outputs and token-bus network. The test-
ing of control system using this facility is
expected to demonstrate the adequacy of
control system dynamic response and re-
liability of real-time software.

An advanced multicomputer Channel
Temperature Monitoring (CTM) system for
RAPP-3&4, Kaiga-1&2, and for future 500
MWe reactors is under development. In
addition to the normal monitoring func-
tions, the CTM system generates setback
when it detects temperatures beyond
limits at any channel outlet. It also gener-
ates outputs for flux tilt control. Two pro-
totype alarm units based on 8086/8087
microprocessors have been fabricated to
cater to 90 resistance inputs each. The
acquisition of the inputs is done using a
constant current source. Software for the
two AUs has also been developed in C
language and tested.

Design work for Advanced Shut Down
System (SDS) Logic has made consider-
able progress. Three alternative con-
figurations have been evolved and de-
tailed design has been drawn-up for
analytical assessment of reliability and
availability of each configuration.
Although reactor safety is prime consid-
eration, the design alternatives seek to
enhance plant availability also by reduc-
ing spurious trip probability. The designs
are based on microcomputers for better
on-line monitoring and diagnostics.

In order to ensure the safety of nuclear
reactor, primary and secondary shutdown
systems are employed. These systems
must .be available at all times and also
must function on demand. Proper func-
tioning of these units is checked by com-
puterised failure sensing units. Four sets
of failure sensing units for KAPP-2 have
been developed and are under tests.

System reliability analysis of C & I sys-
tems developed for NPPs has been
undertaken. Failure Mode and Effects
Analysis (FMEA) is being carried out for
these systems to identify safety-critical
components and design weaknesses, if
any. Tost methods for site specific en-
vironmental qualification and reliability
screening for electronic components, cir-
cuit boards and total integrated systems
are being evolved.

As part of efforts to develop reliable
software for safety systems and safety
related systems of nuclear reactors, work
has been initiated to develop formal spe-
cifications of software for real time sys-
tems. In addition software analysis tools
are being developed. The Static Analysis
tool ALPS developed earlier for analysis
of assembly language programs, was
used to analyze the complete software of
Alarm Unit (AU) of the Programmable
Digital Comparator System (PDCS) of
KAPP-1 which performs safety functions.
The analysis report was used in the safety
review of this system by the Safety Com-
miittee. Work relating to the development
of 'C Language Static Analysis System
(CLAS) has been taken up. The CLAS is a
reverse engineering tool with static con-
trol flow analysis capabilities and con-
sists of two parts: the entity relationship
(ER) modeller and control flow analyser.
The ER modeller will bring out object
dependencies in 'C language code.

The work on development of Advanced
Channel Inspection Systems for PHWRs
has progressed considerably. Mark-I sys-
tem for ISI of a heavy water filled active
coolant channel has been successfully
developed. The system does not require
isolation of coolant channel from PHT sys-
tem and fuel bundles of the channel
under test are not discarded. The system
has facilities for measurement of wall
thickness and detection of flaws in longi-
tudinal and circumferential directions in
pressure tube using ultrasonic techni-
ques. It also has facilities for determining
location of garter springs, estimation of
annular gap between pressure tube and
calandria tube and detection of flaws in
longitudinal and circumferential direc-
tions on inner surface of pressure tube
using eddy current techniques. Using this
system sixteen channels of RAPS-2 and
fourteen channels of MAPS-2 have been
inspected. Further enhancement of the
system capabilities is continuing. This
would enable additional inspection para-
meters and minimisation of inspection
time and man-rem consumption through
improved alignment techniques and use
of computer based scanning and imaging
systems.

The design and development of state
of-art control mechanisms for Shut-off
rods, Adjuster rods and Control rods of
500MWe PHWR is being pursued. Testing
of Mark-ll drive mechanism for shut-oft
rods is in progress. Fabrication of Mark-I
drive mechanism for Adjuster rods is on
hand.

Design efforts are continued towards
the development of strategic 50 KW can-
ned motors used in handling the heavy
water in PHT System of Kaiga and RAPP-
3&4. Engineering of the pumps are being
pursued alongwith M/s. KSB, Poona. This

would help in creating infrastructure of
indigenous development of canned motor
pumps. Testing of these motors would be
shortly carried out. A 10,000 rpm high
speed motor for use in Dhruva reactor has
been developed.

Purnima-lll reactor assembly was re-
configured by replacing Aluminum Re-
flector modules with Zircaloy Reflector
modules and the assembly was made
identical to Kamini reactor assembly.
Control and instrumentation system was
tested and commissioned again for the
new critical facility.

Work done for NPC

Two phase servo motors and associated
drives have been developed for controll-
ing the adjuster rods of NPPs and twenty
numbers of these are installed at KAPP-1.
The bi-directional movement of these
rods helps in regulating the reactor pow-
er. Drive units are fed AC power from two
sources through AC power transfer circuit
developed in-house. A similar set of 20
motors and drive amplifier have been
fabricated and are ready for dispatch to
KAPP-2 site.

In TAPS, Refueling crane drive system
uses GE make control system. A new set
of control cards have been designed to
overcome the operational problems
caused due to nonavailability of spares
from the supplier.

The CTM system in PHWRs displays"
and prints records of channel outlet and
zone mean temperatures, channel power,
etc. and generates alarms whenever any
parameter exceeds a set value. A micro-
computer based CTM system catering to
two RTD installations, was earlier de-
veloped, installed and commissioned at
KAPP-1. A similar system has now been
fabricated for KAPP-2 reactor.

An advanced Disturbance Recording
system has been developed to acquire
and record plant parameters, In the nor-
mal mode, the system acquires and
stores 64 parameters every 1 second for
five days. Disturbance data is recorded
every 200 msecs. for two minutes prior to
and three minutes after the disturbance.
The system also acquires and stores 8
parameters every 5 msecs. for 5 sees for
replacing a visicorder. A system consists
of an Acquisition Unit and a Recording
Unit. The Acquisition Unit based on 8086
microprocessor, scans and processes all
signals. The processed data is sent to the
Recording Unit through a high speed syn-
chronous link for storing on a disk and
providing it to the operator on demand in
a variety of formats using a menu driven
interface. The system also provides the
data in a machine readable form for
analysis at another site. Three such sys-
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terns have been commissioned at KAPP-1
and MAPS-1 & 2. Three more such sys-
tems have been fabricated and tested
and are ready for dispatch to KAPP-2 and
NAPS-1&2.

Operation Log Storage and Display
System (OLSDS) using PC/AT has been
developed for interfacing it 10 the com-
puterised fuel handling control system at
NAPS and KAPP, as a replacement to
imported console CRTs and printers.
OLSDS provides stored operation logs
and produces channel refuelling sum-
mary reports consisting of salient features
and unusual occurrences. It is expected
to provide automatic means of obtaining
the performance data and thereby en-
hance the availability of fuel handling
system.

To ensure proper operation of reactor
systems without exceeding important pa-
rametric limits, selected parameters need
constant monitoring and checking for
alarms. The monitored parameters are
also needed to be relayed to other sys-
tems. Multi Input Alarm System (MIAS) is
such a system to be incorporated into 220
MWe reactors from Kaiga-1 onwards.
Each MIAS module handles 16 analog
field signals. The design of the system
has been kept general purpose such that
each of 2 alarms per input can be defined
and set separately. Also adequate digital
monitoring facility has been provided.
The design and development work is
complete and a prototype has been
tested in specified environment and has
performed satisfactorily.

For GMRT Project (TIFR)

The development of Antenna Control Sys-
tem for GMRT continued. In order
to carry out the simula-
tion studies, a PC based antenna dyna-
mic simulator has been built. The dyna-
mic tests, including tracking of stars and
locked rotor frequency test to determine
the effect of resonance of structure on the
telescope antenna, have been carried out
for tuning the control systems. The GMRT
centre encompasses thirty telescopes
spread over a distance of 10-15 kms., the
antenna locations are unmanned and
control systems receive the commands
from a centralised computer centre.
Adequate safety features are built-in in
the control system to ensure safety of
antenna in abnormal conditions, such as,
gales. Towards the total requirement of 30
control stations, BARC is building eight
more systems. Adequate training has
been given to TIFR officers and the
necessary engineering documents have
been generated. This would ensure unin-
terrupted manufacture of remaining con-
trol systems with-in the country.

For Instrument Development Program-
me, DST

Development of a four axes Single Crystal
X-ray Diffractometer based on Eulerian
Geometry has been taken-up as a DST
sponsored project. The basic system de-
sign has been carried out and procure-
ment of X-ray generator and components
of the drive system has been undertaken.
Central Workshop has carried out the de-
sign and fabrication of a prototype four
axes goniometer Various software prog-
rams for geometric transformation,
orientation matrix determination, matrix
refinement and data collection have been
developed.

For Indian Railways

Thynstorisation of 25 KV AC locomotives
has been identified by Indian Railways as
a major technological step towards mod-
ernization This is necessary to eliminate
the use of obsolete tap changers. The
technology development in this area is
promoted by DOE and RDSO, Indian Rail-
ways. BARC has been requested to sup-
port this program in the area of power
electronics and development of micro-
computer based traction control systems.
A 16-bit microprocessor based Traction
Controller is under development. The
control software being developed is
aimed towards building a high level
graphic block oriented programming
tools. This will enable RDSO to establish
a technology base in the area of power
electronics for traction and microp-
rocessor based control systems. The
phased development is aimed at generat-
ing enough knowhow at RDSO for fulfill-
ing their further needs.

The development of thyristor traction
choppers for the Central Railways sub-
urban services in Bombay was continued.
This will reduce energy consumption by
25%. Out of the units supplied by M/s.
BHEL and ECIL, one unit was installed on
a motor coach and traction trials were
conducted. The trials on a full rake having
3 chopper coaches is underway.

BARC has been requested by Calcutta
Metro Rail to design the Traction Chopper
System for their Electrical Multiple Units.
A technical proposal has been prepared
and sent to them. The use of choppers in
Metro would result not only in saving of
energy but also reduce the heat dissi-
pated inside the tunnel thus minimising
the ventilation load

Research Reactor*

Research reactors Dhruva, Cirus and
Apsara operated satisfactorily during the
year and were well utilised for production
of radio-isotopes and research in basic
and applied sciences. Over 1500 sam-

ples were irradiated for isotope produc-
tion in these reactors for diverse applica-
tions such as cancer therapy, non-
destructive testing, industrial process
control, agricultural research and prepa-
ration of radio-pharmaceuticals. Dhruva,
the 100 MWt research reactor, continued
to serve as a National Facility for neutron
beam research and a number of scholars
from various National Laboratories and
Universities participated in its utilisation
under DAE Inter-University Consortium.

An instrumented fuel Assembly with
thermocouples attached to fuel-cladding
was irradiated in the Dhruva reactor for
obtaining clad surface temperature pro-
file under steady state and transient con-
ditions during irradiation in the reactor
and during post-irradiation handling.
Seamless/welded Zircaloy tube samples
were irradiated for studying irradiation in-
duced growth properties. Long term irra-
diation of samples for production of
Cobalt-60 was continued. Installation of
out-of-pile components of the 2 MW en-
gineering test loop for testing of 500 MWe
PHWR fuel assemblies was completed.
Installation of the guide tubes for trans-
porting cold neutron beams to a labora-
tory adjacent to the reactor building was
completed and further work is in prog-
ress. Studies for optimizing hydraulic pa-
rameters towards improving the perform-
ance of the failed fuel detection system
were carried out using a specially instal-
led test set-up.

Both Cirus and Apsara reactors con-
tinued to operate in a safe and efficient
manner and provided facilities for neutron
beam research, neutron radiography, iso-
tope production, etc. Ion chambers de-
veloped by ECIL for use in nuclear power
reactors were tested in Cirus thermal col-
umn facility. Irradiation procedures were
standardised in Cirus for Neutron Trans-
mutation Doping of Phosphorous in
monocrystaline -silicon for use in power
electronics. Production of lodine-125 by
irradiation of Xenon gas was started at
Cirus. Irradiation testing of Mixed Oxide
and Thorium fuel pins was commenced in
the Pressurised Water Loop facility at
Cirus.

About 35,000 samples of light water ,
heavy water, helium, ion-exchange re-
sins, etc. were analysed for chemistry
control of various process systems. Safety
evaluation of about 1600 target samples
was done for irradiation in Dhruva, Cirus
and Apsara reactors.

Detailed studies related to ageing man-
agement of the 32 year old Cirus reactor
were continued. Various refurbishing re-
quirements towards extending the useful
life of the reactor have been identified
and replacement of some of the compo-
nents is being planned. Analysis is car-
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ried out for the estimated radiation fields
from various reactor structural compo-
nents of Cirus after 32 years of cyclic
neutron exposure towards assessment of
cooling and safe handling requirements
at the time of future decommissioning.
Visual examination of selected lattice
tubes and the outer surface of the reactor
vessel with the help of a micro-video
camera was carried out and no defects
were seen. A piece of an aluminium tube
of an isotope production assembly whose
total irradiation was nearly equal to that of
the reactor vessel shell was examined in
Radio Metallurgy laboratories. It showed
that the reactor vessel shell is in a

good condition even after over 30 years of
service. Specimens of stainless steel pip-
ing of moderator and cover gas systems
and carbon steel piping of primary
coolant system were also examined and
found to be generally in good condition .
Theoretical estimation has been done of
the stored energy in the graphite reflector
of the reactor which indicates that anneal-
ing of the graphite may not be necessary
for several more years.

Consequent to the completion of the
basic design of a 5/10 MW multipurpose
research reactor, feasibility studies have
been undertaken for modifying the design

of the existing Apsara reactor core. The
modified design incorporates a heavy
water reflector tank around the reactor
core to provide a moderately high thermal
neutron flux over a large irradiation
volume towards improved utilisation.

FUEL CYCLE

Ore Dressing

Studies on the petromineratogy, benefi-
ciation and nature of occurrence of water
soluble uranium in the ore sample from
Domiasiat, Meghalaya were continued.
Application of physical beneficiation
techniques like high gradient magnetic
separation (superconducting), flotation
and selective flocculation for recovery of
very and ultra fine uraninite particles were
also investigated.

Large scale experiments were carried
out on preconcentration of nickel values
from the chromite ore overburden from
Sukinda, Orissa, in collaboration with Re-
gional Research Laboratory, Bhu-
baneshwar. In this lateritic ore sample
assaying 0.55% nickel, the nickel values
occur in the lattice of iron oxide mineral,
goethite present in-situ extreme fines.
Technoeconomics of metallurgical ex-
traction process for nickel needs a pre-
concentrate as feed assaying > 1 % nick-
el. After expaustive studies three alter-
nate beneficiation flowsheets were de-
veloped for preconcentration of nickel
values, involving (i) flotation of nickel
values, (ii) classification using small dia-
meter hydrocyclones and (iii) classifica-
tion followed by flotation. The last flow-
sheet is technoeconomically more suit-
able and is recommended for industrial
practice. This flowsheet recovers 60-65%
of the total nickel values present in the
overburden in about 30-35% weight at a
grade of 1-1.1% nickel.

At the request of National Mineral De-
velopment Corporation Limited, detailed
beneficiation studies were carried out to
recover tungsten and graphite values
from a wolframite-graphite ore sample
from Tapaskcnda, Andhra Pradesh.
Mineralogical and chemical character-
ization revealed that only a small part of
tungsten occurs in the form of well known
heavy mineral wolframite, while the bulk

occurs in the form of ultrafine particles or
as unidentified secondary minerals finely
disseminated in the gangue. In the light of
this observation, beneficiation studies are
in progress to recover the tungsten values
and produce an economics concentrate
for metal extraction. Attempts to recover
the other economic mineral graphite pre-
sent in the ore by multistage flotation with
intermediate grinding stages could yield
a floation concentrate assaying upto 60%
F.C. (fixed carbon), which could be furth-
er upgraded to 93% F.C. by leaching with
hydrofluoric acid.

Other important activities carried out
during the year include inter alia design
and development of a laboratory column
flotation cell, beneficiation studies on
Bhimunipatnam beach sands and molyb-
denum ore from Tamilnadu, purification of
zircon concentrate and services rendered
to Uranium Metal Plant, BARC for com-
minution of magnesium fluoride slag.

Uranium Fuel Fabrication

In tune with the fuel needs of thermal and
fast reactors in the research and power
sectors of our Nuclear Programme, R&D
Programme is oriented towards develop-
ment and production of plutonium and
U-233 bearing conventional and adv-
anced fuels for these reactors The activi-
ties focussed towards fabrication and
scheduled supply of metallic fuel ele-
ments and related sub assemblies for the
research reactors, Cirus and Ohruva and
fabrication of special components and
sub assemblies for power reactors.

The advanced, dust free and energy
conserving SGMP-LTS (Sol-gel Micros-
phere Pelletisation and Low Temperature
Oxidative Sintering) combination route
has been exploited further for fabrication
of high density UO2 fuel pellets suitable
for PHWR and LWR; from the kilograms of
fuel pellets produced, a 19 pin PHWR 220
fuel bundle has been fabricated for in-
oile trials' at MAPS. This technique has
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also been utilised for fabrication of mixed
oxide fuel pellets containing 3% pluto-
nium for PHWR applications.

The fuel development programme for 5
MWt-10 MWt-MPRRs (Multipurpose Re-
search Reactors) has been geared up for
fabrication of Al-Mg alloy clad Al-U3 3i2
plate fuel adopting the flowsheet de-
veloped earlier. A novel full length roll-
swaging technique has been developed
for assembling upto 18 fuel plates in a
fuel element:

Operation of the fabrication facility was
continued to ensure supply of metallic
uranium fuel and related sub assemblies
for the research reactors Cirus and Dhru-
va. Productivity improvement measures
such as redesign of the roll grooves for
higher reduction per pass and optimisa-
tion of billet size to get more fuel pins per
billet, have resulted in higher yield and
productivity.

Quality Assurance

Comprehensive quality control measures
were implemented for fuel assemblies
and related sub assemblies fabricated for
research reactors as well as for the spe-
cial components fabricated for power
reactors. Regular quality surveillance
was carried out for PHWR/BWR fuels and
zircalloy components fabricated at the
NFC and various components procured
by PRP and KARP.

Neutron radiography has been adopted
for quality assurance of plutonium and
thorium bearing advanced PHWR fuel
pins. A novel ultrasonic technique is
under development for inspection of re-
sistance welded zircalloy end plugs of
PHWR fuel pins for which no NDT techni-
que is so far available. The suitability of
this technique has been confirmed by
destructive metallographic investigations
on samples.



X ,

• Studies on the petromineralogy, benefi
ciation and nature of occurrence of water
soluble uranium in the ore sample from
Domiasiat, Meghalaya continued.

• The Advanced Fuel Fabrication Facility
(AFFF) at Tarapur, involved in the produc
tiort of plutonium bearing fuels on and re-
lated R&D work, operated for production of
MOX fuel for PHWRs.

• Fabrication of mixed uranium plutonium
monocarbide containing 55% plutonium
carbide for the second core of FBTR taken
up.

• Reprocessing Plant at Trombay meant
for treating the spent uranium fuel from the
reactors Cirus and Dhruva, operated quite
satisfactorily throughout the year and high
purity of the plutonium was achieved.

• The reprocessing plant presently being
set up at Kalpakkam (KARP) reached an
advanced stage of completion.

• Plans on the anvil to set up one more
reprocessing plant of larger throughput to
meet the plutonium fuel requirement of the
Fast Breeder Power Programme.

• An engineering scale facility being
erected in Trombay to process the thorium
fuel elements irradiated in Cirus and Dhru-
va and to separate the U-233 formed in
them.

• Waste Management Facilities (WMFs) at
Trombay, Tarapur and Kota continued to
give uninterrupted service, to the nuclear
installations at these sites.

• Centralised Waste Management Facility
(CWMF) at Kalpakkam site handled the
radioactive wastes generated at that site.
During the year the WMF at NAPS site
became fully operational.

• A Waste Immobilisation Plant (WIP) for
the solidification of high and intermediate
level waste arisings of the Kalpakkam re-
processing plant being set-up at Kal-
pakkam.

• Waste management facilities for the
Away From Reactor fuel storage (AFR) at
Tarapur reached an advanced stage of
completion.

Plutonium and W U Fabrication

The Advanced Fuel Fabrication Facility
(AFFF) at Tarapur is involved in the pro-
duction of plutonium bearing fuels on in-
dustrial scale for plutonium utilisation
programmes of the department and re-
lated R&D work.

The AFFF was operated for the produc-
tion of MOX fuel for PHWRs in contained
conditions. Programme for automation of
material handling steps has been taken
up for the feed and product. Work on MOX
fuel assemblies for BWR is underway;
UO2 rods of BWR type are under fabrica-
tion and bulk introduction of plutonium in
production lines will be taken up shortly.
Fabrication of fuel elements for prototype
PRP assembly has been completed.

The indigenous microwave dissolution
and denitration technique for recovery of
UO2 from MOX scrap has yielded en-
couraging results, indicating its superior-
ity over conventional wet scrap recovery
methods in respect of process steps and
negligible generation of liquid effluents.

Fabrication of mixed uranium pluto-
nium monocarbide containing 55% pluto-
nium carbide for the second core of FBTR
(a full core consisting of 65 fuel sub
assemblies with 61 fuel pins for each sub
assembly) has been taken up. Fuel pins
needed for 4 Nos. of fuel sub assemblies
and quite a few experimental fuel pins of
mixed monocarbide and mononitride
have been delivered to IGCAR.

High degree of microhomogenity and
open pore microstructure of fuel pellets,
process simplification, absence of
radiotoxic dust hazard and adaptability
for safe, remote and automated fabrica-
tion are the distinct advantages realised
in the advanced Sol-gel Microsphere Pel-
letisation (SGMP) technique developed
for fabrication of relatively low density
mixed oxide,, mixed carbide and mixed
nitride fuels (PU 15%) for Prototype Fast
Breeder Reactor (PFBR).

Combined with the Low Temperature
oxidative Sintering (LTS) in Co2 atmos-
phere at 1200oC, the SGMP route has
been recognised to be highly advan-
tageous for production of mixed oxide (U,
PU) O2 fuel.

As part of the advanced PHWR fuel
development programme, fabrication of
graphite coated (on inner surface) zircal-
loy-2 clad PHWR 220 fuel pins containing
high density UO2, UO2- 3% PUO2, ThO2
and ThO2- 6 - 75% PUO2 has been taken
up. In-pile testing of the experimental fuel
pins assembly is underway.

Pott-irradiatkm Examination

The hot cell facility has been decontamin-
ated and refurbished; the modifications
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include a heavy duty manipulator and a
shielded lead cell facility for examination
of full length PHWR pressure tubes (in an
advanced stage).

Failure Analysis of critical components
of power reactors and Reprocessing Plant
was carried out. The Programme also in-
cludes examination of components of
power reactors after years of service for
performance assurance.

Fuel Reprocessing

The third reprocessing plant, presently in
an advanced stage of completion at Kal-
pakkam will meet the initial fuel require-
ment of the PFBR proposed to be instal-
led by the turn of the century. One more
reprocessing plant of larger throughput is
in the planning stage. This will create the
required plutonium base to sustain our
Fast Breeder Power Programme. An en-
gineering scale facility is also being set
up at Trombay to separate U-233, the
nuclear fuel of the future, from irradiated
thorium fuel elements. R&D efforts have
also been undertaken to bring in innova-
tive changes in the process followed to
ensure better performance and to im-
prove on the design of hardware to ensure
greater reliability of operation. Safety is
given paramount importance in all
aspects of design, installation and opera-
tion of the reprocessing facilities.

The Reprocessing Plant at Trombay
meant for treating the spent uranium fuel
from the reactors Cirus and Dhruva, oper-
aiort quite satisfactorily throughout the
year. The modifications carried out earlier
in the plant have helped in achieving a
very high purity of the plutonium sepa-
rated. In the Power Reactor Fuel Repro-
cessing Plant at Tarapur PREFRE major
maintenance works were carried out in-
side the process cells to replace some
critical equipments that had developed
defects. This work in a highly radioactive
environment was successfully com-
pleted, without any mishap, by a meticu-
lous planning and careful execution. This
plant has achieved the unique distinction
of 'accident free 1000 day operation' and
has received an award for the same from
the Atomic Energy Regulatory Board
(AERB).

The reprocessing plant presently being
set up at Kalpakkam (KARP) is in an adv-
anced stage of completion. Vital utility
and services systems like boilers, com-
pressors, diesel generators and blowers
for air supply & exhaust have already
been installed and tested. Installation of
process equipments and the associated
piping is in progress now. A major miles-
tone was reached during this period when
five stainless steel tanks and nine carbon
steel tanks, each of 2.5 lakh litre capacity,
were installed in the underground vaults



of the waste tank farm. These are meant
for temporarily storing the active waste
solutions safely before they are converted
to solid mass, in the Waste Immobilisa-
tion Plant, for ultimate disposal. A strin-
gent quality assurance programme has
been followed in the choice of material for
the tanks, their fabrication and installation
to ensure their integrity and safety
throughout the lifetime of the plant.

An engineering scale facility is being
erected in Trombay to process the thor-
ium fuel elements irradiated in Cirus and
Dhruva and to separate the U-233 formed
in them. The design work for this facility
has been completed and the other activi-
ties connected with the project are in
progress. Experience gained from operat-
ing this facility will be used in firming-up
the design of plants of larger throughput
to be built in future for creating a fissile
material base necessary for sustaining
the U-233 fuelled breeder power reactors.

R&D efforts have been directed to-
wards developing new processes of bet-
ter performance capabilities and to de-
sign and fabricate new hardware capable
of greater reliability. After successfully
completing laboratory-scale studies the
new developments are being tried out
now for pilot/plant scale application.

Mass spectrometry and emission spec-
trography are the two important analytical
techniques employed in reprocessing
plants for the purpose of estimating the
concentration of fissile elements in the
process streams as well as to assess the
purity of the uranium, plutonium products.
The sophisticated instruments used for
these techniques have been imported
hitherto. However, the expertise required
for designing and fabricating such instru-
ments is available in BARC. The work of
supplying a fully automated thermal
ionization mass spectrometer of multi-
collector configuration and a direct read-
er grating spectrometer with an inductive-
ly coupled plasma & DC arc sources ha"s
been done at Trombay. Both these instru-
ments are intended for use in the Kajpak-
kam reprocessing Plant.

A new type of solvent extraction contac-
tor, known as CALMIX mixer-settler, has
been designed and fabricated. This
equipment is found to be more versatile,
reliable and compact than the one in use
at present in separation plants. Apart frorp
its superior performance it is practically
maintenance free. This newly developed
equipment has already been successfully
tried out for a variety of solvent extraction
applications. One such unit having a high
capacity was designed and fabricated to
meet the requirements of the uranium
plant of the NFC, Hyderabad. After a
rigorous testing.this unit as well as the
design known-how were transferred to
NFC.

To handle a sophisticated technology
like fuel reprocessing efficiently and safe-
ly, trained man-power is of utmost import-
ance. The operation and maintenance
personnel of the reprocessing plants are
given one to two years of intensive train-
ing in all aspects of this technology with a
special emphasis on radiation and nuc-
lear safety. A certification procedure pre-
cedes the induction of the trainees into
plant operations. During this year, 20 di-
ploma holders in chemical engineering,
and 29 candidates witti school leaving
certificates completed their training and
were absorbed. 27 candidates with
school leaving certificates are at present
undergoing in-plant training for eventual
absorption in the Kalpakkam reproces-
sing plant in the areas of plant operation,
instrumentation and services.

Radioactive Wast* Management

Technology for this is available with us
and is being put to continuous use all
these years. All the radioactive elements
present in the liquid and gaseous wastes
discharged by the nuclear facilities are
immobilized in solid materials of proven
stability and leach resistance and are
safely contained, out of contact with our
bio-sphere, in disposal sites located in
access controlled areas. These disposal
sites are designed and built on multibar-
rier principle to prevent the reinduction of
the radionuclides into our eco system.
Environmental survey is being carried out
at all the waste disposal sites at regular
intervals to ensure the effectiveness of the
waste containment. Similarly, the liquid
and gaseous effluents discharged into
the environment, after a prior treatment,
are also being continuously monitored to
ensure that the radioactivity released is
within the limits prescribed by various
safety agencies. Concerted effort is also
being made to bring in improvements in
the technology used for the waste treat-
ment and containment, through an articu-
lated R&D programme. The main objec-
tive of this technology upgradation is to
further reduce the environmental impact
of the radioactive wastes. Emphasis has
been given on the management of high
active wastes arising from reprocessing
step that require safe containment over
very long periods. A plant for immobiliz-
ing such wastes into a glass form has
started operating at Tarapur. Two more
plants of this type are now under con-
struction at Trombay and Kalpakkam.
Simultaneously, work connected with the
setting up of a deep underground dispos-
al site for the immobilized high active
wastes has also been initiated and is
making very good progress.

The Waste Management Facilities
(WMFs) at Trombay, Tarapur and Rajas-
than continued to give uninterrupted ser-
vice, throughout this period, to the nuc-
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lear installations at these sites. By con-
stantly improving on the treatment proce-
dures followed, the radioactivity released
into the aquatic environment is being
brought down year after year although the
activity levels in the plant discharges are
already far below the values prescribed
by the regulatory agencies. New methods
are being followed for closing and sea-
ling the reinforced concrete trenches,
where the solidified waste products are
stored, thus preventing the ingress of wa-
ter into these trenches, and in turn ensur-
ing that there is no migration of radioac-
tivity from the wastes into the surrounding
soil. Surveillance of these solid waste dis-
posal sites is being carried out routinely.
No migration of radioactivity into the en-
vironment has been observed at any site.

The Centralised Waste Management
Facility (CWMF) at Kalpakkam site hand-
les all the radioactive wastes generated
by the MAPS and other nuclear installa-
tions at that site. Spent radioactive
sources from hospitals located in the
southern region are also collected and
safely disposed off by CWMF.

The WMF at NAPS site have become
fully operational. Major waste manage-
ment systems such as liquid effluent seg-
regation, waste receipt and discharge,
active laundry and decontamination facil-
ity have become operational at KAPS.

Civil construction work on the main pro-
cess building and allied structures for the
Waste Immobilization Plant (WIP) at
Trombay has been completed. Process
design, incorporating the improvements
based on operational feed-back from the
Tarapur Plant, has also been completed.
Design of the warte transfer system be-
tween the reprocessing plant and WIP
has been taken up. Major services and
utility systems have been installed. Ac-
tion for the procurement of process equip-
ments has been initiated. Other major
erection works like laying of the ventila-
tion-exhaust ducting, SS lining of the pro-
cess cells etc., are in progress now.

A WIP for the solidification of high and
intermediate level waste arisings of the
Kalpakkam reprocessing plant is being
set-up at Kalpakkam. Process and
associated service requirements of this
plant have been finalised and the de-
tailed engineering design is in progress.
Civil construction work for the auxiliary
structures like service building, stores,
project office etc., has been completed.
Civil design of the main process building
has been taken up.

New design bases have been adopted
for the Waste Management Systems
associated with the NPPs under construc-
tion at Rajasthan, Tarapur and Kaiga
sites. A standardized design of a CWMF



is being planned for each site. Site inves-
tigation studies are underway at Kaiga for
setting up a solid waste management
facility in this site.

Waste management facilities for the
Away From Reactor fuel storage (AFR) at
Tarapur are in an advanced stage of com-
pletion. Part of the system has been com-
missioned to receive the waste from spent
fuel storage bay

The thrust of R&D efforts is towards
developing new processes and techni-
ques with the objective of further reduc-
ing the activity content in the effluents
discharged into the environment by nuc-
lear facilities. Many of these on-going
R&D studies have already been tested on
pilot scale and are now being adopted for
plant scale application. Some of the sig-
nificant achievements during this period
are:

New sorbents have been developed for
the removal of long lived radionuclides
like Cs-137 and Sr-90 from different types
of liquid wastes. These radioactive spe-
cies are of major concern from the point of
environmental safety. Macroreticular re-
sins loaded with copper hexa-

RADIOLOGICAL SAFETY & PROTEC-
TION
Health Physics Services & Environmen-
tal Surveillance
Health Physics and Environmental sur-
veillance programmes were carried out
for nuclear fuel cycle operations at all
DAE installations in the country. Health
Physics support was provided for car-
rying special jobs at the different nuclear
power stations and reprocessing plants.
Radiological analysis was carried out
and suitable measures were recom-
mended for reduction of collective dose.
Health Physics Units at UCIL (Jaduguda),
NFC( Hyderabad), IRE Ltd, ( Udyogaman-
dal) and OSCOM (Chatrapur), PREFRE
and WIP (Tarapur) carried out regular
operational and environmental surveill-
ance at these installations. The Health
Physics Units and Environmental Labor-
atories participated in emergency drills
and exercises carried out at various nuc-
lear power plant sites.

Radiation hazards control (RHC) activi-
ties covered various DAE facilities at
Bombay. The RHC operation at Synchrot-
ron Radiation Source Facility at CAT, In-
dore was initiated. The shielding design
for INDUS-2 was carried out using a new
approach. The impact of ICRP-60 recom-
mendations in the Indian context is being
studied extensively, and AERB directive
regarding reduction of dose is being im-
plemented.

A large number of food and other diet-
ary samples were analysed for Cs-137

cyanoferrate, Resorcinol-formaldehyde
polycondensate resins, hydrous oxides of
titanium and iron, phenolic resins with
chelating functional groups and synthetic
zeolites are some of the newly developed
sorbents which show great promise for
this purpose. Manufacture of these mate-
rials on a large scale has also been
undertaken in order to create an indige-
nous source for these materials for meet-
ing the requirements of plant scale opera-
tions.

A new process has been developed for
the treatment of resin wastes from nuclear
power stations, chemical processing
plants and spent fuel storage bays. This
consists of chemical decomposition of
the organic matter in the resin by wet
oxidation. In this process the organic mat-
ter is fully converted into an inorganic
solution amenable for treatment and safe
disposal thereby achieving a very high
overall reduction in the volume of the
waste.

A number of research programmes
have been undertaken in active col-
laboration with several national and inter-
national agencies that possess expertise
in specialised areas. National Institute of

activity content, prior to export, by the
environmental laboratories of this Centre.

As part of the environment assessment,
932 items of samples from consignments
of import were measured for radioactivity
and certified. The levels of Cs-137 activity
in all export samples and all but 44 import
samples were below the minimum detec-
tion limit. The 44 samples were of skim-
med milk and the activity range was 1 to
44 Bq/Kg. The AERB stipulated limit is
330 Bq/Kg for milk powder.

The Environmental and Radiological
Laboratory (ERL) at KAPP, Kakrapar be-
came functional during the year. Pre-
operational analysis of air, water, soil and
vegetation samples was carried out by
ERL, Kakrapar to obtain baseline data for
radioactivity levels. Demographic survey
of the general population in the surround-
ing area is being conducted in coordina-
tion with South Gujrat University.

Environmental surveillance at Trombay
was continued. A comprehensive analy-
sis of the environmental samples from
Cirus/Dhruva complex has been under-
taken. A large number of environmental
samples viz., sea water, salt, marjne
organism, soil, vegetation, lake wafer,
ground water and rain water were analy-
sed for radioactivity content. It showed
that there is negligible impact on the en-
vironment due to nuclear operations at
BARC.

Pre-operational radiation survey was
conducted at Ambalamedu, Cochin

2.26

Rock Mechanics, Mineral Exploration
Corporation of India, Indian Institute of
Technology, Madras, University of Goa,
Forest Research Institute, Dehradun are
some of the national institutions which are
assisting in the study of various aspects
of treatment and safe containment of
radioactive wastes.

Under Indo-German bilateral col-
laboration the long term characteristics of
solidified high level radioactive waste
products have already been successfully
studied. Collaboration has also started
with IAEA through coordinated research
programme, on a number of studies in-
volving safety assessment of waste forms,
packages, disposal facilities and en-
gineered barrier materials.

Expertise generated in specific areas
has also been shared with other organiza-
tions and industry. Notable among the
technology transfers thus effected is the
know-how for the design and fabrication
of paniculate respirator filter for industrial
air-cleaning systems and for application
in nuclear, biological and chemical war-
fare.

where a pilot plant for uranium recovery
from phosphoric acid is being set up.
Radiological survey was carried out at the
proposed new IRE Project site located at
Ayiramthengu (near Chavara) for recovery
of minerals.

Technical and analytical assistance
was provided for design safety, equip-
ment lay-out, ventilation and baseline
data collection for the new projects at
NFC, Hyderabad.

This Centre participated in the inter-
comparison study of radioactivity
measurements in ores, sediments, soil,
vegetation, fish and water samples, sup-
plied by IAEA-IRC (WHO) and the results
are in good agreement. A mobile air sam-
pler for simultaneous sampling of particu-
late and tritium activities was developed
and is in use at NAPS, Narora.

Protective equipment valued at about
Rs 10 lakhs was fabricated/assembled
and supplied to various units of DAE.

Monitoring for internal contamination of
radiation workers was carried out. A sha-
dow shield whole body monitor of im-
proved design was commissioned at
ERL, Kakrapar. The important features of
this monitor are compact detector shield,
adjustable vertical and transverse move-
ments and rack and pinion bed drive. The
monitor operation and data acquisition
are controlled by a microprocessor based
scanner unit which provides integral and
differential scan counts for a selected
scan length in four pre-selected enegy
bands of interest.



• Health Physics and Environmental sur-
veillance programmes carried out by
BARC for nuclear fuel cycle operations at
all the OAE installations in the country. The
impact of International Commission on
Radiological Protection recommendations
(ICRP-60) under examination in the Indian
context. AERB directive regarding reduc-
tion of dose continued to be implemented
at UCIL (Jaduguda), NFC (Hyderabad),
IRE Ltd, (Udyogamandal) and OSCOM
(Chatrapur), PREFRE and WIP (Tarapur)

• Environmental and Radiological Labora-
tory (ERL) at KAPP, Kakrapar became
functional during the year.

• Pre-operational radiation survey con-
ducted at Ambalamedu, Cochin where a
pilot plant for uranium recovery from phos-
phoric acid is being set up.

• Protective equipment valued at about Rs
10 lakhs fabricated/assembled and sup-
plied to various units of DAE.

Monitoring for Internal contamination of
radiation workers carried out. An intercom-
parison study of whole body monitors
operating at Tarapur, Rawatbhata, Narora,
Kalpakkam, Kakrapar and Alwaye com-
pleted.

• A Sound Detection and Ranging Instru-
ment (SODAR) installed at the Kaiga Nuc-
lear Power Plant site to study in detail the
dispersion characteristics of atmospheric
effluents and the influence of the local
topography on the dispersion pattern.

As part of GERMON program under the
Eight Plan a model station having an inte-
grated monitoring system, commissioned.

• The implementation of radiation safety
programme in non-DAE institutions all
over the country using radioisotopes and
radiation sources for medical, industrial
and research applications continued.

• Personnel monitoring service provided
to both DAE and non-DAE institutions.

Activities for promoting safety were
continued as part of Accident Prevention
Programme. Investigation of accidents,
follow-up actions on implementation of
various recommendations were made.
Educational efforts under the Accident
Prevention Programme included prepara-
tion of safety charts and screening of
films on health and safety.

Special industrial hygiene and safety
surveys for ventilation and acoustic level
evaluation, beryllium and ozone concen-
tration in working environment etc.,were
carried out in BARC and other DAE units
for assessment of industrial hazards.
Safety inspection survey of BARC labor-
atories, workshops and hospital at Bom-
bay and at IRE, Udyogamandal, Chavara
and Manavalakkurichi and Beryllium
Laboratory (ISRO) at Trivandrum were
carried out. Suitable control measures
were recommended wherever necessary.

A Sound Detection and Ranging Instru-
ment (SODAR) has been installed at the
Kaiga Nuclear Power Plant site to study in
detail the dispersion characteristics of
atmospheric effluents and the influence of
the local topography on the dispersion
pattern. Three dimensional wind profiles
upto a height of 700 meters are being
generated in this area using the data
obtained from SODAR and the proposed
auxiliary network of five weather stations.
Detailed site specific dispersion and
transport characteristics identified. This
will be used to assess the concentration
distribution of radionuclides in the region
due to the atmospheric releases arising
out of normal operation of the nuclear
plant and In the unlikely event of any
accidental release.

A hydrological model has been used to
study the spatial and temporal distribu-
tion of radionuclides in coastal waters
due to short-term releases. The model
was applied for the radiotracer (Br-82)
study of dispersion of sewage off Bombay
coast. A comparative study on the atmos-
pheric dispersion factors as a function of
distance at different power plant sites has
been undertaken. A diffusion-deposition
model is developed to evaluate deposi-
tion velocity and plume depletion of sur-
face reactive effluents such as elemental
iodine, HNO3, etc. A parametric study of
the, role of Engineered Safety Features
(ESFs) in modifying aerosol source term
for postulated LOCA in a containment has
been completed using NAUA computer
code.

A computer based multichamber alpha
spectrometry system has been con-
structed and made operational for trans-
uranic nuclides encountered in bioassay
and environmental samples.

Bioassay services were provided to the
HMT watch factory at Tumkur in respect of
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employees who handle tritium labelled
compounds for painting watch dials.

Experiments were conducted to study
the interception and translocation of
radionuclides by vegetation, by releasing
simulated radioactive aerosols in an ex-
perimental chamber containing different
types of vegetation such as spinach, rad-
ish, potato and grass. The geochemical
behaviour of Np-237 in the marine en-
vironment is being studied with respect to
its distribution in sea water and sediment
with special reference to its leaching
characteristics from the sediment under
different redox conditions using sensitive
methods based on neutron activation
analysis.

Etiological parameters such as inhala-
tion of dust, smoking habits and their
effects on physiological parameters of
miners were assessed with subsequent
radiological examination. Studies were
conducted on 376 miners as well as on a
control group using a Spirometer (ST-
200) to study lung function impairment, if
any. Studies related to the estimation of
radon in the working environment of ura-
nium mines as well as in exhaled breath
of workers were undertaken

Detailed study on particle size distribu-
tion of aerosols obtained in the working
environment at Monazite Processing
Plants has been carried out.

IAEA-RCA project on establishing a Re-
ference Asian Man tor realistic protection
standards is continued. Analysis of the
data revealed that the turn-over rate/
biological half-lives of some of the impor-
tant radionuclides such as Cs-137 are
lower for Indians as compared to Cauca-
sians. This results in lesser internal dose
per unit intake of radionuclides like tri-
tium, Cs-137, etc., for an indian adult. The
built-in margins of safety being followed
for occupational worker of Indian nuc-
lear fuel cycle facilities are therefore
greater than those derived using ICRP
Reference Man data.

A method has been developed for the
simultaneous determination of U-238 and
Th-232 in the biological/ environmental
samples and applied for the estimation of
their daily dietary intakes by the popula-
tion living in the high background areas
of Kerala. Intakes for the two radionuc-
lides were found to be higher by factor of
t5 and 6 respectively as compared to
those of the population living in normal
background areas. However, the calcu-
lated annual effective dose values are
well within the standards of exposure pre-
scribed for the members of public.

Uptake of fission and activation pro-
ducts by coated acrylic fibre was investi-
C2ted. High sorption efficiency (95-100%)
was observed for the radionuclides Co-60
and Mn-54 in sea water.



Probabilistic Safety Assessment (Level
I) of MAPS was carried out based on
operating experience.

Following four safety guides have been
prepared for the Atomic Energy Regula-
tory Board:

i) Design basis floods for NPPs on in-
land site.

ii) Hydrological dispersion - methodolo-
gy and modelling.

iii) Population consideration in NPP
siting.

iv) Extreme meteorological parameters
in NPP siting.

Radiation Safety Systems

During the year a number of new instru-
ments and methodologies have been de-
veloped. Work on the Eighth plan project
on "Hardware for Emergency Prepared-
ness and Upgradation of Meteorological
Data Acquisition" was continued.

