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INTRODUCTION 
The Atomic Energy Commission (AEC), 
made the beginning in 1948 under the 
Act of Parliament, is the apex body in 
the country, for formulating policies and 
directing the programmes relating to 
peaceful uses of atomic energy in elec
tricity generation, and non-electricity 
applications such as medicine, agricul
ture and food technology, industry and 
research. 

The Department of Atomic Energy 
(DAE) is the executive arm of AEC for 
implementation of the policies and 
programmes. The Department controls 
five Research Centres, four Public 
Sector Companies, three Industrial 
Organisations and four Service 
Organisations. Under the aegis of DAE 
there are also six aided Research Insti
tutes. Following is the Organisational 
Structure of the AEC familly : 

1.1 ORGANISATIONS AND THEIR 
FUNCTIONS 

1.1.1 Research Organisations 

The research centres of DAE are 
engaged in multidisciplinary research 
which supports nuclear power 
programme and also non-electricity 
areas of nuclear energy in medicine, 
agriculture, industry, environment and 
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research. These centres are also work
ing in high-tech areas such as accelera
tors, computers, lasers, robotics, mate
rials and advanced reactors, research 
in frontier areas of basic science, and 
others 

The Bhabha Atomic Research Centre 
(BARC) at Bombay, is the premier 
national centre for n uclear research and 
development. The major facilities at 
BARC include research reactors 
DHRUVA (100MWt), CIRUS (40MWt) 
and APSARA (1MWt) for research and 
radioisotope production; plants for 
manufacture of uranium metal, nuclear 
fuels, fuel reprocessing, and waste im
mobilization; and seismic stations. The 
Fuel Reprocessing Plants at Tarapur 
and Kalpakkam and Waste 
Immobilisation Plants at Tarapur 
operate under BARC. The Radiation 
Medicine Centre - a unit of BARC at 
Bombay, is the regional referal centre 
of the World Health Organisation. The 
Centre has also setup a 14 million volt 
Pelletron Accelerator at Bombay in 
collaboration with the Tata Institute of 
Fundamental Research (TIFR). 

The Indira Gandhi Centre for Atomic 
Research (IGCAR) at Kalpakkam, 
Tamil Nadu, is engaged in the develop
ment of sodium cooled fast reactor 
technology including all the aspects of 
its fuel cycle and related safety. Fast 
Breeder Test Reactor (FBTR) is its 
major facility. 

The thrust areas of research at the 
Centre for Advanced Technology 
(CAT), Indore, Madhya Pradesh, are 
lasers, accelerators, high vacuum tech
nology, cryogenics and technology for 
manufacture of large magnets. Syn
chrotron Radiation Source (SRS) being 
set up at CAT, will be an unique nuclear 
research facility in the country. 

TheVariable Energy Cyclotron (VEC) 
at Calcutta, is a national research faci
lity in nuclear field which delivers 
beams of nuclear particles for research 
in nuclear physics and also for produc
tion of radioisotopes such as gallium-
67. 

The Atomic Minerals Division (AMD) 

is engaged in radiometric and geologi
cal surveys, exploration, prospecting 
and development of various mineral 
resources needed for the nuclear 
power programme of DAE. 

1.1.2 Public Sector Organisations 

The DAE's companies are the Nuclear 
Power Corporation of India Ltd. (NPCIL), 
the Uranium Corporation of India Ltd. 
(UCIL),the Indian Rare Earths Ltd. (IRE) 
and the Electronics Corporation of 
India Ltd. (ECIL). 

NPCILisresponsiblefordesigning, build
ing and operation of nuclear power 
plants in the country. There are 10 oper
ating nuclear power reactors - two each 
at Tarapur (Maharashtra), Rawatbhata 
(Rajasthan), Kalpakkam (Tamil Nadu), 
Narora (Uttar Pradesh), and Kakrapar 
(Gujarat), with a total installed capacity 
of 1940 MWe. Tarapur reactors are 
boiling water (BWRs) type and the rest 
are pressurised heavy water reactors 
(PHWRs). The Unit-1 of the Rajasthan 
Atomic Power Station, with a rated ca
pacity of 100 MWe, is managed by 
NPCIL on behalf of the Government. In 
addition, four PHW reactor units of 220 
MWe each, are under construction at 
Kaiga (Karnataka) and Rawatbhata. 

UCILis engaged in mining and process
ing of uranium. It operates a uranium 
mill atJadugudaand mines at Jaduguda 
and Bhatin (Bihar). The Corporation also 
runs three uranium recovery plants at 
Surda, Rakha and Mosaboni, and a by
product recovery plant. 

IRE mines and processes mineral 
sands containing thorium and rare earth 
minerals. The Company has two min
eral sands separation plants at 
Manavalakurichi and Chavara, and a 
Rare Earths Plant at Alwaye. IRE has 
also set up Orissa Sands Complex 
(OSCOM) for production of various 
minerals and value added products. 

ECIL produces a varied range of 
sophisticated electronic systems, 
instruments and components - based 
primarily on indigenous technolog., The 
Company is also a leading producer of 
computers and consumer electronics. It 

meets the control and instrumentation 
requirements of DAE organisations in 
addition to catering to the needs of other 
organisations. 

1.1.3 Industrial Organisations 

The Heavy Water Board, Bombay, 
Nuclear Fuel Complex (NFC), 
Hyderabad, and Board of Radiation and 
Isotope Technology (BRIT) Bombay 
are the Industrial organisations of the 
Department. 

The Heavy Water Board is responsi
ble for planning and production of heavy 
water for meeting the requirements of 
nuclear power and other research reac
tors. Eight Heavy Water Plants have 
been operating at'Nangal (Punjab), 
Tuticorin (Tamilnadu), Rawatbhata 
(Rajasthan), Baroda (Gujrat), Thai 
(Maharashtra), Talcher (Orissa), 
Manugus-y (Andhra Pradesh) and Hazira 
(Gujrat). The plants at Rawatbhata and 
Manuguru use hydrogen sulphide and 
water exchange process developed at 
Trombay. Except the Nangal Plant 
which uses electrolysis of water and 
low temperature hydrogen distillation 
process for heavy water production, 
the rest use ammonia-hydrogen 
exchange process. 

The Nuclear Fuel Complex fabri
cates and supplies fuel for the nuclear 
power reactors and zircaloy compo
nents. It also fabricates thorium oxide 
blankets for the FBTR at Kalpakkam. 
NFC operates plants for production of 
ceramic grade uranium oxide, zircaloy 
components, sintered pellets and fuel 
assemblies. Other facilities are Stain
less Steel Tubes Plant and Ball Bearing 
Tubes Plant. 

The Board of Radiation and Isotope 
Technology (BRIT) promotes radio
isotope applications in medicine, agri
culture and industry. It also sponsors 
and supports research at national level. 
BRIT operates a radiation sterilization 
plant Isomed at Trombay, radiophar
maceutical laboratories at New 
Bombay and Biomolecules Production 
Facility Jonaki at Hyderabad. In addition 
the Board has regionalcentresfor 
radiopharmaceuticals at Bangalore, 
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Dibrugarh and Delhi. 

1.1.4 SERVICE ORGANISATION 

The Directorates for Purchase & 
Stores, Estate Management, and 
Construction & Services Group , all 
at Bombay, and General Service 
Organisation, Kalpakkam manage 
support functions such as purchases, 
stores, estate matters, construction and 
maintenance of buildings, and general 
services. 

1.1.5 AIDED INSTITUTES 

The Tata Institute of Fundamental 
Research (TIFR) is the national centre 
for nuclear sciences and mathematics. 
It is also engaged in frontline research 
in astrophysics, astronomy, computer 
science and molecular biology. TIFR's 
research facilities include a 14MV 
Pelletron Accelerator and NMR Facility 
at Bombay, Balloon Research Facility at 
Hyderabad, and Radiotelescope Array 
and National Image Processing Facility 
for Astronomy at Ooty. In addition, TIFR 
manages the Homi Bhabha Centre for 
Science Education (HBCSE). TIFR is 
setting up a globally unique facility for 
frontline research in radioastronomy, 
Giant Metrewave Radio Telescope 
(GMRT) with 30 gigantic parabolic 
dishes capable of studying radiowaves 
from different cosmic objects. 

The Saha Institute of Nuclear Phys
ics (SINP) is a research establishment 
of international repute. It conducts re
search in nuclear physics, nuclear 
spectroscopy, nuclear and radiation 
chemistry, molecular physics, plasma 
physics, bio-physics, molecular biology 
and instrumentation. 

TheTata Memorial CentrefTMC), com
prising the Tata Memorial Hospital 
(TMH) and the Cancer Research Insti
tute (CRl), plays a leading role as a 
major centre for cancer therapy, re
search and education. TheTata Memo
rial Hospital is equipped with sophisti
cated, facilities for diagnosis and 
treatment of cancer. It registers over 
25,000 patients per year. 
The Cancer Research Institute is en
gaged in cancer research and-educa

tion. TMC is setting up an Advanced 
Centre for Treatment, Research and 
Education in Cancer (ACTREC) in 
New Bombay. 

The Institute of Physics (IOP), 
Bhubaneswar is engaged in advanced 
research in theoretical and experimen
tal high energy and solid state physics. 
The research facilities at the Institute 
include a Pelletron Accelerator and a 
set up for Compton profile and positron 
annihilation experiment. 

The other institutes aided by DAE are 
the Mehta Research Institute of Math
ematics and Mathematical Physics, 
Allahabad, which carries out research in 
operation theory, consumability theory, 
particle physics and field theory and 
the Institute of Mathematical Sci
ences, Madras. 

The National Board of Higher Math
ematics (NBHM) and the Atomic 
Energy Education Society (AEES), 
Bombay. 

1.2 PROGRAMMES IN 
PERSPECTIVE 

In nuclear technology, today, India is 
recognised internationally as one of the 
advanced countries. 'Selfreliance 
through Indigenisation', the guiding 
philosophy of the Indian nuclear 
programme, has steered the country 
towards developing technical capabili
ties in all the segments of the nuclear 
fuel cycle, spanning from exploration, 
mining, fuel fabrication, designing, 
building and operation of nuclear power/ 
research reactors, to reprocessing, 
and waste management. Also, over a 
period of time, a strong multidisi binary 
high-tech research and development 
infrastructure has been builtup. This 
has not only contributed to the nuclear 
power generation capability, but also a 
lot to the areas of health, food and 
industry. DAE's efforts have also gone 
a long way in the development of indig
enous industry by introducing new 
sophisticated technologies and tech
niques, developing human resource 
base and extending sophisticated 
technical service to industry. 