The Scanning Pulse Height 256 Chan-
nel Analyser developed for aerial gamma
spectrometry was employed in field ex-
periments and found suitable for provid-
ing a quick and comprehensive assess-
ment of the dispersion and deposition of
radioactive materials, if any, over large
areas around NPPs. The analyser uses
high density low power battery backed up
RAM memories to store a large number of
spectra taken in continuous short inter-
vals during aerial survey. The system is
capable of handling large count rate with
minimal dead time effects. The system
was fitted in specially designed shock
-absorber racks in a dakota aircraft hired
from Air Survey Co., Calcutta with a 5" x
2" Nal(TI) detector and successfully
tested on an aerial gamma spectrometric
survey experiment around RAPS, Kota
during August 1992. On landing after
completion of survey, the stored spectral
data is transferred to a PC that finally
process the data and display graphically
the radioactivity profile on a site map.
During this survey the system could suc-
cessfully track and map the radioactive
plume due to normal Argon-41 emission
through the RAPS stack. It could also
successfully detect and map five lr-192
radiographic sources deployed on the
ground to simulate ground contamination.
The system's adaptability with regard to
its quick mounting and operability in
different light aircraft (Dornier) and MI-17
helicopter was tested in order to upgrade
the visual navigation adopted during sur-
vey over Kota. A Global Positioning- Sys-
tem (GPS) navigating in real time using
signals received from satellites was also
deployed. These two exercises estab-
lished the availability of hardware and
methodologies for aerial gamma spec-
trometric survey for a quick assessment of
radioactive contamination over large
areas. The system is also capable of

locating any radioactive source lost on
the ground.

The real-time environmental gamma
dose logging system developed indige-
nousiy which can monitor gamma dose
rates around NPPs has been updated into
a single integrated unit and the know-how
has been passed on to ECIL. The system
provides local LCD display of monitored
dose rate updated every five minutes and
is capable of storing hourly averaged
dose rate with corresponding date/time
information over a period of 21 days. The
system also includes a software 'watch
dog' to monitor performance of various
system parameters and modules and pro-
vide visual indications as well as visual
alarms for low and high dose rates. The
VHF telemetry based remote dose log-
ging network operating at Trombay and
Tarapur is being upgraded with these
new integrated units. The environmental
gamma dose data logging system con-
tinued to operate at Trombay, Tarapur,
Kaipakkam, Calcutta and Mangalore and
the data is made available for national
monitoring- network.

The battery operated portable radon
Working Level Monitor developed has
been upgraded with surface barrier de-
tector and incorporates thoron working
level monitoring as well. The technology
of the integrated system consisting of a
Digital Pocket Dosemeter with local LCD
read-out, a microprocessor based reader
with PC interface and a dosemeter char-
ger unit, has been transferred to ECIL.

Site Emergency Control Centre equip-
ped with computer aided data loggers
and processing system, radiation protec-
tion survey instruments, protective equip-
ment and a mobile monitoring laboratory
is kept in readiness at Trombay. This sta-
tion provides continuous telemetered
data on environmental dose rate and
meteorological status of the Trombay site.

Large area gas flow counters for check-
ing body contamination of radiation work-
ers in a plant has been developed for use
.in Portal Monitors. Studies on the applica-
tions of Solid State Nuclear Track Detec-
tors in radioactive measure-
ments were continued. A new etching
technique for estimating the background
in individual CR-39 detector has been
developed for low-level alpha activity de-
termination.

As a continuing programme in the
study of ultra-low tritium measurements in
different environmental matrices, a Tri-
tium Laboratory has been set up with
sophisticated liquid scintillation spectro-
meter, at BARC Hospital, Anushaktinagar.
This Centre has kept the Medical Decon-
tamination Centre in readiness to meet
any radiation emergency.

A U/Th/K automatic estimation system
for soil samples using gamma spec-
trometry Nal detector has been de-
veloped and setup for routine measure-
ment at Monazite Survey Project at Karu-
nagapally.

Radiation Standards

As part of a programme to establish a
national calibration facility at diagnostic
x-ray energies, the output characteristics
of a diagnostic x-ray machine have been
investigated. A new method of estimating
the inherent filtration of diagnostic
machine during routine quality assurance
testing has also been formulated on the
basis of our investigations.

For the computation of gamma sensitiv-
ity of Self Powered Neutron Detectors
(SPND) a computer programme has been
prepared to evaluate the intervening pa-
rameters. The gamma sensitivity of the Pt
SPNDs at Cobalt-60 photon energy has
been computed and found to agree within
15% with the measured values of the
same at our laboratory and AECL,
Canada.

A calibration assurance dosemeter
consisting of a portable charge measur-
ing system and two ion chambers has
been designed and its characteristics
have been studied in detail. The dose-
meter has a long term stability of the order
of plus or minus1%. It is proposed to be
used to monitor the calibration accuracy
of regional accredited labs.

A solution of Selenium-75 was standar-
dised for the international intercompar-
ison organized by Bureau International
des Poids et Measures, France.'The re-
sults has been sent to BIPM for compari-
son with the results of other participating
standards laboratories.

Under IAEA's CARE programme, an in-
tercomparison of BARC reference stan-
dards against IAEA standards for expo-
sure and dose was carried out at Cobalt-
60 energy. For this purpose, two IAEA
dosemeters were calibrated at BARC and
IAEA. The calibration factors for Air Ker-
ma and dose to water obtained at both
labs were found to agree within plus or
minus1%.

BARC participated in the IAEA postal
dose intercomparison programme at
Cobalt-60 energy, conducted during this
year. The results obtained show that the
dose to water evaluated at BARC was
differing by -1.4% from that evaluated at
IAEA.

Radio-frequency microwave radiation
field strength meters incorporating diffe-
rent working principles and used by other
institutions have been intercompared for
their performance at the 27.12 MHz calib-
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rating grid at Trombay. Those based on
metering of field strength by virtue of
temperature rise have been found to over
estimate the field as compared to those
based on measuring directly the induced
voltage.

Over 150 radiation protection monitor-
ing instruments were calibrated for va-
rious DAE, industrial & medical centres.
Thirty five standards of various radionuc-
lides were supplied to users including
one for IAEA. Twenty six Secondary Stan-
dards Dosimeters were calibrated for
Radio Therapy Centres, including one for
Nepal. Dose intercomparison using TLDs
was done for 87 teletherapy units. Start up
counters and ion chambers at KAPP Site
were calibrated. A calibration of the en-
vironmental monitoring system de-
veloped for different power station were
done using the facilities in the laboratory.
Measurements & tests were done for
SAMEER on the medical linac developed
by them, for Defence Laboratory on the
radiation sensors being developed and
for Hindustan Photo Films on the Step
Wedge Filter procured by them. Tests
were done for radiofrequency leakage
from plasma torches being developed at
BARC.

Environmental Safety Assessment

Air quality survey has been carried out at
Gurushikhar, Mt.Abu, 1700 m above sea
level, with a view to assess the suitability
of the site for setting up delicate optical
facilities required for research in infrared
astronomy. Air quality survey was carried
out at TAPS, Tarapur, to assess the im-
pact of several conventional industries in
the area. Total Suspended Paniculate
Matter (TSPM) ranged from 45 to 285 fg/
m3. The levels of SO2, NO2 and O3 were
found to be in the range of 3.5-60, 0.3-
11.6 and 0.2-11 fg/m3, respectively, in-
dicating episodes of SO2 pollution only.

Under an interagency project, an auto-
matic continuous Air Pollution Monitoring
Station was set .up in New Bombay.
Measurements of SO2, NOX, CO and O3
and TSPM are in progress. Collection of
emission inventory data of several indus-
tries were undertaken. Model calculations
for predicting SO2 air quality in the area
has been done for a 3-month period, to be
corroborated by data. Besides other
equipments for pollution studies, a metal
system for methane monitoring has been
developed and used for measurements in
the area and the values for hydrocarbons
are:C 2 -C 5HCs:50-150ppb.

Air pollution study at Trombay hills to
identify causes of corrosion of power
transmission towers was carried out. Air
particulates, soil, leaf and insulator dust
samples were analyzed for elemental
composition. It was concluded that sea

salt spray, originating from a cooling tow-
er in nearby Hindustan Petroleum refin-
ery, deposited on the towers causes
corrosion.

The assessment of environmental im-
pact of the captive thermal power plant at
Manuguru HWP was taken up. Analysis of
coal flyash, bottom ash, soil ash, pond
water, river and well water and slurry re-
sidue at the power plant was carried out.
Leaching tests on the ash samples were
aiso done, giving pre dieted concentra-
tions in the ash pond to be well below the
prescribed for industrial effluents as well
as below tolerance limits for drinking wa-
ter, obviating the need for extra safety
measures. The ashpond overflow water
concentrations of Pb, Cd, Cu, Zn, Mg, K
and Fe were found to be similar to nearby
Godavari river water.

An environmental impact assessment
of OSCOM was carried out. The maximum
ground level concentration, based on
maximum impact criteria were calculated
for SO2, SPM and HNO3. All values are
well below the prescribed standards. The
concentrations of radionuclides due to
radioactive liquid discharges and
teachings from shallow land burial of low
level waste were calculated in the ground
and sea water. The values were not found
to be significant. The operations do not
leave any adverse impact on the environ-
ment.

As part of GERMON program under the
Eight Plan a model station on the terrace
of BARC Hospital is commissioned,
which has an integrated monitoring sys-
tem, employing 3 gamma detectors and a
step moving filter unit for particulate beta
activity monitoring and data logging facil-
ity governed by a comprehensive soft-
ware. System knowhow of GERMON in-
struments were passed on to ECIL

Environmental radiation monitoring for
14 DAE units using TLDs was continued.
Radiation levels outside fence posts were
similar to natural background. Ambient
gamma dose measured by TLDs agreed
with dose measured by other systems
such as pressurised ionization chamber
and large volume GM detectors.

A countrywide programme of measure-
ment of radon and its daughter products
using a passive technique is in progress.
Monitoring during 4 seasonal cycles
covering one full year has been done in
73 houses and the average indoor radon
exposure works out to 6.4 milliworking
level (mWL). Radioactive monitoring sys-
tems for tritium were upgraded and moni-
toring instruments were supplied to
IGCAR. The system knowhow for gel de-
tector for tritium was passed on to ECIL.

As a part of a study of heavy metals
exposure impact on children's health, 132
blood samples were analyzed for Pb, Cd
and Cu. Their levels were found to vary
from 0.25-19.62, 0.03-3.64 and 13.9-194.9
fg/dl, respectively.

Size distribution and chemical com-
position of aerosols generated by a plas-
ma torch and a powder coating device
were studied. The results show that the
plasma torch is a copious source of aero-
sols, generating particle concentration in
the neighborhood of 0.5g/m3, compara-
ble to aerosol produced in a nuclear acci-
dent. A collaborative proposal for a prog-
ramme of aerosol simulation studies with
other groups in BARC and NPC is final-
ized for implementation. In this connec-
tion, adaptation of computer codes and
studies on thermodynamics of multi-
component nucleation were also pur-
sued.

Characterization of particles generated
by 4 brands of medical metered dose
inhalers was carried out. Preliminary re-
sults show that modes in their size dis-
tributions are above 1 fm, indicating likely
deposition of a large fraction in the upper
respiratory tract.

Environmental TLDs, fR survey meters
and Thoron-in-breath monitor were sup-
plied to Regional Cancer Centre, Thiruva-
nanthapuram for use in the epidemiolo-
gical survey of populations living in
monazite areas of Kerala.

The minimum database required for a
quantitative estimate of the radiation risks
from epidemiological data in exposed In-
dian population was computed using the
revised risk coefficients of ICRP-60,
adapted to Indian conditions. The main
results show that in the case of highly
exposed population living in Monazite
areas of Kerala, one needs a database of
120,000 person years. In the case of Indi-
an occupational workers with dose accu-
mulation of at least 10 mSv/y, one needs
to observe about 3600 workers throughout
their lifetime and for general populations
living around nuclear reactors, the re-
quired database is impracticably large to
enable reasonable detection of cancer
excesses by epidemiological surveys.

Radiation Protection

The implementation of radiation safety
programme in non-DAE institutions all
over the country using radioisotopes and
radiation sources for medical, industrial
and research applications was con-
tinued. Personnel monitoring service was
provided to both DAE and non-DAE in-
stitutions. 45,000 radiation workers were
monitored with TLD and film badges. In
addition around 1300 additional radiation
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workers for fast neutron exposures were
monitored A systematic computerized
dose record of all radiation workers is
being maintained. During the year. 155
cases of excessive exposure (more than
10 mSv/month) were detected. TLD tape
dosemeters of 0.4 mm thickness de-
veloped have been introduced in routine
monitoring and these have many advan-
tages. Kodak NTA films are being re-
placed by Solid State Neutron Track De-
tectors.

Installation plans were approved for 31
beam therapy, 12 branchytherapy and 40
open sources institutions. Authorisations
were issued for procurement of 430
radionuclide consignments. 167 radiolo-
gical protection surveys were carried out.
Source loading operations in 2 telegam-
ma installations were supervised. 107
transport certificates were issued for safe
transport of radioactive materials. 350
radiation sources were received from va-
rious institutions for disposal. Radiog-
raphic cameras were inspected and
tested periodically for their functional de-
fects and adequate radiation shielding.
1100 mg of radium from 4 institutions was
collected for disposal as radioactive
waste. Plans were also approved for 8
institutions using industrial radiography
sources.

ISO radiation sources from nucleonic
gauges have been decommissioned and
sent for ultimate safe disposal. One inci-
dent of source stuck up and 2 incidents of
source loss in industrial radiography
were handled Testing of consumer pro-
ducts incorporatings radioactive mate-
rials has been started. 15 brands of gas
mantles incorporating thorium have been
tested and approved for public use.
lonisation Chamber Smoke Detectors in-
corporating Americium from seven diffe-
rent manufacturers have been approved
for distribution.

Industrial advisory work was extended
to Central Electrochemical Research In-
stitute, Karaikudi (in drawing the speci-
fications for a 6 MV betatron) for doing
bridge ra. iography to study corrosion.
The machine was also demonstrated by
the foreign manufacturers for approval.
Industrial advisory work was also ex-
tended in the planning of two accelerator
rooms for radiography for Defence institu-
tions at Itarsi and Pune. The accelerator at
Itarsi has been commissioned after pro-
tection survey and approval.

Three models of diagnostic X-ray
machines were tested and recommended
for type approval. No objection certificate
was recommended for import of one mod-
el of telegamma unit. Four hospitals were
recommended for accreditation as testing
laboratories for diagnostic X-ray
machines.

Radiological Physics

An automatic TLD Badge Reader system
has been designed for the fast read-out of
the TLD badges (consisting of three 0.8
mm thick and 13 mm dia CaSO4:Dy teflon
discs fixed on an Al card). A mechanical
arrangement is made to transport the TLD
cards loaded in a magazine to the read-
ing position. A hot air heating system
heats the TLD dosimeters. A PC/XT is
used to control the entire operation of the
system. An assembly language software
is written for the movement and read-out
of the TLD cards and the glow curve is
plotted on the screen. A new model
(TLDBR-3B) of manual TLD badge reader
with a built-in PC interface has been de-
veloped. Facilities like automatic dark
current balance, autorangjng and glow
curve storage were incorporated.

New TL phosphors, CaSO4:Dy,Cu,
CaSO4:Dy,P and BaSCvEu.P have been
developed in order to improve gamma
and intrinsic UV sensitivity as well as to
extend their linear dose response.
CaSO4:Dy,P has 57 % more sensitivity to
gamma rays as compared to CaSO4:Dy,
whereas BaSO4:Eu,P is about 2.5 and 640
times sensitive to Co-60 gamma rays and
UV (253.7 nm) radiation, respectively,
when compared to CaSO4:Dy phosphor.
The defect centres formed in the thermo-
luminescent phosphor CaSO4:Dy on
additionally doping with Na+ (as a
charge compensator) have been studied
using the technique of Electron Para-
magnetic Resonance (EPR).

Assembling, testing and reconditioning
of two TLD Readers for medical applica-
tions and eight Secondary Standard Dosi-
meters, four Clinical Dosemeters and two
Beam Therapy Dosemeters were carried
out for non-DAE units. Ten PC interface
units were assembled, tested and instal-
led in TAPS, RAPS and MAPS for person-
nel monitoring. Eight units of kVp meter/
timer were tested and calibrated for field
use.

Data regarding diagnostic X-ray and
nuclear medicine practices in India was
collected and a Annual per caput and
collective effective dose equiveients
computed. The analysis has shown that
the per caput effective doses to Indian
population is significantly lower (one fifth)
than that in the case of developed coun-
tries. This was found mainly cue to lower
number of medical facilities in India as
compared to that of developed countries
However, as compared to the status of
health care in India in 1989, a significant
increase in the medical facilities in India
brought its level closer to developed
countries and much ahead of the other
developing countries

A passive area monitor based on TLD
was developed and used to verify the
shielding adequacy in teletherapy in-
stallations and to ensure that the radiation
levels in actual working conditions are
well within the permissible limits. A post-
al pack developed for the audit of quality
assurance in diagnostic X-ray installation
was found to provide information on X-ray
machine output, filtration as well as the
tube potential of the machine. Use of
ultra-thin TLDs provided solution to the
interface dosimetry problems in telether-
apy using high energy accelerators.

For SHRI facility at Baroda, dosimetry
with small diameter polystyrene balls
containing alanine was conducted so that
the circulation time of these balls was
closer to that of sludge. A point kernel
calculation using the build-up factors for
water was also obtained. For any particu-
lar partial loading the measured and
calculated mean sludge dose rates were
in close agreement. The dosimetry of
natural rubber latex irradiator at Kottayam
was completed using water as medium
instead of latex. Studies on alanine dose-
meter using 10 cm pathlength cells were
planned so that doses in the radiation
therapy dose range could be measured.
Detailed electronic impact cross-sections
for water vapour are represented in analy-
tical forms and these are used as inputs
in extensive Monte Carlo studies of ener-
gy deposition in water vapour. 3-D treat-
ment planning software for photon beam,
electron beam and brachytherapy are
under preparation in 'C'language. Soft-
ware preparation for dose calculations in
the principal and parallel planes have
been completed, incorporating earlier
work done for 2-D computations.

COMPUTATIONAL SCIENCE & ELEC-
TRONIC INSTRUMENTATION

Computer Science and Engineering

It is planned to carry out the major up-
grading of the central computing facilities

consisting of a network of Norsk Data 560
and Norsk Data 570 super mini computer
systems, a network of four 80860 RISC
processor based mini computer systems
and four high speed advanced colour
graphics workstations, by procuring addi-
tional high speed super mini computers
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graphics workstations and advanced
electronic design system. It is also plan-
ned to replace the two Prime P-450 com-
puter systems being used for Library In-
formation Services Division and Accounts
& Administration with the modern high
speed 80486 based mini computer sys-



tems and initiate majoi' efforts in the de-
velopment of various software packages
for the applications in the field of Library
and Information Services Division and
Accounts & Administration using latest
parallel data based management system
packages.

A super computer system based on pa-
rallel processing techniques has been
developed using 8 high speed RISC pro-
cessors with 16M Bytes of memory each
and it has a peak processing speed of
640 MFIops. The parallel processing sys-
tem has demonstrated UNPACK ben-
chmark speed of 52 MFIops for a 1000 x
1000 double precision matrix which is
about 1/5th the speed of the CRAY MYP
super computers. A number of scientific
users have used the parallel processing
system for processing their programs. It
has shown a speed up of about 100 over
Norsk Data 570 systems for most of the
user programs. The system is supported
by an interface to high speed graphics
workstations for the visualization of scien-
tific computational results.

For the ease of paralleling user prog-
ams, a simulator software ;jackage for the
parallel processing system capable of
running any UNIX based system has also
been developed. As further effort for
achieving higher speed a 16 node para-
llel processing system with a peak speed
of 1.2 GFLOPS has been assembled and
it is being tested with the user programs.

A walkthrough package on high speed
graphics workstation is being developed
for planning the lay out of a large plant.
This package includes facilities for creat-
ing 3D objects, placing them at different
locations and viewing the entire con-
figurations from different points. Another
package has been developed for plan-
ning the tule bends in a steam generator
on high speed computer graphics .sys-
tem. This package provides visual pre-
sentation of tubes using different colours,
shades and light sources. This package,
can be used for tube interfence checking
and planning assembly sequence.

Another package has been developed
for Automated DNA sequencing from a
DNA sequencing autoradiogram using a
high speed personal computer and a
digital scanner. Another package for
simulation of molecular dynamics cala-
culations has been developed using
BARC parallel processing machine and a
high speed graphics wrokstation. This re-
quires super computing speed for pro-
cessing and very high speed graphics for
visualising the physical phenomena.

In the field of data base management
system, patient record data base for
BARC Hospital based on a 80486 mini
computer with distributed computer ter-

minals has started functioning. Patholo-
gy, Radiology, ICCU, Patient Ward and
Pharmacy have been provided with the
terminal for day-to-day interaction with
the data base system The system soft-
ware once fully functional can be easily
given to various other general hospitals in
the country for use. Other data base soft-
ware packages developed are data base
for off-site Emergency Preparation and
Image Storage/Retrieval system. The in-
formation system developed for Fuel Fab-
rication facilities at Radiometallurgy Divi-
sion has been fully commissioned and is
being used for regular production runs.

Another software development work
undertaken in the Computer Division is in
the field of multi processing systems. This
is an advanced level of software which
will provide multi processor support on
the 80860 based processor currently
used for scientific computations.

Another important development work is
carried out in the field of Digital Image
Capturing. The system has been de-
veloped for capturing a colour image dis-
played on a TV screen, directly into a
personal computer using a very low cost
of interface. As the storage requirement
for the colour images is very small, this
system can be used for implementing
large colour image data bases.

It is planned to upgrade the central
voice/data communication facilities of
BARC, operational for the last four years
from the present capacity of 1350 voice
terminals and 220 data terminals by an
additional 416 voice terminals and 64
data terminals. The facility is also being
upgraded for providing X.25 network sup-
port to the number of computer systems
distributed at BARC. During the year, the
old EPABX at BARC Hospital has been
replaced with a latest electronic ex-
change which will provide both voice/
data communication within hospital pre-
mises.

Software was developed to extract uni-
que features of a person's hand for a hand
geometry based access control System.
Software was developed for the level con-
trol of steam generator in PHWR.

Electronics and Instrumentation
Advanced nuclear and reactor instru-
mentation systems based on latest adv-
anced technology and modern techni-
ques have been developed and supplied
to meet the requirement of DAE units.
Sophisticated nuclear systems such as
Basic Gamma Camera for medical use,
Automatic Liquid Counting System for
Biology, Medicine and Environmental
Studies and variety of specialised mod-
ules and 8k MCA for various nuclear ex-
perimentation and measurements were
developed and fabricated.

Specialised reactor instrumentation for
control as well as for health and safety
measurements were made and supplied
to NAPP, KAPP and FBTR plants. These
include Neutron Monitors, Area Gamma
Monitors, Environmental Monitors, High
Neutron Power Trip Unit, Reactor Startup
Safety System, Centralised Monitoring
System and Modernisation of FBTR instru-
mentation. The incore and out of core
Radiation Detectors for the measurement
of neutron flux and Vanadium self-
powered Detectors were developed and
made.

CAMAC and NIM based advanced in-
struments/systems were supplied to TIFR.
Multi Transputer based data acquisition
system for acquisition of time critical data
has been designed. An improved version
of Video Frame Processor for processing
images digitally and strong image in-
formation has been developed. A module
for generating event-free objects from
Auto CAD files for knowledge Based
Operator Advisor (KOBA) system which
assists power plant operator to ensure
safe operation of power plants, has been
made.

A GP-Text system which enables the
visually handicapped persons to create
and listen the text document either
through Braille Key Board or Optical
Scanner or the test file already stored in
the system has been developed and
made. The system was demonstrated tp
Members Parliament and was exhibited
at ITTF-92, New Delhi.

The development of mass spectro-
meters for process control, isotopic
analysis of water and trace analysis work
was continued. Software packages for
computer controlled operation and data
acquisition were developed and incorpo-
rated in some of the existing and a newly
fabricaated thermal ionisation mass
spectrometers. Several sub systems/com-
ponents for the ICP-MS machine under
development were fabricated. A new
sample probe, capable of heating a sam-
ple to 300°C, was designed and incor
porated in the double focusing mass
spectrometer. Different types of valves,
tees, crosses, six ways, sample feed
throughs and sputter ion pumps upto 270
L/S capacity along with compact switch
mode power supplies were fabricated for
indigenous development of UHV systems.
Design and fabrication of a 2.5 KW RF
generator for ICP-AES source and fab-
rication of the driver stage for a 30 KW RF
generator was completed.

Silicon surface barrier and Nal(TI) de-
tectors were routinely supplied to various
users. The performance of Si(Li) detector
was improved and twin Si-surface barrier
detectors of 450 mm2 area were de-
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veloped. Work to standardize the growth
of CdTe, BaF2 (50 mm dia.) and BGO (25
mm dia.) crystals was carried out. Inves-
tigations on the radiation hardness of
BGO scintillators were made. The de-
velopment and production of different
types of glass-metal seals for level sen-
sors, canned motors and other special
applications, vacuum gauge heads, hol-
low cathode lamps, laser flash lamps etc
was continued.

An ultrasonic level monitor for the li-
quid poison tank ot reactor and an auto-
matic system for filling of pellets in the
fuel of reactor were developed. An abso-
lute encoder of special requirement was
developed for non-destructive testing of
industrial specimens. An ultrasonic level
probe for indicating the poison solution
level inside the liquid poison solution
tank in reactor and fully automated sys-
tem for filling fuel pellets inside fuel tubes
were developed. An absolute encoder for
non-destructive testing of industrial
specimens was specially developed.

Phonetic place-code grid was de-
signed, and Phonetic Code-Books were
prepared, for the entire states of Tripura
and Mizoram, for districts Gurdaspur and
Ferozpur in Punjab, and for district Dhu-
buri in Assam. Training on Phonetic Code
System was imparted to the field staff in
these states.

Computer Based Instruments

Work was started to develop an advanced
multi parameter system for pelletron faci-
lities capable of providing very high
speed on-line data reduction, extensive
2/3 dimensional high resolution graphics
display and processing high speed, high
capacity mass storage and sufficient pro-
cessing power for complex spectra analy-
sis. Development of a stand alone 8-
parameter system providing extensive
multi dimensional display and data pro-
cessing features was also started. The PC
based transient analyser system required
by Reactor Engineering Division captur-
ing stress-strain patterns in the metallic
platform in a fuel rod carrier design is
being developed.

Further work has been carried out for
the development of data acquisition and
control system being developed for tun-
able Dye laser at CAT, Indore.

For networking of computers in C&l ap-
plications development eforts in the field
of MAP (Manufacturing Automation Pro-
tocol) compliant token bus networks were
continued. A number of PLCs of ECIL
have been integrated using IEEE Token
Bus LAN. Dual redundant Modem and
repeater for IEEE 802.4 carrier band net-
work for PC, VME & SS bus systems and
Token Bus Controller for in-house Euro

bus, have been developed. The use of
Token bus controller in C & I systems of
NPC is under planning.

Stepper motor drives have been identi-
fied as simple and convenient digital
drives in laboratory positioning systems.
Modular and computer compatible drives
have been developed and used in Pellet-
ron Projects, TIFR. Microstepping drives
have also been commissioned at Spec-
troscopy Division.

A braille interpreter unit which gener-
ates all ASCII characters from a brailler
keyboards has been designed and fabri-
cated. Most of the special characters
usually available on the computer
Keyboards but not on brailler, have been
designed and implemented. The unit
communicates with a PC and provides
audible pronouncing of characters dis-
played on the screen.

Physical Protection Equipments were
installed at Kakrapar Atomic Power Sta-
tion; and CCTV system was commis-
sioned at Heavy Water Plant, Manuguru.
A film aneometer was developed for the
studies of flow turbulence in the modera-
tor circuit of the reactor. One high resolu-
tion image processing and analysis sys-
tem was developed. Sub-systems re-
quired for a comprehensive colour image
processing were worked out. Three image
analysis systems were installed at MB &
AD, BARC; NFC, Hyderabad; and SNDT
University, Bombay. The know-how of
high security lock, developed earlier, was
transferred to a private manufacturer.

ENGINEERING SERVICES

Civil Engineering

Some of the important structures under
design are a spice irradiation complex,
powder metallurgy laboratory and the ex-
pansion of hot extrusion facility at Bom-
bay; a super conducting cyclotron at Cal-
cutta; the centre for compositional char-
acterisation of materials (CCCM) at
Hyderabad and the environment &
radiological laboratory at Kaiga.

Some other ministries of the Govern-
ment and other institutions as well have
been provided with architectural ser-
vices. Notable among the recipients of
these services are the Ministry of Tourism,
Sanjay Gandhi Post Graduate Institute for
Medical Sciences, Society for Microwave
Electronic Engineering Research, and
Department of Electronics. A Hot Cell pro-
ject consisting of Radiographic and Ther-
apeutic and Diagnostic Medicine Units in
Albania is an oversees assignment.

The planning and preparation of
architectural, structural and PH designs
drawings and estimates, tendering,
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budgeting etc., for infrastructural works
connected with the programmes of BARC
units at Trombay, New Bombay, Tarapur,
Hyderabad, Gauribidnur and Srinagar
etc. and for CAT at Indore were con-
tinued. The maintenance works for all
these structures at Trombay and Tarapur
Complex were also carried out. Due to
ageing of 25 to 30 years old RCC struc-
tures at BARC complex (having withstood
the severe coastal environmental effects)
have been identified for basic investiga-
tion works in oroer to assess their integrity
and right type of repair works to be car-
ried out to enhance their serviceability.

This Centre has also provided com-
plete engineering services, excluding
construction, for the township of NPC pro-
jects, TAPS 3 & 4 at Tarapur.

A significant work carried out during
the year is the system design and execu-
tion of various types of drainage works to
prevent occurrence of flooding inside
laboratories and reactor buildings at
Trombay in the event of heavy rain and
downpour like the one occured during the
year 1991. Action is also being taken for
prevention of land slides at BARC Com-
plex, Trombay, in consultation with ex-
perts in the field. The other major project
works completed are WIP at Trombay and
RCC trenches, underground water stor-
age tank, inactive incinerator.etc, at
Tarapur and administration building,
electrical sub-station, AC plant and work-
shop, bulk analysis lab etc. for CCCM.
The civil works connected with nearly 30
projects at an estimated outlay of about of
Rs. 33.00 crores are in various stages of
progress.

A study programme has been started in
which a scaled model of the concrete
containment structure for the 500 MWe
PHWR will be constructed and tested for
its leak tightness and inteegrity under a
variety of instrumented conditions simu-
lating accident scenario. Results of these
studies will give an insight into the
structural design of the reactor contain-
ment system and will help take appropri-
ate measures in the actual design to pre-
vent release of radioactivity into the en-
vironment in the unlikely event of a reac-
tor accident. The demonstration of the
effectiveness of tne RC system di-ing
accidental situations is an important step
towards building public confidence in the
safety of nuclear power.

Electrical and Mechanical Services

Technical services support was pro-
vided for electrical and mechanical utili-
ties to various facilities and projects of
BARC and constituent units of DAE.
These included BARC Hospital expan-
sion project, facility for Integral System
Behaviour Experiments Project at En-



gmeenng Hall-7. modern hot extrusion
facility at Trornbay and expansion of pow-
der metallurgy facilities at New Bombay.

For the ultra clean facilities of CCCM,
design and engineering of sub-station
and electrical works and air-conditioning
and ventilation system was carried out.

Major upgradation and augmentation
work of electrical and mechanical utilities
of BARC under Eight Plan was under-
taken. This comprises provision of 750 TR
water chilling machine and upgradation
of elsctrical power supply system at cen-
tral air-conditioning plant, renovation and
upgrading of 22 KV electrical sub-station
and installation of unitary air-conditioning
and refrigeration equipment at various
BARC units. The power distribution sys-
tem at BARC is being modified to cater to
increased fault levels and plans are
being developed to meet the require-
ments during unexpected water and pow-
er supply failures.

Energy conservation programme was
continued and some long term measures
being pursued are energy audits, max-
imising utilisation of natural light, usage
of energy efficient lighting and fan reg-
ulating systems, installation of capacitor
banks for power factor improvement,
automatic switching-off devices for air
conditioners, induction of high efficiency
drives and thyristorised speed controlled
drives for blowers, refrigeration units, etq.

Central Workshops

The Central Workshops continued work
related to design, development and
manufacture of precision instruments and
equipments required for various research
programmes of BARC and other research
units of DAE, and critical equipment for
nuclear power reactors and research
reactors.

Various precision equipment designed
and manufactured include four-circle
goniometer for X-ray diffractometry, ion
target chamber for beam foil spectros-
copy, plutonium air monitor, low cost
valve actuators, Off-gas heaters and
separators for fuel reprocessing plant, re-
duction retort assemblies of 750 Kg.
capacity for extraction of zirconium from
zirconium sponge for NFC, Hyderabad
and precision scanning stage for inspec-
tion of irradiated fuel. Other equipment
such as bond diffractometers and polym-
er chain reaction apparatus are in adv-
anced stage of manufacture. Fabrication
of onion irradiators and improvements in
shielding to cater to latest safety stan-
dards has also been initiated.

Manufacture of special components
such as vent condensers, blind seal
rings, knife gate valves, special sealing
plugs for coolant channels and fuelling

machine Ram assemblies for 220 MWe
power reactors was carried out. Manufac-
ture of coolant channel assembly compo-
nents such as end-fitting bodies and liner
tubes and fuelling machine Ram assemb-
lies including design and development of
special toolings for 500 MWe PHWRs was
also taken up.

Special vacuum welding chambers for
electron beam welding of RF resonators
and zircaloy tubes were also designed
and manufatured. Four axis hydraulic
manipulator for handling uranium ingots
was designed for the Uranium Metal
Plant, BARC and its assembly is under-
going shop trials.

Large size precision magnets for stor-
age ring of lndus-1. were successfully
manufactured and delivered to CAT.
Mechanical design work for manufacture
of various equipment such as vacuum
ultraviolet beamline, photophysics beam-
line and photo emission spectroscopy
beamline for lndus-1 at Indore and spe-
cialised welding machines for welding
canopy type joints, end caps for fuel pins
etc. for power reactors has been in prog-
ress.

A bore offset measuring device was
developed which was successfully used
for alignment measurements between the
end shield and calandria lattice positions
of MAPS-2. Also mock -up trials were
successfully carried out for remote boring
and grooving of calandria tube-sheets of
MAPS for proposed installation of mod-
erator inflow spargers.

A number of design softwares for
machine elements were developed for
computer aided design system and used
extensively.

Technology for manufacture of the
eccentric collet chuck was developed
and transferred to industry and technolo-
gy is available for transfer for the manu-
facture of honing machine and radioim-
munoassay counters.

Remote Handling and Robotics

The impediments to direct or constant
human involvement caused by character-
istic constraints such as radiation
hazards, inaccessibility of work areas
and limited workspace in nuclear facili-
ties compp' "emotisation and robotisation
in these futilities, for execution of a wide
range of tasks such as fuel manufacture,
plant surveillance, repair, retrieval, de-
contamination and decommissioning to
name a few.

With sustained stress on self-reliance
and self-sufficiency, the programme has
been tuned to cater to the immediate and
long range needs of our nuclear program-
me in the areas of automation, remotisa-
tion and intervention robotics. It is note-
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worthy that invariably the systems de-
veloped have an immense deployment
potential in other sectors such as manu-
facturing industry, defence, space re-
search and oceanography as well.

Of the several targets achieved, par-
ticular mention may be made of the in-
digenous development of the bilateral
telemanipulator system. Improved trans-
parency of task environment, higher de-
gree of operator safety and comfort are
some of the distinct functional advan-
tages of this system. Driven by as many
as 14 Nos. of AC Servos, the bilateral
servomanipulator has 6 DOFs and grip-
ping capability for payloads of the order
of 5 kgs. Ease of manipulation, high
mobility-and better transparency of task
areas are ensured by the sensors and
controls for feedback on force, torque,
orientation and position. Developed basi-
cally for radioactive area applications,
the device has immerse deployment
potential in other sectors such as manu-
facturing industry, defence, space re-
search, rescue missions and oceanogra-
phy. A system of this type can provide
access and manipulative possibility
where none existed earlier (e.g. fuel re-
processing cells) and can reduce the
number of manipulations needed in a
facility due to the transportability of the
system. The number of shielding windows
normally needed can also be drastically
reduced.

The Computer Aided Telemanipulation
(CAT) system under development is an
advanced technique for achieving total
'transparency' of hazardous, unstructured
or inaccessible task environment for
effective performance of intricate jobs
such as repair and welding or complex
manipulations in 3D space. Equipped
with a computer interface between the
operator and manipulator, the CAT sys-
tem will provide for parametric feedback
to the operator during task performance,
teach and playback mode (like a robot)
for repetitive operations, capability for
collision avoidance and corrective action
in case of wrong operator commands.

On the mobile robots front, work on the
pneumatically driven wheeled platform
has been completed. In the final stages of
development area 6 legged 18 DOF walk-
ing mechanism and a wheeled vehicle
(for underground pipeline inspection).

Starting initially with quick acting 'pick
and place' robots for handling fuel pel-
lets, and tiny and odd shaped zircaloy
hardwares, the R&D efforts in this area
have culminated in the demonstration of a
flexible automation system for stacking
bearing pads, loading of magazines with
bearing pads and for smooth flexible



transfer 01 sintered oxide fuel pellets for
further processing. This system can also
be deployed for manipulation inside
glove boxes and other limited access
radioactive areas.

This indigenous system is essentially a
PC controlled 4 axis articulated robot
equipped with interactive sensors, and an
appropriate end effector for the specified
task and provisions for reliability assur-
ance.

Extensive path planning, software for
the 'search', 'pick up' and 'place' opera-
tions and precise end effector control are
some of the salient features of this techni-
que particularly for pellet handling for
fuel manufacture. In addition to task effec-
tiveness, this system leads to reduction of
operator exposure.

A 5 axis robot has been developed for
neutron tomography studies and for use
with the Kamini reactor at IGCAR.

The 5 Kg. payload 5 axis articulated
robot developed earlier is being updated
for joystick controlled teleoperation in
radioactive environment.

R&D studies related to logic controlled
and servocontrolled pneumatics have
been continued with appreciable results.
In this context, the delay mechanism
assembly automation system developed
for a defence establishment deserves
mention here. The system, designed for a
highly hazardous assembly operation, is
equipped with 'Pick and Placo robots,
interconnected PLCs in parallel mode
and appropriate sensors to achieve high
degree of flexibility for assembly opera-
tions; the system, in essence, constitutes
a flexible assembly cell, a vital building
block for advanced manufacturing sys-
tems.

In the advanced field of Robot Vision - a
vital aspect of Intelligent Robotics - the
developments during the period under
review have been noteworthy and
appreciable. Indigenous design, de-
velopment and implementation of a de-
velopmeent platform for machine vision
based industrial automation systems (for
handling constrained domain objectives
optimally), evolution of a Robot vision
system for recreation of a scene, develop-
ment of Robot vision based on structural
lighting for extraction of 3D surface de-
tails of polyhedral objects and develop-

ment of algorithms for fine handl ing of tiny
bearing pads after identification of loca-
tion and orientation are some of the high-
lights of achievement in this frontline
field.

A manipulator has been designed,
assembled and operated at site with ex-
cellent results for vacuum cleaning of de-
bris collected on the Over Pressure Relief
Device (OPRD) of the RAPS reactor. A
robotic device is also being developed
for attending to the leak in OPRD.

A Rugged Duty Manipulator (RDM) has
been set up for Post Irradiation Examina-
tion (PIE) Facility.

The other systems in an advanced
stage of development include an Adv-
anced Power Manipulator for the KARP
Project, a Gamma Teletherapy Unit for
cancer treatment, a containment vessel
inspection system for FBTR, a turbine
blade inspection system for BHEL and
sophisticated automation devices for
pipetting, film badge counting, film feed-
ing, film separation and film loading.

LIFE SCIENCES

Molecular Biology

Studies on the molecular basis of genetic
recombination, DNA repair and response
to radiation and environmental stresses
were continued.

Identification, mapping and cloning of
a new cold sensitivity gene crgB has
been reported earlier. This gene was sub-
cloned on a 1.5 kb fragment and shown to
be different from another adjacent gene
whose product inhibits DNA degradation
by exonuclease. The latter gene was pre-
sent on a 2.1 kb fragment which also
harboured the crgB gene. 1.3 kb of the 1.5
kb DNA fragment containing the crgB
gene was sequenced. At low temperature
but not at 37°C, the mutant crgB allele
suppressed a host mutation to streptomy-
cin resistance located in rpsL, the gene
for a ribosomal protein. This supports the
idea that ribosomes are the primary sen-
sors of low temperature in bacterial cells.

The RecBCD enzyme was partially
purified from E. coli K-12 strain. Prelimin-
ary results suggest that this enzyme frac-
tionates in two forms, one of which is
bound to DNA polymerase I.

An insertion of the minitransposon Tn
10 into pyrB gene was used to demons-

trate the cotransduction of this gene with
the pleiotropically carbohydrate defec-
tive mutation, cup-1 which had not been
possible earlier. Two suppressors of cup-
1 which completely abolished the sugar
nonutilization phenotype of the mutant
cells were identified and mapped near 99
min on the E.coli chromosome.

The cloning of uv repair genes, uvr-3
and uvr-4 of Haemophilus influenzae has
been reported earlier. These were physi-
cally mapped on the H. influenzae
chromosome. Evidence for the involve-
ment of the uvr-3 gene product in the host
cell reactivation of a uv-irradiated phage
HP1C1 was obtained.

A physical linkage between salt stress-
induced genes and nitrogen fixation (nif)
genes has been demonstrated in a salt-
tolerant cyanobacterium A. torulosa. The
entire nif gene cluster from this organism
has been cloned. Expression of nit-
rogenase synthesis seems to be develop-
mentally regulated in cyanobacteria Ana-
baena PC 7120 occuring only in cells
committed to differentiation.

The techniques of oligonucleotide
synthesis and polymerase chain reaction
(PCR) were used in several programmes
of Molecular Biology & Agriculture Divi-
sion and other divisions in Bio-Medical

Group. These include preparing DNA
probes for bacterial genes, amplification
of human class II histocompatability gene
segments, cloning of carbonic anhydrase
I gene and to study genetic rearrange-
ments in plant cells grown in tissue cul-
ture. PCR based methods for the diagno-
sis of genetic diseases including Down's
Syndrome, Duchene Muscular Dystrophy
(DMD) and autoimmune diseases like in-
sulin-dependent diabetes mellitus
(IDDM) are being standardised.

Cyanobacteiial tolerance to salinity
and osmotic stress have been shown to
be distinct and independent phenomena.
A salt-tolerant strain A. torulosa was
shown to be osmosensitive while a salt-
sensitive strain Anabaena L-31 was high-
ly osmotolerant. These results indicate
that in selection of drought/salt tolerant
cyanobacteria the two should be consi-
dered as independent characters.

Gamma-HCH, a pesticide was shown
to induce synthesis of three novel pro-
teins in Spingomonas paucimobilis and
these may be involved in the biodegrada-
tion of HCH.

The study of various enzymes in the
photosynthetic CO2 fixation may help in
establishing a correlation between photo-
synthesis and plant productivity. Studies
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• Research programmes on the molecular
basis of genetic recombination, DNA re-
pair and response to radiation and en-
vironmental stresses continued at BARC.

• Basic researches on the emerging areas
of bio-organics involving natural products
and synthetic bioactive compounds carried
out. Isotopic tracers used in the under-
standing of mechanisms of biosynthetic
and chemical processes.

• The applied researches were directed
towards developments of alternate
strategies for pest control. Synthesis of
several potentially important marine natu-
ral products was carried out.

• Efforts at the development of economi
cally important crop plants, improvement
in fertilizer utilization and protection of
plants against insect pests and studies on
pesticides, resulted in development of
varieties of groundnut (Somnath & TAG-
24) and the blackgram (TPU-4), notified by
the Ministry of Agriculture. One variety
each of groundnut (TG-22) and mungbean
(TARM-2) released by the Bihar State and
Maharashtra State Seed Committee re-
spectively.

• During 1992, Maharashtra State Seeds
Corporation organised seed production
programme of Trombay varieties of pulses
and oilseeds.

Micropropagation of commercially valu-
able crops continued. About 5000 plants
produced through tissue culture and mic-
ropropagated banana plants distributed to
farmers in Maharashtra.

• Research and Development programme
for the preservation and hygienisation of
perishable foods in their natural form by
gamma-radiation continued.

• Complete disinfestation of basmati rice
achieved by gamma-radiation.