1.3 

Following is a glimpse of the DAE's 
Programmes: 

1.2.1 Power Generation 

The Department has been pursuing the 
3-stage Nuclear Power Programme 
which aims at using natural uranium 
fuel based pressurised heavy water 
power reactors in the first stage, fast 
breeder reactors using plutonium based 
fuel for power generation and in addi
tion producing nuclear fuel (plutonium 
and uranium-233) in the second stage -
- thus maximising the use of natural 
uranium, and advanced power reactors 
using thorium fuel cycle in the third 
stage. 

The Department has successfully 
achieved technical capability in the 
design, construction and operation of 
pressurised heavy water reactors 
(PHWRs). The programme of building 
of PHWRs has been indigenised,. and 
the design of 220MWe PHWR has been 
standardised. The 500MWe capacity 
pressurised heavy water reactor is un
der development. With the successful 
operation of the Indian fast breeder test 
reactor (FBTR), goals have been set for 
the development of 500MWe prototype 
fast breeder reactor (PFBR). 

The R&D programmes of BARC in the 
field of reactor engineering have led to 
the development of number of useful 
technologies for power reactors such as 
in-service inspection systems for the 
inspection of coolant channels, remote 
video inspection system, vibration-
based diagnostic system for identifica
tion of coolant channels etc. Several 
fuel pins have been fabricated for 
PHWRs involving thorium utilization and 
plutonium recycling. 

1.2.2 Heavy Water Production 

Heavy water is used in pressurised 
heavy water reactors as moderator and 
coolant. The heavy water production 
technology is fully established in the 
country. Eight heavy water plants are in 
operation. Rawatbhata and Manuguru 
plants are using indigenous process for 
heavy water production developed at 
Trombay. These plants have been 
continuously posting good performa-
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nee. After meeting the domestic 
needs, DAE is now confidently seeking 
export avenues. 

1.2.3 Nuclear Fuel'Fabrication 

For fuel fabrication and related compo
nents, facilities have been developed 
under one roof atthe Nuclear Fuel Com
plex (NFC), Hydrabad. NFC provides 
support to the nuclear power progra
mme by producing nuclear fuel assem
blies both for PHWRs and boiling water 
reactors (BWRs). Apart from stepping 
up the fuel production for pressurised 
heavy water reactors, the NFC is pre
paring for develo'pment of components 
needed for advanced reactors, such as 
PFBR, fabricating them to strict interna
tional quality standards. NFC has been 
meeting the fuel requirements of all the 
operating reactors. It has crossed the 

mark of manufacturing one lakh fuel 
bundles for PHWRs last year. 

1.2.4 New Fuels 

Development of new fuels is a thrust 
area of the Indian Atomic Energy 
Programme. For FBTR, fuel made of 
mixed uranium-plutonium carbide has 
been successfully developed BARC. 
Such a fuel core has been used in a fast 
reactor for the first time in the world. 

The Department has also taken stride 
towards the third stage of its nuclear 
power programme. Uranium-233 based 
fuel has been developed and work has 
commenced on the design of Advanced 
Heavy Water Reactor (AHWR) which 
will make use of thorium in electricity 
generation. 

1.2.5 Safety 

DAE's commitment to safety is total 
and the safety standards are compa
rable to those of International Agencies. 
This is monitored by the Atomic Energy 
Regulatory Board which is an indepen
dent body. By incorporating innova
tions from R&D efforts, there is a con
stant endeavour to upgrade the exist
ing level of safety. Development of 
in-service inspection systems, remote 
viewing and vibration based diagnostic 
system, detritiation of moderator heavy 
water, chemical decontamination of the 
calandria are a few examples to quote. 
Quality assurance has also been the 
key element of DAE's safety policy. 
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1.2.6 Reprocessing and Waste 
Management 

Reprocessing and waste management 
constitute the back-end of the nuclear 
power programme. Both these tech
nologies are now fully established in the 
country as a result of the research and 
development carried out at BARC. A 
fuel reprocessing plant PREFRE is 
operational at Tarapur and another one 
KARP, with several novel features and 
concepts, is coming up at Kalpakkam. 
Vitrification of radioactive waste is a 
complex technology to which a very 
few countries have access. BARC has 
successfully developed this technology. 
A Waste Immobilisation Plant (WIP) at 
Tarapurfor vitrifying high active-liquid-
wastes has been made operational. 

1.2.7 Environment Preservation 

In all the nuclear installations, care is 
taken to preserve and protect the envi
ronment. A national network of environ
mental radiation monitoring stations is 
being established which will help to de
tect unusual radiation releases as a part 
of a global environmental radiation moni
toring (GERMON) network. 

The Environment Survey Labs (ESLs) 
at different sites are equipped with 
sophisticated equipment for continu
ously monitoring environment. Weather 
monitoring sophisticated systems 
SODARare operational at Kalpakkam 
& Kaiga for collecting site related 
meteorological data . A real time envi
ronmental dose logging system has 
been developed for use in the vicinity 
of nuclear power plant. 