• Projects on radiopharmaceutical de-
ve'opment, various thyroid disorders, lep-
rosy and chronic obstructive pulmonary
diseases continued.

In the newborn survey undertaken by
BARC in collaboration with Kerala State
Government, no significant difference be-
tween the frequencies of chromosome
aberrations in the samples from the high
background radiation and the control
areas seen.

on the multienzyme complex of Rubisco
(Ribulose biphosphate carboxylase) were
continued. Rubisco activities were higher
in high yielding varieties of groundnut
indicating a relationship between Rubis-
co activity and the economic yield. Stu-
dies were also carried out to determine
the structural features of PEP carboxylase
and NADP-malic enzyme which are im-
portant for their catalytic activities.

The technique of thermoluminiscence
(TL) is being used to investigate electron
transport in the alternate photosynthetic
and nitrogen fixing phases during mic-
roaerobic growth of the blue greeen algae
Plectonema boryanum. Glow curves in
these two phases have shown significant
differences. Decay kinetics of TL bands in
these phases were also different.

Studies on immunomodulation by natu-
ral products were continued. Crude ex-
tract (CE) of alkaloids from Tylophora in-
dica was shown to augment mitogen-
induced lymphoprol iteration at very low
concentrations. This was on account of a
two fold increase in the production of the
growth factor IL-2. In addition, an early
event in cell activation as well as the
interaction between IL-2 and its cell sur-
face receptor were likely to be affected by
CE.

Chromosomal analysis of confirmed/
suspected cases of constitutional chro-
mosomal anomalies, their parents and
children were carried out under condi-
tions of chemical/radiation stress. The fre-
quencies of chromosomal aberrations
among three cases of Down's syndrome
and their parents following the exposure
of their lymphocytes to Ara-c, bleomycin
and gamma rays (50 cGy/100 cGy) in
vitro were not significantly different from
those of normal healthy subjects

Various parameters for the micronuc-
leus test using bone marrow cells of ex-
perimental animals (mice) for the assess-
ment of genotoxicity of chemicals and
radiation were analysed to achieve
adequate sensitivity and reproducibility.
Data based on 12000 PCE (polychromatic
erythrocytes) per dose point involving 6
mice gave the best fit and lowest stan-
dard error of estimate. Employingthe mic-
ronucleus test for chromosomal damage
by radiation, a lack of strain (genotype)-
dependent variation in mice was
observed at different doses of exposure.

The activities of cytosolic enzymes
NADPH cytochrome C reductase, GSH
reductase and levels of microsomal
cytochrome P-450, were evaluated in
Swiss mice, the strain most sensitive to
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butylated hydroxy toluene (BHT) and C57
BL/6 mice, the strain least sensitive to
BHT. No marked differences were noticed
in the cytosolic enzymes while Cyt P-450
level was higher in Swiss males. Sexual
dimorphism was seen in both strains in
respect of NADPH Cytochrome C reduc-
tase.

Biochemistry

The research programmes directed at
elucidating the molecular mechanisms of
biological regulatory processes under
normal and stress conditions were con-
tinued.

Studies of genomes and genome re-
lated enzyme functions are necessary for
understanding cellular functions. Calf
thymus terminal deoxynucleotide trans-
ferase (TdT) cDNA was synthesised from
mRNA and TdT coding region was ampli-
fied using polymerase chain reaction
(PCR). The product, was used to trans-
form competent cells of E. coli HB101
using a PET 3a vector. The recombinant
plasmid was used to transform E. coli
BL21 (DE3)p.lys strain in which calf thy-
mus TdT gene was observed to be ex-
pressed at appreciable levels.

Homology search of nucleotide and
amino acid sequences of primase genes
from various organisms, retrieved from
gene bank and EMBL, showed high
homology of phages T3, T7 and P4 with no
appreciable homology to primase genes
from E. coli, B. subtilis and higher organ-
isms. T7 DNA primase gene was cloned
to study mitochondrial DNA replication.

Molecular basis of metabolic disorders
were studied in human subjects and in
animal models. Plasma urea levels were
significantly elevated in 38 diabetics as
compared to 87 normal persons or 128
hypertensive cases. A 3-4 fold increase in
hepatic folyl conjugase in the streptozoto-
cin induced diabetic rat was accompa-
nied by 70-75% decrease in folyl polyg-
lutamate synthetase activity. A lowered
metabolic turnover of folate in diabetic rat
was also observed. A hypoglycemic prin-
ciple isolated from pulp of jamun fruit and
banyan bark was further analysed. The
active components purified from jamun
pulp were found to be a peptide and
polysaccharide resistant to proteolysis.

Hypothyroidism was shown to enhance
the levels of hepatic tetrahydrofolates and
folate metabolising enzymes in the rat
Plasma lipoprotein lipase also increased
significantly.

Plasminogen activator, isolated from
ascitics lymphosarcoma of rats, was puri-
fied. An antibody raised in rabbit against
this activator cross-reacted with Yoshida
sarcoma activator and standard TPA but
showed no reaction with urokinase, in-



dicating tissue type origin of lymphosar-
coma activator

Role of liver enzymes in kidney stone
formation was studied. Glycolic acid cx-
idase, an enzyme present in mammalian
liver, is involved in a two-step oxidation of
glycolate to oxalate via glyoxylate. There-
fore, the influence of exogenously added
glycolic acid oxidase on the rate of forma-
tion of oxalate by liver homogenate was
examined. Presence of glycolic acid ox-
idase, like glyoxylate reductase. caused
reduced synthesis of oxalate in the in vitro
system. The extent of decrease in oxalate
formation, in turn, was found to depend on
the amount of the enzyme added to the
system.

Aflatoxin B1 (AFB1) and N-
nitrosodimethylamine induced several
nuclear enzymes which are associated
with DNA repair viz. poly(ADP-ribose)
transferase, DNA polymerase B and DNA
ligase. Protein kinase C activity after an
initial decrease (post administration) was
found later to increase substantially.
Hepatic phosphatidylinositol kinase, a
key enzyme in cell signalling was also
elevated. AFB1 had transient inhibitory
action on several other enzymes like suc-
cinate dehydrogenase, malate + pyru-
vate dehydrogenases and cytochromes b
and aa3 while glutamate and Beta-
hydroxybutyrate dehydrogenases and
cytochrome c + c, remained unaffected,
indicating disturbance in electron trans-
port chain due to the carcinogen treat-
ment. Chrysin, curcumin and chlorophylin
were found to be effective inhibitors of the
carcinogen-DNA adduct formation.
Several food borne chemicals like N-
nitrosopiperine, di-nitropiperine and 6-
nitro-pipronal like DMT, DLT were found
to be highly mutagenic using Ames test.

Lymphocyte drug metabolising en-
zymes in human subjects exposed to pes-
ticides were monitored. Aminopyrine de-
methylase (phase I) and glutathione-S-
transferase (phase II) detoxification status
was assessed in workers engaged in
periodic spraying of pesticides in fields
and in residential premises. Altered ratio
of phase I/phase II enzymes was found to
be a useful marker for early detection of
hazardous pesticide exposure.

The fluorescence emission and circular
dichroic spectral studies with 34 kDa pro-
tein (ferrooxidase) of photosystem II re-
vealed that Ca2+ plays an important role
in maintenance of active conformation of
this protein. Oxygen evolving spinach
thylakoid membranes exhibited a light
and thiol dependent O2 uptake due to the
thiol induced reversible conformational
change of OEC.

A plausible mechanism for the role of
meta1 ions and disulfide linkages of pro-
tein in the condensation of two formate

molecules to one of glyoxylate by the
purified enzyme glyoxylate synthetase
from greening potato tuber chloroplasts
was elucidated. The enzyme undergoes a
conformational change upon binding of
the substrate and metal ion. The addition
of Fe2* generated SH groups on the pro-
tein that are consumed after the addition
of the substrate.

Fluorescence spectral studies sug-
gested that Cinnamate-4 hydroxylase
undergoes fragmentation accompanied
by conformational changes when isolated
from potato tubers in phosphate buffer.
The intact enzyme was obtained in the
form of a multienzyme complex which
exhibited product inhibition by 4-
coumarate. The end product of the path-
way, chlorogenic acid activated the en-
zyme.

Increased sialidase activity and conse-
quent decrease in surface sialic acid
content was observed in peritoneal mac-
rophages isolated from rats fed with pro-
tein deficient diets.

Bio-Organic Chemistry

Basic researches on the emerging areas
of Bio-Organics involving natural pro-
ducts as well as synthetic bioactive com-
pounds were carried out. Isotopic tracers
were used in the understanding of
mechanisms of biosynthetic and chemic-
al processes.

Experiments were performed to estab-
lish that the aromatic rings of precocenes
in the Ageratum conyzoides plant were
derived from acetate contrary to the re-
ported origin from phenyl alanine in
another species A. houstonianum.

Recent discoveries of novel natural
bioactive compounds have created new
awareness in the biotechnical potential of
natural products all over the world. In the
ongoing programmes on natural pro-
ducts, chemical investigations on the
plant Tinospora cordifolia have been initi-
ated. Recently this medicinal plant has
attracted considerable attention due to its
immunomodulatory activities. Several
glycosides have been isolated from the
polar fractions of the plant extracts. Phy-
tochemical investigations of the plant
Dryptes roxburghii led to the isolation of
three lignan glycosides. Novel polycyclic
coumarins, chromanones with unusual
alkylated side chains and a new xanth-
onoid, tomentenone have been isolated
from the leaves of the tropical tree Cal-
lophylium tomentosum. These com-
pounds with exotic molecular
architecture await evaluation for bioacti-
vities.

The applied researches were directed
towards developments of alternate
strategies for pest control. Pheromones of
the cotton pests have been prepared in
sufficient quantities. Preliminary results
from the field trials of these synthetic
pheromones are quite encouraging. Pher-
omones of sweet potato weevil, sugar-
beet moth, red flour beetle and eri-silk
moth, are the other examples of pher-
omones synthesized. Using Beta-
cyclodextrin (BCD) a fairly stable solid
inclusion compound was prepared with
the liquid insecticidal principle, allitin.
The structure of the BCD complex was
investigated by NMR spectroscopy and
its bioactivity was tested using mosquito
larvae. Insect anti-feedant activities of the
naturally occurring furochromones were
reported earlier. In order to study the
structure - activity relationship, about thir-
ty chromones and related ' compounds
were prepared and their feeding deter-
rencies were evaluated. The insecticidal
principle of the plant Zanthoxylum alatum
has been located in the fatty acid fraction
of the plant.

Recent discoveries of structurally di-
verse natural products from marine
sources have opened up newer areas for
research in bioactivities and metabolic
processes. Synthesis of several potential-
ly important marine natural products was
carried out.

Preparation of compounds with desired
stereochemistry is gaining increasing im-
portance in the field of Pharmaceuticals,
agrochemicals, perfumery etc. Biocataly-
tic processes employing microbial biot-
ransformations and isolated enzymes are
energy efficient and offer phenomenal
selectivities under mild experimental
conditions. Rhizopus arnizus mediated
asymmetric reduction and lipolysis have
been developed furnishing chiral alkyl,
biaryl, alkylaryl and heteroarylalkyl carbi-
nols. Expertise in lipase catalysed trans-
formations in organic solvents has been
developed. Based on this technique,
strategies for enantioselective esterifica-
tion of Beta-hydroxyacids and amidation
of aryl-hydroxyesters have been formu-
lated. The amides offer promise for their
utility in the synthesis of some Beta-
blocking agents.

Transition-metal mediated reactions
form one of the front-line areas of synthe-
tic organic chemistry. In this endeavour
synthetic applications of low-valent tita-
nium (LVT) have been under investiga-
tion. In a conceptually novel approach,
LVT has been used for the deprotection of
allyl and benzyl ethers of phenols and
alcohols. Selectivity in the cleavage of
allyl ethers in the presence of benzyl
ethers was demonstrated and is likely to
have synthetic applications. The potential
of LVT was further demonstrated by the
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deoxygenation of ketals and reduction of
double-bonds. The reactivity of LVT could
be moderated by using appropriate nit-
rogen and phosphorus ligands and has
increased the scope of its synthetic ap-
plications.

Photochemical reactions are often use-
ful in the preparation of compounds
which are otherwise difficult. A novel ster-
ospecific intramolecular 1,2-arene-
alkene photocycloaddition has been
observed. Using this reaction a multicy-
clic photoadduct has been prepared. The
structure has been deduced by 2D NMR
spectroscopy The mechanism of the
reaction has been established by isotopic
labelling. The synthetic potential of this
reaction for the preparation of bioactive
compounds is under investigation. The
expertise generated in the area of synthe-
tic organic chemistry was utilised in the
preparation of high-value chemicals such
as radiopharmaceuticals (HMPAO. ECD)
actinide extractants (CMPO, alkylated
malonamides). A procedure for the isola-
tion of fullerenes from the graphite soot
has been standardised.

Nuclear Agriculture
Efforts at the development of economical-
ly important crop plants, improvement in
fertilizer utilization and protection of
plants against insect pests and studies
on pesticides were continued.

Two varieties of groundnut (Somnath &
TAG-24) and one of blackgram (TPU-4)
developed by BARC were notified by the
Ministry of Agriculture, Government of In-
dia. One variety of groundnut (TG-22) was
released by Bihar State and one of mung-
bean (TARM-2) waas released by Mahar-
ashtra State Seed Committee. TGS-1
(Somnath) is suitable for kharif cultivation
in Saurashtra and South Gujarat. It gave
47% higher yield over the M-13 check
variety. The semi-dwarf, high yielding
bunch type groundnut variety TAG-24 is
suitable for both kharif and summer cul-
tivation in Maharashtra. TG-22 a bunch
type, high yielding groundnut variety hav-
ing large seeds with dormancy and toler-
ance to leaf spot and bud necrosis dis-
eases, gave 31% higher yield over the
local variety AK-12-24.

The blackgram variety TPU-4 with large
seed size, attractive seed colour and high
yield potential was developed in col-
laboration with Mahatma Phule Agricul-
ture University, Rahuri (Maharashtra). It
gave 22% higher yield than check variety
Pant U-30. TPU-4 has been recom-
mended for cultivation in Central Zone
comprising Gujarat, Maharashtra and
Madhya Pradesh. The powdery mildew
resistant mungbean variety TARM-2 de-
veloped in collaboration with Punjabrao
Krishi Vidyapeeth, Akola is high yielding
(85% higher yield over TAP-7 in the pow-
dery mildew endemic area) and is suit-
able for rabi season.

During 1992, Maharashtra State Seeds
Corporation organised seed production
programme of Trombay varieties of
pulses and oilseeds on a larger area and
is expected to produce 27032 metric ton-
nes of certified seed for distribution dur-
ing 1993 kharif.

The late flowering, short-day insensi-
tive mutant of Sesbania rostrata TSR-1
was on par with the parent but superior to
the local variety for phytomass yield and
nitrogen contents in the Kharif season. In
the rabi season, (short-day period) TSR-1
was significantly superior to both the pa-
rent and the local variety.

Groundnut is a cold sensitive species.
In order to incorporate wider adaptability
in groundnut, the genetic basis of cold
tolerance is being investigated. Cold
shock (12°C) induced the synthesis of 8
polypeptides in groundnut variety TAG-
24 and deacclimatisation at higher
growth temperature stopped the synth-
esis of these polypeptides. Cold shock
induced accumulation of the aminoacid
proline was 30-fold over the plants grown
at 30°C.

On the basis of mean yield data in
several locations, it was concluded that
the ammonium polyphosphate (APP) as a
source of phosphorus was as efficient as
diammonium phosphate (DAP) and a final
recommendation for its use in pulse crops
hap been made by the Directorate of
Pulses Research, Indian Council of Agri-
cultural Research.

Greenhouse experiments were con-
ducted to evaluate fertilizer value of rock
phosphates and processed phosphatic
fertilizers for blackgram (Urid) grown in
acid red soil (Ultisol) as a successive fifth
crop after rice. Rock phosphates when
applied with compost resulted in higher
yield and phosphorus uptake in black-
gram plants as compared to processed
phosphatic fertilizers like single super-
phosphate (SSP), DAP and APP.

Treatment with Bacillus thuringiensis
spray (biopesticide) formulation of in-
digenous strain for control of Heliothis
armigera in three varieties of tomato
showed that it was on par with 0.003%
fenvalerate spray in terms of reduced fruit
damage. Field trials conducted in col-
laboration with Central Institute for Cotton
Research (CICR), Nagpur demonstrated
that the pheromone synthesised and trap
developed at BARC could be effectively
utilized for forecasting advent of pink
bollworm damage on cotton crop two
weeks in advance of its population attain-
ing economic damage threshold levels.

Significant amounts of bound re-
sidues were formed in the soil with the
application of the insecticide carbofuran
and the herbicide nitrofen. Soil bound
residues of carbofuran were released into
soil upon incubation and mineralized to
CO2 which was further enhanced by the
addition of organic matter amendments
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like rice straw and green manure. Soil
bound residues of nitrofen were released
into soil but not mineralized to CO?.

Soil enrichments were set up to isolate
microorganisms capable of biodegrading
the herbicide glyphosate and the insecti-
cides, DDD and Kelthane. Two new acti-
nomycete isolates considerably de-
graded glyphosate with the formation of
an unidentified metabolite not reported so
far. Six fungal cultures were isolated
which effectively deoraded DDD and
Kelthane to DBP.

The levels of organochlorine pesticide
residues indicated that HCH and DDT
were tower in refined groundnut oils than
in unrefined -crude oils available in the
market. Repeated heating of groundnut
oil (three times) reduced the concentra-
tions of organochlorine pesticide re-
sidues.

Biotechnology
Micropropagation of commercially valu-
able crops was continued with the objec-
tive of developing appropriate technolo-
gy. Protocols were standardised for the
propagation of three varieties of banana
viz. Basrai, Rasthali and Shreemanti us-
ing shoot tip cultures. Work has also been
initiated on two other varieties, Amrutha-
pani and Poovan. About 5000 plants have
been produced through tissue culture.
Field evaluation of tissue culture plants
was initiated and linkages were estab-
lished with user agencies. Micropropa-
gated banana plants were distributed to
the progressive banana farmers in Mahar-
ashtra through Maharashtra State Seeds
Corporation (MSSC; 1000 plants). These
plants were also given to banana re-
search station, Jalagaon (100), Mahatma
Phule Krishi Vidyapeeth, Rahuri (400) for
field planting and evaluation and have
been planted in Gamma field (200).

Tissue culture studies with rice were
continued. Suspension cultures were in-
itiated from embryogenic cultures from
indica rice varieties viz., Tellahamsa,
Basmati 370, Pusa Basmati, Mahsuri, HR
22, Pokkali, IR 64 and IR 50. Plant regen-
eration was observed in cultures derived
from HR 22, Mahsuri and Tellahamsa on
basal medium supplemented with low
levels of kinetin.

Studies on the transformation capacity
of somatic embryos of sandalwood as
well as leaves and nodes of mulberry
using four strains of Agrobacterium con-
taining the GUS marker gene showed
transient GUS expression.

A biosensor for the determination of
urea is being developed using immobil-
ized Acetobacter cells. Ureolytic efficien-
cy of Acetobacter cells was enhanced by
permeabilising the cells with chloroform.
Sand coated with polyethyleneimine had
the highest binding capacity for Aceto-
bacter cells.



Yeast cells and Ocimum basilicum
seeds were found to be efficient biosorp-
tion materials for cerium metal ions from
waste water. Absorption of cerium by Oci-
mum basilicum seeds was temperature
dependent and could remove 250 mg of
cerium per gram of seeds. A new strain of
yeast has also been identified which
could adsorb about 200 mg uranium per
gram of cells.

Non-viable permeabilized K. fragilis
cells and commercialBeta-galactosidase
enzyme were immobilized using hen egg
white (HEW) and glutaraldehyde as cross
linker. These were used for the con-
tinuous lactose hydrolysis in milk.

A procedure for the direct, one step
enzymatic conversion of trans-cinnamyl
methylester to L-phenylalanine methyles-
ter, a precursor of the artificial sweetener
aspartame, was developed utilizing the
reverse reaction of Rhodotorula glutinis
phenylalanine ammonia lyase.

A method to isolate 70% of lysozyme
present in egg was developed by using
macroporous cation exchanger. The en-
zyme was further purified by using a
novel biospecific affinity chromatography
on glutaraldehyde stabilized Micr>" JOC-
cus lysodeikticus cells bound onto epoxy
activated Sepharose 6B. The method
allows for the economic recovery of
lysozyme without spoiling the native egg
white which can be spray dried after re-
moval of glucose.

Potato proteinase inhibitor I gene, ex-
pressed in response to wounding, has
been cloned and identified. Rapid accu-
mulation of protease inhibitor I m-RNA
was observed in both tubers and leaves
after wounding. Constitutive expression
of the inhibitor I gene was observed in
control tubero while it was absent in con-
trol leaves. This protein inhibitor was
found to restrict the growth of Erwinia
carotovora, a spoilage organism of potato
tubers.

Food Technology

Research and Development programme
for the preservation and hygienisation of
perishable foods in their natural form by
gamma-radiation continued. A national
seminar was organized to highlight the
benefits of food irradiation process to
technologists, industrialists, traders,
health officials and consumers. Other R &
D efforts include studies on basic aspects
of radiation preservation of foods and the
development of newer conventional food
processing and preservation methods.

A method using hign performance li-
quid chromatography (HPLC) has been
developed for the separation and quan-
titation of polyphenol oxidase oxidizable
phenolic compounds responsible for
blackening of green pepper berries dur-

ing drying. Distribution of these phenol ics
in nine varieties of green pepper revealed
a wide variation with Panniyar variety hav-
ing the highest concentration of 3,4
dihydroxy phenylethanol glucoside while
Karimunda had highest concentration of
3,4 dihydroxy-6-N ethylbenzamide. These
differences in concentration of the pheno-
lics were reflected in the final quality of
the dried pepper.

As a part of intra-country transportation
trials, samples of whole spices and spice
mixtures processed by Brooke Bond India
Ltd. were exposed to gamma rays (10
kGy) and half of the samples were sent to
the company's R & D centre at Bangalore.
After six months of storage, the irradiated
samples were found to be commercially
sterile.

Four cultivars of apples subjected to
low doses (0.1 - 0.6 kGy) of gamma radia-
tion for quarantine purposes were evalu-
ated for their quality characteristics and
shelf life (storage at 3-4°C). Organoleptic
evaluation of 3 months stored apples by
an untrained panel showed preference for
0.1 & 0.2 kGy treated Golden Delicious
apples whereas in cultivars Red Deli-
cious, Rich Red and Royal, the panelists
preferred 0.6 kGy treated samples.

Complete disinfestation of basmati rice
was achieved at a gamma-radiation dose
of 0.25 kGy. Sensory evaluation of the
irradiated and control rice showed that
majority of the taste panel members pre-
ferred plain rice and pulao prepared from
irradiated rice.

An estimate of reduced free sulphydryl
content and decreased formation of
trimethylalmine in irradiated fish muscle
homogenates after inoculation with spoil-
age bacteria are being examined as two
possible methods of detection of irradi-
ated sea foods.

Spray dried powder from croaker
(Johnius dissumeri) with a protein effi-
ciency ratio (PER) of 3.52 was found to be
nutritionally superior to casein which had
a PEFi of 2.78. Addition of butylated hyd-
roxy anisole (BHA) during the preparation
of shark fish powder improved the storage
properties and the powder was white in
colour and odourless after 4 months of
storage at ambient temperature.

The elemental analysis of pectin .ex-
tracted from fresh lime peel revealed that
levels of aluminium, lead, copper and
arsenic were well below the limit pre-
scribed by PFA and the jelly made from
these samples was comparable to Sigma
grade pectin of the grade 200-250.

A strain of Aspergillus niger was found
to be the most potent post-harvest
pathogen of guava fruit. The pathogen
produced high amounts of pectic en-
zymes, polygalacturonase, pectin lyase

and pectin esterase. Large scale produc-
tion and purification of this multienzyme
complex is being carried out which will
be used for the liquefaction and clarifica-
tion of non-conventional fruit pulp. Bacil-
lus theobrommae pat isolated from
spoiled mango contained substantial
level of cellulase activity and could
digest avicel.

Studies on a new pathogen Listeria
species occurring in food items at re-
frigerated temperature were initiated. A
survey revealed the occurrence of this
pathogen in 19 out of 25 dairy products.

Radiation Medicine

Apart from the routine clinical and labora-
tory service research projects on
radiopharmaceutical development, va-
rious thyroid disorders, leprosy and chro-
nic obstructive pulmonary diseases
(COPD) were continued.

Functional assessment of several
organs such as heart, lungs, kidneys,
brain etc. were carried out using com-
puterised gamma camera. About 10,500
patients of various diseases were evalu-
ated.

One of the goals of radiopharmaceutic-
al development is to introduce indige-
nously developed substitutes for expen-
sive agents that require inputs presently
not available in the country. 99mTc-MAG3
and 99mTc-HIG were introduced for
assessment of renal tubular excretion and
detection of infection/inflammation re-
spectively.

99mTc-MAG3 (Mercaptoacetyl glycyl-
glycyl-glycine): The conventionally used
renal tubular secreting agent, i;Sll-OIH
has inferior physical properties and deliv-
ers a sizable dose to the patients. 123I is a
cyclotron produced radionuclide and is
not available locally. The ligand S-
benzoylmercaptoacetylglycyl-glycyl-
glycine was synthesised from glycine,
and was complexed with 99mTc. The
ligand was evaluated for its properties in
aqueous solution as well as in lyophilized
dosage form. The pharmacokinetic prop-
erties of the product were evaluated in
rats. The kinetics of blood clearance and
renal excretion were studied in rabbits by
scinti -imaging. The Phase I clinical trial
in humans is awaiting clearance from
Radiopharmaceutical and Nuclear Medi-
cine Committees.

"Tc -H IG (Human polyclonal im-
munoglobuiins): Human immunoglobulin
was reduced with mercaptoethanol and
labelled with "mTc Sn+* The reduced
form of IgG was made into a lyophilized
dosage form with a shelf life of > 10 yr.
The yield and the purity of product was >
95% and it was stable for > 4 hr. The
biodistribution properties were extensive-
ly evaluated in normal rats, rabbits and
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dogs and compared to those with ex-
perimentally induced infection. The focus
of infection could be clearly visualised
and demarcated both by biodistribution
in rats and scinti-imaging at 2,4 and 24 hr
after injection in rabbits and dogs. Clinic-
al trials in humans have been initiated
and in most of the cases infection could
be accurately determined.

Since the conventional radiophar-
maceutical, cyclotron produced 201TI, is
not available in the country, alternative
substitute 99mTc-TBI (t-butyl isonitrile)
was developed in collaboration with BRIT
and was used to evaluate cardiac func-
tions and the metastatic spread of carci-
noma of the thyroid using whole body
scan while the patients were on thyroid
hormone therapy. 99mTc-TBI, therefore,
scores over radioiodine for detection of
metastatic spread where withdrawal of
thyroid hormone is a prerequisite. The
withdrawal of thyroid hormone therapy not
only causes discomfort to the patient, but
the raised TSH levels stimulate the thyr-
oid tumour cells and lead to a transient
aggravation of the disease.

'31I-MIBG has been developed for de-
tection of the metastatic lesions of
neuroblastoma at the Centre.

The extensive use of radio-iodine in
research laboratories and hospitals and
the increased interest in the population
risks around nuclear power plants after
the Three Mile Island and Chernobyl acci-
dents, have prompted the search for an
effective counter measure to protect the
thyroid from radioiodine induced dam-
age. Potasium iodide (Kl) has been used
conventionally for this purpose but it is
hygroscopic and loses its iodine on stor-
age, particularly in the hot and humid
climate of the tropics. KIO3 has better
keeping qualities and is as potent as Kl. It
should be ideally administered as early
as possible with optimum dosage as re-
quired. It reduces the thyroidal
radioiodine uptake by 98% if given im-
mediately or by 60-80% if given within 2-4
hr of exposure. Studies further demons-
trate that a double dose of stable iodide
would be beneficial, in case there is more
than 4 hr delay in reaching the affected
population, after radioiodine release.

Leprosy in humans is essentially a dis-
ease of peripheral nerves. The exact
mechanism underlying this involvement
is poorly understood. The status of im-
mune response to the nerve antigens was,
therefore, evaluated. Crude lipid extract
(NGL) from nerve (quadaequina) was
tested for reactivity towards sera from nor-
mal individuals and patients of leprosy in
an ELISA system.

An in-house radioimmuno assay for the
measurement of T4 in serum was opti-

mised using magnetic particles coated
with thyroxine binding specific anti-
bodies raised in rabbits. The antibodies
were covalently attached to sugar re-
sidues of the cellulose covering the para-
magnetic particles of iron oxide. The use
of magnetic particles resulted in ease of
handling and reduced the time for assay.
The results of these assays were better
than those obtained with presently avail-
able kits. Moreover, the shelf life of the
coated particles is long and one gm of the
coated particles is sufficient for estima-
tion of thyroxine in 10,000 samples.

Ferritin reflects body's iron stores. It is
also a general tumour-marker. Since the
iron status is altered in different thyroid
disorders, ferritin metabolism was stu-
died in different thyroid states in human
and laboratory animals, and also in the
thyroid cancer patients. Plasma ferritin
appeared to be sensitive to thyroid status,
especially in women. Plasma ferritin
levels in thyroid cancer patients were not
significantly different as compared to
controls but were higher when compared
to primary hypothyroid patients. Between
thyroid cancer patients with metastases
and without metastases patients with
metastases showed higher levels of plas-
ma ferritin.

In order to understand the metabolism
of thyroxine (T4) and its significance in
the extrathyroidal tissues, 5'-deiodinase
activity was measured in the brain and
liver of adult rats during induction of
hypothyroidism induced by administra-
tion of radioiodine. An opposite response
of 5'-deiodinase activity was observed
between liver and brain in hypothyroid
status. The increased 5'-deiotiinase activ-
ity observed in the brain at 2 weeks after
radioiodine administration was inversely
correlated to the circulating levels of thyr-
oid hormones.

The aerosol inhalation technique is of
recent origin and provides a satisfactory
means of studying abnormal aerosol de-
position due to obstructive airways dis-
ease. Earlier, a dry aerosol delivery sys-
tem was developed using a nebulizer
fabricated from different sizes of
hypodermic needles. The main limitation
of the generator is its bulky size. The
aerosol produced by the BARC nebulizer
is dry in nature as the generated aerosols
are dried instaneously by an incoming
dry compressed-air from two hypodermic
needles. Therefore, it is not necessary to
use the reservoir as a buffer chamber for
tidal maneouvers. As the inhalation flow
rate is more than the nebulizing flow rate,
the deficit is compensated by room air
entering through a one-way valve
attached to the aerosol delivery line be-
tween the nebulizer and the patients. Our

initial results with this simplified gener-
ator on normal subjects and COPD pa-
tients showed that intrapulmonary para-
meters like alveolar deposition, alveolar
retention, airways deposition ratio and
clearance efficiency improved consider-
ably. The quality of image improved con-
siderably even in COPD patients.

Radlobiology

Studies on radiation and hyperthermic
treatment of experimental malignancies
have been continued. The growth of
radiation -induced mouse fibrosarcoma
(Rif-1) was inhibited following hyperther-
mic treatment of stromal tissue, in host
animals maintained on diets enriched
with saturated fatty acids. Possible in-
volvsment of the host immune response
was indicated. The interleukin-1 alpha
(IL-1 ) concentration in mouse plasma
was found to increase progressively upto
29th day after hyperthermic treatment.
Hyperthermic treatment also enhanced
the general toxicity of radiosensitising
drug chlorpromazine hydrochloride
(CPZ). Hydralzine (5 mg/kg), CPZ (15 mg/
kg) and indomethacin (5 mg/kg) did not
have synergistic effect on tumour growth
inhibition by radiation. Heat-inactivated
preparations of Streptococcus thermophi-
lus are being tried on the mouse fibrosar-
coma for their immunotherapeutic poten-
tialities.

Highly radio-sensitive female Swiss
mice in their 52nd generation of inbreed-
ing, were mated to C57BL/6 males and F,
generation was exposed to 1 Gy of X-rays.
Thymic lymphoma was not detectable in
them even upto 415 days after irradiation
though F, progeny was radiosensitive like
their mothers. In the F2 generation,
obtained by mating Fi males with
radiosensitive Swiss females, the post-
irradiation thymic lymphoma incidence
was 35% in females and 22% in males as
compared to none in unirradiated con-
trols. This indicates that chromosomes
(autosomes + X or Y) inherited from
C57BL/6 are an important deteminant of
the degree of radio-resistance conferred
on the cross-bred progeny.

Curcumin, the major component of tur-
meric, its structurally simplified analog,
dehydrozingerone, and other minor com-
ponents like demethoxy curcumin and
bts-demethoxy curcumin showed signifi-
cant protective effect against DNA dam-
age caused by singlet oxygen. Selective
hydroxylation of phenolase in D2O is
being used as a marker for involvement of
singlet oxygen in biological processes
distinguishing hydroxyl radical or
cytochrome P-450 mediated reactions.'

Susceptibility of rat organs to lipid
peroxidation is influenced by physi-
cochemical status of membranes. In vivo
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lipid peroxidation as well as peroxidation
induced by different cofactors is the high-
est in brain followed by heart, kidney,
liver and uterus. Long term feeding of rats
with palm oil as a dietary component sig-
nificantly reduced peroxidation potential
of liver mitochondria and microsomes, as
compared to the control diet and corn oil
fed animals indicating high levels of anti-
oxidants and diminished availability of
oxidising substrates in the palm oil fed
rats. Photosensitisation with methylene
blue and haematoporphyrin of brain
mitochondria and microsomes resulted in
substantial lipid peroxidation. Selective
induction of this process in cancer cells if

possible, may aid in their preferential
killing.

A computer programme in quick basic
version 4-5 was developed to analyse
long spin relaxation time (T2) measure-
ment of protons. This was used in moni-
toring tumour development in animals fed
with a carcinogen diethyl nitrosamine
(DEN). Significant alterations in the spin
relaxation time were observed. Pulsed
NMR study of water interaction in several
model membrane systems confirmed the
correlation shown in H and order para-
meter of acyl chain in phospholipid
moieties.

Monazlte Survey Project

In the newborn survey being conducted in
collaboration with Kerala State Govern-
ment a total of seven thousand one hun-
dred and eighty two newborns were
screened at birth for congenital abnorma-
lities. Karyotype analysis of 1588 new-
borns, 306 from the high background
radiation areas (HBRAs) and 1282 from
the control areas was completed. No sig-
nificant difference between the frequen-
cies of chromosome aberrations in the
samples from the HBRAs and the control
areas was seen.

GENERAL

Technical Information

The BARC Central Library has a collec-
tion of more than 800,000 documents per-
taining to nuclear science and technolo-
gy. The collection consists of about
85,000 books, about 65,000 volumes of
bound periodicals, about 24,000 patents
and standards and about 720,000 tech-
nical reports. During this year, about
2,000 books, 1,000 bound volumes and
20,000 technical reports were added.
Currently BARC subscribes to 1,600 Indi-
an and foreign scientific and technical
journals. Computerised book circulation
continued to be operational and certain
improvements were introduced. Inter-
library loan service was extended to
many libraries. Requests for photocopies
of literature from educational and other
R&D organisations were continued to be
met.

Follow up action on the Eighth Five
Year Plan Proposal on library expansion
was taken. Work on setting up databases
as a part of the Eight Five Year Plan
Project on Computerised Information
Centre is to be taken up once the compu-
ters for technical information being pro-
cured are installed.

Active participation in the International
Nuclear Information System (INIS), man-
aged by the International Atomic Energy
Agency (IAEA) at Vienna, was continued.
More than 1,000 records were prepared,
based on items of literature on nuclear
science and technology published in In-
dia. They were sent to INIS for incorporat-
ing in the database. During the year, con-
tribution from India grew and was 1.1 % of
the total input to INIS, thereby India being
specifically mentioned among the major
inputting countries. Processing of the
magnetic tape containing the monthly
additions to INIS database obtained reg-
ularly from Vienna, and providing Selec-
tive Dissemination of Information'(SDI) to
about 150 scientists and engineers of
DAE and other organisations were con-

tinued on regular Dasis using the ND
computer. The latest month's INIS output
continued to be made available on the
ND computer for retrieval by users at
Trombay.

Facility for on-line access to interna-
tionally available databases through the
Packet Switching Facility of VSNL was
improved. This on-line access facility is
being widely used.

Facilities were also provided for on-line
retrospective search of th° INIS database
at Vienna.

The CD-ROM equipment commis-
sioned earlier was extensively used for
retrieval of information from the INIS CD-
ROM which contains INIS database from
1976 onwards. The Powder Diffraction
File (PDF-2) CD-ROM produced by
JCPDF procured by BARC is also being
used by many scientists.

A total of 92 technical reports on the
R&D activities of BARC were published.
Library continued to provide photo-
graphic, xeroxing and printing services to
various divisions and constituent units of
DAE. Photocopy services were also pro-
vided to outside users on specific re-
quests.

A few technical and scientific
brochures and booklets were brought out.
The regular publications "BARC
Newsletter", "Nuclear Newsletter" etc
were also published.

About 240 articles in different foreign
languages such as French, German, Ita-
lian, Japanese, Russian and Spanish
were translated at the request of scien-
tists and engineers of DAE units. Copies
of the translated articles were deposited
in the national repository of translated
articles at the National Science Library,
New Delhi. Interpretation services were
also provided on request.

Services in photography, reprography
and videorecording was continued to be
rendered not only to BARC but to other

DAE units as well. Extensive assistance
was provided to other units of DAE in
information retrieval and by supplying
copies of scientific literature.

Direct cooperation with international
and foreign agencies such as European
Nuclear Society, United States Council
for Energy Awareness and Nuclear Ener-
gy Agency of OECD was strengthened
during this year.

Industrial Safety

Database system for accidents/diseases
happening due to occupation has been
implemented for with the basic data
being received in a structured and coded
format on floppies from all the units espe-
cially industrial units of the DAE. The
computer software based on dbase IV is
developed and used in analysis of the
data to evolve accident statistics in terms
of various safety indices as well as for
analysis of accidents in terms of cause &
effect as per the Indian National Standard
IS:3786-1985. A detailed report covering
accident statistics/analysis in respect of
each of the DAE unit has been prepared
and circulated as an effective feedback in
evolving accident prevention and training
programmes.

In order to bring uniformity in approach
in all the units of the DAE a comprehen-
sive database system is evolved for safe-
ty, health, environment and welfare assur-
ance. The data includes base covers a)
Safety Assurance b) Health Assurance c)
Work Environment and d) Welfare Assur-
ance.

With the implementation of a) RISS-
DAEU Committee recommendations; b)
Database on Accidents/Diseases c)
Quarterly Safety Status reporting system
by all units and their corporate offices a
new methodology of inspection called
distant inspection similar to distant
education is being evolved. This will be
in addition to physical inspection of
plants which is continuing but at less
frequency.
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Contributory Health Service Scheme
(CHSS)

The CHSS at present covers 74,030 be-
neficiaries. BARC Hospital and the 11
peripheral dispensaries continued to ex-
tend therapeutic and diagnostic facilities
to the beneficiaries and 5,23.247 patients
were treated in these dispensaries during
the year. The eleventh dispensary at
Andheri started functioning from January
1,1992. A total of 6589 patients were
admitted in the hospital during the year,
2067 surgical and 1542 gynaecological
operations were performed; 86691 outpa-
tients were treated in the various hospital
departments.

Active family welfare programme was
continued during the year. 232 Medical
Terminations of Pregnancy (MTP) and 224
permanent sterilisations were carried out.
The addition of infants to the scheme was
812 and the birth rate amongst the benefi-
ciaries was 10.97 per 1000 as against the
national average of 30.5. Immunisation
coverage was 85%. A special care
nursery for care of sick and preterm neon-
ates is ready and will be functional
shortly.

The Trombay Dispensary continued its
Occupational Health activities and the
Accident Prevention Programme.
Periodic medical examination and initial
medical examinations are carrried out on
a regular basis. 664 annual medical ex-
aminations and 588 initial medical ex-
aminations were conducted.

The construction of the four storeyed
building (ground + 4 floors) as an
annexe to the existing BARC Hospital
complex has been started. The new build-
ing will have the capacity of 140 beds
including 20 beds for radiation emergen-
cy cases, OPD for radiology, ENT and
opthalmic units and also RMOs quarters.
Sanction for phase II of the hospital ex-
pansion programme covering purchase
of equipment, furniture and recruitment of
additional manpower is expected shortly.

The School for the mentally retarded
children completed three years of ser-
vice. The school has three full time
teachers and 22 students. A work training
activity has been initiated and the stu-
dents are trained in the making of writing
pads, envelopes, leaf cups, embroidery
and sewing. The school participated in
the DAE cultural show during January
1992. An exhibition cum sale of the arti-
cles prepared by the students was orga-
nised

First DAE Medical Officers' Seminar
was organised during February 10-11,
1992. The medical officers' from the DAE
community could exchange notes on their
professional experience gained over the
past three decades. The seminar con-

sisted of sessions on cardiology, health
and safety, occupational health, radiation
protection and epidemiology and a panel
discussion on 'role of physicians in nuc-
lear installations'. An exhibition on
'Health' was also organised.

Seminars on 'Orthopaedic Problems',
'CABG Surgery' and 'Continuing Doctor
Patient Relationship' were organised.

Human Resources Development

BARC continued to implement and over-
see various HRD programmes in general
and looked after Training School courses
in particular and also provided assist-
ance to units within and outside DAE in
HRD matters. A new orientation course for
Engineering Postgraduates was started
and the first batch completed the training
programme.

During the period, 35th Course of Train-
ing School (1991-92) was completed and
129 trainees graduated were absorbed in
various units of DAE. With this the total
number of trainess graduating through
Training School so far has exceeded
5500. In September 1992, 36th Course
was started with 139 trainess and they are
currently undergoing the one year sche-
dule of training. Training School also con-
tinued to implement the in-plant training
scheme in collaboration with user agerv
cies for their trained manpower needs for
O&M.

First orientation for freshly recruited En-
gineering post-graduates with specialisa-
tion in specific areas was duly com-
pleted. 14 trainees completed this prog-
ramme. Unlike the regular orientation
training, M.Techs were allotted to Divi-
sions and then a general exposure was
given during the training. Special emph-
asis was laid project work to take advan-
tage of M. Tech curriculam.

The second orientation course for En-
gineering post-graduates is expected to
commence in April 1993.

Courses, laboratory work, project work
were reviewed and upgraded to meet the
current requirements of DAE. A new
branch viz Computer Science was added
to training School since 35th Course.

This Centre has been providing assist-
ance to various HRD programmes and
related activities. Coordination of summer
training/project work for undergraduate
students in engineering, organising
Appreciation Course for the faculty of en-
gineering colleges, essay competition for
university students, public awareness
activities like monograph publication,
providing experts to universities for M.
Tech/M.C.A programmes and for DRDO
selection committees are a few of these.

A two day workshop on 'Human Re-
source Development' was organised in
November 1992. The aim of the workshop
was to bring together professional train-
ers within DAE units so that they can
share their thoughts and experience in
HRD matters, which can help to draw
future plans. A directory on 'Training
Oppurtunities in DAE' was also brought
out on this occasion. An in-house two
week refresher advanced course on
'Machine Design' in December 1992 for
the benifit of working engineers of DAE.
The course helped to upgrade the level of
expertise of participants.

Considerable upgradation of Training
School Hostel and BARC Guest House
was done in order to provide better facili-
ties to the trainees and guests.

Training programmes courses/semi-
nars/workshops were organised during
the year.

Thirteen students successfully
completed 30th one year Diploma Course
on Radiological Physics. 399 persons
attended the 18 short term training
courses, 48 persons attended the 2 work-
shops and 141 persons attended the 3
apprisal programmes.

BARC provided the faculty and ex-
perimental facilities for radiation physics
course at the Mangalore University, Man-
galore. Several students ( from different
Engineering institutions in the country)
referred by BARC, continued their
mandatory project work in the field of
electronics and computers in the different
laboratories.

BARC participated in the four one
day camps organised in November 1992
at Jharjhani, Tamlao, Andesara and
Bhainsongarh villages (RAPS, Kota) to in-
crease the awareness of the public about
radiation and its e',~cts and applications
in industry, medicine and agriculture. The
villagers actively participated in these
programmes. At Kalpakkam site, groups
of school students from Sadras, Thirukka-
likundram and Koovathu, members of
public from different sectors and district
officials were invited to Environmental
Survey Laboratory and introduced to the
atomic energy programmes and related
safety aspects.

The total staff strength of BARC as on
1.1.1993 was 13,930 comprising of 3,974
Scientific, 6,444 Technical, 1,278 Admi-
nistrative and 2,234 General Maintenance
and Auxiliary staff.

During the year 116 scientists were de-
puted abroad for participation in various
International meetings, Symposia, Con-
ferences etc. and on other assignments
and 14 scientists were deputed abroad
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for scientific visits/training under the
aided schemes and 19 scientists under
various bilateral agreements 17 foreign
scientists visited BARC under various bi-
lateral agreements such as Indo-Syrian
and Indo-FRG etc. The services of 2 sci-
entists were assigned to IAEA/UNIDO.
During the year 18 scientists went abroad
for post-doctoral research work.

BARC has been recognised as a Centre
for post-graduate studies in various disci-
plines by 30 Indian Universities. 156 sci-
entists of this Centre have been accorded
the status of University teachers so far.

During the year 32 scientists have qual-
ified for the award of Ph.D degree and
another 10 scientists for M.Sc degree. 54
students of the University of Bombay are
presently carrying out research leading to
Ph.D degrees under the collaboration
Scheme between this Centre and Uni-
versity of Bombay.

This Centre continued to provide train-
ing facilities to foreign nationals under
the IAEA Technical Assistance Program-
me and various other collaboration agree-
ments. 18 Scientists from various coun-
tries were offered facilities for training
under the technical assistance program-
me. They include 4 from Indonesia, 3 from
Vietnam, 2 from Jordan and one each
from Nigeria, Syria, Philippines, Sierre
Leona, Malaysia, Bangladesh, Thailand,
Iran and Morocco.

During the year, 71 Scheduled Castes
and 25 Scheduled Tribes candidates
were recruited to various posts

BARC Benevolent Fund was set up in
1963 to give aid to the employees of
Bhabha Atomic Research Centre, Depart-
ment of Atomic Energy and its Constituent
Units located in Bombay who are mem-
bers of the Fund, who need assistance
due to unforeseen circumstances like
prolonged leave without pay, calamities
etc. The financial assistance is also ex-
tended towards purchase of hearing aids,
nutritious diet to T.B./Cancer patients,
purchase of text books, tution fees and
travelling expenses for the handicapped
school going children of the members of
the Fund. The main financial sources of
the Fund are donation, Life Membership,
Subscription from members and grant-in-
aid from Government. The membership of

the Fund is open to the regular and FTA
employees of BARC, DAE and its Consti-
tuent Units stationed in Bombay. The total
membership of the Fund as on December
31, 1992 was 6,300. The amount spent
during the financial year 1991-1992 was
Rs. 52,071.

The transportation needs of around
12,600 employees working in round-the-
clock as well as general shifts is con-
tinued by operating buses from 26 ral-
lying points in Greater Bombay, Thane
and New Bombay. BARC is also entrusted
with the responsibility of operating the
transport facility for other DAE Units (viz.
HWB, C&S Group, DEM, DPS, AERB) lo-
cated at Vikram Sarabhai Bhavan and
also transportation of DAE Secretariat
staff located at Anushakti Bhavan. In
addition, transport requirements in con-
nection with various national and interna-
tional conferences, symposia etc. orga-
nised at BARC are also taken care of.
Meticulous planning and manpower
programming for operation of around 357
vehicles (buses, trucks and light vehi-
cles) are done besides conducting train-
ing programmes and refresher courses
for traffic staff. Employees counselling
and welfare activities such as Yoga clas-
ses were conducted to engage drivers
fruitfully. Centralised procurement of
vehicles as well as condemnation of vehi-
cles for BARC at Trombay, Tarapur and
Kalpakkam are also taken care of.

Supervision and maintenance of seven
large size Co-operative Canteens, one
Departmental Tiffin Room, in addition to
six Canteen and 12 Tea Pantries
assigned to Contractors was continued.

Consequent on implementation of the
Supreme Court judgement in case of em-
ployees of non-statutory Departmental/
Co-operative Canteens and Tiffin Booms
located in Central Government offices,
the employees of seven Co-operative
Canteens and one Tiffin Room functioning
in BARC were treated as Government Ser-
vants w.e.f. 1.10.1991 and all benefits as
are admissible to other employees of
comparable status have been extended
to them. The working of all the Canteens
are continued to be well monitored and
timely action taken to plug deficiencies, if
any, found with a view to achieving the
desired goal of providing wholesome
food service to the employees of this Cen-
tre at subsidised rates.

Around 30,500 departmental dak arti-
cles are handled daily for delivering them
to their destinations in Trombay and city

areas, besides around 1288 postal dak,
61 telegrams, 65 telexes and a few
speed-post articles per day and clearing
about 282 incoming postal articles daily.

Domestic air travel bookings, billing,
cancellations, preponing and postponing
of air bookings etc. are also carried out.
About 1900 air tickets are booked during
the year.

Maintenance of 803 English typewriters
and 56 Hindi typewriters are undertaken
in Bombay and Tarapur besides initiating
action for replacement/procurement of
typewriters well in time.

The General Services Organisation,
BARC, Tarapur looks after the common
facilities needed by various Plants/Facili-
ties at BARC Complex, Tarapur. The com-
mon facilities include housing, canteens,
communications, maintenance of estate,
civil, electrical and mechanical mainte-
nance, land-scaping and cosmetic
maintenance, departmental transport in-
cluding garage facilities, fire services,
security etc. A 100 line Electro-
mechanical Exchange at Site and a 200
line EPABX in BARC Staff Colony are
manned and communication facilities
provided satisfactorily.

The 8th All India Atomic Energy Sports
and Cultural Meet - Cricket - was held at
TAPS and BARC Colonies, Tarapur dur-
ing 1-5 December, 1992 and assistance
such as transportation, preparation of
pitch and maintenance thereof was ex-
tended.

Landscaping/rejuvenation of gardens
was done by planting different trees,
shrubs, ground covers and lawn grasses
in approximately 5,700 sq.m. area of
BARC, Anushaktinagarand New Mandala
Township. About 1,20,000 saplings of va-
rious tree species were planted on Trom-
bay hills for afforestation. Maintenance of
gardens, arbors, orchards, afforestation,
etc. in Trombay, Anushaktinagar and
Mandala Township, around Directorate of
Estate Management's buildings in Bom-
bay City, BARC Housing Colony and
Plant Site at Tarapur was carried out.
Technical advise was rendered for land-
scaping of various units of DAE & other .
organisations. The cosmetic maintenance
including incineration of garbage and
pest control operations in Trombay,
BARC Hospital Complex, Training School
Hostel, Directorate of Purchase and
Stores, Vashi Project, etc. were also car-
ried out.

2.42



Opf/ca/ micrograph showing the texturising of grains in the high temperature
superconductor YBa2Cu3O7-x. Such alignment of grains is crucial for
enhancement of critical current density

Test Vessel for PFBR • Heat and Mvss Transfer Studies.
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Nitrogen Laser used in tuberculosis treatment.
The Laser has been developed by CAT.

Dipole magnet for Indus'l with the test facility.

Developed at CAT: Dye Laser pumped by Copper
Vapour Laser



• RESEARCH AND DEVELOPMENT •

I
u

• The Fast Breeder Test Reactor (FBTR), with a carbide core of 23 sub-assemblies, operated satisfactorily for 50% of the time during
1992-93. The reactor systems performed well.

• Experiments relating to physics, reactor kinetics, and neutronic studies for the second larger core carried out on FBTR during the year.

• The reactor now operating at 4 MWt Power level.

• The Design analysis and technology development for the Prototype Fast Breeder Reactor (PFBR) made good progress.

• The pilot plant for the recovery of helium gas from the monazite sand installed and tested at IRE, Alwaye.

• A Particle Irradiation Facility (PIF) consisting of accelerator facilities commissioned and went operational.

• The commissioning activities of the hot cells at IGCAR reached completion. The radiochemistry hot cells made ready to receive spent
fuei from MAPS for post-irradiation studies.

• Phase-I of the lead shielded Mini Plant to process irradiated fuels from FBTR completed.

• About 98% of civil works for the Kalpakkam Reprocessing Plant completed.

Indira Gandhi Centre
for Atomic Research

The Indira Gandhi Centre for Atomic Re-
search (IGCAR) was established in 1971
to conduct a broad based, multi-
disciplinary programme of scientific re-
search and advanced engineering de-
velopment, for establishment of the tech-
nology of sodium cooled fast breeder
reactors (FBR) in the country including
development and applications of new
and improved materials, techniques,
equipment and systems in FBR and its
fuel cycle activities. Its activities are di-
vided into a number of groups and the
reference is given groupwise in the fol-
lowing paragraphs.

Reactor Technology

The Fast Breeder Test Reactor (FBTR)
operated with a carbide core of 23
sub-assemblies and achieved sustained
operation for 33 days at 1 MWt during
Jan.-Feb. 1992. The reactor operated

satisfactorily for 50% of the time during
1992-93. The reactor systems performed
well.

Experiments relating to physics and
neutronic studies for the second larger
core were carried out. An engineering test
to study the evolution of concrete temper-
ature by simulating station black out con-
ditions was done. The reactor is now
operating at 4 MWt Power level.

The Design analysis and technology
development for the Prototype Fast
Breeder Reactor (PFBR) made good
progress. Bowing analysis of core sub-
assemblies was completed. A computer
code CORE-SEIS was developed for the
seismic analysis of core sub-assemblies.

Hot pool temperatures were estimated
with different number of Decay Heat Re-
moval (DHR) loops in operation, various
analysis for main vessel were completed,
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and conceptual design of grid plate and
support arrangement for roof slab were
reviewed. Structural analysis of control
rod drive mechanisams was carried out
and analysis was done for an efficient
design of stiffening arrangement for the
core support structure.

Analysis of flow distribution to In-
termediate Heat Exchanger windows in
the hot pool continued. Seismic analysis
was done for steam generator (SG) and
theoretical studies on thermal buckling of
SG tubes were completed, while ex-
perimental studies on the same reached
completion.

Review of shielding requirement was
made based on new AEB8 guidelines for
In-vessel Transfer Machine (IVTM). Con-
ceptual design notes were prepared for
various fuel handling equipment and stor-
age facilities. Design analysis of Fresh
Fuel Subassembly Transfer Flask gripper



and its rotating and guiding mechanisms
were completed. Seismic analysis of
IVTM was completed.

Design in the areas of plant layout,
station auxiliary systems such as ventila-
tion, air conditioning, instrumentation and
control systems and electrical power sys-
tems was continued. Design of a boron
enrichment plant and the experiments to
improve separation factor and techniques
for carbonate removal from alkali were in
progress.

Reactor Physics

An improved cross sectipn set was pre-
pared for 112 fission product nuclei after
validating against bench mark assemb-
lies. Total radiation damage cross-
sections for 41 materials were prepared.

A 2D hexagonal geometry code was
written and successfully tested against
benchmarks problems. Analysis of an in-
ternational benchmark on a low sodium
void core coordinated by the International
Working Group on Fast Reactors (IWGFR)
was analysed successfully and results
presented in a meeting at Vienna. Mesh-
wise Doppler coefficients were incorpo-
rated in a code to account for a correct
Doppler feedback in the accident analy-
sis code VENUS-II. Application of adv-
anced features were adopted for the leak
noise analysis of data from PFR steam
generators. A 3D integration program, in
the calculation of gamma fluxes from a
cylindrical volume source, was success-
fully written and tested.

More accurate estimations of power
produced and B-10 depletion rates in
control rods of PFBR were made.Critical-
ity calculations for irradiated blanket sub-
assemblies storage were completed. The
DBA analysis calculations made at
IGCAR and BARC independantly were in-
tercompared to check the models and
codes used in such studies. Uncertainty
analysis of the passive safety features of
PFBR was carried out with different sets of
input parameters obtained by Gaussian
sampling method. Radial shield calcula-
tions were carried out and with the BARC
data and the results were compared.
European Fast Reactor radial shield con-
figuration was studied for PfBR and an
optimised shielding configuration with
storage assemblies in the outermost ring
was worked out.

Engineering Development

The work on primary sodium pumps con-
tinued. Simulation studies were con-
ducted on the model of the inlet plenum of
the PFBR steam generator (without
tubes). A model of the non-return valve
(NRV) for primary pump has also under-
gone performance tests.

In continuation of the development
work on the acoustic leak detection for SG
leaks, a new statistical parameter was
attempted to distinguish leak signal from
the background noise.

The operation of the sodium loop for
mass transfer and corrosion studies were
continued with both 316 LN S.S. and 316
normal S.S. specimens in its second
phase.

Commissioning of an experimental set
up, installed for calibration and testing of
continuous type level probes for sodium
service, is in progress.

The rig support structure was com-
pleted in the Large Component Test Rig
(LCTR) and installation of LCTR compo-
nents is in progress. The SS test vessel for
study of heat and mass transfer in the
reactor cover gas was installed and furth-
er related work to this test section taken
up. Three charges of sodium metal totall-
ing 17 tonnes were received and transfer-
red to a storage tank.

Follow up actions for procuring mate-
rials for technology development were
continued.

METALLURGY AND MATERIALS

Materials Science

Work on the synthesis of exotic materials
and studies on structure and supercon-
ductivity in doped fullerenes were under-
taken. In the course of these studies, two
new superconducting materials, with
Tc = 5.4 K and 6.7 k were discovered.
Notable study was the elucidation of the
structure and disorder in solid C-70. A
significant research was the observation
of vapour-liquid condensation in dilute
aqueous colloids. This study i-ias helped
to resolve the long standing controversy
about the existence of an attractive com-
ponent in the inter-particle potential.

In the area of defect studies, the kine-
tics of He bubble growth in alpha irradi-
ated Pd, was studied. The implantation
profile of D in metals was studied through
secondary ion mass spectroscopy (SIMS)
and interesting departures from the ex-
pected implantation profiles were
observed. SIMS studies were also used
for the study of a number of technologi-
cally relevant problems such as the seg-
regation of carbon and the formation of
carbon nitride at grain boundaries in
creep tested 316 LN SS, and for the study
of oxidation of different regions of weld
metals in 2.25Cr-1Mo and 9Cr-1Mo
steels.

Theoretical studies were carried out in
the areas of dynamics, hydrodynamics,
chaos and fractals: The algebric structure
of Nambu dynamics, and its quantisabil-
ity was investigated; the hydrodynamics

of fluids with internal rotation, was stu-
died; the problems of diffusion in a dis-
ordered medium and in a random multi-
plicative environment were tackled
through the methods of random walks and
fractals; and the influence of noise on the
behaviour of driven chaotic system was
studied.

Development activities undertaken ear-
I ier were continued. The pi lot plant for the
recovery of helium gas from the monazite
sand was installed and tested at IRE,
Alwaye. A Particle Irradiation Facility
(PIF) consisting of accelerator facilities
was commissioned and went operational.
A tri-arc furnace for the melting of alloys
was commissioned and went operational.
A variety of highly reactive alloys were
synthesised for studies. Efforts continued
towards realisation of high quality Joseph-
son junctions and SQUID devices.

Metallurgy

The indigenously developed Scanning
Auger Microprobe facility was upgraded
and successfully operated in different
modes to characterize the surface prop-
erties of materials.

Stainless Steel (SS) components used
in corrosive media are susceptible to pre-
mature failure due to Stress Corrosion
Cracking (SCC). A fracture mechanics
approach was used to understand the
threshold stress and stress intensity fac-
tor for SCC failures of solution annealed
and sensitized type 316 SS in NaCI and
NaOH media. In another study, the tensile
and impact properties of this steel, pre-
exposed for long durations in liquid
sodium at different temp-ratures were
studied.

Time-Temperature-Sensitization (TTS)
diagrams for type 316LN SS with different
degrees of cold work were established.
Electrochemical extraction and charac-
terization of the secondary precipitates
helped in understanding the microstruc-
ture of the sensitized type 316LN SS. The
transformation products of delta ferrite in
the weld metals were identified. Also, the
role of nitrogen in improving pitting corro-
sion resistance of SS could be under-
stood by extensive XPS analysis of the
passive film. For application in reproces-
sing of spent fuel, corrosion resistance of
Ti, Ti- 5%Ta, ELC SS and their weldments
were evaluated

Tests were also carried out to assess
the role of prior heat treatment, micros-
tructure, strength and hydrogen recom-
bination poisons on the hydrogen-
assisted embrittlement of 9Cr-1Mo Stsel.

In continuation of the thermodynamic
and compatibility studies on systems of
interest for fast reactors, the thermodyna-
mic stabilities of FeSb2, NiSbO6 and
CrSbO4 related to the SbO3-SS cladding
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system (used in the Auxiliary Neutron
Source in FBTR) were studied. To under-
stand the chemical interactions among
the fisssion products in the spent oxide
fuel, partial phase diagrams of molyb-
dates and ruthenates of Sr and Y were
constructed by determining Gibbs' ener-
gies. Gibbs' energies were also deter-
mined for the Bi2CuO4 and Bi2Cu2O5
relevant to ceramic superconductors.

Microstructural features of the nitrogen
alloyed 316 SS as fast reactor structural
material, were studied.

An indigenously developed glow dis-
charge deposition facility was used to
produce quality thin films of high temper-
ature superconducting materials.

Materials Development

The tensile properties of 2.25Cr-1 Mo steel
weldrrient and its HAZ were studied. The
creep properties of dissimilar metal weld
(DMW) joint were also studied between
2.25Cr-1Mo steel & alloy 800 (welded
with incondel 182)low cycle fatigue
(LCF) studies on 316LNSS joints (welded
with 316SS) yielded imporement results.

A simple procedure was evolved for
estimating the ductile fracture toughness
from the tension test of smooth cylindrical
specimens, and two new toughness para-
meters were proposed. The new tough-
ness parameters were used for character-
ising the minimum toughness of the HAZ
in a dissimilar metal weld joint and ap-
plied for optimizing its post-weld heat
treatment temperature.

The optimum processing parameters
namely the strain rate and temperature,
were identified for 304 SS, 304L SS, 316
SS, as-cast 304 SS, Alloy D9 and 9Cr-11 Mo
steel by dynamic materials modelling,
and their processing maps and instability
maps generated. The application of these
processing maps during industrial trials
at Nuclear Fuel Complex, Hyderabad, re-
sulted in better yield and surface finish of
the formed products.

Post-Irradiation Examination
The commissioning activities of the hot
cells are nearing completion. The inter-
facing facilities with FBTR and other
agencies in IGCAR with respect to the
transfer of fuel elements and subassemb-
lies, and radioactive waste materials
were completed. The necessary in-cell
equipment and service facilities were in-
stalled. The leak testing of the cells to
achieve the desired objectives progres-
sed and nearing completion.

Non-destructive Testing
The technique of eddy current impedance
imaging was standardised for detection
and imaging of fatigue cracks. An impor-
tant in-service inspection was carried out
in a thermal power plant using multifre-

quency eddy current technique as a part
of life assessment programme.

The technique of Barkhausen noise
analysis and magnetic hysteresis loop
parametric analysis were successfully
applied to characterise the microstruc-
tures in quench and aged 17-4-PH stain-
less steel and 9 Cr-1 Mo terrific steel. The
former technique was also used to char-
acterise the residual stresses in weld
joints of 2.25 Cr-1 Mo and mild steel.

Progress was made with respect to the
use of ultrasonic velocity and attenuation
techniques for the characterisations of
microstructures in Cr-Mo ferritic steels,
aluminium alloy, and 17-4-PH steels. The
magnetic and the ultrasonic techniques
for life assessment and life predictions of
engineering components are in the pro-
cess of development.

The prototype version of an EXPERT
system to aid in the selection of metho-
dology for ultrasonic testing of thick au-
stenitic stainless steel weld joints was
completed. Thermography (i.e. analysis
of infrared emission from objects under
test) was successfully used for monitoring
of the occurrence of weld defects while
the welding process goes on. The techni-
que was also used to inspect various
electrical installations in nuclear power
plants at Tarapur and Kalpakkam.

AE technique including time domain
and frequency domain analysis was used
to carry out systematic studies on the
detection and assessment of fluid leaks.
The technique was used to characterize
growth of fatigue cracks in stainless steel
weldments, and in the characterizations
of phase transformations in cold worked
AISI 304 tvpe stainless steel.

Residual stress measurements using X-
ray diffraction technique were extensively
used to characterize stresses in stainless
steel dished ends, Cr-Mo steel tube weld
joints and in heat treated steels.

Quality Engineering

Quality control support was provided to
FBTR, KARP and Technology Develop-
ment works of PFBR. A remote electronic
three co-ordinate determination system to
survey large components during manu-
facture and erection was commissioned.
Volumetric examination procedures for
special applications were standardised.

Chemical Sciences
The radiochemistry hot celis were made
ready to receive spent fuel from MAPS for
post-irradiation studies. The fabrication
and erection of a lab scale pyrochemical
reprocessing facility was also completed.

The out-of-pile simulation facility was
used to study the restructuring behaviour
of the FBTR fuel. In this facility, a column
of pellets is subjected to different linear
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heat ratings by simulating nuclear heat-
ing by direct electrical heating and
sodium cooling by helium cooling. The
data have given the confidence that the
FBTR fuel can be safely operated at a
heat rating of 400 VWcm.

For early detection of the risk of oxygen
depletion in reactor operating areas a
zirconia electrolyte based risk oxygen
meter having good sensitivity and stabil-
ity was developed and tested. Towards
the development of an inexpensive
alternative to costly beta-alumina used in
high energy batteries, a new solid elec-
trolyte, boron-doped beta alumina, hav-
ing good ionic conductivity and sintering
properties was prepared by sol-gel route.

As a prelude to systematic studies on
the interaction of solvent and diluent used
in nuclear fuel reprocessing, Matrix Isola-
tion (Ml) infrared spectra of trimethyl
phosphate (TMP) triethyl phosphate (TEP)
and tributyl phosphate (TBP) were re-
corded in argon and nitrogen matrices at
12 K-using the Fourier Transform infrared
spectrometer. The spectra were studied
and the frequency assignments were
done for the different conformers of these
phosphates.

Methods were standardised for the pre-
paration and isolation of gram quantities
of fuilerenes. A number of samples were
made available to other institutions for
many experiments. New, simple chroma-
tographic procedures, based on single
solvent systems were developed for the
isolation of pure C-60 and C-70. The solu-
bility of C-60 in various organic solvents
was determined for the first time. Super-
conductivity was detected in samples of
K3C60 and Rb3C60 prepared by vapour
phase reaction as well as solution routes
C-60 was shown to react with high-boiling
hydrocarbons under the influence of heat
as well as gamma radiation, and the iden-
tification of the reaction products is under
way. Fullerenes were shown to be effec-
tive as photocatalysts in destruction of
oxalic acid, as well as splitting of water.
X-ray diffraction studies were carried out
on C-70 in the temperature range 298-773
K and examination of the patterns sug-
gested a probable orientational ordering
in this material just above the room
temperature. The lattice thermal expan-
sion of C-60 and C-70 was studied for the
first time and the coefficient of thermal
expansion of C-70 was found to be more
than that of C-60. The vaporisation be-
haviour of C-60 as well as C-70 was stu-
died in detail using Knudsen cell mass
spectrometric technique. The vapour
pressures of C-60 and C-70 were reported
for the first time; the enthalpy of sublima-
tion of these materials, as well as other
parameters such as appearance poten-
tials, were also determined.

A sensitive analytical procedure was
standardised for the determination of Pt,



Pd, Rh and Ru in geological materials,
trace metals in red blood cells and
plasma.

Fluorescence enhancement studies of
rare earths have made it possible to de-
tect rare earths at ng/ml levels.

Fuel Reprocessing

Phase-I of the lead shielded Mini Plant to
process irradiated fuels from FBTR was
completed. Phase-H which incorporates
the head end systems is being modified
to enhance the capacity. Testing of Cen-
trifugal extractors, the new drive system
and the equipment of reconversion sys-
tem continued.

The construction of the regular plant is
in progress. The waste storage vault was
completed and the civil construction
reached completion. Design of process
equipment was finalised, and procure-
ment action is in progress.

Other R&D work related to reproces-
sing of fast reactor fuels continued. Corro-
sion aspects of electrode materials to be
used in electrolytic dissolvers, electroly-
tic destruction of organic wastes, per-
formance of vertical mixer column, de-
velopment of a new type of settler using a
pulsed ejector system are the other areas
of study.

Safety Research and Health Physics

Fabrication of the electro-magnetic shield
room for the 100 KJ condenser bank facil-
ity for transient pressure studies was
completed and underwater wire explo-
sion experiments were carried out.

A computer code was written to com-
pute evolution of pressure and tempera-
ture resulting from sodium pool fires.

Work on inter-comparison of the data from
the Sodar system and the metereology
tower system continued.

Development work on compact power
supply using pulsed torroidal magnetic
field, standardisation of the preparation of
gel material for superheated drop detec-
tors and experimental work on the thermo-
luminescent materials were continued

Elastic and inelastic scattering of gam-
ma rays on different targets were studied.
Criticality safety calculations were done
for the Lead Mini plant storage tanks in
Kalpakkam Reprocessing Project
(KARP). A versatile Monte Carlo Code tor
radiation transport problems was made
operational.

A rapid monitoring technique was de-
veloped for insitu measurements of 1-131
activity in milk. Public awareness prog-
ramme on radiation emergency prepared-
ness covered about 900 villages, 500
high school children and 180 district offi-
cials. Health Physics surveillance was
provided to all the radioactive facilities in
the centre.
Electronics & Instrumentation

A colour graphics display system to
monitor temperature signals was installed
at MAPS. A real time photon correlator
system and a displacement measuring
device for reactor vessel of FBTR were
developed and installed. Design of a cen-
trifuge control unit for RP was taken up. A

prototype safety logic for PFBR, based on
the pulse coded logic concept was de-
monstrated An operator training simula-
tor was developed for the PHWRs.

A software tool which aids in parallelis-
ing a serial code, was developed. Com-
plete computational support and CAD
facility for the Centre was provided by the
Honeywell Bull DPS-8, Norsk Data ND-
560 and 2 nos. of Super 32170 computer
systems.

Civil Engineering

Construction of 45 metre tall engineering
Hall was completed. Construction of 3rd
battery of 49 tile-holes was completed
and the construction of 4th battery of 25
tile holes is in progress. About 98% of
civil works for the kalpakkam Reproces-
sing Plant (KAPP) was completed. Stores
building and underground sump were
completed for the Waste Immobilisation
Project (WIP). The construction of the ser-
vice building is in advanced stage of
completion.

For PFBR, construction of stores build-
ing and design for the site assembly shop
was completed Preliminary designs of
other infrastructural facilities are taken
up. Land acquisition at Meyyur for exten-
sion of exclusion zone for PFBR was com-
pleted.
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• RESEARCH AND DEVELOPMENT •

• During the year, microtron—the first indigeneously developed electron accelerator in Its energy range, reached final stages of
commissioning.

• Assembly of Booster ring components continued and many critical components for INDUS-1 fabricated and tested. During commission-
ing, electrons were accelerated upto the last orbit and electron beam extracted gave efficiency of 2.46%.

• For booster synchrotron, preparations continued to locate surveying targets and benchmarks for precision installation and alignment of
components.

• The dipole magnets of INDUS-1 field mapped and their performance found within specifications.

• The specifications o» 5 beam lines of INDUS-1 finalised and design of three completed. These beam lines to deliver very high flux of
monochromatic radiation in VUV and soft X-ray wavelength region.

• Indigenous development of lasers for applications in medical sciences, industries, and basic sciences undertaken. Lasers such as
Copper Vapour Laser, CO2 laser and N2 laser developed and supplied.

• A 2.5 kW carbon dioxide laser, scaled upto 5 kW power level, used to study modification of different metal surfaces when exposed to
intense laser radiations.

• A 500 W multibeam microprocessor controlled carbon dioxide laser also developed.

• Intensive research carried out at CAT led to the development of:

Centre for
Advanced Technology

LASER PROGRAMME
The Centre has undertaken indigenous

development of lasers for applications in
medical sciences, industries, and basic
sciences. Lasers such as Copper Vapour
Laser, CO2 laser and N2 laser were de-
veloped and supplied to other laborator-
ies. Laser based uranium fluorimeter suc-
cessfully completed field trials and its
performance was comparable to similar
instruments in the international market.

Lasers for Industrial Applications:
Fast Flow CO2 Laser

A 2.5 k'W CW CO2 laser developed
earlier was scaled upto 5 kW power level.
The laser is presently being used to study
modification of different metal surfaces
when exposed to intense laser radiations.

Multibeam C02 Laser
A 500 W multibeam CW CO2 laser con-

trolled by a microprocessor was also de-

veloped which combined advantages of
the high power of test flow lasers and the
simplicity & low cost of slow flow lasers.
This type of laser will be useful in areas
where good focussability of laser beam is
not required.

Laser Work-station

A laser work-station based on compo-
site principle i.e., moving the work piece
and also the laser beam, was designed.

LaserR&D
Excimer Laser

A UV pre-ionized discharge pumped
KrF laser operating at 248 nm wavelength
giving 60 mj energy per pulse with a peak
power of 2 MW was developed.

Tunable CO2 Laser

A passively stablized, line tunable cw
CO2 laser was developed for pumping
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mid-infrared and far-infrared lasers. This
laser is tunable over 50 lines in both 9.4
um and 10.6 um bands with output power
exceeding 2 W and upto 10 W maximum.

Tunable Visible Laser

The 40 W copper vapour laser (CVL)
developed earlier continued to the used
for developing tunable dye lasere. A dye
cell with cooling arrangement of the dye
was developed to handle 40 W of average
pump power. Till now such dye cells were
being imported. Performance of the in-
digenously developed dye cell was
comparable to that of those available in
the international market.

ACCELERATOR PROGRAMME:

Microtron -injector to INDUS-1, reached
final stages of commissioning. Assembly
of Booster ring components continued.
Many critical components for INDUS-1
were fabricated and tested.



Microtron

Microtron is the first indigeneously de-
veloped electron accelerator in this ener-
gy range The 1 37 m dia and 2 T magnet
designed and constructed at CAT,
reached final stages of commissioning.

During commissioning, electrons were
accelerated upto the last (22nd) orbit.
Electron beam of 15.3 MeV, 1.5 mA was
extracted with 1.2 MW microwave power
giving the beam extraction efficiency of
2 46%. This compared well with the effi-
ciency figures achieved elsewhere in the
world. The microwave power will gradual-
ly be increased to the full design value of
3.2 MW to get 20 MeV, 30 mA beam.

Beam monitors were developed for
studying the parameters of the electron
beam from the Microtron and optimizing
Microtron parameters.

Both the handware and software for the
control and data acquisition systems
were developed at CAT.

Booster Synchrotron

Preparations continued to locate sur-
veying targets and benchmarks for preci-
sion installation and alignment of compo-
nents. Installation of service lines like wa-
ter, chilled water also continued.

Control system for magnet power sup-
plies was designed its fabrication prog-
ressed.

INDUS-1 Storage Ring

The dipole magnets of INDUS-1 were
field mapped with the CNC controlled
machine developed at CAT. The perform-
ance of these magnets were within speci-
fications.

RF-cavity for INDUS-1 is under fabrica-
tion.

Beam lines for INDUS-1

The specifications ot 5 beam lines of
INDUS-1 were finalised and design of

three of these was completed. These
beam lines will deliver very high flux of
monochromatic radiation in VUV and soft
X-ray wavelength region. These beam
lines will be operated in ultra high
vacuum and will be 10 to 15 m long. The
optics of these beam lines will comprise
of high quality monochromators. Most ot
the high precision mechanial movements
for these beam lines are in the progress of
development.

Non-linear optics

Nonlinear optical materials investi-
gated included semiconductor doped
glasses and fullerenes. Facilities were
developed for production and separation
of fullerenes. For non-linear optical ex-
periments, indigenously developed
nanosecond and pico-second Nd:phos-
phate glass lasers were used. As part of a
continuing effort to indigenise crucial
components in lasers an acousto-optic
modulator suitable for mode locking was
developed. Several interesting theoretic-
al results were also obtained on non-
linear optical properties of fullerenes.

Superconductivity

An experiment to measure the magne-
tic response of high temperature super-
conductor was set up. Sintered pellets of
two superconductivity materals were in-
vestigated from 77K to their critical
temperature some new experimental fea-
tures observed were used to developed a
new technique to estimate the lower cri-
tical field.

Laser Power Meter

A 30 W laser power meter developed
earlier was upgraded to include self
calibrating facility. A prototype laser pow-
er meter to measure CO2 laser power
upto 1 kW using thermopile detector was
also developed.

Laser Fluorimeter

An integrated laser fluorimeter was
made and delivered. A new feature for

time-resolved fluorescence measurement
was added for quantitative measurement
of rare earth elements upto 0.1 ppb (part
per billion) or better

Crystal Growth
As part of the indigeneous efforts to

develop laser technology, growth of crys-
tals for development of lasers was
started. Good quality KDP crystals of
sizes upto 45x45x200 mm3 were grown.
These crystals were used for second har-
monic generation of Nd-YAG lasers. The
conversion efficiency was the same as
that of imported crystals. KDP crystals
were also used to make electro-optic
modulators. Other non-linear crystals
grown in large sizes were ADP and LAP.

Large crystals of KAP were also grown
for use in monochromator for soft X-rays
from synchrotron source INDUS-2.

Studies on Laser Tissue Interaction:

Investigation on the effects of low reac-
tion level lasers on Indian albino rabbits
were continued.

Miscellaneous

Compressor module, for closed cycle
Helium refrigerator fabricated earlier, was
modified with oil injection cooling to im-
prove its performance. Now it can run
approximately 100 hrs without mainte-
nance.

A high vacuum, high temperature de-
gassing furnace capable of attaining 800
DC at a vacuum level of 5 x 10-5 torr was
fabricated, and used regularly.

INDUS-1 building was completed.
Erection of 132 kV substation and switch-
yard was completed and pre-
commissioning tests continued. Out of
the 399 houses of various categories in
VII plan, 355 houses were completed and
construction of remaining 44 houses &
reached completion.
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Primary uranium mineral-bearing veins (dark grey) and
uranium mineral encrustations (yellow) in quartzite,
Lesser Himalaya, Himachal Pradesh.

Uranium ore body with carbonaceous matter,
Domiasiat (Meghalaya)

Transient electromagnetic survey for uranium in the

Sonrai area (Uttar Pradesh)



• RESEARCH AND DEVELOPMENT •

• Cyclotron delivered proton, deutron and alpha particles beams to user groups from universites and research institutions.

• Work commenced on the Superconducting Cyclotron Project.

• Electron Cyclotron Resonance (ECR) heavy ion source gave improved performance. Considerable progress made in the fabrication of
the external injection system for transporting multiply charged heavy ion beam into the cyclotron from the ECR Source.

• The Isotope-Separator-On-Line (ISOL) system functioned with an overall transmission of 20%.

• R&O activities on Neural Network & Computer Vision commenced in Computer Facility of VECC.

• Separation of helium from natural gas collected from Bakreswar carried out intermittently. Modification of the cryogenic method for
purifying helium continued to handle larger input gas volumes expected from the Tantloi hot springs at Santhal Pargana, Bihar.

• The Regional Radiation Medicine Centre (RRMC) continued to provide nuclear diagnostic and radioimmunoassay facilities to the public.

Variable
Energy Cyclotron Centre

During 1991-93, the Cyclotron delivered
proton and deutron beams besides alpha
particles to various user-groups from uni-
versites and research institutions. For bet-
ter operation of the machine, the procure-
ment of materials for upgrading various
subsystems was initiated.

Performance of the Electron Cyclotron
Resonance (ECR) heavy ion source im-
proved and considerable progress was
made in the fabrication of the external
injection system for transporting multiply
charged heavy ion beam into the cyclot-
ron from the ECR Source. The double
focussing 90 m/e analyser was built, coils
for three Glasers were made, and fabrica-
tion of the mechanical parts of magnetic
lenses, RF bunchers, diagnostic cham-
bers and beam transport lines continued.
Steps were taken up on cyclotron central
region modifications necessary for heavy
ion acceleration.

The Isotope Separator On Line (ISOL)
system continued to function with an over-
all transmission of 20%. Steps were taken
to improve the transmission. The overall
vacuum in the system improved consider-
ably. The Ion Source power supplies and
all the controls were shifted to a new cage
for the ease of operation, A major control-
led extractor assembly, a pair of X-Y de-
flectors and one additional Faraday cup
were added for better beam transport as
well as monitoring. A couple of experi-
ments were performed to quantify the per-
formance characteristics of the ion
source.

R&O activities on Neural Network &
Computer Vision commenced in Compu-
ter Facility. A nodal centre for the Electro-
nic Mail (E-Mail) facility will be set up at
VEC Centre shortly. The Department of
Electronics (DOE) have approved the pro-
ject. This will facilitate all the E-mail users
in and around Calcutta.
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Separation of helium from natural gas
collected from Bakreswar was carried out
intermittently. The cryogenic method for
purifying helium is being modified to
handle larger input gas volumes ex-
pected from the Tantloi hot springs at
Santhal Pargana, Bihar. The instrument,
undergoing test at VECC, will be installed
at site subsequently. Necessary mod-
ifications in the gas lines, dehydrators
and carbon dioxide stripping columns
are being carried out. Although the main
emphasis is on helium extraction, it is
realised that geophysically the element
happens to be only a single parameter,
and its emergence from the crust is con-
trolled in complex way by other tectonics
accordingly. Quantities that are depen-
dent on programme was undertaken to
study variations of helium, mathane, car-
bon dioxide, and radon contents of sam-
ples from the springs over a long duration
with tectonics and crustal features. This
would help obtaining a clear understand-

Continued on page 2.51



RESEARCH AND DEVELOPMENT •

• Uranium resources augmented by 7486 tonnes of U3O8.

• 399 kg of yellow cake (sodium diuranate) produced in the heap leaching plants in Himachal Pradesh, Meghalaya, and Madhya Pradesh.

• Subsurface continuity of uranium mineralization in 22 prospects proved by exploratory drilling.

• New uraniferous zones identified through ground radiometric and geological investigations, at nineteen localities in parts of Uttar
Pradesh, Haryana, Himachal Pradesh, Andhra Pradesh, Bihar, Meghalaya, Arunachal Pradesh, Gujarat, Madhya Pradesh, and
Rajasthan.

• Pilot Plant setup and commissioned at Domiasiat, West Khasi Hills district, Meghalaya, for uranium extraction.

• 10.54 million tonnes of ilmenite, 0.68 million tonnes of rutile, 0.45 million tonnes of zircon, and 0.22 million tonnes of monazite estimated
in the beach placers of Kerala and Andhra Pradesh.

• 37.88 tonnes of xenotime-bearing polymineralic concentrate (3-5% xenotime), 4,501 kg of columbitetantalite concentrate, 21.025
tonnes of spodumene, and 3.2 tonnes of beryl produced in the recovery plants in Karnataka and Madhya Pradesh.

• New areas of xenotime concentration identified in Sarguja (Madhya Pradesh) and Salem (Tamil Nadu).

• 1.165 tonnes of niobium-rich columbite-tantalite concentrates at Adval (Madhya Pradesh) and 1600 tonnes of heavy minerals in alluvial
gravels of Kullampatti (Tamil Nadu) assessed.

• An Electron Microprobe Laboratory set-up and commissioned at AMD Headquarters, Hyderabad.

Atomic
Minerals Division

The Atomic Minerals Division (AMD) is
responsible for the exploration of atomic
minerals for the Indian nuclear power
programme. Brief accounts of achieve-
ments and activities are given below:

Uranium Investigations

Subsurface drilling and mining

Exploratory and evaluation drilling at 42
prospects aggregated 65,025 m, and
evaluation drilling added 7,486 tonnes of
U3O8 to the uranium resource inventory.

AMD completed exploratory mining at
Domiasiat (81.65 m) and won 641 tonnes
of ore for extraction of uranium. The two
shafts at Tummalapalle reached near to
inception of the ore zone.

Detailed reports on the Domiasiat and
Bagjata uranium deposits were prepared
for consideration of Government.

Ground surveys

New uraniferous zones were discovered
and extensions of known occurrences
traced, through ground radiometric and
geologic investigations (18,944 sq km re-
connaissance and 584 sq km detailed) at
nineteen localities in the country.

Geochemical surveys over 7,158 sq km
indicated anomalous uranium zones in
parts of Anantapur district, Andhra
Pradesh, and Dharwar and Chitradurga
districts, Karnataka.

Geophysical surveys (68 L km and 7.40
sq km) resulted in tracing high
chargeability zones favourable for ura-
nium mineralization in Sonrai-Pisnari-Jori
tract, Lalitpur district, Uttar Pradesh.

Airborne surveys

Airborne surveys in Narsinghpur and
Jabalpur districts, (Madhya Pradesh) did
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not indicate any significant uranium
anomaly.

An area of 10,602 sq km over the Rewa
basin, Madhya Pradesh, and 256 sq km
around the Rajasthan Atomic Power Plant
(RAPP) was covered. For monitoring the
movement of Ar-41 in the air.

Heavy Mineral Investigations

Reserves of 10.54 million tonnes of ilme-
nite, 0.68 rnilliontonnes of rutile, 0.45 mil-
lion tonnes of zircon, and 0.22 million
tonnes of monazite were estimated in ex-
tensions of Block-I of Chavara Project
(Kerala) and three tracts, in Andhra
Pradesh.

Heavy mineral concentration (15% to
30%) was observed over a 12-km coastal
in Srikakulam district, Andhra Pradesh.

Four cruises off Tamil Nadu, Kerala and
Andhra Pradesh, were carried out in col-



laboration with the Geological Survey of
India.

Rare Metals and Rare Earth Investigations

Two new areas of xenotime concentration
were identified, in Sarguja (Madhya
Pradesh), and Salem (Tamil Nadu). Re-
sources of 1.165 tonnes of columbite-
tantalite in Adwal area, Bastar (Madhya
Pradesh) and 1,600 tonnes of heavy min-
er-als at Kullampatti, (Tamil Nadu) were
assessed.

Two new recovery units - in Raigarh
(Madhya Pradesh) and Gumla (Bihar)
were set up for xenotime-bearing poly-
mineralic concentrates 37.88 tonnes. A
fourth unit is under installation.

42.4 tonnes of upgraded concentrates
were obtained through Preconcentrates
Upgradation Plant (PUP), and supplied to
the Indian Rare Earths Limited.

(4.50 tonnes) columbite-tantalite con-
centrates, tonnes of spodumene (5-7%
Li2O), and 3.20 tonnes of beryl were pro-
duced from Marlagalla, Mandya district,
Karnataka, and Metapal, Bastar district,
Madhya Pradesh.

Geotechnical Investigations

Geotechnical investigations related to
the selection of sites for nuclear installa-
tions and evaluation of sites for deep sea-
ted repositories of immobilised waste
products and waste disposal continued.

Laboratory Investigations

The various laboratories provided
analytical support to the field investiga-
tions besides carrying out research and
develop ment work.

The laboratories under the Physics
Group were involved in (1) procsssing of
airborne gamma-ray spectrometric and
magnetic survey data (59,000 I km); (2)
design of microprocessor-based data ac-
quisition system; (3) radiometric analysis
of grab samples (26,753) and borehole
cores (9,844 m), gamma-ray logging of
boreholes/shotholes (74,622 m) and tren-
ches and mine faces (1,605 m); (4)
elemental analysis by neutron ectivation
(164 samples); and (5) fabrication of 22
instruments like borehole logging probes,
logging sealers, and moisture-proof
counting ratemeters.

The Geochronology Laboratory isotopi-
cally dated 202 samples and analysed 40
samples for sulphur isotope ratios.

The Spectrograph Laboratories analy-
sed 2,417 samples. The X-ray Fluoresc-
ence and X-ray Diffraction Laboratories
investigat ed 2,315 and 260 samples, re-
spectively. Petromineralogical studies on
1,737 samples were completed in the Pet-
rology Labora tories. An Electron Microp-
robe (EMP) Laboratory was commis
sioned at the AMD Headquarters, Hyder-
abad.

The Chemistry Laboratories carried out
99,742 determinations on 13,970 sam-
ples.