1.2.8 Radioisotope Applications 

In India.benefits of atomic energy have 
been assimilated by medicine, agricul
ture, industry and research fields. Over 
the years an extensive infrastructure 
has been built' up in the production of 
radioisotopes which has serviced 
industry in many ways such as quality 
assurance of industrial products and 
plants, radiation-sterilization of medical 
products, detection of microfissures etc. 
Radioisotopes and radiation techniques 
are extensively used in health care. 
DAE has identified the area of radiation 

technology and radioisotope applica
tions as an important technology mis
sion with a view to strengthening the 
linkages . between technology 
developement and its end users. The 
radioisotopes produced from the reac
tors atTrombay are used for both diag
nostic and therapeutic purposes. BARC 
has made substantial contribution to 
the development and promotion of ra
dioisotope and radiation applications. 
The Centre is a major producer of 
radioisotopes and allied products. 
Radiodiagnosis and radiotherapy of 
cancer are offered by the Tata Memo
rial Centre. 

The Board of. Radiation and Isotope 
Technology (BRIT) processes and sup
plies radioisotope based products and 
equipment for use in diagnosis and 
treatment of diseases, industry and re
search. The radiopharmaceuticals sup
plied by BRIT are used in about seven 
lakh investigations every year. Medical 
industry is a major beneficiary of BRIT's 
radiation sterilization service. Isomed, 
the facility for sterilization of medical 
products, has completed twenty years 
of service. 

1.2.9 Nuclear Agriculture 

BARC's mutation breeding programme 
has resulted in the evolution of high 
yielding varieties of pulses, oilseeds, 
rice and jute. Many of these have reached 
the farmers and are cultivated in differ
ent parts of the country. BARC has also 
established irradiation technology for 
preservation of food. Irradiation of sea 
food, spices, potatoes and onions has 
been approved by the Government for 
export purposes. In agricultural re
search, applications of radioisotopes 
have helped in monitoring the fate and 
persistence of pesticides in soil, ground 
water and environment. 

1.2.10 Spin-Offs 

The research and development work 
carried over the years has generated 
spin-offs in several disciplines that have 
benefitted a number of industries. Many 
sophisticated techniques and services 
developed as a result of research and 
development in the nuclear field, are 

proving a boon to industrial sectors. 

1.2.11 Human Resource Develop
ment 

DAE, apart from concentrating on hu
man resource development programmes 
for its own requirements, has extended 
it for other organisations at national and 
international levels in various high-tech 
areas such as nuclear agriculture, 
nuclear medicine, radioisotope technol
ogy and many specialised services. 

1.2.12 International Relations 

The Department offers training facili
ties, fellowships, visits and services of 
experts through the International Atomic 
Energy Agency (IAEA) of bilateral 
agreements for cooperations for peace
ful uses of atomic energy. The country 
has now come forward to share its 
expertise for peaceful uses, with other 
countries. India has been a member of 
the Board of Governors of the Interna
tional Atomic Energy Agency (IAEA) 
since its inception. In September, 
1994 India was elected as the Chair
man of the Board of Governors of IAEA 
India also signed the International Con
vention on Nuclear Safety at Vienna 
1994. 
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THE YEAR 1994-95 
AT A GLANCE 

Kaprapar Atomic Power Station 
Election of India as Chairman of the 
Board of Governors, International 
Atomic Energy Agency (IAEA) for 1994-
1995, signing of International Conven
tion on Nuclear Safety by India, attain
ment of criticaliry and synchronisation 
of Unit-2 of the Kakrapar Atomic Power 

Station with the grid, order from South 
KoreaforthesupplyoflOOmetrictonnes 
of heavy water, NFC crossing the pro
duction milestone of one lakh PHWR 
fuel assemblies, BARC signing memo
randum of understanding with 
Hindustan MachineToolsLtd.for manu
facture of master slave manipulator, 
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and FBTR's successful upgradation to 
10.4 MWt power level, are some of the 
landmarks of the year. Tarapur Atomic 
Power Station recently completed 
twenty five years of its successful 
operation having generated more than 
45,600 million units of electricity and 
supplied to the western states of 
Maharashtra and Gujarat. The irradia
tion facility for sterilization of medical 
products Isomed, operating at Trombay, 
also completed two decades of its ser
vice to medical industry. 

2.1 Power Generation 

On the Power front,- Unit 2 of Kakrapar 
Atomic Power Station achieved critical-
ity on 8 January, 1995 and was 
synchronised with the Western grid on 
4 March, 1995, adding 220 MWe to the 
nuclearpowergeneration capacity which 
now stands at 1940 MWe. The Unit is 
expected to commence commercial 
power generation from 1 July, 1995. 
TheUnit-1 of Narora Atomic Power Sta
tion, which was on outage after the fire 
incident on 31 March, 1993, was fully 
rehabilitated and electricity generation 
commenced. After inspection and 
modifications in the turbine of KAPS-1, 
the Unit was brought back on line in 
November, 1994. The construction 
work on the projects Kaiga-1 &2 (2x220 
MWe) and Rajasthan Atomic Power 
Project-3&4 (2x220 MWe) continued. 
Consequent on the Kaiga-1 reactor 
building dome incident, evaluation and 
drawing up of rehabilitation plan pro
gressed. 