The Biogeochemistry Laboratory stan-
dardised procedures for isolation of orga-
nic matter and for processing plants and
their organs for biogeochemical analysis.

Mineral beneficiation and leaohability
studies on 388 samples were completed
in the Mineral Technology Laborato ries.
A pilot plant for production of uranium at
site was set up at Domiasiat. Heap
leaching plants were set up at Jajawal,
and Bodal, (Madhya Pfadesh). 399 kg of
yellow cake (sodium diuranate) was pro-
duced in the plants at Kandi, (Himachal
Pradesh), Domiasiat, and at Bodal.

Mining Plan Approval and Licensing

AMD continued to process and clear
mining plans and applications for mining
license.

Human Resource Development

An in-house training course on 'Drilling
Techniques in Mineral Exploration' and
trainings of personnal in various disci-
plines were organised. Fortyfive scien-
tists, engineers, and technologists par-
ticipated in national/international semi-
nars/ symposia/workshops on different
topics.

The AMD scientists presented twentyt-
wo research papers in scientific confer-
ences, submitted sixteen research pap-
ers for publication. A published thirtyfive
papers and delivered eight invited lec-
tures at different forums. Volume 4 of
AMD's publication 'Exploration and Re-
search for Atomic Minerals' (EARFAM)
was released. A seminar on 'Nuclear
Material Resources' was organised at
Hyderabad.

Collaboration

AMD continued its collaboration with the
Geological Survey of India, Department of
Science and Technology, National Re-
mote Sensing Agency.Oil and Natural

Gas Commission, Geological Wings of
State Governments, and with other sister
organisations in the field of earth scien-
ces. Some of these programmes are (a)
Generation of national geostandards
(with DST); (b) Airborne gamma-ray spec-
trometric surveys (with ONGC); (c) Ura-
nium-copper investigations in Sonrai area
(with the Directorate of Geology and
Mines, Uttar Pradesh); and (d) Off-shore
investigations for heavy minerals (with
GSI). Analytical facilities at the AMD
Headquarters and at the Regional Cen-
tres were extended to different universi-
ties/research institutes and Central and
State Government agencies.

Continued from page 2.4?

ing of helium escape and the factors con-
trolling it.

The Regional Radiation Medicine Cen-
tre (RRMC) continued to provide nuclear
diagnostic and radioimmunoassay facili-
ties to the people, 22 patients were bene-
fited from the use of Gallium-67
radiopharmaceutical produced by the
central for the diagnosis of soft tissue
tumours. Thyroid uptake studies and thyr-
oid function studies were also under-
taken. A second gamma camera was in-
stalled.

RRMC is installing a 4 MV 1 LINAC in
collaboration with the Cancer Centre and
Welware Home. A computer controlled
water phantom is under fabrication for
dosimetric studies.

The Photon Multiplicity Detector (PMD)
of WA93 experiment at CERN SPS took
data for 5 weeks in April-May, 1992. The
data analysis is at advanced stage.

The design of PMD for the lead beam
experiment was finalised, and fabrication
started. It is expected that the full detector
will be assembled at CERN by the Febru-
ary, 1994.

Work commenced on R&D and simula-
tion for the electro, nagnetic calorimeter
for the end cap of the heavy ion detector
for the Large Hadron Collider (LHC) at
CERN. Calorimeter will measure the
photon multiplicity in the pre-showever
region in addition to total electromagnetic
transverse energy.

Work also commenced on the Super-
conducting Cyclotron Project. Design
aspects of the proposed machine are
being finalised.
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Kakrapar Atomic Power Station

3-D Transient Analysis with Computer code
MFLOW developed by Directorate of Health &
Safety. NPC. This was used to simulate
temperature and velocity of moderator
in MAPS Calandria



Ore Transfer to Ore Bin in Jaduguda Mine

Manavalakuruchi Coast: Mining of Mineral Sands by IRE



Winding Room of Ill-Stage Shaft Sinking at Jaduguda Mine.

TV cum Data Accoss system (Meghdoot)

D. C. Chopper for Indian Railways



PUBLIC SECTOR UNDERTAKINGS •

• NAPS-2 commenced commercial operation from 1 July 1992, KAPP-1 attained criticality on 3 September, 1992 and synchronised with
the western grid on 24 November 1992.

• The cumulative gross power generation till December 1992 from all the nuclear power stations since their commencement of
commercial operation amounted to 81038 million units (MUs). The annual gross electricity generation in the calendar year 1992 was 6328
MUs as compared to 5443 MUs in 1991. The gross generation during financial year 1992-93 estimated to reach about 6650 MUs.

• The net profit in the year 1991-92 after appropriations placed at Rs. 20.82 crores.

• Tarapur Atomic Power Station (TAPS) performed well during the year logging 46th reactor year of commercial operation. The twelfth
refuelling outage of Unit-1 successfully completed. The Unit-1 and Unit-2 had an uninterrupted run of about 120 days and 205 days
respectively.

• MAPS-1 achieved availability factor 84% during 1992.

• The performance of NAPS-1 was an improvement over the previous year.

• NAPS-2 performed well.

• KAPP-1 reached a power level of around 150 MWe. The power level to be raised further after clearance from AERB. The Unit will be
declared commercial shortly. KAPP-2 reached in an advanced stage of construction and commissioning.

• At Kaiga-1&2 main plant civil construction progressed well.

Nuclear Power Corporation
of India Ltd.

NUCLEAR POWER STATIONS IN OP-
ERATION

During the calendar year 1992, the nuc-
lear power plants in commercial opera-
tion generated a total of 6328 million units
(MUs) of electricity. For the period from 1
April to 31 December 1992, the total elec-
tricity generation was 4733 MUs. The
gross generation from commercially
operated units during the full current
financial year is estimated at about 6650
MUs. as compared to 5588 MUs of actual
generation during 1991-92. The cumula-
tive generation from all the units in opera-
tion since commencement of their com-
mercial operation till the end of Decem-
ber 1992, amounts to 81038 MUs.

The statutory audit of accounts for the
financial year 1991-92 of the Company
was completed and CAG Audit is nearing
completion. The net profit in the financial
year 1991-92 after appropriations is
placed at Rs.20.82 crores.

The liquid and gaseous releases of
radioactivity from all the stations were
well below the permissible limits. En-
vironmental survey laboratories of BARC
monitored the environment around the
nuclear power stations. Analysis of air,
water, milk, flora and fauna samples indi-
cated that the radiation dose resulting
from the operation of the nuclear power
stations remained far below the limits pre-

scriocr* by
Board (ACr.

Atomic Energy Regulatory

TARAPUR ATOMIC POWER STATION

This station consisting of two boiling wa-
ter reactors (BWR) with the present
capacity of 2x160 MWe, logged about 46
reactor years as of December 1992. The

TAPS

Generation (MUs)
Capacity Factor (%)
Availability Factor (%)

TABLE-1

UNIT-1

01.01.92 01
to

31.12.92 31

834
59
63

.04.92
to

.12.92

834
79
83

01

31

UNIT-2

.01.92 01.04.92
to to

.12.92 31.12.9°

911
65
69

612
58
62
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cumulative generation of electricity from
the station since the commencement of
commercial operation till the end of De-
cember 1992 was 42398 Mils. The station
generated 1745 MUs during calendar
year 1992 and 1446 MUs during the
period 1 April to 31 December 1992. The
unitwise generation, capacity and availa-
bility factors for 1992 are as per Table-1

Unit-1 achieved availability factors of
100% and capacity factors of 95% or
above in July, August, September.
November and December 1992. It had an
uninterrupted run of about 120 days dur-
ing June to October 1992. The twelfth
refuelling outage of this unit was success-
fully completed during 9 December 1991
to 1 May 1992.

The refuelling outage got extended for
carrying out major inservice inspections
on nuclear and conventional systems as
part of the assessment for the plant life
management of the unit, and the rehabi-
litation of the cleanup, regenerative and
non-regenerative heat exchangers and
the main generator. This inspection de-
monstrated the continued healthy state of
the systems ard the components of this
unit.

Unit-2 registered availability factors
close to 100% and capacity factors of
95% or above in March, September, Octo-
ber, November and December 1992. This
unit had an uninterrupted run of about 205
days between August 1992 to February
1993. It performed well with an annual
capacity factor of 65% in 1992. The unit
was shut down for about 60 days during
May-July 1992 for repairing the emergen-
cy condenser and other maintenance
jobs.

Rajasthan Atomic Power Station

The station consists of two pressurised
heavy water reactor (PHWR) units of pre-
sent capacity 100 MWe (Unit-1) and 200
MWe (Unit-2). Unit-2 of the station in com-
mercial operation since 1 April 1981 re-
corded a cumulative generation o113139
MUs up to the end of December 1992
including 998 MUs of electricity equiva-
lent of the steam supplied to the nearby
heavy water plant. Its generating perform-
ance for 1992 are as per Table-2

Unit-2 recordsd availability factors of 100
% and capacity factors of 95 % or above
in January and April 1992. It had a
maintenance ~h- down from 28 May to 11
September 1 j . ; . During this shutdown,
inservice inspection of 16 coolant chan-
nels was also carried out. This inspection
was carried out for the first time in the
country using the BARC-developed in-
spection device. The primary coolant sys-
tem was chemically decontaminated and

it was the first such effort in the Indian
PHWRs.

Unit-1 of the station operated by NPCIL
for the Govt. continued to operate with the
power limited up to 100 MWe as stipu-
lated by AERS since 1987 consequent on
the repair of the south end shield. This
unit with an original installed capacity of
220 MWe was derated to 100 MWe from 1
January 1992 for the above reason. The
cumulative generation of electricity by the
unit since beginning of commercial op-
eration on 16 December 1973 to the end
of December 1992 was 8065 MUs. The
unit generated 82 MUs during calendar
year 1992 and 72 MUs during the period 1
April to 31st December 1992. It remained
shut down from 9 February to 22 Septem-
ber 1992 for investigating a minor b-jt
difficult heavy water leak in the over
pressure relief device of the calandria
and for preparations for repairing this
leak and operating the unit in the interim
period with a modified operating proce-
dure. The leak through the nickel gasket
of the over pressure relief device was
located by remotely operated camera
system used in conjunction with specially
tailor made manipulators developed in-
digeneously.

Madras Atomic Power Station

This station consisting of two pressu-
rised heavy water reactors (PHWR) with
original installed capacity of 2x235 MWe
generated 15322 MUs since the begin-

ning of commercial operation of its units
(Unit-1 since January 1984 and Unit-2
since March 1986) till the end of Decem-
ber 1992. The capacity of the station has
been rerated to 2x220 MWe from 1 Janu-
ary 1992 based on the operating experi-
ence. The station generated 1994 MUs of
electricity during calendar year 1992. Its
generation during the period 1 April to 31
December 1992 was 1348 MUs. Table-3
gives the unitwise operating figures for
1992.

The operating power of both the units
continued to be limited up to 175 MWe as
per the stipulations of AERB. Analyses of
the temperature conditions of the modera-
tor system are continuing for increasing
the operating power of both the units of
the station.

Unit-1 achieved 100% availability fac-
tors in February, April and September
1992. Its performance was good with an
annual availability factor and capacity
factor of 84% and 64% respectively in the
calendar year 1992. The capacity factor is
based on 220 MWe though the operating
power was restricted to 175 MWe as men-
tioned earlier. Based on this authorised
power level of 175 MWe, the annual
capacity factor for 1992 works out to 80%.

Unit-2 achieved 100% availability fac-
tors in January, May and December 1992.
This unit had a planned shutdown from
1st July to 28th November 1992 for plan-
ned maintenance jobs, inspecting the
calandria internals, creep adjustment and

RAPS

Generation (MUs)

Capacity Factor (%)

Availability Factor (%)

"Includes electricity equivalent
plant.

TABLE-2

01.01.92
to

31.12.92

975*
895
55*
51
60

to the sleam supplied

UNIT-2

01.04.92
to

31.12.92

571*
535
43*
41
49

to the nearby heavy water

MAPS

Generation (MUs)
Capacity Factor (%)
Availability Factor (%)

TABLE-3

UNIT-1

01.01.92 01
to

31.12.92 31

1233
64
84

.04.92
to

.12.92

902
62
83

01

31

UNIT-2

.01.92
to

.12.92

761
39
54

01.04.92
to

31.12.92

446
31
43
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inservice inspections of coolart channels
as stipulated by AERB.

Narora Atomic Pow»r Station

This station consists of two pressurised
heavy water reactor (PHWR) units with an
original installed capacity of 2x235 MWe.
The first unit began commercial operation
on 1 January 1991 and the second unit on
1 July 1992. The capacity of the station
has been rerated to 2x220 MWe from 1
January 1992 based on the operating ex-
perience. The station generated 2113
MUs of electricity since the beginning of
commercial operation of the units till the
end of December 1992. Table-4 gives the
unitwise operating figures for 1992.

Unit-1 had an annual availability factor of
63% and a capacity factor of 46%. The
lower capacity factor was mainly due to
the reduced operating power level during
certain periods and unplanned outages
due to equipment related problems and
grid disturbances. The performance is an
improvement over the performance in
1991.

Unit-2 of the station which was synchro-
nized with the grid for the first time on 5
January 1992 was declared commercial
from 1 July 1992. It achieved availability
and capacity factors of 95 % in December
1992. It recorded a continuous operation
of 55 days at full power during November
and December 1992. The annual availa-
bility factor and capacity factor for 1992
were 80 % and 67 % respectively, for the
first six months of operation after unit was
declared commercial.

Nuclear Power Projects Under Con-
struction

Kakrapar Atomic Power Project

This project consists of 2 x 220 MWe
pressurised heavy water reactor (PHWR)
units. The commissioning activities of the
first unit such as hot conditioning light
water commissioning, subsequent drain-
ing and drying, relocating garter springs
as required, fuel loading, and heavy wa-
ter addition were completed. The unit
attained initial criticality on 3 September
1992. Low-power reactor physics experi-
ments were then carried out to determine
and confirm the core characteristics. The
unit was synchronized with the grid for the
first time on 24 November 1992. The first
unit has reached a power level of around
150 MWe. The power level will be raised
further after clearances from AERB and it
is expected that the the first unit of the
project will be declared commercial soon.

The second unit is in an advanced
stage of construction and commissioning.
Nuclear Piping installation activities have
been completed and the primary heat
transport system is expected to be hyd-
rotested soon. Work on Emergency Core
cooling system (ECCS) has been com-
pleted and this has been successfully
tested. Electrical and Instrumentation
works are in an advance stage. Unit
Transformer - II has been received and is
under erection. Reactor Auxiliary System
is nearing completion. Upgrading plant
civil construction works have been com-
pleted and distillation column - 1 has
been erected. The 2nd column is to be
transported and erected shortly. 75% of
erection work on TurDo-Generator has
completed. The hot conditioning and light
water commissioning are planned for
completion during June 1993. Based on
the present status the unit is expected to
achieve criticality by December 1993.

Kaiga Project Units 1 & 2(2x220 MWe)

The civil construction of the main plant is
in full swing. The equipment erection and
piping works also commenced in unit -1 .
Reactor building -1 (RB-1) inner contain-
ment wall (ICW) was completed upto 130
M EL and internal structures upto 112.5 M
EL Erection of ICW and the IC dome
would be completed by June 93. In Tur-
bine building (TB -1), Turbine Generator -
1 top deck (1T1 M) was completed and
slab is expected to be completed during
early 1993. Major equipment like Calan-
dria, end shields and moderator heat ex-
changers of unit -1 were erected. The
welding of calandria - End shields is in
progress. Prefabrication and erection of
Nuclear Piping are making progress. In
respect of mechanical packages, the pre-
fabrication works for outdoor, indoor, pro-
cess water and secondary cycle piping
are in progress and field erection has
commenced. Site moblisation and wel-
ders qualification for condenser erection
are in progress,

With regard to Reactor Building-2, ICW
upto 109 M EL internal structures upto

100 M EL and calandria vault up to 109 M
EL have been completed. At TB - 2,100 M
EL slab is expected to be completed dur-
ing early 1993 and TG deck EL -111 M by
March 1993.

In Control Building (CB), 99.96 M EL slab
has been cast and slab at 111 M EL
expected to be completed by June 93.
The works in other buildings are in va-
rious stages of progress. In the town ship,
construction of 175 quarters have so far
been completed. Works on Senior Hostel,
Junior Hostel, Service Personnel Hostel,
Permanent School Buildings are in adv-
anced stages of construction.

Major equipment such as steam
generator(3 Nos), feed water heaters, TG
components, deaerators, CW Pumps,
coolant tubes etc. are at site. Based on
present status of civil construction works,
The units 1&2 are expected to achieve
criticality in June 96 and December 96
respectively.

Rajasthan Atomic Power Project 3&4
(2x220 MWe)

Main plant civil construction and site
infrastructural works of the project were in
progress.

In Reactor building - 3, all cross walls
and structural walls upto 100 M EL and
slabs at 100 M EL were completed. Inner
and outer containment walls upto 96.24 M
EL respectively were completed. Work is
in progress to reach upto 112 M EL in-
cluding all internals during the year 1993.
In Turbine Building -3, 100 M slab was
completed and area at 95 M EL is being
released for equipment erection. Filling of
steel balls in both the end-shields of Unit
- 3 was completed. 650 Te capacity
Heavy duty mobile crane was assembled
and commissioned. Contracts for nuclear
piping and conventional secondary sys-
tem supply-cum-erection packages e.g.
secondary cycle, outdoor piping and fire
protection systems were awarded and
mobilisations is in progress. Bid evalua-
tion for award of Main plant electrical
work is in progress. Work on 26 conven-
tional system supply-cum-erection pack-
ages have been awarded.

NAPS

Generation (MUs)
Capacity Factor (%)
Availability Factor (%)

TABLE-4

UNIT-1

01.01.92 01.04.92
to to

31.12.92 31.12.92

884 648
46 45
63 60

UNIT-2'

01.07.92
to

31.12.92

648
67
80

* Unit-2 commenced commercial operation from 1.7.1992. Generation figure ex-
cludes 123 MUs of infirm electricity generation from 5 January 1992 to 30 June
1992.
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In reactor building-4 slabs at 95 M. EL
were cast and 112 M. EL is expected
during the year 1993. Outer containment
wall upto 91.92M EL was completed. The
construction work in TB - 4 also progres-
sed and turbine generator block is ex-
pected to be released for condenser
erection o) Unit - 4 during 1993.

Construction work for slab at 97 M. for
control building is completed. Rafts of
reactor auxiliary buildings, Diesel gener-
ator buildings (for both units), service
building, service building annexe, and
ventilation stack were cast. Works for
natural dratt cooling towers and Reactor
components assembly shop and building
have been awarded and the work is in
progress.

50% civil works for 220 KV switchyard
has been completed and electrical and
mechanical equipment erection in
switchyard will commence in 1993. Work
orders for main plant, administrative
building, canteen building and balance
job sheds and stores were awarded.

Moderator heat exchangers, Bleed con-
densers and Standby cooling heat ex-
changers for both the units and Bleed
cooler, Auxiliary Boiler feed pump and
live steam reheater drain tank for unit - 3
are at site. Manufacture of F/M columns
and bridge assemblies and moderator
pumps for both the units and bleed cooler
for unit - 4 made progress.

NEW STARTS

TAPP 3&4 (2 X 500 MWe)

All activities such as geo-technical inves-
tigations, bathymetric survey, safe blast
studies, circulating water studies, etc. as
well as site infrastructural facilities have
been completed A 2 MLD construction
water supply line (19pm), commissioning
o't construction power 3 MVA (33 KV/6.6
KV) sub-station and three 1 MVA (6.6 KV/
415 KV) sub-stations is nearing comple-
tion and load sanction from MSEB has
been obtained. Essential project site in-
frastructural facilities such as concrete
testing laboratory, RCA shop, Diesel pow-
er house and Garage have been com-
pleted In the township, 156 residential
flats of various types were completed.
Discussion between the State Govern-
ment and the representatives of Project
Affected Persons' (PAPs) on the rehabi-
litation plan are in final stages and the
land needed for the exclusion zone would
be transferred after finalisation of the re-
habilitation plan.

Detailed design ana engineering work
made further progress. Progress on adv-
ance procurement of long delivery and
critical components and equipment
slowed down because of funds crunch.
Manufacture of calandrias for 2 units has

been completed and ready for despatch.
Fabrication of coolant channel compo-
nents and end-shields for two units are
progressing. Manufacture of Turbine
Generator Components for the first unit is
in advanced stage of completion and
some of the components for LP Turbine
are received at site. Designs for fabrica-
tion of FM Bridge & Carriage system,
Coolant channel, sealing and shielding
plugs and reactor building structural
steel have been completed.

It has not been possible to award and
commence the . ,iain plant civil works due
ra funds crunch. A report on safety
aspects of the plant has been cleared by
Project Design Safety Committee of
AERB. Civil Engineering Design Review
Committee (CEDRC) of AERB has also
reviewed the civil engineering design
aspects Construction permit from AERB
for commencement of main plant civil
construction is awaited.

Safety & Quality Assurance

The progress of establishment of Health
and Safety Related Infrastructure at the
Headquarters and the taking over of the
Health Physics Service functions at the
operating stations were continued during
this period. Data management facilities
havebeen created for collecting, record-
ing and analysing radiological and in-
dustrial safety Data from the operating
plants and projects for providing gui-
dance on safety aspects.

Before submission of proposals to
AERB and its constituents such as Safety
Review Committee for operating plants as
well as different Design Safety Commit-
tees, the safety related aspects were in-
dependently reviewed and monitored.

Containment behaviour studies, ven-
tilation system simulation for steady state
performance and probabilistic safety
assessment methodologies are being
taken up. Analytical and Experimental
analysis were performed in connection
with the proposal for increase in power
level of MAPS.

A Corporate Safety Policy document
has been prepared. Safety audit of Indust-
rial Safety sections were carried out for
TAPS, MAPS, TAPP 3&4 and KAIGA. The
operating plants at NPCIL had the best
industrial safety records for Ihe year
among all the industrial units of DAE and
its undertakings. TAPS attained a record
of 391 accident-free days during the
calendar year 1991, Kaiga project bag-
ged the safety shield of AERB for the best
industrial safety performance among all
the construction units. Standardisation of
the set up for fire services in NPCIL has
been taken up.

Quality Assurance audits on major
manufacturers and project sites were car-
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ried out apart from ongoing quality sur-
veillance on various procured items for
projects and operating stations. Major
Design consultant's QA manuals were re-
viewed. Preparation of Corporate Topical
QA Policy document is in progress. De-
velopment efforts of In-service inspection
tools were pursued.

Environment & Public Awareness

A consultancy contract or
"Epidemiological Studies" in respect of
occupational workers and thei r famil ies at
the nuclear power station sites was
awarded to Tata Memorial Centre (TMC)
and the work for the Tarapur Atomic Pow-
er Station has been initiated. Work on the
consultancy contract awarded to South
Gujarat University on "Dietary, Health and
Biotic Baseline Survey" around Kakrapar
Atomic Power Project is progressing. A
Consultancy Contract and the study of
"Impact of Kaiga Plant discharges in Phy-
sico-Chemical and Biotic characteristics
on Kali River" has been awarded to Kar-
nataka University. The issue of thermal
discharges has been discussed in detail
with Ministry of Environment & Forests
and the possibility of conducting micro-
cosmos studies with practicable thermal-
discharges by some expert institution is
being explored.

Work on public awareness on the be-
neficial and safety aspects of nuclear
power has been continued in association
with the Publicity Division of DAE. This
included exhibitions seminars and essay
contests open to general public. A refer-
ence book on "Indian Nuclear Power
Programme with PHWRs" and an illus-
trated book on "Power of Atom" to explain
the history of atomic energy development
to children have been published and dis-
tributed widely. NPCIL has gi\en support
to many seminars and symposia held
on nuclear energy, environmental and
radiation protection.
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• PUBLIC SECTOR UNDERTAKINGS •

• UCIL completed 25 years of its existence.

• During 1991-92, performance of the Company improved as compared with its performance during the previous year. The capacity
utilization of Jaduguda Mine and Mill increased to 83.3% from 72% and to 82.3%from 73.5% respectively.

• Capacity utilization of Bhatin Mine also improved from 57.3% to 61.6%. Production of copper concentrates in the Byproducts Recovery
Plant, production of magnetite and recovery of uranium mineral-concentrates from copper tailings, showed improvement.

• Both turnover and profit of UCIL, during the year 1991-92 were higher than the previous year. The income of the Company recorded an
increase from Rs 30.80 crores to Rs 39.29 crores and the net profit after tax was Rs. 2.45 crores. A dividend of Rs. 50 lakhs was paid.

• The possibility of bringing Domiasiat Uranium Deposit in Meghalaya imo production to be examined.

Uranium Corporation
of India Ltd.

On October 4,1992, UCIL completed 25
years of existence. In these 25 years, op-
erations of UCIL have grown consider-
ably. Today UCIL has 2 operating mines,
one mine under construction and 5 plants
including By-products and Uranium Re-
covery Plants from copper tailings.

During the year 1991-92 the perform-
ance of the company improved as com-
pared with the performance of the last
year. The capacity utilization of Jaduguda
Mine and Mill recorded an increase from
72% to 63.3% and from 73.5% to 82.3%
respectively. Capacity utilization of Bha-
tin Mine also showed improvement from
57.3% to 61.6%. Production of copper
concentrates in the Byproducts Recovery
Plant, production of magnetite and recov-
ery of uranium mineral concentrates from
copper tailings, have shown an improve-
ment as compared to the previous year.

Financial Performance

During the year 1991-92 the income of the
company has recorded an increase from
Rs 30.80 crores to Rs 39.29 crores. The

net profit before tax was Rs.5.71 crores
and the profit after tax was Rs.2.45 crores.
During the year the company paid Rs.50
lakhs as dividend.

New Projects
UCIL had taken up construction of 2 new
mines at Narwapahar and Turamdih and
setting up of one new mill at Turamdih.
Due to severe constraint on financial re-
sources, it was decided to suspend the
mine and mill construction work at Turam-
dih and also scale down the mining activ-
ity at Narwapahar. Now ore produced in
Narwapahar will be transported to Jadu-
guda mill for processing. For this purpose
the uranium mill at Jaduguda will be ex-
panded.

This year a decision was taken to ex-
amine the possibility of bringing
Domiasiat Uranium Deposit in Meghalaya
into production. As a first step towards
this, the company has entrusted the job of
preparing a technoeconomic Feasibility
Report of Domiasiat, to a Consulting En-
gineering Firm of Calcutta. This report is
expected to be ready by early 1993.

3.5

Research & Development

In the laboratory of UCIL tests for the
extraction of uranium from the ore of
Domiasiat have been carried out for the
last 2 years. This year new tests con-
tinued on a composite bore hole core
sample of Domiasiat. Similar tests are
being carried out in laboratories of AMD
at Hyderabad and BARC laboratory at
Bombay. After completion of tests at all
these 3 places, it is proposed to finalize
the Process Flow Sheet for Domiasiat ore
for adoption on Industrial Scale.

Other Programmes

UCIL celebrated silver Jubilee of the
company on October 19-20, 1992. The
celebrations included the foundation
laying ceremony of the Mill Expansion
programme at Jaduguda.

During this year UCIL introduced Pro-
ductivity Linked Incentive Scheme for
workmen, supervisors and officers.
Scheme of Productivity Linked Bonus was
also introduced for the employees draw-
ing salary upto Rs. 2500/- per month.



• PUBLIC SECTOR UNDERTAKINGS •

• During the year 1991-92 the Company achieved a record turn-over of Rs. 86.24 crores and foreign exchange earnings were Rs. 39.37
crores.

• Southern units of IRE made a profit Rs. 24.51 crores, however due to losses of OSCOM, the overall profit of Rs. 1.08 crores was
achieved.

• During 1991-92 the production in Manavalakurichi showed a substantial increase especially for zircon and rutile, which are high value
products. To improve the quality of ilmenite, a new six crore project was taken up in Chavara.

• In the Rare Earths Division at Alwaye, production increased as compared to last year. The work in the Co-generation Plant continued.

• Possibilities of setting up joint ventures with foreign equity participation, primarily to rehabilitate OSCOM being explored.

• Pre-project activities for exploitation of new deposits at Ayiramthengu, Kudiraimozfii, Bhimlipatnam and Neendakara, pre-project
activities taken up.

• Improvement in recovery of minerals, reduction in cost, development of new products, import substitution and others achieved by
adopting new technology for setting up of Preconcentration, Concentration Upgrading and Dredge and Wet Gravity Concentration Plants
at various Units.

• Chemical & Allied Products Export Promotion Council (CAPEXIL) Export Award (Certificate of Merit) for export performance during the
year 1991-92.

Indian Rare
Earths Ltd.

Registered in 1950, IRE, presently owns
and operates two mineral sands separa-
t e plants at Chavara (Kerala) and Man-
avaiakurichi (Tamil Nadu) to produce
minerals namely ilmenite, rutile, mona-
zite, zirc*. •:, garnet and sillimanite. The
Company has been exporting minerals
and value added products, besides pro-
viding mineral feed stocks for high-tech
industrial production in the country. The
Company's contributions to the -national
exchequer by way of profits and internal
generation of resources have also been
significant.

Production

During the period 1991-92, the produc-
tion in Chavara and Manavalakurichi
showed a substantial increase-the major
increase was in zircon and rutile which
are high value products. Action was inti-
ated for setting up a Zirconium Complex
to produce more value added products.
To improve the quality of ilmenite, a new

project was taken up in Chavara at a cost
of about Rs.6 crores.

In the Rare Earths Division at Alwaye,
production increased as compared to last
year. The work in the Co-generation Plant
continued.

In OSCOM, due to accumulated inven-
tories, market constraints and cash
crunch, the production at the Mineral
Separation Plant was suspended from
October, 1991 for about a year. The pro-
duction at the Synthetic Rutile Plant also

was suspended. However, certain mod-
ifications in the Synthetic Rutile Plant
were completed and the trial runs com-
menced. The initial trial runs showed en-
couraging results by way of improvement
of quality of the product.

Thorium Factory at Bombay also ex-
ceeded its production target of thorium
nitrate. The work at the New Thorium Plant
at OSCOM was completed and the trial
runs commenced.

Production Value
Sales
F.E. Earnings
Profit/Loss after Depn. & Int.

1990-91

82.00
67.25
22.93

1.08

(Rs. in crores)

1991-92

8749
88.85
39.37
1.27
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Industrial Relations

The Company maintained harmonious
and cordial relationship with its em-
ployees in all the Units. Emphasis on
training of personnel was laid. The sug-
gestion award scheme, implemented ear-
lier, showed considerable response.

During the year under review, the Com-
pany contributed a sum of Rs.2.60 lakhs
by way of donations to various education-
al, social and charitable causes.

Recruitment of SC/ST and Minorities

The Liaison Cell for SC/ST constituted in
all the Units of the Company, including
the Bombay based offices, functioned
smoothly.

To clear up the back log in SC/ST
recruitment, special recruitment drive
was launched.

Retwarch and Development

Efforts were made for development of new
products and improvement in the existing
process related to mineral separation,
and to develop processes for producing
high purity individual rare earths. R&D
activities were also carried out for recov-
ery of uranium values from thorium cake
and evaluation of new mineral deposits.
This resulted in increased productivity,
improvement in quality of products, re-
duction in cost, development of new pro-
ducts and export promotion and import
substitution.

Technology Absorption, Adaptation
and Innovation
Imported technology was adopted for set-
ting up of Preconcentration, Concentra-
tion Upgrading and Dredge and Wet
Gravity Concentration Plants at various
Units. Benefits derived were the improve-
ment in recovery of minerals, reduction in
cost, development of new products and
import substitution others.

Export Award

The Company received from the Chemic-
al & Allied Products Export Promotion
Council (CAPEXIL) Export Award (Certifi-
cate of Merit) for its export performance
during the year 1991-92. A total of 18
awards were received.

Future Plans and Outlook

The Company has been exploring the
possibilities of setting up joint ventures
with foreign equity participation, primarily
to rehabilitate OSCOM. Joint ventures
witn the local participation, for production
of more value added products, were also
explored.

Action will be taken to relocate atTrom-
bay, the thorium concentrate generated at
Alwaye. IRE also propose to recover ura-
nium values from the throium concentrate,
for which the process flow sheets were
earlier developed and the preliminary
project report prepared.

Conservation of Energy

The Company has appointed consultants
for reduction of consumption of energy
and generation of additional energy by
setting up a captive Co-generation Plant
at Alwaye Unit. Efforts for conservation of
energy were,made in all its Units. This
endeavour is showing favourable results.

Projects at Existing Locations

At OSCOM, the modification works in
Synthetic Rutile Plant were completed
and trials carried out. Based on clearance
from AERB the commissioning trials of the
New Thorium Plant at OSCOM were suc-
cessfully completed. The plant will go
into regular operation after getting clear-
ance from Ministry of Environment &
Forests.

At Chavara, filter and fluidised bed
drier for production of sillimanite was
commissioned. The scheme for quality
improvement of ilmenite was taken up for
implementation. Design work was com-
pleted and orders for imported equipment
were placed. Other activities also prog-
ressed as per schedule. The project is
expected to be commissioned by Febru-
ary 1994.

At the Rare Earths Division, Alwaye the
djct ion works for the captive Co-
generation Power Plant progressed. It is
expected to be commissioned during the
year. It is also proposed to set-up facili-
ties for recovery of individual rare earths
and to carry out improvement schemes for
grinding of monazite etc. during the cur-
rent year,

At Manavalakurichi, works on feed aug-
mentation to preconcentration plant and
improvement in the capacity of existing
Zirconium Oxide Plant was completed.
Schemes for mobilisation for additional
raw materials, installation of fluidised bed
dryer for concentrate, material handling
system for ilmenite, garnet recovery etc.
continued to be implemented. Construc-
tion of a housing colony also made prog-
ress.

In addition, other miscellaneous mod-
ernisation and improvement works con-
tinued at various units.

Projects at New Locations

For exploitation of new deposits at
Ayiramthengu, Kudiraimozhi, Bhimlipat-
nam and Neendakara, pre-project activi-
ties such as environment impact assess-
ment studies, metallurgical test work, flow
sheet development, land acquisition and
others, were taken up during 1992-93 and
will be continued during 1993-94.

In the case of Ayiramthengu, State
Pollution Control Board clearance was
obtained, Environmental studies and
award of consultancy for flow sheet de-
velopment continued.

For Kudiraimozhi, various clearances
relating to mine plan, pollution control
and others are awaited. Environmental
studies progressed and Site Selection
Committee was appointed for the Mineral
Separation Plant. IRE has signed a
Memorandum of Understanding with
TIDCO.

In the case of Ayiramthengu, State Pollu-
tion Control Board clearance was
obtained, Environmental" studies and
award of consultancy for flow sheet de-
velopment are in progress.

OAE Projects

Preliminary activities in connection with
DAE projects, such as retrieval of thorium
concentrate from the silos, storage of
thorium concentrate at Trombay, and Ura-
nium Recovery Facility at Trombay were
started and will be continued during
1993-94. IRE was also associated with the
setting up of a Rare Earth Research and
Development Laboratory at Trombay.
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• PUBLIC SECTOR UNDERTAKINGS •

• ECIL achieved a production of Rs. 188 crores and income of Rs. 195 crores despite prevailing difficult market conditions in the
consumer electronics, computers and other sectors of the market.

• Targets of Rs. 267 crores for production.turnover Rs. 310 crores and Rs. 270 crores for income set for the year 1992-93.

• The operational thrust areas continued to be computers, communications and control systems, contributing to nearly two-thirds of the
Company's turnover.

• Control & Instrumentation supplies made to the Atomic Power Projects and other programmes of the DAE. Supplies during the year
worth about Rs. 19 crores, consisted of Control & Instrumentation packages, Nuclear instruments and CCTV equipment.

• For the non-nuclear sector, the supplies included a wide range of equipment, professional grade components and instruments to various
organisations, and TV sets to general public.

Electronics Corporation
of India Ltd.

During the year 1991-92, ECIL
achieved a production of Rs.188 crores
and income of Rs.195 crores (turnover
Rs.228 crores) resulting in a net loss of
Rs.27.58 crores. Continued recession In
Computers and Consumer Electronics
sectors, devaluation of the rupee,
changes in the industrial and import poli-
cies resulting in inordinate delays in pro-
curement of materials, paucity of orders
from user Government departments, de-
lays in despatch clearances from custom-
ers, increased interest burden have all
adversely affected the performance of the
Company. ECIL has now set itself targets
of Rs.267 crores for production and
Rs.270 crores for income (turnover Rs.310
crores) respectively for the year 1992-93.

Participation in DAE'a programmes

ECIL has been giving the highest priority
to the Control and Instrumentation (C&i)

needs of various Atomic Power Projects
and the requirements of other DAE units.
During 1991-92, ECIL supplied equip-
ment worth about Rs.8 crores consisting
of C&I to KAPP and NAPP, Nuclear &
Analytical instruments and CCTV equip-
ment to other DAE units. Major items of
supply were Main Annunciator system,
DNM electronics, Startup Instrumentation
System etc. During 1992-93, ECIL has
supplied about Rs. 5 crores worth of C&I
equipment to other DAE units and is plan-
ning despatches worth about Rs.14
crores in the coming months. Major sup-
plies during the year are Control & Instru-
mentation for Kaiga-I & II, RAPP-III & IV
Atomic Power Projects including control
power supply distribution panels, Fueling
machine control panels, Secondary In-
strument panels, Relay logic panels,
Radiation equipment etc., Electrical DAS
for NPCIL and Control room Computer
system for KAPP.

S.8

Contribution to Other Sectors

Besides meeting the requirements of the
DAE in the areas of Nuclear Instrumenta-
tion and Control, ECIL has also been con-
tributing significantly in the areas of Con-
trol & Instrumentation, Computers and
Communications to the core sectors like
Power, Oil, Steel, Communications and
Defence. In the area of Control systems,
during 1991-92, ECIL supplied about
Rs.23 crores worth of C&I equipment con-
sisting of Electronic Automation Systems
for Steam Turbines (EAST) for various
Thermal Power Plants at Neyveli, Dadri
and Mejia, Man-Machine Interface sys-
tems for BHEL, DC Choppers to Indian
Railways, Operator Training Simulator
systems to SAIL and products like Cock-
pit Voice Recorders for IAF ar>u Notch
Indicators for Railways. During the year
1992-93, ECIL has supplied Rs.24 crores
worth of the Control equipment so far and



is planning to supply Rs.25 crores worth
more in the coming months. Major sup-
plies during this year are EAST Packages
to BHEL for Thermal Power Plants at NAL-
CO, Neyveli and Mejia, Man-Machine In-
terfaces for BHEL, SCADA systems for
HPCL, Missile Checkout Systems for
DROL, GSHB Systems to Mazgaort docks,
Supervisory Load Control Centre for SAIL,
BMP-II Gyros for Defence, Cockpit Voice
Recorders for IAF and Notch Indicators
for Railways.

In the area of Computers, during the
year 1991-92, ECIL supplied about Rs.55
crores worth of Computers and Computer
Systems comprising of Stored Program
Controlled (SPC) Telex equipment, Op-
erations Maintenance Centres (OMC) sys-
tems for E-10 B Exchanges, Store & For-
ward Message Switching Systems
(SFMSS), Automatic Message Accounting
Systems (AMA) to the Department of Tele-
communication and MTNL Other de-
spatches included Unipower-30 Compu-
ters to LIC and others, Computer system
and spares for Automatic Data Handling
Systems (ADHS) and Sound Ranging Sys-
tems, 68030 based Boards and Sub-
systems for Project ANURAG of DRDO
besides servicing operations. During the
year 1992-03. ECIL has supplied Rs.40
crores worth so far and is planning to
supply another Rs.33 crores worth of
these Computers and Computer systems
to DOT, LIC and others in the coming
months. Major supplies during this year
are: SPC-Telex equipment, OMC systems
and SFMSS systems to DOT, Unipower
Computer systems to LIC and others and
servicing income. The Group is also en-
hancing the customer base for its newly
introduced products OSCAR-1000 and
Unipower 486 E. The newly formed Sort-
ware Consultancy Division is focussing
its attention on order-booking and is ex-
pecting to earn a revenue of Rs.10 lakhs
in its year of inception. The Group also
expects to earn an income of Rs.30 lakhs
in foreign exchange for maintaining AMA
systems. Further, the Group is negotiating
for acquisition of new technology for SPC-
Telex equipment.

In the area of Communications, during
1991-92, ECIL supplied about Rs.43
crores worth of Communication equip-
ment and Antennas. Major supplies dur-
ing the year included Curtain Antennas,
Radio Network terminals for All India
Radio, TVROs with antennas for Ooordar-
shan, 11 M. Earth Station Antennas for

VSNL, High CPD Line of Sight Antennas
for DOT and Railways. Other Communica-
tion equipment supplied by this Group
include HF Intercept Receivers for De-
fence, Air-Traffic Control system to IAF,
TDMA Radio for SCADA Project of Oil
India Limited and Digital Facsimile
equipment for DOT and Others. Defence
has identified the Company as a source
for Electronic Warfare systems in both
communication and noncommunication
areas. During the year 1992-93, ECIL has
already supplied around Rs.28 crores
worth of these Communication equipment
and antennas and is planning another
Rs.25 crores worth in the coming months.
The major despatches during this year
are 276 nos., of Line of Sight Antennas for
DOT and Railways, around 90 nos., of
TVROs with Antennas for Doordarshan,
Retrofitting of 11 nos., of conventional 7.5
M Earth Station Antennas with indige-
nously developed antenna Control sys-
tems and Beacon receivers, fabrication
and installation of AIR Masts at two sites.
Other supplies include 55 nos. of HF/UHF
Receivers for Defence and others, 10 sys-
tems of Project Cherry for Ministry of
Home Affairs, 270 nos. of Digital Facsi-
mile equipment for Defence, DoT and
others and Air Traffic Control Systems for
IAF.

This Group is also acquiring technolo-
gy from Vertex Corporation, USA for the 2
Degree Satellite Spacing Earth Station
Antennas.

In the field of Instruments, ECIL sup-
plied instruments valued at about Rs.29
crores during the year 1991-92. Major
supplies during the year were X-ray Bag-
gage Inspection Systems and spares to
NAA, IAAI, Cabinet Secretariat and Indian
Airlines, Sound Ranging Systems to Indi-
an Army, Data Display Consoles for Auto-
matic Data Handling Systems and spares
to IAF, XBT items to Navy, Thickness
Gauging Systems and spares for Rourke-
la Steel Plant, Radiometric Density
Gauges for Indalco, Ultrasonic flaw de-
tectors to Railways and CLIP systems to
Assam Electronics Corporation Limited.
During the year 1992-93, ECIL has sup-
plied Rs. 14 crores worth so far and is
planning to supply another Rs.15 crores
worth of these instruments and systems in
the coming month. Major supplies during
this year are X-ray Baggage Inspection
systems for Civil Aviation, Mobile Com-
mand Posts for DRDL, Gamma Cameras
for Health Care, CLIPS for Assam and

Tripura States and a range of industrial
and analytical instruments for use by in-
dustry and laboratories. ECIL has indige-
nously developed Coal Ash Monitors for
coat washeries, Density and Velocity pro-
duction meters for use in dredging ap-
plications and software for Gamma
Cameras for health care and is exploring
to book orders for these equipment. ECIL
has also received an order for radiation
resistant CCTV systems valued at about
Rs. 7 crores from NPCIL and is planning to
commence supplies from 1993-94.

In the field of Military Systems, ECIL
has completed a total of 24 systems by
supplying the last Automatic Data Hand-
ling system to IAF during the year 1991-
92. During this year, ECIL has also taken
up the development work on Digital Air-
port Terminal Information Systems
(DATIS), Missile Checkout System (MCV)
and Mobile Command Post (MCP) for
Trishul Missile System in addition to spe-
cific R&D on Futuristic ADHS and Distri-
buted Information Processing system for
CCCI applications. During 1992-93, ECIL
is supplying Communication processors
for ADHS, MCV and MCP for DRDL and
DATIS for National Airports Authority.

In the field of Components and Special
Products, ECIL continues to produce pro-
fessional Grade Components such as
Hybrid Micro-circuits, Tantalum Capaci-
tors, Fuze products, PCBs, Semi-
conductor and Microwave Components
among others catering to Defence, Tele-
com sectors and meeting the in-house
requirements. The sales during 1992-93
are planned at about Rs.22 crores Vis-a-
vis the sale of Rs.10 crores during the
previous year 1991-92.

In the field of Consumer Electronics,
ECIL has introduced a new model Colour
TV - "New LegencT during the year 1992-
93 and expects to maintain the sales at
last years' level of about Rs.30 crores.
This Group is reorganised as Industrial &
Consumer Electronics Group (ICG) to
broaden its product base with addition of
Industrial Controls and Personal Compu-
ters.

During the year 1992-93, ECIL is adopt-
ing strategies to stage a turnaround in the
coming few years. laying emphasis on
reduction in expenses, maximisation of
contribution and judicious restructuring
of its operations.
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Industrial
Organisations

Heavy Water Projects

Nuclear Fuel Complex

Board of Radiation & Isotope Technology



Heavy Water Plant Hazira (Gujarat)

Heavy Water Plant. Thai (Maharashtra)



Indigenously fabricated high capacity Graphite Coating/Baking Unit
for Fuel Tubes.

ZIRLO Alloy ingot and bars

DRAWN EiAR

TAPS Spacer welding setup fabricated at NFC.
r-v7Ai.F |) MAI.

Automated UO2 pellet density measurement system developed
and setup at NFC.



ISOMED Plant at Trombay. The Plant has been used for sterilising various medical products.

Processing of P-32 labelled biomolecules at Jonaki Laboratory, Hyderabad
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' INDUSTRIAL ORGANISATIONS

• Satisfactory performance of Heavy Water Plants at Nangal, Kota, Baroda, Tuticorin, Thai and Hazira. Manuguru Plant, based on
indigenous technology, also performed well after initial period of stabilisation.

• The requirement of heavy wate-- for the new nuclear power stations and that for the existing ones met successfully.

Heavy Water
Projects

Heavy Water Board is responsible for
planning and production of heavy water
for meeting the requirements of nuclear
power stations and reactors in India.

Eight Heavy Water Plants are oper-
ational at Nangal, Baroda, Tuticorin, Kota,
Talcher, Thai, Hazira and Manugum. The
performance of all the heavy water plants
during the year was satisfactory except-
ing for the plant at Talcher where opera-
tions got restricted due to limited inputs
from the Fertilizer Plant to which it is
linked. Production of heavy water im-
proved over the last year and was com-
mensurate with the available inputs.

The Nangal plant continued to run on
sustained basis during the year, with im-
proved throughput and onstream factor.
Production at the Baroda Plant was satis-
factory. However normal operation of the
plant was affected during September
1992 due to failure of high pressure glass
seal of the exchange tower. Potassium
metal manufacturing plant worked satis-
factorily. The upgrading unit to process

off-grade heavy water to nuclear grade
has been commissioned.

The performance of the Tuticorin plant
during the year satisfactory though it was
affected to some extent, by the accumu-
lated process impurities in the system as
the annual-turn-around was postponed.
After taking remedial measures the plant
continued running satisfactorily at higher
level of production.

The Thai plant continued to run on sus-
tained basis commensurate with the in-
puts from the Fertilizer Plant, except for
the period from May to mid-June when it
was shut down due to damage caused by
an accident fire resulting from leakage of
synthesis gas from the top cover of a high
pressure vessel. After completion of the
rectification job and clearance by AERB,
the plant has since been running satisfac-
torily.

The performance of the Hazira plant
during the year was good. The upgrading
unit to process off-grade Heavy Water to
nuclear grade has been commissioned
and is operating steadily.

With the commissioning and reliable
operation of the Steam Generation units,
the performance of the Kota plant during
the year was good.

After the Manuguru Plant became fully
operational by the end of last year, the
operating pressure and the production
levels were brought up. The operations
ware stabilised, overcoming the initial
teething problems of the Captive Power
Plant — especially those related to Boil-
ers and Turbines. Further improvements
are being effected in the CPP for increas-
ing the reliability of steam and power
supply for optimising the production in
the main plant.

The external coal handling system has
since becama operational at 50% load
and balanca work pertaining to the same
is under progiess.

Sustained run of the Talcher plant
could not be possible due to nonavaila-
bility of inputs from the Fertilizer Plant on
account of the shut down of the latter from
April to August 1992.
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INDUSTRIAL ORGANISATIONS •

• During 1992-93, NFC supplied fuel bundles for the operation of power reactors at Tarapur, Rawatbhata, Madras and Narora and for the
initial core of KAPP I and II.

• Zircaloy calandria tubes, shutoff tubes, flow tubes for Kaiga I & II and RAPP III were supplied. Fabrication of coolant Zr-Nb tubes for
Kaiga II, and RAPP III reached completion.

• Inhouse fabricated equipment such as shear strength testing units, reduction and vacuum distillation units, calcination/reduction
furnaces etc. built and commissioned.

• New project activities connected with the expansion of production capacities continued.

• Two continuing schemes Phase-1 expansion and augmentation approached completion.

• To meet the requirements of Nuclear Power Programme by the year 2000 AD, four new projects envisaged.

Fuel Complex

Fuel:

Fabrication of replacement fuel bundles
for RAPS, MAPS, NAPS was continued
this year. The entire fuel charges for the
first criticality of KAPP-I & II were also
supplied. The supply of BWR bundles of 6
X 6 and 7 X 7 design to TAPS was con-
tinued.

Several process improvements were in-
troduced which include commissioning
of two 500 mm diameter rotary calcina-
tion/reduction furnaces for UO2 produc-
tion, eliminating milling and homogenisa-
tion steps in the powder handling opera-
tions, standardisation of TIG welding re-
pair o? PHWR elements, introduction of a
system of 4 plunger lubrication in :he
compacting pressess, commissioning of
an indigenous end plate welding
machine, standardisation of enriched ura-
nium dioxide powder production by batch
precipitation route, introduction of con-

tainer system between stabilisation unit
and hammer mill to very much limit air
activity, and introduction of computerised
material accounting at the enriched ura-
nium oxide plant.

Zircaloy Products

Zirconium Oxide production was con-
tinued to meet the demands. In the Zirco-
nium Oxide Plant, process improvements
like reduction in solvent consumption and
sand recovery from fusion for it were im-
plemented. For the production of zirco-
nium sponge, additional large capacity
reduction and vacuum distillation units
were installed and put into operation.

The melt shop turned out record num-.
ber of zirconium alloy ingots. Recycling
of zircaloy scrap was also continued on
large scale, resulting in a value addition
of about Rs. 9 crores. A technique of
addition of Zirconium Oxide to low ox-

4.2

ygen zirconium sponge was introduced
for obtaining ingots with specific levels of
oxygen.

Procedures were standardised for rr sit-
ing new Zirco-alloy ingots and work is on
hand to optimise the fabrication para-
meters of tubes and components.

The piasma melting technique was
adopted to utilise titanium scrap avail-
able in the country. For the first time, 3
tonnes of Titanium scrap were melted. A
large twin station vacuum arc molting fur-
nace was erected with in-house expertise
and its commissioning continued without
any assistance from foreign supplier.

Fabrication and supply of calandria
tubes, shut-off tubes and flow tubes for
KAIGA-II and RAPP-II! were, and those for
RAPP-IV are nearing completion.

Notable process modifications were in-
troduced in the hot and cold working of



zircaloy rods, stainless steel, MDN • 250
etc. which resulted in increased recover-
ies. There were also marked increase in
the recoveries of PHWR and BWR fuel
tube production. Apart from regular work,
special tubes such as miniature coolant
tubes, for generating in pile creep data,
very thin walled tubes, SS Guard casting-
s.cobalt absorber assembly components,
hexagonal channel with close dimension-
al tolerances for RPD etc. were also fabri-
cated and supplied.

New equipment erected and commis-
sioned during the year included electron
beam welding unit for reactivity mechan-
ism assemblies, and a tube straightening
machine for thin walled calandria tubes.

Special Tubes and Seamless Stainless
Steal Tubes

Fabrication of Zr-Nb coolant tubes for
Kaiga-I and RAPP III was completed and
supplied. Fabrication of coolant tubes for
Kaiga II and RAPP IV reactors is also
nearly completed. A new steam autoclav-
ing unit was commissioned along with
demineralised water generator unit. Fab-
rication and supply of various grades of
seamless stainless steel tubes were con-
tinued and the total commercial and job
orders completed worked out to about
400 tons.

Fast Breeder Reactor Component
Facility

The plant continued to supply special
assemblies and components for Fast
Breeder Test Reactor at IGCAR, Kalpak-
kam. Carrier assemblies for material irra-
diation testing programme at IGCAR and
components for irradiation testing of car-
bide and nitride fuel pins were fabricated
and supplied. Special sub-assemblies
required for the purpose of testing PFBR
inclined fuel transfer mechanism and in-
vessel transfer mechanism were also
fabricated after detailed design of
assemblies of the components. The de-
velopment work towards fabrication of
different types of PFBR test sub-
assemblies continued.

Special Materials Plant

Production of very high purity materials
such as gallium, indium, phosphorous ox-
ychloride and tellurium, and magensium
granules, and extraction of niob um from
tantalum niobium raffinate cake con-
tinued. Trial studies were carried out for
improving quality of gem grade zirconium
oxide.

Critical Equipment, Designed and Com-
missioned

Designing.fabrication and commission-
ing of vital equipment continued. These
import substitution efforts include:

1. A computerised weld shear strength
testing machine for spacers and bear-
ing pad welds on PHWR fuel elements.

2. Weld current detector for use with
bearing pad welding machine.

3. End plate welding machine for final
assembly of PHWR fuel bundles.

4. Rotary furnaces of 500mm diameter for
calcination/reductionof Uranium diox-
ide powder.

Process and other Development Work*
on hand

1. Development of Zirco alloy and stan-
dardisation of fabrication parameters.

2. Design and fabrication of scaled-up
version of fluidised bed calcination
furnace for AUC powder.

3. Design and fabrication of the fluidised
bed reduction furnace for the Uranium
Oxide powder from AUC route.

4. Commissioning of halfnium extraction
unit and modification of flow-sheet to
minimise effluent generation during
Zirconium Oxide production.

5. Standardisation of purification ofhalf-
nium hydroxide by multiple crystal-
lisation.

6. Development of a procedure for the
recovery of zirconium oxide from soda
wash of lean solvent.

Quality Assurance and Quality Control

The Inspection Groups located at various
plants and the centralised quality control
laboratory continued to support the pro-
duction programmes. During the year ab-
out 31,150 samples were analysed in the
laboratory involving about 2,35,000 deter-
minations.

New equipment installed included an
automatic high speed ultrasonic tube
testing system for testing coolant tubes
and a microfocus X-ray unit for inspection
of welded tubes and a thermal analyser
for characterising Uranium dioxide
powder.

Some of the developmental works
undertaken this year included X-ray
fluorometric analysis of niobium and sele-
nium solutions, measurement of graphite
coating thickness on zircaloy tubes, de-
termination of thorium in uranium, and
O/U ratio by differential polarography-
redox titrimetry, determination of surface
area of Uranium Oxide powder using dif-
ferential thermal analysis, and Iron in very
high purity gallium by atomic absorption
spectrometry.

A procedure of normal beam ultrasonic
testing of Zirconium-Niobium tubes was
standardised after calibration with in-

house fabricated reference standard. An
integrated system with laser micrometers,
precision balance and microprocessor
control was set up for automated
measurement of pellet density.

As a part of automated visual pellet
inspection programme, development of a
continued using a dedicated optical
microscope and a custom built software
was continued. Work was also initiated for
developing a UT system for the evaluation
of fuel element end cap welds.

The Quality assurance work was con-
tinued by regular calibration of measur-
ing instruments including UT probes.
DraftMEIs were prepared for some of the
plants.

Human Resources Development

Training programmes were continued to
be organised for the employees at diffe-
rent levels.

Quality circle activities were continued
this year with the initiation of a few more
quality circles. Case studies were pre-
sented at state level and national level
competitions and two of them bagged
prizes.

Medical Health Physics and Safety:

Individual Groups functioning for the pur-
pose of medical, health physics and safe-
ty continued their work. A one day radia-
tion awareness seminar was organised
for the benefit of medical practitioners.
The Health Physics Unit carried out the
radiological, industrial hygiene, and en-
vironmental safety surveillance work. Ura-
nium plant personnel were periodically
monitored for the assessment of uranium
in lung and urine. Regular TLD service
and health physics coverage during the
transport of fuel assemblies continued.
Ambient air quality data were collected
and the results were found to be well
within the limits. Technical and analytical
assistance with respect to design safety,
equipment layout, ventilation and collec-
tion of base line data was provided for the
clearance of new projects by Department
of Environment and Andhra Pradesh
Pollution Control Board.

During the year, apart from regular
safety related activities increased emph-
asis was laid on training programmes,
conducted by workmen for creating safety
awareness, safety culture and improving
the safety status. Emergency squads for
all the plants were constituted as per the
AERB recommendations and training im-
parted to the squad members.

Energy Conservation Measures:

Work was continued to conserve energy
by way of rescheduling energy intensive
operations like arc melting, increasing
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the batch size and ingot size, co-melting
of zircaloy scrap with zirconium sponge
etc. Action was taken to minimise the
number of airconditioners and replace-
ment of worn out units with more efficient
split type or split power AC units.

Revenue Receipts

The estimated revenue for the year 1992-
93 is around Rs.150 crores.

New Projects for Fuel & Zircaloy

While the two continuing schemes name-
ly Phase-I expansion and augmentation,
approached completion, NFC is set for
further expansion for meeting the require-
ments for 5700 MWe programme of DAE
by the year 2000. Four new projects
(Table-I) were envisaged with a total in-
vestment of about 750 crores during the
Vlllth plan and early IX plan.

For all the four new projects, apart from
site authorisation, clearances were
obtained from AERB, the state pollution
control boards and Department of En-
vironment. Financial sanctions for these
projects were also obtained. The first
phase of the Plants is expected to be
commissioned by 1995. Actions such as
preparation of detailed engineering draw-
ings and procurement of critical and long
delivery equipment, as also site related
activities continued.

New Uranium Oxide Fuel Project

This project being set up at NFC premis-
es is scheduled to be commissioned in
1995. Work order for the first civil pack-
age comprising of process plant and
essential utilities building is being re-
leased. After completing basic engineer-
ing, involving flow sheets, plot plan, lay-
out etc., detailed engineering has con-
tinued. Procurement action for critical
equipment/packages forprocess and util-
ity/auxiliary facilities have reached an
advanced stage.

New Uranium Fuel Assembly Project:

Detailed engineering consultancy con-
tract was awarded to M/s. Tata Consulting
Engineers and an agreement to the effect
was signed in November, 1992. Critical
work pertaining to plot plan, plant layout
and main civil and utility packages was
completed and tenders are being called.
Work orders for permanent water and HT
power supply to the new plant building
were issued. As the building is available,
one production line of equipment is being
set up with the stand-by units available in
the production plant. The first module
namely 300 TPY of Uranium Oxide fuel
assemblies is expected to be commis-
sioned by 1995.

New Zircaloy Fabrication Plant:

This plant being set up at NFC, is ex-
pected to be commissioned by 1995. The
capacities will be achieved in two
phases. The bids received for major
equipment are under evaluation. Site
levelling has been completed and con-
tract for the construction of main plant is
being awarded.

New Zirconium Sponge Plant:

The 300 TPY New Zirconium Sponge Pro-
ject and 1000 TPY Titanium Sponge Plant
will be set up at Palayakayal, Chidarn-
baranar District, Tamilnadu for which the
land has already been acquired. Since
the statutory clearance from Ministry of

Environment and Forests, State Environ-
mental Committee and AERB has been
secured and consultants appointed,
enabling works such as main water supp-
ly line, construction power, approach
roads, boundary wall, temporary offices
and stores, continued.

In parallel, NFC signed a Memorandum
of Understanding (MOU) with Ml
s.TOMCO for promoting a new company
for setting up of zirconium plants as
Phase-I by 1996 and Titanium Plant as
Phase-2. The proposal for the maiden/
model joint venture with private sector
with some equity participation and lease
of land by the Government was approved
by the Cabinet Committee on Economic
Affairs and accordingly further project im-
plementation was initiated.

List of Awards Received by NFC during
the Year 1992
Awards received by the staff members of
NFC during the year 1992 included the
%Shram Shri%award, %Engineer of the
Year% award instituted by A.P State Gov-
ernment and Institute of Engineers, NRDC
award etc.,in recognition of indigenous
design and building of critical equipment
and for use of engineering technical skills
and for notable output by the employees.

Papers

30 Technical papers were presented in
various technical seminars and pub-
lished in leading journals.

TABLE-I

FUEL CAPACITY

1. New Uranium Oxide Fuel Plant-I,
Hyderabad

2. New Uranium Fuel Assembly Plant-I,
Hyderabad

3. New Zirconium Sponge Plant,
Palayakayal, Tamilnadu.

4. New Zircaloy Fabrication Plant, Hyder-
abad

670 T of UO2 pellets per year

PHWR fuel assemblies containing 600
T (300 T + 300 T) of UO 2/yr.
300 T Zirconium sponge per year

80 T Zircaloy fuel tubes and other com-
ponents/year
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INDUSTRIAL ORGANISATIONS •

• BRIT supplied 81,157 consignments of radioisotopes and related products valued at Rs. 8.73 crores to 800 user institutions in the
country, and registered over 41 % increase in the sale value as compared to the last year. Radioisotopes and equipment valued at Rs. 44
lakhs were exported.

• The Board supplied over 57,000 consignments of radiopharmaceuticals that enabled about 6 lakh patient investigations.

• Work on development of new radiopharmaceutical products for brain and heart imaging continued.

• A total of 12.46PBq (337 KCi) of radiation sources of various radioisotopes, and 15 sources of cobalt-60 supplied.

• A number of P-32 and S-35 labelled btomolecutes, covering most of the indigenous requirement supplied to over 40 user institutions.

• Isomed Plant at Trombay sterilized over 9000 cubic metres of medical products and devices during the year and earned 29% more
revenue from irradiation services.

• About 2.88 PBq (78 KCi) of cobalt-60 loaded into the radiation sterilization plant at the Kidwai Memorial Institute of Oncology, Bangalore.

• A new remote cable operated radiography camera ROLI fabricated and 10 pieces were supplied to industry.

• Projects in the VIII Five Year Plan cover extension of nuclear medicine facilities, irradiation preservation of spices, testing of
radioisotope equipment & packages, and upgradation of radiopharmaceutical production facilities and others.

Board of Radiation &
Isotope Technology

The Board of Radiation and Isotope Tech-
nology (BRIT) produces and supplies va-
rious radioisotope pro'ducts including
radiochemicals, radiation sources,
radiopharmaceuticals & RIA kits, carbon-
14 and tritium labelled compounds,
labelled biomolecules, gamma radiogra-
phy equipment and gamma irradiation
equipment to users in the country and
abroad. BRIT also operates the regional
centres for radiopharmaceuticals located
at Bangalore & Delhi, the RIA Centre at
Dibrugarh and ISOMED plant at Trombay.
The work carried out during the year in the
various operations is summarised below:

Radiocfwnteals

About 55.5 TBq (1500 Ci) of a number of
reactor produced radioisotopes were pro-
cessed in 208 batches for supply to va-
rious users and for formulation of
radiopharmaceuticals. These include
radioisotopes such as molybdenum-99,

phosphorous-32, sulphur-35, iodine-131,
mercury-203 etc. 38 consignments of
phosphorus-32 and sulphur-35 labelled
agrochemicals were supplied for use in
agricultural research. 16,700 consign-
ments of tritium filled nuclear light
sources and one kilogram of promethium-
147 self-luminous compound were sup-
plied for illumination of instrument dials
and other devices.

Radiation Sources:

A total of 12.46 PBq (337 KCi) of radiation
sources were supplied in 1600 consign-
ments for use in industry, medicine, agri-
culture & research. These included
sources of isotopes such as cobalt-60,
iridium-192, caesium-137 etc. 480 TBq
(12981 curies) of iridium-192 was sup-
plied in the form of sealed sources for
industrial radiography. 15 sources of
cobalt-60 totalling 4.05 PBq (109,356
curies), were supplied for treatment of
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cancers to hospitals. 15 manual after
loading devices containing caesium-137
sources were supplied to hospitals for
treatment of cancer of cervix.

Radtopharmaceuticals:

57,258 consignments of radio phar-
maceuticals were supplied for use in nuc-
lear medicine during the year, enabling
an estimated 6 leikhs patient investiga-
tions to be carried out in the country. The
regional centres at Bangalore and Delhi
regularly processed ready-to-use Tc-99m
radiopharmaceuticals for use in local
nuclear medicine centres. The centres at
Dibrugarh and Bangalore offered
radioimmunoassay services to local hos-
pitals. About 1600 batches of raw mate-
rials, radioactive materials, additives,
vehicles used in the production of
radiopharmaceuticals were tested by the
Quality Control Group.



Clinical trials of Tc-99m mebrofenin in-
jection were successfully completed and
the product is now supplied for hepato-
biliary studies. A kit for preparation of
Tc-99m Ethy Cystenate Dimer (ECD) for
use in brain imaging was developed. The
efficacy of the reagent for brain imaging
was studied in primates and human sub-
jects as part of preliminary clinical eva-
luation. The second phase of clinical
trails will to commence shortly.

The work of characterisation of monoc-
lonal antibodies for thyroid stimulating
hormone (TSH) for use in immunor-
adiometric assay of TSH has been started
in cooperation with the Cancer Research
Institute, Bombay. Ten TSH antibody
secreting hybridoma clones were identi-
fied and those with low cross-reactivity
are being propogated in mice.

Labelled Compounds

During the year, 1312 consignments of
carbon-14 & tritium labelled compounds
and 1840 consigments of P-32 & S-35
labelled biomolecules were supplied.
The JONAKI laboratory at Hyderabad pro-
duced P-32 labelled nucleotides on regu-
lar basis, covering over 95% of the in-
digenous requirement of P-32 labelled
biomolecules for work in molecular bioio-
gy. Regular production and supply of S-
35 methionine, an important biomolecule,
was continued. About 85% of
radiolabelled nucleotides required for
use in the country are now made indige-
nously.

Radiation Sterilization

The utilisation of the radiation sterilisation
services offered by the ISOMED plant by

manufacturers of medical products con-
tinued to increase during the year. Appro-
ximately 9060 cu. meters (105343 car-
tons) of medical products such as dres-
sings, disposable infusion & transfusion
sets, surgical sutures, gloves and a host
of other devices were sterilised at the
plant during the year. The revenue earned
by the plant on account of irradiation ser-
vices increased by 29% during the year.
A total of 1.5 million radiation indicator
buttons were supplied to users of
ISOMED plant for identification of irradi-
ated products. A trial lot of 12 tons of
psyllium seed husk was irradiated for
microbial decontamination prior to export
to U.K. The work for developing radiation
stable PVC for use in the manufacture of
radiation sterilized medical device prog-
ressed significantly. A computer control-
led control system for Isomed plant was
fabricated and is installation continued
being installed. Technical assistance
was provided to the RASHMI plant instal-
led at the Kidwai Memorial Institute of
Oncology, Bangalore for preventive
maintenance work. The capacity utilisa-
tion of the plant increased considerably
and about 2.88 PBq (78 KCi) of cobalt-60
was added to the plant during the current
year.

Radioisotope Equipment:

10 remote cable operated ROLI cameras
housing iridium-192 sources have been
supplied to industry in the first lot and
efforts are under way for the fabrication of
these cameras in bulk to meet industry
demand. Familiarisation programme was
arranged for industrial personnel for safe
operation of the newly introduced ROLI
camera.

Sale of Radloisotopes:

A total of 81,157 consignments of
radioisotopes valued at approx. Rs. 8.73
crores were supplied for use in medicine,
industry, research and agriculture, reg-
istering 41.5% increase over the corres-
ponding figure of the last year. Radioiso-
tope products and equipment valued at
Rs. 44 lakhs were exported.Against an
IAEA order, technical assistance is being
provided to Bangladesh for setting up of a
facility for the production Tc-99m gener-
ators required for use in nuclear medi-
cine.

New Projects and schemes:

The 8th Five Year Plan projects and
schemes cover areas, such as extension
of nuclear medicine facilities in the coun-
try, upgrading of facilities for the produc-
tion of radiopharmaceuticals, testing of
radioisotope equipment & packages and
irradiation facilities for food products. The
work of construction of Radioisotope
Equipment Production Facility at Vashi
(New Bombay) is expected to be com-
pleted during mid 1993-94. The project
for Extension of Nuclear Medicine Facili-
ties has been approved and financial
sanction has been issued. A Task Force
has been constituted for identifying the
institutions which could be considered for
participation in the project during 1992-
93 and 1993-94. The project report for the
upgradation of facilities for the produc-
tion of radiopharmaceuticals has also
been approved and financial sanction
issued by DAE. The civil work of the pro-
ject has commenced.
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Aided

Institutions

Tata Institute of Fundamental Research

.Saha Institute of Nuclear Physics

Tata Memorial Centre

Institute of Physics



Critical Care Unit at Tata Memorial Centre

Telephony signalling Handler chip designed by ICTP, Trieste and
based on a technique conceived at TIFR in 1977. It replaces
about 100 MSI chips for critical telephony applications and was
applied on large scales in COOT systems.

Positron Annihilation Lab. of SINP

Scattering Chamber for Ion Channeling Studies at
Institute of Physics Bhubaneswar



• AIDED INSTITUTIONS •

• Important contributions in several branches of pure and applied mathematics.

• Gravitation experiment conclusively proved absence of fifth force in nature.

• Giant Metre Wave Radio Telescope (GMRT) construction works progressed. This telescope will be the world's most powerful
radiotelescope in metre wave range.

• In statistical physics, an exact equivalence between the abellan sandpile model and the O-state Potts model established.

• Electromagnetic properties of the odd-odd Y-84 nucleus investigated for the first time using Pelletron Accelerator.

• Superconductivity and magnetism coexistence established in a new system.

• Microstrip resonators successfully farbricated.

• Several new techniques developed for improving the precision of DNA structure determination in solution from NMR data.

• In Drosophila (Fruit Fly), a novel putative receptor and a protein having homology with serine protease identified.

Tata Institute of
Fundamental Research

GENERAL SURVEY

Important contributions in several bran-
ches of pure and applied mathematics.
Gravitation experiment conclusively
proved absence of fifth force in nature.
Giant Metr Wave Radio Telescope
(GMRT) construction works progressed.

In statistical physics, an exact equiva-
lence between the abelian sandpile mod-
el and the O-state Potts model estab-
lished. Electromagnetic properties of the
odd-odd WY nucleus investigated for the
first time using Pelletron Accelerator. Su-
perconductivity and magnetism coexist-
ence established in a new system. Mic-
rostrip resonators successfully fabri-
cated

Several new techniques developed for
improving the precision of DNA structure
determination in solution from NMR data.
In Drosophila (Fruit Fly), a novel putative

receptor and a protein having homology
with serine protease — identified. En-
couraging results from educational prog-
ramme on tobacco use and oral cancer.

SCHOOL OF MATHEMATICS

School of Mathematics made substantial
contributions in the areas of algebra,
algebraic geometry, algebraic groups,
Lie groups, differential geometry, ergodic
theory, number theory and combinatorics.
The quadrennial International Colloquium
on 'Geometry and Analysis' was held dur-
ing January 1992 in the Institute.

The TIFR Centre at Bangalore on ap-
plied mathematics carried out work in
analysis, numerical analysis and partial
differential equations. Research will con-
tinue in the areas of mathematics men-
tioned above and programmes devoted to
specific area will be planned.

Theoretical Physic*

Theoretical Particle Physics

In Theoretical Particle Physics the current
interest is in heavy quarks, Higgs parti-
cles, precision parameters, supersym-
metry- supergravity, light as well as heavy
neutrinos and the formation of quark-
gluon plasma in heavy-ion collisions. In
field theory and more formal aspects the
group is actively investigating phase
transitions and lattice gauge theory, spin
models on the lattice, quantization in
curved spacetime and questions related
to the foundations of quantum mechanics.
Mathematical Physics

The mathematical physics activity was
broadly concerned with problems in
string theory, non-perturbative 2-
dimensional string theory and conformal
field theory. An infinite parameter gener-
alization of the black-hole solution of 2-



dimensional string theory was found in
perturbation theory. New black-hole solu-
tions were constructed in the heterotic
string theory. Studies in the non-
perturbative aspects of 2-dimensional
string theory revealed the W-infinity sym-
metry of the higher string modes and the
corresponding Ward identities for all cor-
relation functions.

Theoretical Condensed Matter & Statistic-
al Physics

Magnetic response of layered supercon-
ductors and scaling properties of moving
interfaces were investigated. It was
shown that hysteresis in continuous spin
systems manifests self-organized critical-
ity. An exact equivalence between the
abelian sandpile models and the O-state
Potts model was established.

Theoretical Nuclear Physics

The neutrino diffusion coefficient required
in the study of supernova collapse was
calculated in the kinetic theory
framework. The recent experimental data
on the Gottfried sum rule was explained
by assuming that the partons in the pro-
ton, form a gas. An improved expression
was obtained for the rate of pair produc-
tions in a strong chromoelectric field
formed in ultrarelativistic heavy-ion colli-
sions. Research in the above mentioned
field of theoretical physics of will con-
tinue.

Theoretical Astrophysics

Research in the Theoretical Astrophysics
Group continued in the areas of solar and
stellar physics, interstellar medium,
galactic astrophysics, gravitational lens-
ing, general relativity and quantum grav-
ity. It was shown that the synthetic profile
based on time dependent calculations
can reproduce very well the entire range
of the observed spectra of the (0,0) swan
band. Tentative identification of hydrogen
recombination lines was made in the
IRAS LRS spectra of a few cool stars. The
detailed calculations of neutrino induced
nucleosynthesis yields the result that sig-
nificant amounts of 7Li, " B , 138La and
180Ta are produced by this process in a
supernova. Giant luminous arcs detected
in the centers of rich clusters of galaxies
were demonstrated to be extended,
tangentially amplified images of back-
ground high redshift galaxies by the lens-
ing action of the intervening cluster. It
was shown that physically significant
strong curvature naked singularities form
in gravitational collapse of matter with
reasonable equation of state, and that a
non-zero measure set of photons and
particle trajectories come out. Interesting
constraints are obtained on the shape of
the density distribution function of the uni-
verse by combining the results of COBE
with galaxy surveys.

Theoretical studies and software de-
velopment for using GONG (Global Solar
Oscillations Network Group) data to study
phase information of solar oscillations are
planned.

Gravitation & Non-Accelerator Particle
Physic*

Gravitation experiments at Gauribidanur
conclusively showed that there is no fifth
force, postulated a few years back. The
group will now test the Principle of
Equivalence and probe a possible com-
position dependence in gravity. In a col-
laborative experiment with the St. Louis
group, double beta decay of 128Te was
confirmed and the half life was found to
be (7.7 9 ± 10.4) x 1024 years.

Astronomy

Gamma Ray Astronomy

The KolarGold Field extensive air shower
(EAS) experiment continued to yield high
quality data, studies continued on Emis-
sion from sources known to emit gamma
rays at lower energies. The GRAPES
phase II EAS experiment at Ooty con-
tinued taking data round the clock for the
past one year. The angular resolution of
the GRAPES I array was determined. In-
stallation of GRAPES III, ten times larger
than the present array has been planned.
A large number of parabolic mirrors, ex-
pected to reduce the background due to
cosmic ray events in TeV gamma ray
astronomy at Pachmarhi, is being fabri-
cated.

X-ray & Optical Astronomy

The X-ray binaries GX 1 +4, 4U1907 + 09
and Cyg X-1 were studied'during the bal-
loon flights of December 11, 1991. The
power law spectral index of the binary
source 4U1907 + 09 was determined to
be 1.4 in the hard X-ray (20-100 keV, from
TIFR measurements) and 1.29 ±10.3 at
lower energy X-rays (from Einstein/MPC
measurements). The Seyfert galaxies
Markarian (Mkn) 382 and (Mkn) 509 were
studied using archival data from EXOSAT
and Guest Observations on GINGA satel-
lites and the very large array.

Infrared Astronomy

The Galactic star forming regions NGC
2024, Orion Molecular Cloud-2, IRAS
06056 + 2131 and S255 with outflow
sources were mapped, simultaneously at
58 urn a id 150(im. Processing the IRAS
observations of large galaxies, it was
found that the dust component emitting
predominantly in 25 (xm. and 60(t.m
bands, was cooler in the nuclear regions
compared to the surroundings.

For gamma, X-ray & Optical, Infrared
astronomical observations, several new
programmes will be launched. Proposals
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for new projects using Hubble space tele-
scope, EUVE, XTE and other satellites,
are on the anvil.

Radio Astronomy

With the installation of a new feed system
at 327 MHz on the Ooty Radio Telescope,
there was four-fold improvement in its
sensitivity. Among the many new prog-
rammes that were taken up were the map-
ping of the solar wind parameters by
observing interplanetary scintillations of
a large grid of radio sources in the sky.
Short time scale variability of the solar
wind was also studied.

Fabrication of 45 metre diameter para-
bolic dishes for the Giant Metrewave
Radio Telescope (GMRT) being set up at
Khodad (Maharashtra) made progress.
The first two dishes are reached erection.
All the proposed 30 antennas of GMRT
will be fully operational by March 1994. It
will then become world's most powerful
radio telescope in metrewave range.

Members of the Radio Astronomy
Group continued to study a variety of
radio sources and phenomena, both
galactic and extragalactic, using large
radio and optical telescopes across the
world. Such studies also resulted in the
discovery of some of the most distant
known rich clusters of galaxies.

Cosmic Ray & Space Physics

The sub-iron (Sc-Cr) to iron abundance
ratio in the low energy galactic cosmic
rays, as measured in the Anuradha ex-
periment was found to about 1.0 inside
the magnetosphere. Further scanning of a
part of the remaining CR-39 detector
layers of Anuradha stack will be carried
out.

Experimental High Energy Physics

Accelerator based programmes

With about 650,000 Z° decays detected in
the L3 experiment at the LEP e+e~ collid-
er at CERN (Geneva), the Experimental
High Energy Physics Group continued to
contribute significantly to the analyses of
the L3 data : the Z° mass and decay
widths and the number of light neutrino
species were determined with unpre-
cedented precision; the mass of the top
quark was estimated to be 125 GeV; the
Z° -» hadrons events were used to deter-
mine the strong coupling constant <xs and
it was shown that as (b) = a5 (udsc) within
errors. Sensitive searches for Higgs
(MSM and MSSM) set more stringent low-
er limits to their masses. The B° - B~°
mixing parameter was measured as 0.121
= 0.017, and from a measurement of the
B-hadron lifetime the CKM matrix element
|Vcb| was determined to be 0.046 =
0.002.



The group will collaborate in the prop-
osed experiments with two proton-proton
colliders (LHC at CERN and SSC at
Texas).

Underground work

Data on atmospheric muons and neutrino
interactions underground are being ex-
amined to see if Active Galactic Nuclei
(AGN) or the dark matter candidate
WIMPS are sources of high energy (9=
200 TeV) neutrinos). Different techniques
in the search for magnetic monopoles
have been used to set an upper limit of
1.9 x 1(T'5cnr2sec-1 sr1.

Nuclear & Atomic Physics

The Pelletron Accelerator continued to be
used by various research groups. The
TIFR Nuclear Physics Group concen-
trated on spectroscopy of high spin
states, sub-barrier fusion, giant dipole re-
sonances and transfer reactions. The
levels in the odd-odd ^Y nucleus and
their electromagnetic properties investi-
gated for the first time show prolate de-
formation, signature splitting i.e. the stag-
gering of the odd-even I levels and also
signature inversion around 1 = 119h.
These observations were understood
within the framework of particle-rotor cou-
pling model. A 4ir charged particle phos-
wich ball developed here for the separa-
tion and identification of exit channels in
heavy ion reactions enabled the identi-
fication of gamma rays in 84Y produced in
the 28Si (29Co, 2pn) reaction and in 82Y in
the 58Si (Ni, 3pn) reaction.

Atomic and Molecular Physics activi-
ties continue ir: the areas of molecular
dynamics, inelastic electron-molecule
scattering, low-energy ion-neutral colli-
sions, quantum chemistry, and mass
spectrometry. Work was also initiated in
the areas of accelerator-based atomic
collisions and laser probing of atomic
ana molecular dynamics by means of
non-linear optics. First observations of an
unexpected double electron detachment
process in the low-energy collisions in-
volving molecular negativeions were re-
ported. In accelerator based experiments
in molecular dynamics, new sequential
Coulomb explosions of very high charged
triatomic ions were observed.

The first phase of the superconducting
LINAC will be completed. Some major
facilities for nuclear structure work taken
up earlier will be commissioned.

Condensed Matter Physics

Hyperfine Interactions

Magnetism of isolated probe ions recoil
implanted in metallic hosts and alloys
was investigated using Pelletron
accelerator. Quasistable local moment at

the 4d ions like Rh in metals like Pd, Pt
with high Stoner factor, gets stabilized by
the addition of small amount of Fe to
these hosts, reducing the spin fluctuation
rates drastically. The magnetism of Rh in
NiRh alloys strongly depends on the num-
ber of Ni atoms surrounding the Rh probe.
Low Temperature Physics

The coexistence of superconductivity and
magnetism in Scs_,,Dy.,lr,,Siio system was
established. Though Ce(Ru,-xCux)2Si2 ex-
ists on the border line of non-magnetic to
magnetic transition, no evolution of anti-
ferromagnetic order was detected in the
present studies. This is a significant
observation as CeRu2Si2 reverts to the
ordered phase by small substitution of La
at Ce site and Si at Cu site. The magne-
toresistance studies in Au82(Fe,_xCrx)18
and A87Fe13 have established that in clus-
ter glass regime, the clusters play a signi-
ficant role in the electrical transport be-
haviour of the alloys.

Magnetic & Transport Properties of Solids

A pseudogap in the density of states of a
mixed valent compound CeRhSb and
possible ferromagnetic Kondo lattice
behaviour in Ce Pd Sb wer observed.

Superconductivity was observed in Ca
free Pb-Sr-R-Cu-0 system and TI Ba La
Cu CVy systems for only certain values of
x. NMR studies of TI resonance indicate
the presence of antiferromagnetic fluctua-
tions well .above Tc. It was possible to
induce superconductivity of some Lute-
cium systems in their thin film form by
stabilizing the structure with Pr. From the
results on the pseudoternary solid solu-
tions based on Pr CusSij evidence for the
existence of "electric quadrupolar Kondo
effect" is shown for the first time. In new
amorphous Fe Ru B alloys the critical iron
concentration for the appearance of ferro-
magnetism is shown to be determined by
both the Ru and B content. Zero field NMR
resonances were observed in manganese
based alloys. Using locally built systems
specific heat studies were carried out on
interesting heavy fermions and magnetic
alloys. A reduction in particle size was
found to lower the transition temperature
drastically in superconductors as well as
ferroelectrics. In addition, both the Lon-
don penetration depth and the upper cri-
tical field in oxide superconductors were
found to be strongly size-dependent.

Materials Research

Interesting results continue to come from
studies of nanocrystalline oxides. A re-
duction in particle size was found to lower
the transition temperature drastically in
superconductors as well as ferroelectrics.
In addition, both the London penetration
depth and the upper critical field in oxide
superconductors were found to be strong-
ly size-dependent.

Biophysics

During this year, the interaction of the
ribose-modified analogues of ATP with
tubulin was investigated with a view to
understanding the mechanism of the
assembly/disassembly of tubulin into
microtubules. The interaction of TNP-ATP,
a ribose-modified analogue of ATP, with
tubulin was studied in detail and from
these studies, it was concluded that the
binding site of TNP-ATP is distinct from
that or GTP or ATP and that it is critical for
polymerization of tubulin.

Using NMR methodolgy, the binding
site of ATP on the protein was mapped by
measuring the effect of the Mn(ll) ion lo-
cated at the N-site of GTP on the relaxa
tion rates of protons and phosphorous
nuclei of ATP on the protein. It appears
from these results that the ATP site that
was mapped is neither the E-site nor N-
site of GTP.

In condensed matter physics, future
projects will include nuclear orientation
studies at 15 mK (milli Kelvin), studies on
Kondo lattice systems, amorphous sys-
tems, spin glass and works on coexist-
ence of superconductivity and magnet-
ism. NMR studies on intact biological
systems will be initiated.

Solid State Electronics

A variety of Ill-V compound'semiconduct-
ing layers and structures, including multi-
quantum wells consisting of AIGaAs-
GaAs-AIGaAs layers, lattice mismatched
quantum wells consisting of GaAs-
InGaAs-GaAs layers with minimum thick-
ness of 20A were successfully grown by
Metal Organic Vapour Phase Epitaxy
(MOVPE). These structures are being in-
vestigated for optoelectronic character-
ization. The luminescence properties of
porous silicon are being investigated for
optoelectronic device applications. Good
quality thin films of high temperature su-
perconductors (HTSC) were grown in-situ
using Pulsed Laser Deposition technique.
Passive microwave devices viz. micros-
trip resonators were successfully fabri-
cated using HTSC films for the first time in
the country. Also a new technique for
measurement of HTSC-metal film contact
conductance were invented

New programmes were planned for
optoelectronic materials and devices.

Computer Science

Computer Systems & Communications

In the Computer Systems and Com-
munications group, research and de-
velopment progressed on intelligent net-
works, parallel processors and applica-
tions, real time systems and fault detec-
tion and correction. Hand written cursive
script recognition and synthesis algor-
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ithms were improved upon. Following
considerable amount of R & D work in
Speech Recognition and Synthesis,
several Voice I/O applications were de-
veloped to suit the specifications of the
Knowfedge Based Computer Systems
Project. Natural Language Processing
activity was extended to aid speech rec-
ognition. Research on fast nearest-
neighbour search algorithms, low bit rate
speech coding, vector quantization of
LPC parameters and recognition of noisy
speech, produced excellent results.

Work will be initiated for preparing a
large speech data base for an Indian lan-
guage.

Theoretical Computer Science

In the Theoretical Computer Science
group new results were obtained in the
area of specification and verification of
real-time reactive systems, logic prog-
ramming, distributed programming, com-
plexity of algorithms and computational
geometry. A new language framework for
the specification of complex real-time
reactive systems was proposed and the
new framework is under implementation
under the Esterel framework. Techniques
for proving the termination of Prolog prog-
rams were proposed. Semi-automatic
tools built on this theory were used for
developing provably correct compilers.
New ajgebraic models for message pas-
sing languages were investigated.

Methodology for the development of
large complex real time reactive system
will be pursued.

Chemical Physics

Chemical Dynamics

Time-resolved fluorescence using
picosecond laser system was used in
identifying the mechanisms by which the
DODCI and oxonol V respond to the mem-
brane potential. The CoQ binding region
of NADH-CoQ reductase proton pump
was probed by fluorescence probes.
Time-resolved electron spin resonance
technique was used to study photoche-
mical hydrogen atom transfer reactions.
The precise origin of the hydrogen atom
in laser photolysis of quinone in various
solvents was established by successfully
recording the spin-polarized ESR spectra
of the quinone radical and the radical
from the solvents. Radicals from the sol-
vent in these systems were observed for
the first time. Rate limiting steps of ex-
change carrier mediated p'oton and alka-
li metal ion transport across membrane
under different experimental conditions
were identified, using T-jump studies.

Energy Transfer & Storage

The effect of phase transformation on the
performance of photoelectrochemical so-

lar cells was investigated by using super-
ionic conductors such as Cuj_xSe. The
phase transformation from orthorhombic
to cubic was carried out reversibly at
room temperature. These compounds
have good crystallinity and could be
transformed to a viable solar energy con-
verting material CulnSe2. A new conduct-
ing polymer, poly (dibenzocarbazole),
having an electrocatalytic property was
synthesised.

Bio-inorganic Chemistry

Time-resolved fluorescence decay stu-
dies in the picosecond range on bovine
cytochrome c-oxidase unambiguously
showed that no global conformational
change was associated with the electron
transfer processes. Existence of higher
oxidation states in manganese (III) recon-
stituted myoglobin was established. A
salt bridge was shown to exist in horser-
adish peroxidase between the heme
propionic acid group and an amino acid
residue.