The cummulative gross generation 
from all the nuclear reactors in opera
tion since commencement of their 
commercial operation till December, 
1994, amounted to over 92,200 million 
units. During the calendar year 1994, 
gross generation from the nuclear 
power stations in operation was 4989 
million units. It is expected that gross 
generation of about 5650 million units 
would be achieved during the financial 
year 1994-95. 

The releases of radioactivity in the 
liquid and gaseous forms from all the 
nuclear power stations were well below 
the permissible limits. Analyses of air, 
water, milk, flora and fauna samples 

done by the Environmental Survey 
Laboratories indicated that that the ra
diation dose resulting from the opera
tion of the nuclear power stations re
mained far below the limits prescribed 
by the Atomic Energy Regulatory 
Board (AERB). 

BARC successfully developed and 
used technology for remote repairs. 
Rectification of leakage at the over 
pressure relief device (OPRD) of the 
RAPS-1 by remote operated tooling 
and manipulators developed at 
Trombay, was a challenging job 
executed by BARC. The coolant chan
nel inspection system, developed at 
Trombay, successfully executed in-
service inspection of coolant channels 
of RAPS-2, MAPS-1 and MAPS-2. For 
KAPP-2 reactor, several critical control 
and monitoring systems and transfer 
system for 500 MWe PHWR, PFBR 
fuel handling system were also devel
oped. 

2.2 Heavy Water Production 

There was overall improvement in the 
production of heavy water. During the 
year, performance of all the plants, 
except Talcher was good. The opera
tion of Talcher Plant was suspended 
mainly on account of non-availability 
of the required inputs on sustained 
basis from the connected Fertilizer 
Plant. An additional heavy water final 
enrichment plant based on vaccuum 
distillation was successfully commis
sioned at Heavy Water Plant, Thai. 
With this, the number of towers put up 
by BARC and now under operation, 
has gone to sixteen. 

2.3 Nuclear Fuel Fabrication 

During the year NFC supplied fuel 
bundles to all the nuclear power sta
tions. NFC also fabricated and supplied 
reactor core components to Kaiga-2 
and RAPP-4, and nonfuel components 
to Advance Fuel Fabrication Facility 
(A3F). NFC also completed 
indigenisation of the design, fabrica
tion and commisioning of strategic 
equipment such as automatic ultra
sonic fuel bundle washing and cleaning 
system, computer controlled weld 
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strength testing machine, 2000 T hy
draulic briquetting press and a large size 
electron beam welding machine. 

BARC successfully fabricated Mixed 
Oxide (MOX) fuel - an alternative to 
enriched uranium fuel, and developed 
uranium-233 based fuel as used inTAPS. 
Hot cell facility for handling radioactive 
carbidefuel and structural materialsfrom 
FBTR was also commissioned at 
Kalpakkam. 

2.4 Fuel Reprocessing 

At the Power Reactor Fuel Reprocess
ing Plant (PREFRE), Tarapur, the pol
ishing of Off-grade depleted uranium 
solution was completed by BARC. Re
vamping of PREFRE Plant was also 
taken up for implementation. The KARP 
Project, being set up by BARC at 
Kalpakkam, for reprocessing MAPS 
fuel entered the final phase of construc
tion. A project proposal for setting up a 
medium size Reprocessing Plant 
(PREFRE-3) in the Northern Region is 
under finalisation. BARC carried out 
studies on removal of actinides from 
high level waste which show promise in 
removing the long lived alpha nuclides. 

2.5 Waste Management 

The waste treatment, conditioning and 
disposal systems at various nuclear in
stallation sites were fully operational 
throughout the year. A process for treat
ment of intermediate level waste from 
reprocessing plant was developed us
ing the organic resins developed and 
successfully tested in BARC. For final 
disposal of immobilised high level radio
active wastes, the programme of siting 
a repository in suitable deep geological 
formations and characterisation of host 
rocks continued. 

Construction of the Waste Immobilisa
tion Plant (WIP) at Trombay progressed. 
Another Waste Immobilisation Plant is 
under construction at Kalpakkam for 
immobilisation of high and intermediate 
level liquid wastes from the reprocess
ing plant at Kalpakkam. 

2.6 Fast Reactors 
FBTR was operated at full power of 10.4 
MWt with indigenous core of mixed 



carbide fuel which was taken to a maxi
mum burnup of 16,000 megawatt day 
per tonne. The reactor wii! soon gener
ate electric power. Work on the devel
opment of 500MWe prototype fast 
breeder reactor (PFBR) has also pro
gressed. 

2.7 New Reactor Concepts 

Efforts are being made to develop new 
reactor concepts with improved safety 
and flexibility to promote utilisation of 
thorium. In Unit-1 of KAPS, thorium 
bundles were loaded into the initial core 
of pressurised heavy water reactor as a 
means of utilisation of thorium and pro
duction of uranium-233 to derive expe
rience for the third generation of reac
tors of nuclear programme. Work has 
been initiated at Trombay for the design 
of an advanced heavy water reactor 
(AHWR) which will make use of thorium 
as fuel. 

2.8 Safety 

Apart from providing radiation safety 
services to all the nuclear installations 
and training personnel in radiation safety, 
BARC carried out a number of safety 
relatled programmes. These included a 
gamma spectrometric survey with simu
lated ground contamination in Jodhpur 
as a part of strengthening emergency 
preparedness, addition of five more 
monitoring stations at different locations 
of the country as a part of the global 
environmental Irradiation monitoring 
network programme, and of workers at 
the nuclear installations. The occupa
tional radiation limits were continued to 
be maintained below the limits stipu
lated by the International Commission 
on Radiological Protection (ICRP) and 
AERB. 