Molecular Biophysics

Over expression of DNA binding domain
of 160 residues, of cMyb protein was
achieved. The potential of triplex forma-
tion as a general recognition mechanism
was demonstrated. Theoretical and NMR
studies on several bioactive peptides and
drugs have thrown light on their dynamic
structure and possible modes of action. A
Glucose oxidase based biosensor was
developed. New in vivo NMR techniques
were developed for measurement of H-P
coupling constants in nucleic acids.

For the future works in these fields,
main emphasis will be on the studies on
structural features of different metalloen-
zymes.

Molecular Biology

In Drosophila, the molecular analysis of
chemosensory genes has led to the iden-
tification of a novel putative receptor and
a protein sharing homology with serine
protease; their role in the taste pathway is
being investigated. The immuno-
detection techniques showed that olfE
gene product was present in the regions
of the brain associated with learning. A
gene which expresses in a subpopulation
of precursor cells during the development
of flight muscles was also identified. A
powerful neuroanatomical technique of
great potential was perfected; the uptake
of the horseradish peroxidase by the
neuron was observed to be selective in
the presence of stimulant solutes such as
sucrose, potassium chloride or Sodium
chloride in the solution. Using this techni-
que it was possible to delineate, the pro-
jections of taste sensory neurons'to the
brain from mouth parts and legs of Dro-
sophila and also infer their functions. The
method identified individual sensory
fibres with excellent resolution.

Two mutants affecting the shunt path-
way enzymes-gluconate kinase and
transaldolase- were isolated from the
yeast Saccharomyces pombe. A DNA
fragment complementing the glucose-
negative phenotype of pdc2 mutant was
sequenced and, the product appears to
be transcriptional factor. A new mutation
pfk7 controlling the synthesis of particu-
late phosphofrctokinsae was characte-
rized.

The calcium-dependent protein kinase
from the moss protonema was regulated
by calmodulin. Its properties suggest that
it plays a role signal transduction during
hormone action.

A molten-globule form of barstar with
some unusual properties was identified.
The molten globule form of barstar has
less secondary structure, but unlike other
molten globules studied, it possesses
tertiary interactions.

For National Centre for Biological Sci-
ences (NCBS) in Bangalore new
academic recruitments were made and
formal administrative infrastructure was
set up. In this new centre works was
started in the field of neurobiology, de-
velopmental biology, immunology,
structural biology. Developmental works
for the new campus at University of Agri-
cultural Science has started.

Shunt pathway mutants would be stu-
died in the Yeast S. Pombe. Motor
neurons involved in feeding of Drosophila
will be studied.

Homi Bhabha Centre for Science
Education

HBCSE's two-tier teacher training project
for improvement of science and
mathematics education undertaken in
collaboration with the Solapur Municipal
Corporation and the Solapur Science
Centre has completed two years and
would be entering its final phase. Its
effect can be seen in the form of improved
teacher-student interaction, more
meaningful content organization by
teachers, and in their attitudes towards
deprived and weaker students. Several
science and mathematics books, au-
thored by the scientists of the Centre and
published by the Oxford University Press,
are now being translated into Hindi and
South Indian languages.

The Advanced Physics Education Prog-
ramme of HBCSE diversified into four ma-
jor areas, involving material and curricu-
lar development, research in physics
education, teacher orientation and talent
nurture of promising physics undergradu-
ates.

HBCSE shifted to its new and spacious
campus near Anushakti Nagar.
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• AIDED INSTITUTIONS •

• Nuclear reaction and nuclear structure studies carried out employing alpha particle beams at the Variable Energy Cyclotron Centre,
Calcutta and heavy ion beams at the Pelletrons at TIFR, Bombay and Nuclear Science Centre, New Delhi.

• Several aspects of incomplete fusion reactions iookeed into.

• In general and mathematical physics, a q-deformation of the Holstein-Primakoff transformation discovered.

• Experiments carried out on the Tokamak.

• In the area of instrumentation, a new method of phase detection in phase lock loop used to generate harmonic signals of ultrahigh
frequency stability and spectral purity.

• Theoretical analysis on the structural behaviour of DNA produced results in good agreement with the available experimental data.

• Studies on structural proteins, crystallins and collagens continued along with studies on cataracts of human lens.

• The technique of nuclear activation applied to the analysis of trace constituents in the natural matrix like petroleum oil.

Saha Institute of
Nuclear Physics

Nuclear reaction and nuclear structure
studies were carried out employing alpha
particle beams at the Variable Energy
Cyclotron Centre, Calcutta and heavy ion
beams at the Pelletron at TIFR, Bombay
and Nuclear Science Centre, New Delhi.
The spin distribution of compound nuc-
leus was studied in the reactions of t 2 l 3C
on 208Pb near the Coulomb barrier using
BGO multiplicity detectors and an array
of six Compton suppressed germanium
detectors. Study of the reaction 232Th
(19F,f) near the Coulomb barrier threshold
gave evidence of transfer induced fission/
fission caused by Coulomb excitation.
Work on the composite mass formula for
fissioning systems was continued. Reac-
tions involving 6Li-projectile break-up
and 6U-target break-up were studied to
investigate the mechanism of these reac-
tions. The effect of deuteron - and triton -
cluster exchange was investigated in the
reactions 6Li (a, a') and 6Li ( 3He, 3He').
The (a, t) reaction on m l n and the (a, p)
reaction on 9Be were studied. A micros-

copic calculation was carried out to de-
scribe alpha particle scattering on 9Be.
In-beam gamma spectroscopic study of
transitional nuclei yielded new results on
the band structure of 121123I and 151Sm.
Sub-barrier fusion was studied using a
reaction chamber constructed here.
Angular distribution data for 9Be(a,a') 9Be
and 9Be(a,p) 12B at Ea = 30 and 65 MeV
respectively were obtained at the VECC,
Calcutta and analyzed using different
phenornenological and microscopic
models. The band structures of lz3-r24Xe,
excited through l22-123Te(a,3n) reactions
at E = 45 MeV with a - beam obtained
from the VEC machine at Calcutta, were
investigated by in-beam -y-ray spectros-
copy. Excitation functions for the charac-
teristic 7-rays of several Xe isotopes in-
cluding the above two were measured in
the 1lBln(11B,xpyn) reactions using 11B
beam (36 - 70 MeV) from the Pelletron
machine at TIFR, Bombay. In off-line 7-ray
spectroscopy, an accurate measurement
of the intensity of the 255.1 keV 7-ray in
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the decay of "3Sn(115.1, d) showed that
it is - 18% larger than the value adopted
in the literature. The potentiality of the
108mAg isotope for its use as a rapid and
accurate calibrating source for the Ge
detectors was investigated. Solid state
track detectors were used to study the
27AI + a reaction at Eo = 50 - 60 MeV at
VECC, Calcutta and the t97Au + 12C reac-
tion at E,2c = 71 MeV at TIFR, Bombay to
investigate the fragmentation of the target
and the projectile respectively. Theoretic-
al calculations for magnetic moments us-
ing the cranked HFB model were done for
most even even nuclei in the rare earth
region.

In nuclear theory, several aspects of
incomplete fusion reactions were lookeed
into. Hot rotating nuclei were considered
and their fission barriers computed-
.Threshold production of strange parti-
cles in proton-antiproton collisions and
charge exchange collisions of antipro-



tons with nuclei were studied. Gamow-
Teller and isovector M1 strength distribu-
tions were calculated for different nuclei,
some with astrophysical importance.
SN1987A data were used to set limits on
right handed neutrinos. Pion production
in proton-nucleus collisions was studied
in a relativistic formalism and a similar
formalism for photoproduction of pions
investigated. Coulomb and nuclear dis-
sociation processes of various nuclei,
especially some neutron-rich ones, were
studied. The mass of a hypothetical quark
bound state uuddss was calculated in the
colour dielectric model. Non-Markoffian
features were found in an analysis of
deeply inelastic heavy ion collisions. In
high energy physics, Chern-Simons
theories coupled to matter fields were
studied in detail. Chiral bosons as well as
some related quantum mechanical sys-
tems were investigated. A new formula-
tion of Euclidean Dirac fermions was
used to disprove some current dogmas
on the question of strong CP. Contrary to
the previous belief, gauge theories with
global anomalies were shown to be sensi-
ble. The constraints set on electroweak
theory by baryon number violation were
analysed. Chiral Lagrangians were stu-
died with the aim of making practical
applications. q-Generalizations of Grass-
mann numbers and their integration rules
were studied.

In general and mathematical physics, a
q-deformation of the Holstein- Primakoff
transformation was discovered. A q-
deformation of anisotropic oscillators was
also worked out. Quantum group struc-
tures were exploited to formulate a
scheme for systematic generation of
quantum integrable models. The con-
struction of Lax operators was considered
through the Faddeev-Takhtajan- Reshi-
tikhin algebra. The relation of conformal
field theory with integrable models was
explored. An equation similar to the de-
rivative nonlinear Schrodinger equation
was solved by the inverse scattering
method. Various aspects of quantum
anholonomics were studied. New light
was thrown on the factorization of the
geometric phase. Reversible Hopf
bifurcations of the Krein type were stu-
died. Associative memory models (Hop-
field-like) were extended and pattern rec-
ognition in perceptron models were stu-
died.

In plasma physics experiments were
carried out on the Tokamak. An anoma-
lous oxygen ion temperature of more than
200 eV in very low q discharges was
measured by the Doppler broadening
technique. The characteristics of fast ions
emitted from the tokamak plasma were
studied. The density and temperature
profiles of the tokamak plasma were mea-
sured by employing movable magnetic
probes and Langmuir probes. Drift wave-
like oscillations were detected in the

plasma with a definite space-time cor-
relation with the structure of the radial
density profile. The sawtooth oscillations,
associated m = 1 MHD tearing mode and
precursor oscillations leading to plasma
current disruption were investigated wuh
the help of a soft X-ray imaging system,
which has also been used to obtain the
electron temperature by foil absorption
technique during the above oscillations.
The MHO activities in the tokamak were
studied by a light detector array, which is
at present being upgraded. It was found
possible to produce a stable and stan-
dard discharge in the tokamak plasma
with a 10 ms flat top period, which can be
doubled by implementing a new circuit
design. A programme is underway to me-
asure the equilibrium parameters in the
Tokamak. Disruption control experiments
are being performed by generating (2,1)
perturbations. By using resonant magne-
tic coils, the audio frequency discharge
cleaning system was made fully oper-
ational with the inclusion of a new TF
power supply. By using the system in the
optimized condition and by slowing down
the plasma current rise it was possible to
operate the tokamak at the full design
value of 75 kA with a flat top period of 3.5
ms. A glow discharge was made oper-
ational, and rf assisted glow discharge
planned to reduce the relatively high
operating pressure. The soft X-ray tomog-
raphic camera system with an additional
facility for electron temperature estima-
tion using foil absorption technique was
completed and put into use in the inves-
tigations on the tokamak plasma. A
lithium drifted silicon detector was instal-
led, and work is now underway for pulse
height measurement of the soft X-ray
spectrum and estimation of plasma
temperature. The required instrumenta-
tion for all the above work was carried out
in-house. Softwares were developed for
image reconstruction, drawing of cylin-
drical contours, drawing of graphs and
several other jobs connected with plasma
investigations. As regards theoretical
plasma physics, wave propagation in
cold collisional magnetized plasma,
bounded by a conducting cylinder, was
studied by the electrodynamic method.
The propagation of electron plasma mod-
es as well as waveguide modes in warm
collisional bounded magnetoplasma was
also studied in detail. Chaotic behaviour
of coupled anharmonic oscillators as well
as magnetic field line chaos in toroidal
systems were examined. Studies were
made on cardinality enumeration of
maximal-connected topologies and re-
construction of colored graphs. The prop-
agation of two dimensional magnetosonic
waves in a plasma was considered in
detail. The stability of ballooning modes
in a tokamak plasma was investigated.
The effect of temperature anisotropy on
power absorption in a plasma was in-
vestigated.
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In condensed matter physics, studies
on layered antiferromagnets were ex-
tended to mixed systems, magnetization
measurements indicating a transition to
pronounced 3D behaviour. Spin-glass
like features in the intermediate FM-AFM
phase of UCusGes were found from AC
susceptibility measurements. Analysis of
NMR spin-lattice relaxation data in some
Ce-based intermetallic hydrides showed
that RKKY interaction effects dominate
over dipolar contributions. Intercalated
systems were studied by Mossbauer
spectroscopy; orbit-lattice interaction
effects on Mossbauer quadrupole split-
ting were theoretically investigated. Thei-
moelectric power (S) measurements on Bi2
Sr2Ca,YxCugO,, revealed that the carrier
concentration dependence of S is typical
of all high-temperature superconductors.
Conductance measurements on carbon-
wax mixtures were extended to include
linear and non-linear AC-response; a
three variable scaling form was proposed
to interpret the non-linear effects. In mic-
rowave spectroscopy, the rotational spec-
trum of allyl isocyanate was observed and
analysed; a laser-RF double resonance
spectrometer is being set up using the
indigenously built CO2 laser. Quantum re-
normalization group methods were used
to study the 1D XY-model, quasiperiodic
lattices and electron correlation effects.
Several aspects of the polaron problem
were investigated and applied to high
temperature superconductivity; mean
field theories were employed to find the
carrier concentration dependence of the
superconducting order parameter in a
strongly correlated system at zero
temperature. Effects of correlation be-
tween random site and hopping energies
on universal conductance fluctuations in
disordered chains and on transport in a
random dimer chain model of highly con-
ducting polyaniline were studied.
Coexistence of localized and extended
states was demonstrated for the two-band
Aubry model. Polymer theta-point statis-
tics in random media was investigated
using series extrapolation and a Flory
approximant was developed. A simple
tight binding electronic theory was ap-
plied to understand surface segregation
behaviour of small bimetallic particles;
simulation studies on the low-temperature
behaviour of a monolayer on a solid subs-
trate have been carried out. Positron anni-
hilation studies on quasicrystalline alloys
were continued and the results gave
additional support to the icosahedral
glass model (with suitable modifications
to anneal the vacancies) as the most
adequate structural model for this phase.
A new series of positron annihilation stu-
dies was started on metallic samples (Al
and Cu) subjected to varying degrees of
deformation and the annealing character-
istics of dislocation-type defects were
studied. Detailed positron annihilation
measurements on uniformly helium-



implanted refractory metals (W, Nb and
Taj revealed many interesting aspects re-
lated to the nucleation and pressure re-
laxation of heliu1'. bubbles in these met-
als. The results indirectly indicate the
validity of the positron surface-state mod-
el used for the positron lifetime data
analysis. The interaction of positronium
with Co+ 2 and Cu+2 in aqueous solutions and
in AOT/n-heptane reverse micellar sys-
tem was subjected to detailed investiga-
tion. Two new projects were also under-
taken this year, one of them to investigate
the transmission characteristics of optical
fibres subjected to proton and alpha irra-
diation and the second one to study the
phenomenon of inner shell ionization of
atoms by slow heavy ions, using the 3 MV
Pelietron at Bhubaneswar. Surface
topography of Al and Si were studied by
bombarding the samples with energetic
Ar* ion beam from the electromagnetic
isotope separator (EMIS). Dose depend-
ence of surface topography of Cu, Ni and
Ag samples were studied using EMIS,
bombarding ions being Ar* and Kr* The
EMIS was also used to study oblique
cone formation in sputtering of Ge and
angular dependence of sputtering of met-
als and semiconductors. Topography of
Cu and Si cathodes, eroded by energetic
ions in a PIG discharge, were investi-
gated. Studies of bonding and valence
states in YtBajCuaO? were carried out by
secondary ion mass spectrometry (SIMS)
technique. Mechanism of small cluster
emission from Ar+ and Ne+ bombarded Si
surface^ were also investigated. Anoma-
lous production Gen+ (n = 2,3) secon-
dary ions in case of 3-10 keV Ar+ bom-
barded Ge was observed and the results
were theoretically interpreted. A sputter-
ing yield formula was derived in the low
energy region. Ion implantation work is
being continued.

In the area of instrumentation, a new
method of phase detection in phase lock
loop was used to generate harmonic sig-
nals of ultrahigh frequency stability and
spectral purity. This resulted in a substan-
tial reduction of the undesired sidebands
as well as the switching time , the two
most important parameters for a
phaselocked VCO as a source of high
quality precision sinusoidal signal, along
with the achievement of improvements of
the other performance figures by a margin
ranging from two orders of magnitude to
several orders over the conventional PLL
technique. A configuration of self excited
UHF oscillator with two degrees of free-
dom promises to be useful in the design
of a super agile oscillator with wide-
spread application in the field of com-
munication, particularly in defence. A
very useful theory of design for the flat
spiral resonator operating in the VHF/UHF
range of frequencies was worked out in
excellent agreement with experimental
results. The design theory is expected to

have useful applications.

In biosciences, theoretical analysis on
the structural behaviour of DNA produced
results in good agreement with the avail-
able experimental data. A model was de-
veloped for a molecular mechanism of
neurotransmitters. The effect of hydration
on the conformations! aspects and phar-
mocophoric pattern of drug molecules is
being investigated. Studies were con-
tinued to understand the mode of interac-
tion of the anticancer drugs chromomycin
A3 and mithramycin with DNA. Luminesc-
ence spectroscopy of flavonoids like 3
hydroxyflavone and 7 hydroxyflavone is
giving interesting results. In UV-A in-
duced lipid peroxidation of linolenic acid
micelles, involvement of single oxygen in
aqueous medium was confirmed from
ESR study. In aqueous system it was seen
that 80 KV X-rays produced more OH
radicals compared to 20 KHz and 3.5 KHz
ultrasound ; however ultrasound at. 20
KHz produced more 0Hu radicals than that
at 3.5 KHz. A new test system based on
Umu-gene expression in salmonella
typhimurium was used to study genoto-
xicity of some nitrofurans. Adaptive re-
sponse induced by nitrofurantoin in
V.choierae and E.coli was analysed in
relation to that induced by hydrogen
peroxide. Significant liquid holding re-
covery was observed for V.cholerae and
E.coli following nitrofurantoin treatment;
however, E.coli having mutations uvr A6
and rec A13 did not show such recovery.
Treatment with nitrofurantoin resulted in
inhibition of lysis of the phage infected
bacteria. Kappa phage at different stages
of CsCI density gradient analysis showed
different characteristics under electron
microscope. Attempts are also being
made to identify the ultrastructural
changes in nitrofurantoin treated
V.cholerae cells. Electral treatment of
V.cholerae showed some loss in viability
but no structural changes. Ultrastructural
study of penicillin treated chloroplast and
nodules in mung bean showed structural
changes vis-a-vis untreated ones.
Cholerae phages belonging to Mukher-
jee's group I are being studied under
electron microscope. Studies with
mammalian cells in culture showed in-
duction of a defence mechanism on expo-
sure to low doses of oxidizing agents.
However, such induction did not take
place in clones of V-79 cells having am-
plified DHFR-gene activity. Several iso-
lated methotrexate resistant clones were
characterised for chromosomal abnorma-
lities, sister chromatid exchange etc. The
amplification of DHFR gene in methotre-
xate resistant clones was established
from the existence of homogeneously
staining region in chromosome 2. In the
induction of sensitization by thermal exp-
osure of V79 cells to gamma rays, UV-
light and cis-platin, the involvement of
glutathion was ruled out. Interaction of
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DNA with polybrene, a good agent for
getting high transfection frequency,
showed multimolecular aggregaton on
transmission electron microscopic
observation. By using X-ray crystallog-
raphic methods, crystal structure of the
following compounds were determined:
3'-isocyano-2', 3'-dideoxy-uridine, p-
aminohippuric acid, some Kunitz type in-
hibitors and goniodiol monoacetate. In
macromolecular crystallography, several
heavy atom derivates with psophocarpin
B1 are being made for the determination
of structure.

In physical biochemistry, studies on
structural proteins, crystallins and col-
lagens were continued along with studies
on cataracts of human lens. With calmo-
dulin from goat, it was possible to isolate
and purify two polypeptide segments of
the parent molecules.

In radiochemistry, the technique of nuc-
lear activation was applied to the analysis
of trace constituents in the natural matrix
like petroleum oil Alpha particle activa-
tion analysis of refined petroleum oil indi-
cated for the first time the presence of
three elements, namely, niobium, tanta-
lum and thallium, in addition to some
other elements reported earlier. Immobi-
lization of some toxic and hazardous
radiotracers such as Ba, Cd and Sb, by
some specific mineral assemblages was
studied by using sol/gel technique. Inves-
tigation on the feasibility of separation of
different cations on a CeO2 column was
continued. A radionuclide generator, us-
ing TiO2 as column material, has been
developed for separation of some
radioisotopes of medicinal importance.
The quaternary ammonium salt, TOA, was
fruitfully applied as an extractant for sol-
vent extraction separation of the elements
niobium and tantalum which always form
a congeneric pair.

In radiation and photochemistry, flash
photolysis studies indicated that the CO3
radical selectively oxidizes the metal
centre in Ni(ll)-IDA to its higher oxidation
state. Mechanism of radioiysis of thymine
was studied in presence of EDTA and
NTA-complexeo of Co(lll) and Ni(ll).
Radiation inactivation of dihydroorotate
dehydrogenase was probed effectively
by measuring the tyrosine residues both
fluorometrically and spectrophotometri-
cally. A study on the reactions of Ni(ll)-
metronidazole complex with hydroxy
alkyl radicals under gamma irradiation
showed that unlike that in free drugs, t-
butyl alcohol radical directly reacts with
the complex. Flash photolysis studies of
the reactions of OH radicals with cytosine
revealed the presence of two different
types of transient species. X-ray diffrac-
tion studies of colloidal F e ^ indicated
the presence of its g-variety in the system.
The semiconductor property of colloidal
FeaO3 was used for photosensitizing tne

Continued on page 5.11



• AIDED INSTITUTIONS •

• Preliminary works on a new Advanced Centre for Treatment, Research and Education in Cancer (ACTREC) at New Bombay co
Land for the Centre acquired.

• Studies at the Institute showed harmfulness of the exposure to tobacco dust. Molecular aspects of tobacco-associated oral canci
that this cancer is associated with over-expression of oncogenes~the cancer causing genes.

• Human immunodeficiency virus (HIV) successfully cultivated.

• Leukemic cells found to produce agents that interfere with growth and differentiation of normal blood cells.

• Carcinogenic and tumour promoting potentials of additives used in food processing and colouring under investigation at CRI,

• The growth modulator named as (Enhancing Factor,) purified to homogeniety. Its gene cloned and sequenced.

• Studies showed that the drug resistant leukaemic cells produce a glycoprotein, (P-gp), a product of MDR gene, responsible
resistance.

• The ICRC anti-leprosy vaccine study expanded to include larger number of patients.

• A programme on gene therapy of cancers to be launched.

Tata Memorial Centre

TATA MEMORIAL HOSPITAL

During the year 1992, 25,533 new pa-
tients were registered in the hospital;
17,000 patients diagnosed,11,794 pa-
tients admitted in the wards, and 14,975
minor and 10,908 major operations were
carried out. 18,323 histopatological ex-
aminations and 9,400 fine needle aspira-
tion cytology, 83,746 haematological,
22,110clinicopathological 4,992 bacter-
iological, and 66,000 radiological inves-
tigations were also carried out during the
year. Laser surgery was introduced in the
management of head and neck and
oesophageal cancers. Patients from all
parts of India, and Middle East, East Afri-
ca and South-east Asia attended the hos-
pital for expert medical care and advice.

The Hospital was involved with interna-
tional and national clinicai trials on can-
cer. Children suffering from haematolo-
gical malignancies underwent intensive
chemotherapy treatment and the study

continued. Protocol studies on various
types of leukaemias continued to identify
the efficacy of new treatment methods.

A special monitoring equipment was
installed for diagnosis of post-operative
complications and treatment. During the
year 5,495 patients were admitted in ICU
and recovery unit. Over 800 patients were
admitted in the pain clinic.

The pharmacy division manufactured
2,18,140 I.V. fluids pouches & 85,100
ampoules.

Hospital Cancer Registry submitted
data on cancer patients diagnosed and
treated in 1990 to the National Cancer
Registry Programme of Indian Council of
Medical Research (ICMR), New Delhi.
Case control studies on Head & Neck
Cancers, Uterine Cervix and Breast Can-
cers were initiated to identify the high risk
groups.
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Hospital Information System
Computerisation of patient's medi
cord, work related to hospital
National Cancer Registry Project o
epidemiological studies, clinic
search, retrospective analysis - pr
tive clinical trials.computer aided '
tional and training package,
appointment and follow-up schei
bed management, materials manac
(Inventory system for drugs etc.),
reference system for Library contir

Golden Jubilee Block
The 10 - storey Golden Jubilee
having out patient department with
ties for examination and investig
was commissioned for patient cai
ing the year. Further medical oni
services and radiotherapy service:
also started in this complex. One
tional operation theatre for endoscc
vestigation was also commissior
this building.



Service Block

The Service Block for providing better
care and attention to patients was com-
missioned, This has greatly providing
better and attention to thousands of pa-
tients.

ACTREC PROJECT

Phase I activity on the sixty acres of land
provided by CIDCO for the Advanced
Centre for Treatment, Research & Educa-
tion in Cancer (ACTREC) at Owe village,
New Bombay was started. Decision was
taken to entrust the planning work to
Architectural Section of BARC and con-
struction management to C&S Group,
DAE. The size of the project was scaled
down to nearly 50% of the original prop-
osal.

The project of establishing Infrastruc-
ture for the Dr. B. Barooah Cancer Insti-
tute at Guwahati, Assam continued.

RURAL EFFORTS

In May 1992 a new radiotherapy depart-
ment was inaugurated at the Community
Rural Cancer Centre, Barsi (Sholapur,
Maharashtra). The hospital is equipped to
treat the cancer patients. Rural Cancer
Registry also continued its work and sub-
mitted cancer data to the National Cancer
Registry Programme.

The possibility of downstaging cervical
cancer appeared as real, as the data,
after seven years of attempts at rural can-
cer education, indicated a hopeful trend.

PROFESSIONAL EDUCATION

During the year Diploma courses in Can-
cer Nursing and Radiotherapy were con-
ducted.

SEMINARS 8, WORKSHOP

Workshop on Pathology of Female Genital
Cancer was organised on 14th & 15th
November 1992. A Seminar was also
arranged on "Updates in Ostomy
Techniques" on April 10th 1992.

TRAINING

This hospital has been recognised as one
of the training centres for cancer educa-
tion and research by national and interna-
tional organisations such as WHO, IAEA,
IARC and UICC.

Hospital has been conducting con-
tinuing education in Oncology. Medical
faculty from all over India attend this train-
ing course. The training course consists
of three major areas of cancer manage-
ment such as surgical oncology, radiation
oncology and medical oncology.

The First Annual Course in Diagnostic
Cytology for Cytotechnologists was inau-
gurated on 1st December 1992. Two per-

sons from Cancer Institute, Sri Lanka and
one from Nepal sponsored by WHO
attended the hospital for training in cytol-
ogy techniques.

One candidate from National Centre of
Oncology, Mangolia on WHO fellowship
attended the hospital for training in can-
cer registry and epidemiology.

One person each from Sudan and
Uganda attended the hospital for training
in Radiotherapy.

PREVENTIVE ONCOLOGY

Preventive Oncology started functioning
in the new Service Block adjacent to the
main building. Exhibitions and seminars
were organised to educate the public on
Cancer'.

CANCER CONTROL PROGRAMME

Government of Maharashtra continued its
association with the Hospital in Cancer
Control Programme in the State. Training
of Doctors from district hospitalsconti-
nued.

CONSULTANCY ASSIGNMENT (NPC
PROJECT)

A Consultancy Service Contract was
awarded to Tata Memorial Centre by the
Nuclear Power Corporation to carry out
Epidemiological studies in respect of
Radiation on Occupational Workers and
their families at Atomic Power/Station
Sites.

Committes were constituted to plan, im-
plement, monitor and report the progress
of the epidemiological surveys.

A proforma for the health survery was
prepared and a pilot study on 15 families
was undertaken. Further Data collection
is in progress. About 175 families have
been medically examined and inter-
viewed.

Postgraduate Teaching

TMH registered 127 postgraduate stu-
dents for various post graduate courses.

CANCER RESEARCH INSTITUTE
The widely prevalent tobacco habits
along with occupational exposure to
potential carcinogens appear to have
causal role in cancer of specific sites
such as lung and bladder. The associa-
tion of tobacco use was quantified in
occupational cancer of bladder in che-
mical and pharmaceutical plant workers
and also in lung cancer in textile workers
and cooks. Tobacco smoking habit
emerged as a risk for both cancers. Furth-
er, ambient monitoring of tobacco dust in
a tobacco-processing plant revealed a
higher concentration of inhalable tobacco
particles in the environment posing a
potential occupational hazard. In periher-

al blood leucocytes of workers, chromo-
somal breaks, sister chromatid ex-
changes and micronucleated frequency
were found to be higher than those
observed in masheri habitues. Lime
mixes of a particular brand of tobacco
used by chewers, was found to be
mutagenic in Ames test.

Oral Cancer

Multifaced investigation on human oral
cancers include studies on molecular
and cytogenetic aberrations, abnormal
expression of cytokeratins, identification
of tumour associated antigen and im-
munomodulation.

Multiple oncogene aberrations involv-
ing myc/ras/EGFR were demonstrated
earlier in oral cancers. In NIH3T3 cotrans-
fection assay followed by tumour forma-
tion in nude mice, a predominant
oncogene was detected, isolated and
cloned. The highly potent transforming
gene of human origin, isolated from
tumour induced in nude mice, differed
from myc/ras/EGFR. Fine restriction map-
ping of the cloned DNA confirmed the
presence of human sequences. Besides
oncogene involvement, loss of heterozy-
gosity of a tumour suppressor gene p53
was demonstrated in oral tumours and
also in a case of leukoplakia. At the
cytogenetic level, the presence of poly-
ploid and heteroploid clones were seen
in primary tumours with interstitial dele-
tion in chromosome 17 as a common
anomaly.

In precancerous lesions of oral cavity,
loss of cytokeratin (CK)5 was observed
most frequently although CK8 and CK14
were also involved in some leukoplakias
and melanoplakias. Loss of CK5 may be
an early event in oral carcinogenesis.

Earlier, a monoclonal antibody (Mab
3F8E3) reacting with a tumour associated
antigen (TAA) on squamous carcinoma
cells, was developed and characterised
(Fig.4). The affinity of binding of Mab
3F8E3 with TAA on established oral can-
cer cell lines increased on treatment of
cells with IFN . In order to define TAA
recognised by Mab 3F8E3 (AB1), polyc-
lonal antiidiotypic antibodies (Ab2) rep-
resenting the internal image of TAA were
developed. Ab2 reacted with idiotype
Ab1 present on heavy and light chains
and it mimicked the antigenic determi-
nant recognised by Mab 3F8E3 on tumour
cells in oral cancers. Modulation of
tumour cells in both primary oral tumours
arid established oral cancer cell lines
with IFN and effector cells with IL2 re-
sulted in increased susceptibility of
target cells to lysis. Moreover, peripheral
blood lymphocytes of patients with oral
cancers exhibited increased LAK cytoto-
xicity and ADCC (via Mab 3F8E3) on fresh
autologus tumour cells.
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Leukaemias

Elucidation of mechanisms of defective
chemotaxis and phagocytosis remains an
area of great interest in cell biology of
granulocytes from leukaemia patients.
The defective response of granulocytes in
chronic myeloid leukaemia (CML) to a
chemotactic peptide, n-formyl-methionyl-
leucyl-phenylalanine (FMLP), was shown
to be associated with decrease in actin
along with altered polymerisation, differ-
ences in distribution of gelsolin and actin
in the cytoplasm and altered kinetics of
microtubule nucleation and polymerisa-
tion. The normal response observed when
platelet activating factor was used for sti-
mulation, indicated the specificity of the
defect in FMLP receptor-mediated path-
way. Kinetic studies revealed that pho-
sophorylation and dephosphorylation of
some cellular proteins observed in nor-
mal granulocytes on stimulation with
phorbol myrystyl acetate (PMA), a direct
activator of protein kinase C (PKC), were
absent in CML granulocytes suggesting
either inactivation of PKC or a defective
PKC-activated phosphatase.

Defective internalisation of Con A by
CML granulocytes was demonstrated ear-
lier. The major Con A - binding protein
(protein 2) was found to be higher in the
plasma membrane of leukaemic cells
than their normal counterparts. A 450 bp
cDNA coding for C-terminus of protein 2
was isolated, and thenucleotide sequ-
ence showed 100% homology with a cyto-
solic protein, MRP-14, of granulocytes
and monocytes. Immunoblotting of cell
lysates of granulocytes and macrophages
with antibodies to protein 2 and clone-
specific antibodies suggested that C-
terminal portions of cytosolic MRP-14 and
membrane bound protein 2 were identical
with differences at the N-terminal por-
tions. Protein 2 was absent in prom-
yelocytic leukaemia cells (HL-60),
perhaps indicating its developmental
stage specific expression.

Growth and dirferentiation of haemo-
poietic stem cells and their interaction
with bone marrow stroma are subjects of
intense studies. When the expression of
bcr-Abl protein (p210) was studied in
leucocytes of CML patients during chro-
nic phase and blast crisis, blast cells
expressed the fusion protein and not the
mature granulocytes. Thus p210 could be
used as a marker for leukaemic blast
cells. A leukaemic cell line (K562) was
grown on long term cultures of bone mar-
row stroma to look at cellular interactions.
It was observed that stromal cells were
disrupted by proteolytic enzymes
(Cathepsins) secreted by tumour cells.

Chemoresistance of leukaemic cells
from patients with acute myeloid
leukaemia correlated well with express-
ion by tumour cells of protein (P-gp)

coded by multidrug resistance (MDR)
gene. P-gp expression in individual pa-
tients appears to be a useful parameter in
designing appropriate treatment sche-
dule. Retinoic acid could modify drug
resistance of human leukaemic cells in
vitro resulting in enhanced susceptibility
of cytotoxic drugs.

Lymphomas

Earlier studies demonstrated T cell
hyporesponsiveness in patients with
Hodgkin's disease. Low frequencies of
IL2-producing T cells as well as low
levels of IL2 produced per activated lym-
phocyte were observed in these patients
accounting for the altered immune re-
sponses.

The cytotoxic potential of lymphocytes
and monocytes from patients with non
Hodgkin's lymphoma could be mod-
ulated effectively with IL2 and IFN . Effec-
tor cells from these patients could also
lyse established lymphoma cell lines,
U9397 and Raji, on modulation by IL2,
IFN and TNF.

Human Tumour Viruses and HIV

The institute has established a virology
laboratory to facilitate studies on cancer-
causing viruses and other human
pathogenic viruses of immediate rele-
vance. From 4 out of 6 patients with clinic-
al picture of AIDS related complex, Hu-
man Immunodeficiency Virus (HIV) was
isolated from lymphocytes in peripheral
blood. The production of HIV in cultures
was monitored using reverse transcrip-
tase assay. The viruses showed the char-
acteristic antigenic profile of HIV-1 in
Western blot analysis. Permanent T lym-
phoblastoid cell lines have been infected
with the viral isolates and their molecular
characterisation is in progress.

Cancer Cervix

Monocytes from patients with carcinoma
of cervix were shown to secrete higher
amounts of IL6 than by monocytes from
healthy individuals indicating their acti-
vated state in patients.

Hepatocellular Carcinoma

The presence of hepaiitis B virus antigens
was observed in liver tissue from patients
with chronic hepatitis. Increased frequen-
cies of T cells were observed in the lym-
phocytes infiltrating the liver. Besides,
tumour infiltrating lymphocytes from
hepatocellular carcinomas exhibited high
frequencies of NK cells and cytotoxic T
lymphocytes.

Endometrial Cancer

Immunolocalisation of inhibin in normal
endometrium revealed that it was present
in the epithelium during mid and late

proliferative phases and throughout the
secretory phase while it was also de-
tected in stroma only in secretory phase.
Inhibin was expressed in both epithelium
and stroma in endometrial hyperplasia
and carcinoma. Thus inhibin seems to
regulate growth and differentiation of en-
dometrium.

Growth Factors

A growth factor modulator, Enhancing
Factor (EF), a 14 kD protein isolated ear-
lier from mouse small intestines was
localised in Paneth cells. On further char-
acterisation, it was found to be a heparin-
binding protein. The binding of EF to its
receptor was abolished by heparinase,
suggesting heparan sulphate proteogly-
can nature of the receptor. The nucleotide
sequence of RT-PCR amplified EF-
specific cDNA clone and the sequence of
predicted amino acids showed homology
to rat platelet PLA2. Thus, EF is a Paneth
cell specific isoform of PLA2. The earlier
finding of increased expression of EF in
rat regenerating liver indicated that EF
might play a role in cell proliferation. Low
levels of both EF protein and EF trans-
cripts were observed in ICRC mouse
strain, unlike in other strains, and EF ex-
pression peaked 3-4 hours after irradia-
tion, suggesting an induction of EF gene
under stressful conditions.

A neurotrophic factor identified earlier
in murine teratocarcinoma, hastened the
regeneration of external granular layer of
neonatal rat cerebellum following sub-
lethal irradiation. Using an antiserum
raised in mice, the protein was shown to
be localised in immature loose connec-
tive tissue of the teratocarcinoma.

Membrane Biology

A 680 kD tetrameric glycoprotein isolated
earlier from rat Yoshida sarcoma, in-
creased Con A agglutinability of rat
erythrocytes. Using a polyclonal anti-
serum against this tumour-derived pro-
tein, a 170 kD protein resembling -2 mac-
roglobulin, was immunoprecipitated from
acutee phase, plasma of rats. The two
proteins demonstrated differences in re-
linked sugar moiety and ability to modify
rat erythrocyte membrane. A 30 kD pro-
tein with similar effect on rat erythrocytes
and affinity to Sephadex was isolated
from Yoshida sarcoma and found to be a
glucose/mannose specific lectin.

Chromosomal Changes in Malignancy

Nontumorigenic rat fibroblasts (Rat 2
cells) carried a marker chromosome. The
tumourigenic variants showed distinct
chromosomal changes. In order to bring
about suppression of malignancy, tumor-
igenic sublines of Rat 2 cells were fused
with normal human diploid fibroblasts.
The hybrids showed charateristic senes-



cent phenotype. With a view to study
chromosomal changes during acquisition
of drug resistance, serial cytogenetic stu-
dies were carried out on a synovial sarco-
ma cell line exposed to increasing con-
centrations of adriamycin. In drug resis-
tant sublines, double minutes were
observed following repeated chromosom-
al exchanges.
Tumour Promoters

Malachite green (MG) and Metanil Yellow
(MY), the two commonly used colouring
agents, were shown earlier to act as
promoters in experimental hepatocarci-
nogenesis. On primary rat hepatocyte
cultures MY was mitogenic, acting in ear-
ly phases of cell cycle with super induc-
tion of c-fos. In contrast, MG inhibited
DNA synthesis acting at S-phase. Further,
the mechanism of MG-induced trans-
formation of Syrian hamster epithelial
cells was due to generation of free radic-
als and consequent oxidative damage.

12-O-tetradecanoyl phorbol-13 acetate
(TPA), was shown to increase ENU in-
duced tumour incidence in central ner-
vous system in Sprague Dawley rats. An
increase in pituitary tumours was also
observed with TPA alone as compared to
the spontaneous incidence.
It was shown earlier that the incidence of
spontaneous mammary tumours in female
C3H/Jax mice decreased with adminis-
tration of melatonin. Reduced EGF levels
through sialadenectomy did noi have any
effect on the mammary tumour incidence.
However, additional treatment with mela-
tonin resulted in tumour suppression.

Treatment of Wistar rats carrying Yoshi-
da sarcoma with a protease inhibitor-
enriched extract of field bean flour com-
pletely suppressed the tumour in 70%
and extended their life span. Initial puri-
fication of the extract yielded a fraction
with 4 proteins.

In vivo and in vitro studies on chemop-
reventive action of curcumin using 3H
Benz(a)Pyrene demonstrated decrease in
DNA-[B(a)P] adduct formation in a dose
dependant manner. There was a 40% de-
crease in DNA adducts in mice receiving
B(a)P and curcumin on 32p post
labelling.

Model System
Human cell lines from oral tumours, foetal
buccal mucosa and kidney have been
developed for studies on regulation of
keratin gene expression. Earlier, from
hamster trachea, an epithelial cell line
was developed which became
tumourigenic on initiation with DMBA and
promotion with TPA. Different clones of
this cell line are being characterised. In
another model, treatment of a neural pre-
cursor cell line with various maturation
inducers resulted in growth inhibition
accompanied by neural differentiation.
Glial differentiation was prominent with
the use of hydrocortisone.

Experimental Chemotherapy
A subline of P388 resistant to a new drug
Mitoxantrone, was developed this year to
study mechanism of drug resistance. A
glutathione inhibitor, Buthionine Sulfox-
imine, induced acidosis in mice bearing
adriamycin resistant P388 leukaemic
cells further enhancing cytotoxicity of the
drug. The effect of Pentoxifylline, a qjrug
used for circumvention of multidrug re-
sistance was studied on haemopoietic
pluripotent stem cells expressing MDR.

Drug Development
The synthesis of Methotrexate and various
intermediates from indigenous chemicals
led to a 50% reduction in cost. The scal-
ing up of the process is underway.
Antileprosy Vaccine
Cross reactivity between antigens of
ICRC bacilli and M.Leprae were analysed
using polyclonal and monoclonal anti-
bodies. The 21 kD and 14 kD proteins of
ICRC bacilli showed cross reactivity with
M.leprae-specific monoclonal antibody.
In the field trials of immunoprophylaxis of
ICRC vaccine, 36000 vaccinated indi-
viduals are being followed up carefully.
Immunotherapeutic trials in leprosy pa-
tients on a large scale will be soon under-
taken.

In the current year, the nude mice col-
ony and transgenic mice facility were
established. The Institute acquired a
Fluorescene Cell Sorter as a regional
facility and oligonucleotide synthesiser.

The Institute continued with its training
and academic activities. A minisympo-
sium on "Biology of chronic leukaemia"
was organised in September 5, 1992.
Seventeen seminars were given by visit-
ing scientists. Ten students obtained
Ph.D. and two students M.Sc. Short term
training in the laboratory was given to
eight research workers from outside the
Institute.

Cont, wed from page 5.4

A new three tier state extension prog-
ramme for science education will be laun-
ched.

Basic Dental Research

The Basic Dental Research Unit is con-
tinuing its work on prevention of oral can-
cer. The analysis of the 10-year follow up
intervention study data showed that the
tobacco habits were influenced to a signi-
ficant extent in the intervention cohort
through the programme of educational in-
tervention. As a result the risk of oral
cancer showed a decline on the form of
lower incidence rates of oral precancer-
ous lesions and conditions.

The building up of the cohort for
100,000 individuals for stimation of
tobacco attributable mortality will con-
tinue.
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Overall activity

Publications in International journals 415
Publications in Conference

proceedings 168
Publications in books 37
Technical Reports/Patents 25
Books published/edited 19
Invited talks in conferences 121
Conferences held or sponsored 10
Lectures by Visiting Scientists 425
Colloquia 106
Lecture courses delivered outside the
Institute 53
Lectures delivered outside the
Institute 340
Popular Science articles 5
Radio and TV programmes 12

Continued from page 5. 7

grafting of acrylamide on cellulose ace-
late film. Grafting of acrylic acid onto
cellulose acetate film initiated by gamma
irradiation was studied. The aqueous dis-
persion property of stable ZrO2 sol was
used as light harvesting unit in solar ener-
gy conversion devices. Preparation and
characterisation of Tl-based supercon-
ductors with different TcS were attempted.

In spectroscopy, fluorescence studies
of conformation induction in peptide hor-
mones solubilized in reverse micelles
were carried out. The properties of a two-
level atom in a damped, driven quantized
cavity were studied. Cavity-assisted dis-
sipation processes were considered in
detail.

Continued from page 5.13

Institute of Physics, Bhubaneswar and the
BCSPIN Committee and the S.N. Bose
National Centre for Basic Sciences, Cal-
cutta. The School was primarily sup-
ported by the fundings from International
Centre for Theoretical Physics, Trieste,
Italy; the National Science Foundation,
USA; the S.N. Bose National Science
Centre for Basic Sciences, Calcutta and
the Institute of Physics, Bhubaneswar.
The School brought together yound and
active physicists from the neighbouring
countries like, Bangaldesh, China, Sri
Lanka, Pakistan, Nepal and India and
provided opportunity to come in contact
with the eminent scientists from abroad
the country like USA, Europe etc. in fron-
tier areas of physics.