The industrial safety awards of AERB 
for operating and under-construction 
units were given to TAPS and KAPS. 
TAPS Complex was also awarded the 
Green Site Award of AERB. Training 
programmes and seminars were ar
ranged on industrial safety, fire safety, 
and Probabilistic Safety Analysis (PSA). 

NPCIL, in coordination with IAEA and 
Candu Owner's Group organised a 
technical Committee meeting on 

exchange of operational safety experi
ences of PHWRs in Bombay. NPCIL 
also organised special training 
programmes on. Assessment of Safety 
Culture Organisation Team (ASCOT), 
Assessment of Safety Significant Event 
Team (ASSET), Probabilistic Safety 
Assessment (PSA) and Operational 
Safety Significance & Review Team 
(OSSART). 

The safety records of the heavy water 
plants were also very satisfactory. More 
than two million man-hours each were 
logged at Baroda, Kota, Manuguru, 
Tuticorin, Thai and Hazira without any 
reportable accident. IGCAR provided 
health physics surveillance for opera
tions in various radiactive facilities of 
IGCAR. The Centre also conducted site 
emergency exercise and developed an 
electronic book software to provide a 
self-learning kit for personnel initiating 
action plans .during a site emergency. 

2.9 Research Reactors 

The research reactors APSARA, CI RUS 
and DHRUVA at Trombay continued to 
operate satisfactorily and provided fa
cilities for basic and applied research 
and isotope production. Considering that 
APSARA and CI RUS have been in op
eration for over three decades, plans 
were drawn up for their refurbishing. 
KAMINI reactor, a uranium-233 fuelled 
30 KW research reactor, at Kalpakkam 
is preparing for pre-commissioning tri
als. 

2.10 Radioisotope Applications 

Gamma scanning of 80cm dia. ammo
nia separator column was carried out for 
Alkyl Amines Chemicals Ltd., 
Patalganga, Maharashtra. The sus
pected portions were radiographed. 
Gamma scanning of the vacuum distilla
tion column of feed preparation unit at 
Indian Oil Corporation Ltd., Gujarat Re
finery, Baroda, Gujarat was also carried 
out. An Industrial Computed 
Tomographic Imaging system was de
veloped by BARC using cesium-137 as 
the source of gamma radiation. This 
system was also used for digital radiog
raphy in NDT applications. 

For the Ganga Project Directorate, New 
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Delhi, studies were taken up by BARC to 
test the suitability of gamma irradiation 
to disinfect sewage effluents at the 
Sludge Hygenisation and Research Ir
radiator (SHRI) facility, Baroda. The re
sults have indicated good technical fea
sibility of the method for wider applica
tions. 

During 1994, BRIT supplied over 71,000 
consignments of various radioisotope 
products valued over Rs.12 crores, for 
use in medicine, industry, agriculture 
and research. Also, export of radioiso
topes worth about Rs.15 lakh, was 
achieved. 

Completion of major works of Radioiso
tope Equipment Production Facility, 
standardisation of Radioimmunoassay 
(RIA) procedures for the measurement 
of nanomolar levels of steroid hormones 
in human serum, supplies of various 
products such as lridium-192 sealed 
sources (600 TBq) and wires for 
brachytherapy, cobalt-60 sources for 
treatment of cancer and loading in 
gamma irradiators and radiation sources 
of low and high intensity, were the other 
salient developments. BRIT also sup
plied 41 remotely operated radiography 
cameras to industrial users. 

2.11 Technology Transfer 

DAE has successfully transfered tech
nology within the system and has been 
interacting closely with industries. Dur
ing the year BARC's expertise was 
sought in solving & number of technical 
problems not only by the various units of 
DAE but also by outside agencies. The 
expert services were made available 
both at national and international levels. 

2.12 Quality Assurance 

Quality Assurance activities were con
tinued in all the areas of work. NPCIL 
carried out annual quality audits on it 
Project. Specific area audits were also 
were also carried out. NPCIL offered 
quality assurance services to DAE 
organisations and outside agencies. The 
National Centre for Compositional 
Characterisation of Materials procured, 
installed and calibrated equipment and 
completed necessary infrastructural 



facilities. The Centre, when fully opera
tional, will be an uniquefacilityfor indus
trial and research organisations in the 
country. 

2.13 High-Technology 

Accelerators 

The Variable Energy Cyclotron at 
Calcutta provided nuclear particle 
beams for use in nuclear research. The 
cyclotron is being upgraded. Isotope 
online (ISOL) facility was commiss
ioned. Works on superconducting 
oyclotron also made progress. The 
isotope gallium-67 produced at VEC 
was supplied regularly to the Birla 
Heart Research Centre. The INDUS-1 
facility of the Synchrotron Radiation 
Source, being setup at Indore, is near-
ing completion. The basic research in 
nuclear physics was centered around 
the 14 Million Volt Pelletron - the heavy 
ion accelerator facility set up jointly by 
BARC and TIFR at Bombay. Acceler
ated ions of different kinds were deliv
ered for experiments. In view of the 
importance of multikilowatt, d.c. elec
tron accelerators for applications in plas
tics modification, sterilisation of medical 
products and food preservation, accel
erators being developed at Trombay 
include accelerators of 500 keV and 
1MeV energy. 