Besides active collaboration between
national laboratories, the scientists of the
Institute have established collaborations
with leading laboratories and universities
in USA and Europe. The Institute is also
taking rapid strides to embark on col-
laborative research projects in famous in-
ternational laboratories such as DESY,
Hamburg, Germany; CERN, Geneva,
Switzerland and has established Federa-
tion status with International Centre for
Theoretical Physics, Trieste, Italy.



• AIDED INSTITUTIONS •

• The activities of the Institute covered areas such as theoretical high energy physics, particle physics, solid state physics, nuclear physics
and experimental nuclear & solid state physics.

• The installation and successful operation of the 3 MV Pelletron Accelerator provided an added edge to the experimental programmes of
the institute.

• Various accelerator based experimental facilties being set up and investigations carried out.

• The theoretical research programmes resulted in a number of publications in international journals and presentations in conferences &
symposia.

Institute of Physics

Founded in 1974, the Institute of Physics,
Bhubaneswar, was a registered Society of
the Government of Orissa till March, 1985
when it became a fully aided institute of
the Department of Atomic Energy. The
activities of the Institute cover areas such
as theoretical high energy physics, parti-
cle physics, solid state physics, nuclear
physics and experimental nuclear & solid
state physics. The installation and suc-
cessful operation of the 3 MV Pelletron
Accelerator provides an added edge to
the experimental programmes of the insti-
tute and various accelerator based ex-
perimental faciltiies are being set up and
investigations are being carried out.

The theoretical research programmes
were vigorously continued and have re-
sulted in a numer of publications in inter-
national journals and presentations in
conferences & symposia. A brief gist of
some of the important publications are
given below:

High Energy and Particle Physics:

In High Energy and Particle Physics the
main activity was in the areas of confor-
mal field theory and string theory, super-
symmetry and nonperturbative aspects of
field theory.

(1) Conformal field theory and string
theory : The background for string prop-
agation is obtained by a chiral gauging of
the SL(2,R) Wess-Zumino-Witten model.
The effect of quantum corrections of a 1
+ 1 dimensional supersymmetric model
using a nonperturbative method with a
selfconsistency requirement for the effec-
tive potential and the particle masses are
studied.

An exact conformal field theory de-
scribing a four dimensional singular
string background is obtained by chiral
gauging a U(1) subgroup along with
translations in R of an SL(2,R) X R Wess-
Zumino-Witten model.

An 0(d,d) transformation is given which
relates the background configuration of
the ungauged string action to the gauged
ones for a large class of models discus-
sed recently by Giveon and Rocek. In-
terestingly, the transformation is back-
ground independent and has a unique
matrix representation in a given space-
time dimension.

(2) Supersymmetry: A Fermi-Bose sym-
metry algebra which closes under com-
mutation of spin changing fermionic
generators together with those of the
Poincare group is constructed. New class
of shape invariant potentials are obtained
by using a scaling ansatz for the change
of parameters. These can be viewed as
q-deformations of Rosen-Morse and har-
monic oscillator potentials. A new quan-
tization condition is obtained when super-
symmetry is spontaneously broken and it
is shown that the leading term in the ex-
pansion gives exact bound state spec-
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trum of the shape invariant potentials with
broken supersymmetry. A new form of su-
persymmetric quantum mechanics called
orthosupersymmetric quantum mecha-
nics of order p is constructed. The spec-
tra of this class of system is shown to be
(p+ 1)-fold degenerate, atleast above the
ground state. Multiparameter family of
nonuniform magnetic fields are con-
structed which give same spectrum as
that of electron in a uniform magnetic
field.

(3) Nonperturbative Aspects of Field
Theory: The chiral symmetry, breaking
through nontrivial vacuum structure with
quark antiquark condensates are investi-
gated and then related through the con-
densate function to the wave function of
pion as a Goldstone model. This simul-
taneously yields the pion also as a quark
antiquark bound state. This is applied to
Nambu Jona-Lasinio model to calculate
different pionic properties in terms of the
vacuum structutre for breaking of exact or
approximate chiral symmetry.

It is shown that when a Chern-Simon
term is added to the action of SU(N)
(N>3) Yang-Mills theory in 5 dimensions
the usual self-dual topological solitons
present in the theory necessarily pick up
a (topological) electric charge.

It is also shown that a particle with
electric charge placed in a magneto-
electric medium becomes a source of
induced magneticfield the volume integ-
ral of whose divergence is non-zero. The
particle with electric charge thus ac-
quires a magnetic charge. It can also
acquire an electric dipole moment and all
higher multipole moments forbidden by
time reversal symmetry.

The chiral symmetry breaking through
nontrivial vacuum structure with an expli-
cit construct for the vacuum with quark
antiquark condensates in QCD with
Coulomb gauge for different phenomeno-
logical potentials is investigated.

2. Condensed Matter Physics:

The theoretical studies in condensed
matter physics is mainly concentrated on
high temperature superconductivity,
strongly correlated systems, electronical-
ly disordered systems and problems in
statistical mechanics.

Normal state properties of high Tc com-
pounds with the inclusion of strong cor-
relation effects have been studied. Some
of them include explanation of anomalous
Hall effect and c-axis resistivity. The pho-
non spectral density function has been
calculated to explain the Raman spec-
trum of cuprate superconductors. The
new mechanics is proposed for super-
conductivity arising in carrier injected
charge density wave insulators.

In another work experimental data on
the ratios of energy gap to transition
temperature in newly discovered high Tc
compounds is explained by introducing
the temperature dependence of Debye
frequency. The lack of isotopic effect
observed in some of these compounds
has been explained.

The combined effect of disorder and
spin fluctuations on various physical
quantities (paramagnetic spin suscepti-
bility, specific heat, thermal expansion
coefficient and NMR relaxation time) of
weak itinerant electron ferromagnetic
alloys have been studied. These results
are verified in several alloy systems.

Several results have been obtained in
electronical disordered media which in-
cludes the transport in correlated random
systems (random dimer model) and scal-
ing theory of localization.

Very recently statistical mechanics of
random systems has gained significant
importance because of its relevance in
wide varities of problems, such as spin
glasses, neural networks, reaction kine-
tics, polymers and self organized critical-
ity etc. Several studies have been done
here related to reaction kinetics and po-
lymer configurations in random media. A
few exact results have been obtained for
randomly interacting directed polymers
ano they have been used to study the
critical behaviour of random ferro-electric
models.
3. Nuclear Physics:

A self-consistent study of the structure of
the nuclear surface is done using the
semi-infinite nuclear matter approxima-
tion. It is found that surface thickness
strongly depends on the nuclear matter
saturation density. It is shown that the
extended Thomas-Fermi calculations fail
to reproduce this important feature.

The binding energies, rms radii and the
deformation parameters for the light nuc-
lei, helium through oxygen with and with-
out pairing correlations using deformed
relativistic mean field approach with NL2
parameter set, have been calculated.

The experimentally observed scaling
patterns for particle production in nuclear
collisions at subthreshold energy regime
in the framework of a cooperative model
is examined. It is shown that the proton
spectra also has be same universal scal-
ing behaviour aqs that of pions, kaons
and antiprotons.

The liquid-drop model type expansion
of the finite nuclear compressibility
coefficients KA is studied in an energy
density formalism, using a leptodermous
expansion of the energies. It is found that
the effective curvature compressibility
coefficient Kc is always negative for Sky-
rme type forces.
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The effects of finite size corrections
(surface and curvature) to the single parti-
cle density of states on various thermo-
dynamic quantities of massless quarks
and gluons confined in a spherical cavity
is investigated. Both the chemical poten-
tial zero and non-zero cases are studied

The range of eigen frequencies of ra-
dial pulsations of stable quark stars are
calculated using the general relativistic
equation and adopting a realistic equa-
tion of state.

4. Experimental Physics:

The Ion source of the 3 MV Accelerator
has been used to produce charged car-
bon cluster beams. It has been possible
to extract and accelerate six atom clus-
ters through a terminal voltage of 1 MV.
The unique capability of the present facil-
ity for studying highly charged clusters
unaccessible to other methods of produc-
tion has been demonstrated. In another
work on aluminised mylar, the power of
the elastic proton backscattering experi-
ment for studying low Z materials has
been demonstrated. The influence of
solid state effects on the relative X-ray
transition probabilities have been found
in a systematic study on some 3d transi-
tion metal alloys and compounds em-
ploying ionisation with protons with ener-
gy between 2 to 5 MeV. The measured
K-beta/K-alpha intensity ratio showed for
the first time a dip for a proton energy of
near 2 MeV. This is quite similar to the
same predicted by a semiclassical mod-
el. A lot of studies of interdiffusion across
metal/semiconductor interfaces such as
Si/Cu, Si/Ni, SiVAu have also been carried
out using the technique of Rutherford
Backscattering Spectrometry using 2
MeV helium projectiles. In these works a
lot of interesting questions such as what
happens when the interface has a native
oxide layer and what happens when the
substrate dangling bond are passivated
by Br before metal deposition etc. have
been addressed. In one of these works on
Si/Au system, Au fractals were seen to be
formed when the system was annealed at
360 degree C. These seem to resemble
random patterns obtained from computer
simulations of diffusion- limited-
aggregation using the Witten-Sander
model

Institute of Physics regularlgy orga-
nises Winter Schools on frontier areas in
physics as a part of the academic and
training programmes for physics com-
munity in India. During the current year,
the institute organised the VIII SERC
School in High Energy Physics sponsored
by the Department of Science & Technol-
ogy at Bhubaneswar during November 9
to December 6, 1992.

Another International Winter School on
"Particle Physics and Cosmology at the
Interface" is also organised jointly the

Continued on page 5.11
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• OTHER ACTIVITIES •

• DAE provided substantial amount by way of grants to its Aided Institutions.

• Board of Research in Nuclear Sciences recommended financial assistance for 175 renewal and 82 new research projects.

• India designated to the Board of Governors of the International Atomic Energy Agency (IAEA) or the 36th year in succession.

• Train ng facilities, fellowships, scientific visits offered and services of Indian scientists made available both through IAEA and the
countries with which we have entered into bilateral agreements for co-operation in the field of peaceful uses of atomic energy.

• An agreement for co-operation in the peaceful applications of nuclear energy signed with Peru and agreements with Syria and Vietnam
extended.

• Equipment supplied under IAEA operated technical co-operation programme.

• Extensive Emergency Preparedness and Response mechanisms drawn up to handle even the remote eventuality of an emergency.

• Networking of various PC workstations at the Secretariat and software development for computerisation of administrative functions
taken up.

• Atomic Energy Pavilion in the International Technology Fair TECHMART 92' held in New Delhi, received first prize for technology
display.

• All India Essay Contest conducted to create awareness about peaceful applications of atomic energy amongst student community.

• Information literature on various aspects of nuclear science and technology produced for dissemination to public.

• Progress made in the implementation of the Official Language in DAE, its Units, and Public Sector Undertakings.

Other Activities

FINANCIAL SUPPORT
The Board of Research in Nuclear Scien-
ces (BRNS) in DAE is an apex body which
is responsible for providing financial
assistance for the research projects, fel-
lowships such as DAE-Bombay University
collaborative scheme, Dr. K.S.Krishnan
DAE Research Fellowship etc. and spon-
sors symposia, conferences and semi-
nars organised by DAE and outside agen-
cies.

During the year, BRNS recommended
financial assistance for 175 renewal pro-
jects and 62 new research projects with a
total expenditure of Rs.4.43 crores and
also recommended 59 Symposia with a
budget provision of Rs.50.00 lakhs. A
sum of Rs.50.00 lakhs was provided for
award of fellowships to talented students
for carrying out research in different disci-
plines in various Universites/lnstitutions
in the country. The Department also pro-

vided substantial amount by way of recur-
ring and non-recurring grant to its Aided
Institutions as given below:

During the year 1992-93, a sum of
Rs.1.03 crores was provided in the
budget to the National Board for Higher

Institution

Tata Institute of Fundamental Research,
Bombay
Tata Memorial Centre, Bombay
Saha Institute of Nuclear Physics,
Calcutta
Institute of Physics, Bubaneshwar
Institute of Mathematical Sciences,
Madras (Plan & Non-Plan together)
Mehta Research Institute, Allahabad
(Plan & Non-Plan together)

Budget Provision

Recurring

22.16

19.94
5.30

1.60
1.80

1.90

RE 92-93
(Rupees in crores)

Non-
recurring

19.16

3.97
1.90

1.49

—



Mathematics, Bombay for development o<
mathematics in the country.

INTERNATIONAL RELATIONS
India was once again designated to the
Board of Governors for the 36th year in
succession since the inception of the
IAEA, underscoring its leading status in
this frontier technology.

India continued to offer training facili-
ties, fellowships, scientific visits etc. and
make available the services of its sci-
entists for expert assignments both
through the IAEA and to countries with
which we have entered into bilaterial
agreements for cooperation in the field of
peaceful uses of atomic energy.

About 258 scientists/engineers partici-
pated in international symposia, work-
shops and conference held under the au-
spices of various UN and other interna-
tional organisations as also the IAEA. 30
foreign scientists have been trained in
India under IAEA fellowships programme
and bilaterial agreements signed be-
tween Government of India and other
countries. India also hosted 5 IAEA meet-
ings, symposia and 8 other international
meetings during 1992-93.

Chairman, Atomic Energy Commission
(AEC) and Secretary, DAE led the Indian
delegation to the 36th Regular Session of
the IAEA General Conference held in
Vienna, Austria during September 1992.
Bilateral discussions were held with a
number of other delegations participating
in the Conference.

During the year the Chairman, AEC vi-
sited Peru, Argentina and Hungary. An
agreement for cooperation in the peaceful
applications of nuclear energy was
signed with Peru. The cooperation agree-
ment with Syria was extended for a further
period of 6 years, and with Vietnam for 5
years.

Having achieved a comprehensive de-
velopment in nuclear technology for many
years now, we have been in a position to
offer technology as well as equipment to
other countries on commercial basis. A
beginning has already been made to
supply some equipment under IAEA oper-
ated technical cooperation programme;
concerted efforts are being made to
publicise our expertise for the purpose of
export of technology and equipment for
peaceful applications of nuclear energy.

EMERGENCY PREPAREDNESS
The Department of Atomic Energy has

drawn up extensive Emergency Pre-
paredness and Response mechanisms to
handle even the remote eventuality of an

emergency — either a nuclear or a con-
ventional one, that could be visualised to
occur at any of its major facilities. The
facilities covered, include amongst
others, nuclear power reactors, research
reactors and heavy water plants. The im-
plementation of these mechanisms is
overseen by a Crisis Management Group
(CMG) at Bombay which, if required, can
meet at short notice. CMG has direct
communication links with various nuclear
facilities from an Emergency Control
Room, which' is manned round the clock.

The consequences of any foreseeable
emergency are expected to be confined
to the nuclear facility only (termed as
plant or site emergencies), and the prob-
ability of an emergency affecting the pub-
lic domain (off-site emergency) is consi-
dered negligible. Despite this, the
Emergency Preparedness and Response
mechanisms which have been specifical-
ly formulated for each site or location,
encompass both eventualities: a Site
Emergency Response Committee (SERC)
to handle plant and site related emergen-
cies and a District Emergency Response
Committee (DERC) to handle Off-site
emergencies.

To monitor the implementability of the
Emergency Preparedness plans, several
exercises simultating the emergencies,
are conducted, and corrective actions are
taken wherever necessary. The major ex-
ercises conducted during the year are
given below:

A three week Training Course on
"Emergency Preparedness and
Response" for Shift Charge Engineers of
Nuclear Power Stations was conducted
during the year. This was followed by a
brief course for Public Functionaries such
as District Collectors. These courses are
conducted by the Health, Safety and En-
vironment Group, BARC at the Health
Physics Laboratories, Tarapur. Steps
have been initiated to augment the infras-
tructure facilities for the Training Courses
so as to enhance their quality and effec-
tiveness.

MANAGEMENT SERVICES
GROUP
The Management Services Group of the
Department provides support to top man-
agement at the Department's Secretariat
in the areas of Information Management
and Analysis. During the year the follow-
ing assignments were taken up by the
Group.

1) Networking of various PC workstations
at the Secretariat and coordinating de-
velopment of software for computer-
isation of administrative functions.

2) Studies and Analysis on organisation
structure with a view to streamlining
the functions of the Secretariat.

3) Assistance to the Directorate of Purch-
ase & Stores of DAE in their Computer-
isation activities.

4) Advisory services to the Maharashtra
Police Computer Wing for the conver-
sion of their database, for transfering
to new computer system.

5) Maintaining graphic based informa-
tion and presentation systems for use
by Chairman, AEC.

In addition, the Group maintained a
management information base of various
operating units and projects under con-
struction in the Department. It also pre-
pared periodic reports to Prime Minister,
Atomic Energy Commission, and Chair-
man, Atomic Energy Commission. The
Annual Action Plan of Department was
prepared by the Group and it continued to
serve as a nodal point for interaction with
the Department of Programme Imple-
mentation.

PUBLICITY
The Publicity Division of this Department
continued its Public Relations activities
with the main objective of creating aware-
ness about the peaceful uses of atomic
energy, among general public, mainly
student community.

The following activities were taken up
during 1992.

SrNo

1.
2.
3.
4.
5.
6.
7.
8.
9.

RAPS
MAPS
IGCAR & FBTR
TAPS
NAPS
KAPP
HWP(MANUGURU)
HWP(TUTICORIN)
HWP(KOTA)

Plant

3
4
1
3
1
1
-
-
1

Site
_
_
1
1
_
_
1
1
-

Type of Exercise

Off-Site
_
1
-
_
_
1
-
-
-

Communication

3
35
-
_
_
_
-
-
-
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EXHIBITION

a) Exhibitions with the aid of large photo-
graphic panels, models, instruments,
samples, specimen and physical ob-
jects were conducted at Goa, Trichy
and many other places.

b) Efforts were made to draw the atten-
tion of students to the permanent ex-
hibition organised by the Department
of Atomic Energy at its Secretariat in
Bombay. During the year, on an aver-
age 300 students a week, from Bom-
bay and other parts of the country, vi-
sited the exhibition.

c) Participated in the International Tech-
nology Fair TECHMART 92' held in
New Delhi, organised by the NSIC,
UNIDO, ITPO and the Ministry of In-
dustry as an exposition of technolo-
gies developed for small and medium
enterprises by various private and
public sector bodies. A large number
of entrepreneurs showed keen interest
in the technologies available for trans-
fer from the Department. The Atomic
Energy Pavilion was awarded the first
prize for technology developed with
an emphasis on import substitution.
An exhibition on ENERGY' was also
set-up in the India International Trade
Fair held at New Delhi

AUDIO VISUAL PROGRAMME
During the year, a video film on 'Utility &
Techniques of Food Irradiation Technolo-
gy' was produced and screened. In addi-
tion, films entitled 'Radiation - Our Con-
stant Companion', 'Why Nuclear Power',
'Bhabha Atomic Research Centre' in six
languages were screened to the students
visiting Permanent Exhibition and the ex-
hibitions set up at Goa, Trichy etc.

ESSAY CONTEST
a) An All India Essay Contest on Nuclear

Science & Technology for the students
studying tor degree and higher
courses in recognised universities in
any discipline, on the topics, viz 'Role
of Nuclear Power Generation in India'
and 'Radioisotopes in the Service of
Humanity' was conducted. 1517
essays in 13 languages were re-
ceived.

b) In connection with National Science
Day celebration;Essay-cum-Quiz Con-
test for Secondary and Higher Secon-
dary schools and Junior College stu-
dents of Bombay, New Bombay and
Thane districts, on the topic 'The Prog-
ress Made by India In The Peaceful
Uses of Atomic Energy was con-
ducted. In addition, similar essay-
cum-quiz Contest was conducted for
the students of Tiruchirapalli, Tanjore
and Pudukottai districts of Tamil
Nadu.

APPRECIATION PROGRAMME

Appreciation Programme on Nuclear Sci-
ence & Technology for University faculty
members comprising visits to Atomic
Energy Establishments and lecture
courses was conducted.

POPULAR SCIENCE LECTURES

Popular science lectures by the scientific
staff of Publicity Division and various con-
stituent units of this Department were
organised at different cities.

MEDIA RELATIONS

Public Relations programmes oriented to-
wards better media relations such as
'Meet the Press' programme, visits to the
constituent units of the Atomic Energy etc.
were organised.

The Publicity Division has been con-
tinuing its Public Relations programmes
to create a large public awareness on the
activities of the Department of Atomic
Energy.

INFORMATION & LIBRARY

The Publications Division which com-
prises publication and Library, of DAE
brought out information literature for
media and public and also catered to the
publication needs of the Department and
its units. Besides regular publication
assignments such as Annual Report, Per-
formance Budget and two periodicals in
English and Hindi languages, information
material consisting of 18 booklets/leaf-
lets, form & stationery were produced for
DAE, HWB.AEES.BARC, and BRNS.

Computerisation of mailing, office work
and information storage was executed.
Library operations were partly compute-
rised.

The DAE Library continued to serve as
a repository of information on diverse
subjects. During the year, the Library ac-
quired 447 books and received over 300
periodicals. This was besides the upkeep
of over 14000 books and other reading
material. Documentation of information
related to nuclear field was also taken up.

TRAINING
The Department has been organising
training programmes on a regular basis
with a view to upgrading knowledge and
improving the managerial skills and com-
petence of staff and officers. These prog-
rammes are organised with the faculty
support from institutions such as National
Institute of Training for Industrial En-

gineering, Indian Institute of Material
Management, Institute of Secretariat
Training and Management at New Delhi,
CETC Bombay, YASHADA Pune, IB Bom-
bay/New Delhi and TISS Bombay.

25 Training Programmes were orga-
nised during April-December, 92. Apart
from the above, DAE had also arranged 4
outstation training programmes — one at
NFC, Hyderabad and three at IGCAR,
Kalpakkam. About 47 training program-
mes have been planned for the year 1993-
94

The programmes have generally been
well received by the participants.

USE OF HINDI

The work of the Department is mainly
• scientific and technical in nature. So as to

promote use of Hindi in these fields
through seminars and talks, the units con-
tinued to hold seminars in Hindi on di-
verse subjects. The Department also con-
ducted a one-day seminar on "Uses of
Isotopes and Lasers in Medical
Treatment" at Delhi, in which Units/PSUs
of DAE, and other Government Depart-
ments participated. AMD organised a one
day Hindi Seminar on "Exploration of
Minerals - a current thought". Hindi Vi-
gyan Sahitya Parishad of BARC orga-
nised Seminars on "Atomic Reactors: A
Safe Source of Energy"; "Nobel Prize - To
whom and why?, "Rajbhasha ke roop me
Hindi Ki Sarthakta aivam Antriksh
Darshan", and "Science in India - On the
Road To Success" on the occasion of
their Silver Jubliee Function. BARC is
conducting one more Seminar on "Manav
Swasthaya Ke Kuch Aayam". Directorate
of Purchase and Stores, Construction &
Services Group, Directorate of Estate
Management, Heavy Water Board and
Atomic Energy Regulatory Board jointly
organised a scientific talk on "Parmanu
Urja Aur Raaiodharmi Padarth" and a Ra-
jbhasha Varta on "Official Language Hin-
di - Problems and Solutions". The sub-
jects covered a wide range of activities
and the level of presentation was high.
Souvenirs containing proceedings of
some of these Hindi Seminars were also
brought out.

As in the previous years, progress has
been made in the implementation of the
Official Language Policy of the Union in
other areas also in the Department, its
Units and in Public Sector undertakings.
In-service training in Hindi language,
Hindi typewriting and stenography was
imparted to 461 officials, 102 typistsand
24 stenographers. 477 officials, 82 typists
and 36 stenographers have been under-
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going training in Hindi language. Hindi
typewriting and stenography. 25 Devana-
gari typewriters were purchased during
the year raising the total number of such
typewriters to 225. In addition, 21 biling-
ual electronic typewriters were also
purchased raising the total number of
such typewriters to 84. The Department
has three bilingual "Word Processors"
and 20 PCs (bilingual), 10 Gist Cards and
19 Devnagari Softwares. The Department
also has three bilingual Electronic Telex
Machines. Hindi books worth about
Rs. 44,799/- were purchased during the
year.

The Official Language Implementation
Committee of the Department, its Units
and Public Sector Undertakings met to
review the position regarding use of Hin-
di. Action continued to be taken to imple-
ment the provisions of the Official Lan-
guages Act. All Gazette Notifications,
Cabinet Notes, Reports and other docu-
ments submitted to various Committees of
Parliament etc. were prepared biling-
ually.

The quarterly Hindi Bulletin "Parmanu"
which is brought out by the DAE to dis-
seminate information on its research and
development activities, plans and prog-
rammes entered its eighteenth year of
publication. The OLICs of NPC, IRE, Bom-
bay, HWP, Talcher; ECIL, Hyderabad;
IGCAR, Kalpakkam, TAPS; HWB, Bom-
bay; KAPP; CAT, Indore and BARC, Tara-
pur Br. published their House Magazines
bilingually. The Hindi Vigyan Sahitya
Parishad, a voluntary organisation of
BARC, which has been publishing a
popular Hindi quarterly bulletin
"Vaigyanik", was provided financial
assistance of Rs.15, 000/- this year.

The OLICs of BARC and CAT were
given grants of Rs.1, 20, 000/- and Rs.30,
000/- respectively for programmes to
popularise and promote the use of Hindi,
in addition to this, a provision of Rs.1, 55,
000/- was also made for other Units of
DAE such as AMD, C&S Group, NFC,

DEM, HWP, Tuticorin; HWP, Baroda;
HWP, Kota; HWP, Talcher and HWP,
Manuguru, for the same purpose. To
popularise Hindi and encourage em-
ployees to use Hindi in official work
"Hindi Week/Fortnights" were organised
in the DAE (HQ), DPS, HWB, BARC, DEM,
C&S Group, HWP, Talcher; HWP, Baroda;
IGCAR, AMD and its Northern and East-
ern regional offices, HWP, Kota; NAPP,
TAPS, NFC, ECIL, UCIL, KAPP, RAPS 3-8,
AERB and GSO. "Hindi Day" was also
celebrated in CAT, Indore; HWP, Tuticorin
and HWP, Manuguru. CAT has celebrated
a Hindi month also besides Hindi Day.
During the year IRE has produced a film
in Hindi entitled "Wealth from Sand".

Under the Incentive Scheme for writing
original notes and drafts in Hindi, 60 em-
ployees were awarded. Awards were also
given to 27 typists under the Incentive
Scheme for Hindi Stenography and Typ-
ing. In addition to this 5 officers have
participated in the Incentive Scheme for
giving dictation in Hindi. 79 employees
were given cash awards on passing diffe-
rent Examinations of Hindi, Hindi typing
and Hindi stenography under the Hindi
Teaching Scheme, with distinction.

Hindi workshops for training em-
ployees in writing notes and drafts in Hin-
di were organised at DAE (HQ). Such
workshops were also organised at HWB,
DPS, C&S Group, UCIL, IRE, ECIL, NPC
(HQ), NFC, HWP- Tuticorin, DEM, AMD
(NR), KAPP, HWP; Baroda, RAPP 3-8 and
TAPS.

At present trie DAE has one Deputy
Director (OL), 2 Assistant Directors (OL),
one Senior Hindi Translator, one Hindi
Assistant and 2 Hindi Translators. Units
and PSUs of DAE also have 12 posts of
Assistant Directors (OL), one post of
Assistant Manager (Hindi), 7 posts of Hin-
di officers, 5 posts of Senior Hindi Trans-
lators and 49 posts of Junior Hindi Trans-
lators/Translation Assistants. All these
officers are contributing towards promo-
tion of the. use of Hindi in offices, labor-
atories and factories.

RESERVATION IN SERVICES

Efforts were made to fill up the backlog
vacancies during the year under report.
The total number of SC/ST employees in
various constituent units/aided institu-
tions (excluding PSUs) of the Department
stood at 5488 as on 31-12-92.

Inspection of rosters was carried out by
the Liaison Officers for SC/ST and suit-
able steps were taken, whereever neces-
sary.

153 officials belonging to SC/ST com-
munities were deputed for appreciation/
orientation courses during the year 1992.
Also 50 SC/ST officials belonging to
Group 'C & 'D' were given in-service
training.

Appointment of Minorities

119 persons belonging to minority
communities were appointed to Group 'C
& 'D' posts in the Department including
Aided Institutions under the Administra-
tive control of this Department.

Reservation in services for Physically
Handicapped persons and Ex-
serviceman

As on 31st December,1992 the total
number of Physically Handicapped per-
sons employed in the constituent units/
aided institutions under the Department
stood at 256. Similarly the total repre-
sentation of Ex-servicemen as on 31/12/
92 was 650.

Co-operative Canteens

The Employees' Co-operative Canteens
functioning in the Units of the Department
continued to provide subsidised food to
its employees. The total subsidy paid to
the Canteens during the year 1992 was
Rs.45,51,109/-. The Canteen employees
have been treated as Government ser-
vants w.e.f. 1/10/91 in the light of the
Supreme Court judgement.

SERVICES

DIRECTORATE OF PURCHASE
& STORES

The Directorate of Purchase and Stores
continued to provide active support in
materials management functions to all the
Units of the Department of Atomic Energy,
During the period April to December
1992, 22,000 purchase requisitions were
processed and 20,000 purchase orders
were placed for a total value of about
Rs.148 crores.

Distribution analysis of purchase order
data of Central Purchase Unit revealed
that 94 percent of the purchase orders are
for the R&D Sector, and the remainder
pertains to non-R&D sector. In terms of
value of purchase orders, Research Sec-
tor accounted for nearly 67%.

The range of items procured by DPS
included industrial bulk chemicals for
production plants, fine chemicals for
R&D, major raw materials like potassium
fluoride, sodium sulphide, major capital

equipment such as horizontal honing
machine, pilger mill, sophisticated scien-
tific instruments such as atomic abosrp-
tion spectrometers, laser system and spe-
cial materials like nickel coated pellets,
cobalt-60, molybdenum bars. The
Directorate had to attune its working to
the new industrial and commercial poli-
cies announced by 'he government.

The Technical Liaison Mission at Paris
continued to render techno-commercial
assistance in sourcing all relatively less
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known materials for R&D and they con-
tinued to attend to quality surveillance
assignments and other liaison activities
for different Units of DAE. BARC Purchase
Cell was set up to expedite processing of
indents placed upto Rs.1 lakh in value.
Software development for subsequent
phases of processing was completed. A
management information system was in-
troduced in respect of purchase orders
placed. Indents pertaining to five cate-
gories of items are routinely processed in
the Computer Centre and the process of
adding more groups to the computerized
facility is in progress.

An analysis of the Purchase Order
Award lead time in the manual and com-
puterized modes showed that 90% of the
purchase orders were placed within ab-
out 100 days in the computerized system;
whereas only 50% of the purchase orders
could be released within about 180 days
in the manual mode. Computerization of
the indent processing segment alone led
to significant reduction in lead time.
Further development work is in progress
to expand computerization of materials
functions in DPS to include Accounts, In-
ventory Control and Stores Management.

Central Stores Unit at BARC and the
Regional Purchase & Stores Units con-
tinued to render assistance to Units. Ab-
out 4 lakh items were handled at Central
Stores Unit, BARC during the year. The
range of items handled included over-
dimensional consignments, bulk chemic-
als and scrap and surplus materials. A
revenue of about Rs.2 crores was earned
during the year by way of disposal of
surplus and unserviceable scrap items.
Review of the common stock items was
made to delete and include certain items
taking into account the consumption and
the requirements. There was a reduction
of 15% of the items by rationalising and
reviewing of inventory.

Under the Human Resources Develop-
ment Programme, six training courses in
Materials Management and 4 training
programmes in Computer Usage for
Purchase functions were held. Upon a
request from the Public Health Services
Department, Government of Maharashtra,
DPS organized a two-day Workshop on
Hospital Materials Management. DPS
also supported professional Materials
Managers with technical and scientific
input and coordinated and presented two
Materials Management Programmes
which are telecast by Doordarshan Bom-
bay. Secretary General of IFPMM and
President of Malayasian Institute of Mate-
rials Management delivered lectures at
DPS.

CONSTRUCTION & SERVICES
GROUP

Construction & Services Group, com-
prises Civil Engineering Division (CED)
for carrying out construction work and
Engineering Services Division (ESD) for
maintenance of buildings and mainte-
nance & operation of connected services.

CED performs planning, designing,
construction and commissioning of civil,
public health, electrical, air-conditicning
and ventilation works in respect of hous-
ing, hostel, school, hospitals, laboratories
and other public buildings for DAE units,
including aided institutions.

Trombay Township Project

Out of 744 flats proposed in VII plan
696 flats of type Il-B and Ill-C have been
handed over for occupation and constru-
tion of the balance of 48 flats of type V-E
about 65% of the work completed. Con-
struction of Security Complex near the
main Gate of Anushaktinagar having
754.00 sq m area, and extension of
school building were completed and
handed over for commissioning. Out of
338 flats proposed in VII Plan as addition-
al work, Construction of 104 flats of type
Il-B about 80% work completed and the
balance work expected to be completed
shortly. Engineering details and estimate
for 298 flats of type IV-D and 128 efficien-
cy apartments were also completed.

Engineering details for construction of
1000 flats comprising 400 Il-B, 400 Ill-C
and 200 V-E under VIII Plan work is in
progress.

TIFR, Bombay.

Construction of 88 residential quarters
of type Il-B and Ill-C at Mandala is in
progress. About 40% of the work was
completed and the balance work is ex-
pected to be completed during the year
1993-94. Construction of 400 cum/day
capacity sewage water reclamation plant
has been completed and handed over for
commissioning. Pile foundation work for
construction of 12 flats of V-E for TIFR at
Colaba is in progress. Extension and also
addition/alteration to the existing building
of Indian Institute of Science Centre for
setting of Laboratory facility for Molecular
Biology is in progress.

TMC, Bombay

Construction of TMC rear annexe build-
ing having built up area of 13808.00 sq m
has been completed, and handed over to
user for commissioning. Planning, de-
signing for construction of Hospital com-
plex together with all integrated infras-
tructure facilities having aggregate built
up area of about 55000 sq m on a plot of
about 60 acre at New Bombay has been
taken up and preliminary work viz. sur-
veying continued.

AMD, Hyderabad

Construction of 128 flats of type I-A to
V-E at Khasmahal, Tata Nagar, Bihar has
commenced. About 13% of the work has
been completed during the year and ab-
out 90% of work is expected to be com-
pleted during the year 1993-94. Construc-
tion of Laboratory building having
6363.00 sq m built up area at Khasmahal
is about 70% completed and the balance
work is expected to be completed and
handed over for commisioning during
1993-94. Construction of compound wall
for AMD at Nagpur has been completed
and handed over during the year. Con-
struction of 16 flats of type II(B) and 8 flats
of type Ill-C has commenced and 50%
completed during 1992-93. Entire work is
expected to be completed during the
financial year 1993-94.

GMRT, Pune

Construction of remaining 20 antennas
was completed. Thus all the 32 antennas
at Narayangaon were completed in all
respect and handed over to users for
commissioning. Construction of 12 flats of
Ill-C, 12 efficiency apartments and Direc-
tor's Bungalow are in advance stage of
completion.

VECC, Calcutta

Construction of 44 flats of type Il-B,
Ill-C, IV-D under phase- III will be com-
pleted and handed over to user for
occupation during 1992-93. Construction
of Co-ordination cum Liaison office hav-
ing built up area of 195 sq m for the
activity of Cyclotron Research is ex-
pected to commence shortly. Extension of
160 sq m to the existing Cancer Centre
and Welfare Home, Calcutta for housing
Radio Active Medicine Research Centre
has been taken up and is expected to be
completed shortly.

SINP, Calcutta.

Construction of 46 flats of type I-A to
V-E under SINP housing PH-II will be
completed and handed over for occupa-
tion during 1992-93. Construction of pile
foundation for Hostel building for SINP
has been completed during the year.
Construction of civil work for Hostel build-
ing having area of 1605 sq m is in prog-
ress and it is expected to be completed
during 1993-94.

Institute of Physics, Bhubaneswar.

Construction of 4 flats of type Ill-C and
1 flat of type V-E has been completed and
handed to users for occupation. Hot
laboratory and workshop for IOP will be
taken up during the current year and ab-
out 20% of work will be completed. Exten-
sion of guest house work has been taken
up and about 30% will be completed dur-
ing the current year and the balance work
is expected to be completed during 1993-
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94. Planning and designing for construc-
tion of 36 flats and Library building has
been completed during 1992-93.

Mehta Institute, Allahabad.

Construction of compound wall and the
boundary of the Institute has been com-
pleted and handed over to users during
the current year

College of Catering Technology, Bombay

Construction of Catering College at
Prabhadevi having 6367.00 sq.rn. built up
area is in progress and a portion of the
total area has been completed and hand-
ed to users for commissioning during the
year. The balance portion will be com-
pleted during the year 1993-94.

Homi Bhabha Centre for Science Educa-
tion, Bombay

Construction of Homi Bhabha Science
Centre having 4530.00 sq.m. built up
area, has been completed and handed
over for commissioning during the current
year.

AERB, Bombay

Construction of AERB Complex having
built up area of 4454 sq m has been taken
up. The work is expected to be completed
during 1993-94.

IRE, Bombay

IRE office complex planning work was
completed. Financial sanction is awaited.

BRIT, New Bombay

Construction of workshop building hav-
ing 3600 sq m built up area, is in progress
and about 75% of the work was com-
pleted. Entire work will be completed
shortly. Designing and Engineering de-
tails for construction of office-cum-
laboratory building having 1327 sq m
bur/t up area has been completed and
financial sanction is awaited.

National Facility for Animal Tissue & Cell
Culture, Pune

Planning, designing and estimate for
laboratory building and other associated
works having built up area of about 5290
sq rn, has been completed and construc-
tion work has commenced. About 20%
work will be completed during the year.

Engineering Services Division

Engineering Services Division I & II of
C&S Group are in charge of maintaining
7445 flats and public buildings viz DAE
Secretariat, Dispensaries outside BARC,
Atomic Energy Education Society
Schools, Community Centres, markets,
DAE Guest House, etc. in Anushaktina-
gar, Mandala and City area including ex-
ecution of improvement works which are
minor capital in nature required for those
buildings. Besides it is responsible for
the operation and maintenance of elec-

trical power distribution, water supply
distribution, sewer lines and sewage
treatment plant in the large township at
Anushaktinagar.

DIRECTORATE OF ESTATE
MANAGEMENT

Directorate of Estate Management is re-
sponsible for the land management
spread over in different parts of Mahar-
ashtra and for the allotment of residential
flats to the employees of DAE and its units
located in Bombay. DEM maintain proper
seniority lists of eligible employees for
allotment of about 7000 houses in various
categories of accommodation.

Security of life and property in
Anushaktinagar and Government build-
ings in Bombay, falls within the ambit of
DEM. DEM renders help for the welfare of
the residents. Provision of adequate
shopping facilities is also looked into by
DEM. Allotment of shops, commercial
premises and public utility facilities such
as banks, post office, telephone booths
and recovery of licence fee for such pre-
mises etc. are attended to by DEM. Dur-
ing the year 252 flats (A,B,C,D, categor-
ies) were attotted to the employees. Now
104 B-Type and 48 flats E-Type flats will
be available shortly for allotment.

GENERAL SERVICES
ORGANISATION
General Services Organisation (GSO) at
Kalpakkam looks after common services
such as estate management, transport,
civil & electrical construction / mainte-
nance, water supply, auto garage, hospit-
al and other amenities in the DAE
Township. To achieve more effective
functioning of GSO, the Chairman, Kal-
pakkam Management Committee was de-
signated as Ex-Officio Director for GSO.
Services and facilities managed by GSO
during the year in brief are as under:-

Estate Management

This section looked after allotement of
residential quarters, shops and allied
matters, Guest House, Hostels liaison
with State and local authorities.

Civil & Electrical Construction works:

Construction of around 100 additional
quarters was completed during the year
and allotments made.

Township Maintenance

There are about 4500 quarters in addition
to shopping centres and public buildings
in the township. Civil and electrical
maintenance of the Colony, public health
and sanitation system, water supply,
sewerage treatment, upkeep of roads in

the township as well as the main arterial
road to IGCAR, maintenance of parks gar-
dens and other facilties were looked after.
Maintenance of powei supply through HT
power lines from IGCAR to township for
domestic purpose and street lighting,
sewerage plant and lift stations at IGCAR
was carried Out.

DAE Hospital

A Radiation Medical Centre is also being
developed at the hospital at Kalpakkam.
Hospital facilities, presently extended to
employees on a non-contributory basis,
are being considered for extension under
CHSS.

Departmental Transport

Operation and control of buses and other
heavy vehicles of DAE at Kalpakkam con-
tinued to be looked after.

Maintenance of all DAE vehicles at Kal-
pakkam was carried out in the Auto
Garage.

GSO also rendered administrative sup-
port to various committees for both DAE
and NPC units at Kalpakkam. GSO also
acted as nodal agency for sanction of
grant-in-aid to Kendriya Vidyalayas and
Atomic Energy Central School and func-
tions as coordinating agency for various
societies of employees. During the year
Kaloakkam Society for Continuing Educa-
tion under the control of KMC was set up
to manage a study centre of the Indira
Gandhi National Open University at Kal-
pakkam.

ATOMIC ENERGY EDUCATION
SOCIETY
With 27 schools at 14 different Centres
and over 27000 students and about 1600
staff members on its rolls, the Atomic
Energy Education Society is in the 24th
year of its existence.

The Society maintained an all-round
growth in academics and other allied
areas and even improved upon the pre-
vious performance. Notable achieve-
ments during the year were as follows:

Board Results:

A pass percentage of 92, 67 and 77 was
achieved in Science, Commerce and
Humanities streams respectively at the
Higher Secondary Examination.

The AEJC, Bombay secured the second
position amongst the institutions in Bom-
bay, with ten students within the first fifty
positions, four of which were amongst the
first ten. The college also achieved the
distinction of topping in electrical mainte-
nance in the Board for tha last seven
years, all the 50 students getting distinc-
tion.
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253 students out of 324 secured first Other Achievements One student won the Gold Medal at the
division in Science stream giving a per- -\-\Q Students secured admission in pro- National Standard Examination in Physics
centage of 78. fessional colleges and thirteen in IITs Six in 1991-92.

, . , . . . . . . „ . o u . r - students got admission in UDCT. One
In the All India Secondary School Ex- s t u d e n t { r * m A E C S H y d e r a b a d s e c u r e d

animationi at 10 centresia pass percen- admission in National Defence Academy. Enrichment courses and remedia
tage of 90 was achieved. The pass per- coaching classes were also conducted at
centage in Kaiga, Manuguru and Indore Ten students of AECS Bombay and some centres,
was 100. There were 273 distinctions in three from Narora School were selected
aggregate and 1620 distinctions in one or for the National Talent Search Scho-
more subjects. A student of Tarapur larship. Noteworthy achievements were In co-curricular, NCC and Sports activi-
school stood first among all the success- made in the mathematics tests organised ties, AEC Schools performed well and
tut AECS students. by various organisations and institutions. many students achieved laurels.
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ATOMIC ENERGY ORGANISATIONAL STRUCTURE

ATOMIC ENERGY COMMISSION

DEPARTMENT OF ATOMIC ENERGY

PUBLIC SECTOR

Nuclear Power
Corporation of India Ltd.

Electronic Corporation
of India Ltd.

Indian Rare Earths
Limited

Uranium Corporation
of India Limited

_L
R & D SECTOR

Bhabha Atomic Research
Centre

Indira Gandhi Centre for
Atomic Research

Centre for Advanced
Technology

r- INDUSTRIAL SECTOR
_L _L

Heavy Water Board

Nuclear Fuel Complex

Board of Radiation &
Isotope Technology

r SERVICES & SUPPORT SECTOR

Directorate of Purchase & Stores

Construction & Services Group

Directorate of Estate Management

Variable Energy
Cyclotron Centre

Atomic Minerals Division

General Services Organisation

FULLY AIDED
INSTITUTIONS

Tata Institute of
Fundamental Research

Tata Memorial Centre

Saha Institute of Nuclear Physics

Institute of Physics

Atomic Energy Education Society
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