Lasers 

CAT, Indore has developed a PC con
trolled laser welding machine for weld
ing of titanium shell of heart pace maker 
assembly. This is an important import 
substitution. Assembly of a wave guide 
- a far infra red (FIR) laser resonator, 
was also fabricated. Other researches 
included upgradation of transverse 
flow carbondioxide laser for profile cut
ting and surface modifications, a 
noncontact diameter measurement sys
tem based on laser scanning principle, 
fabrication of two nitrogen lasers for 
treatment of wounds.and study of laser 
excited spectra of malignant and adjoin
ing normal tissues. 

Advances were made in the develop
ment of technologies in hightech areas. 
An indigenously built Laser Enhanced 

Ionization Spectrometer (LEI) was used 
to study atomic and molecular species 
inflames. R&D studies on laser glazing, 
laser cutting viz., underwater cutting, 
multi-sheet cutting, profile cutting and 
laser surface alloying were carried out at 
Trombay. 

A dye laser oscillator-amplifier system 
with an extraction efficiency of over 40% 
was develpoped by BARC. This system 
is capable of giving an average tube 
power of several watts on a narrow line 
which is highesttunable power produced 
indigenously. A new sol-gel based pro
cess was also developed by BARC for 
the preparation of Nd-YAG (neodymium-
yttrium aluminuium garnet) single phase, 
high surface area, high purity power and 
ultra pure single phase YAG powder 
was made. This process is useful for 
making crystal. 

Parallel Processing 

A 32-node Parallel Processing System 
was made functional. This system has a 
peak speed of 2.56 GFLOPS which is 
almost the same as the speed 
achieveable from the conventional 
super computer of Cray. For high 
speed image processing and scientific 
visualisation, image processing 
routines were developed by BARC. 
It was possible to develop a number of 
software packages for any user 
specific high speed image processing 
and scientific applications. 

The development of virtual reality 
package on graphics workstation was 
completed and released for initial test
ing Under the programme for the 
development of computational methods 
and computer codes and analysis , 
IGCAR developed a back propagation 
algorithm for analysing the leak noise 
data from a sodium-steam generator 

• and carried out design-basis-accident 
(DBA) analysis of BN-800 benchmark 
design. Among the recent notable 
achievements is the development of a 
robotic flexible assembly network for 
automated assembly of components. 

Instrumentation 

BARC has developed a solid state de
tectors for hydrogen sulphide gas at 
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ppm levels for environmental monitor
ing. A new spectrometer for inelastic 
neutron scattering was also commis
sioned at Dhruva. 

Superconductivity 

BARC investigated interaction of the 
constituents of high temperature super
conductors. IGCAR achieved synthesis 
of Bi2233 superconducting material via 
sol-gel route and fabricated tapes and 
wires from the material. A state of the art 
superconducting quantum interference 
device (SQUID) sensor, having appli
cations in, biomagnetism, geomag
netism, geophysics and otherfields, was 
also developed. 

Robotics 

In the field of Robotics and Technology 
Transfer, a major event was signing of 
the Memorandum of Understanding 
(MOU) between BARC and Hindustan 
Machine Tools (HMT), Bangalore, for 
collaboration in the development, manu
facture and commissioning of upgraded 
Bilateral Master Slave 
Servomanipulators for the Waste 
Immobilisation Projects. A variety of 
remote handling and robotic equipment 
were developed for effective and safe 
operation of nuclear facilities. 

Studies on the use of pheromones in 
the integrated pest management 
programme were continued by BARC. 
Field trials forthe evaluation of synthetic 
pheromones for cotton pests were con
tinued. 

2.14 Basic and Applied Research 

Salient achievements include 
researches leading to the evidence 
for the interpretation of resonances in 
heavy ion reaction excitation cross 
sections as manifestations of highly 
deformed shapes of compound nuclei. 
These findings have aroused interest 
among the international community of 
physicists. 

At IGCAR salient activities related to 
application of laser scattering tech
nique for surface roughness measure
ment, laser ablation technique for direct 
analysis of solids, thermodynamic and 
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solubility studies on fullerene, setting up 
of a facility for studying gas-solid inter
action and a high pressure x-ray powder 
diffractometer for crystal structure stud
ies, indigenous preparation of nuclear 
grade graphite from commercial grade, 
and precision fabrication of Mao-Bell 
type megabar diamond anvil for gener
ating very high pressures. 

2.15 Healthcare 

Planning of the teletherapy department 
of a large cancer hospital in Bombay 
Municipal Corporation was carried out 
by BARC. BARC also assisted the Drug 
Controller of India in the licensing pro
cess of the gamma irradiator at Defence 
lab, Jodhpur for sterilisation of medical 
products. 

Cesium-137 is now replacing the radium 
in brachytherapy sources. To meet the 
requirement of brachytherapy, a pro
cess to incorporate the isotope in boro-
silicate glass matrix was standardised. 

During the year 60,000 consignments of 
different radiopharmaceuticals were 
supplied by BRIT for use in nuclear 

medicine, enabling an estimated 
7,00,000 patients investigations and 
treatment. BRIT also supplied labelled 
biomolecules for studies in molecular 
biology. ISOMED, the first radiation 
sterilization plant in the country com
pleted 20 years of operations. During 
the year the plant sterilized about 9600 
cubic metres- of medical products. 

The preliminary analysis of the epide
miological studies of occupational work
ers and their families conducted by the 
TMC for TAPS site showed that the 
incidence rates of all the diseases for 
the population examined were less than 
the state average whch is less than the 
all India average. Such studies for 
Rawatbhata and Kaiga sites are on the 
anvil. Pre-operational environmental 
radioactivity survey for Kaiga site was 
also carried out by NPCIL in coordina
tion with BARC. 

2.16 Nuclear Agriculture 

With the notification of the Government 
to amend the Food Adulteration Act, 
way has been cleared for the commer
cial exploitation of the gamma irradia

tion technique for preservation of food 
articles such as onions, potatoes and 
spices. The Central Seed Committee, 
Government of India issued Gazette 
Notification for commercial cultivation of 
BARC developed mungbean TARM-2 
which is resistant to powder mildew 
disease. A large scale production of a 
biopesticide, an indigenous isolate, was 
successfully attempted paving way for 
commercialisation. 

Micropropagation of banana was con
tinued by BARC and the protocol was 
standardised for the multiplication of 
seven commercial . varieties. Tissue 
cultures of Pigeon pea were estab
lished and plants were regenerated 
from callus derived from leaves. 

2.17 Public Awareness 

Various organisations of DAE laid em
phasis on regular interaction with edu
cational institutes, seminars/workshops 
on nuclear power and related areas. 
Exhibitions and published information 
material was also disseminated to me
dia and public. 
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Unit 2 of Kakrapar Atomic 
Power Station achieved 
criticality on 8 January, 1995 
and was synchronised with 
the Western grid on 
4 March, 19S5.. The nuclear 
power generation capacity 
now stands at 1940 MWe. 

The Unit-1 of Narora Atomic 
Power Station, which was on 
outage after the fire incident 
on 31 March, 1993, was fully 
rehabilitated and electricity 
generation commenced. 

The construction work on 
the projects Kaiga-1 &2 
(2x220 MWe) and Rajasthan 
Atomic Power Project-3&4 
(2x220 MWe) continued. 

The cummulative gross 
generation from all the 
nuclear reactors in operation 
since commencement of 
their commercial operation 
till December, 1994, 
amounted to over 92,200 
million units. During the 
calendar year 1994, gross 
generation from the nuclear 
power stations in operation 
was 4989 million units. 

The releases of radioactivity 
in the liquid and gaseous 
forms from all the ni'dear 
power stations were veil 
belbw the permissible 
limits. 

NUCLEAR POWER 

Installation of coolant channels in reactor building-1 of Kaiga Atomic Power Project 

3.1 NUCLEAR POWER GENERATION 

During the calendar year 1994, the 
nuclear power plants in commercial 
operation recorded a gross generation 
of about 4990 MUs of electricity. For 
the period from 1 April to 31 December 
1994 the total gross electricity genera
tion was about 3850MUs. A gross gen
eration of about at 5680 MUs is ex
pected to be achieved during the 
financial year 1994-95. The cumula
tive gross generation from all the units 
in operation since commencement of 
their commercial operation till the 
end of December 1994, amounted 
to 92,225 MUs. 

The releases of radioactivity in the 
liquid and gaseous forms from all 
the nuclear power stations were well 
below the permissible limits. Environ

mental Survey Laboratories of BARC 
have been monitoring the surroundings 
of these stations. Analyses of air, 
water, milk, flora and fauna samples 
indicated that the radiation dose 
resulting from the operation of the 
nuclear power stations remained far 
below the limits prescribed by the 
Atomic Energy Regulatory Board 
(AERB). 

3.1.1 Tarapur Atomic Power Station 
(2x160MWeBWR) 

The station completed 25 years of 
successful commercial operation and 
logged 50 reactor years as of Decem
ber 1994, generating over 45,610 
MUs since the beginning of its com
mercial operation till the end of 
December, 1994. The station gener
ated over 1260 MUs during the calen-



dar year 1994 and about 900 MUs dur
ing the period 1 April 1994 to 31 De
cember 1994. A gross generation of 
about 1515 MUs during the financial 
year 1994-95 is expected. 

Unit-1 took a refuelling outage from 14 
February, 1994 to 12 July 1994. The 
turbine shaft driven main oil pump which 
failed after startup of the unit, was 
replaced. In this unit two indigenously 
designed and fabricated Mixed Oxide 
(MOX) fuel bundles were loaded for 
the first time. 

Unit-2 achieved availability factors of 
100% h April, June, August, No
vember and December 1994 and ca
pacity factors of 90% or above in April, 
June, November and December, 1994. 

3.1.2 Rajasthan Atomic Power 
Station 
(100 and 200 MWe PHWR) 

Un'rt-2 of the .station in commercial 
operation since : April 1981 recorded a 
cumulative generation of 15,000 MUs 
upto the end of December 1994 in
cluding over 1110 MUs of electricity 
equivalent of the steam supplied to 
the nearby Heavy Water Plant. From 1 
August 1994 the unit was shut down for 
in-service inspection of coolant chan
nels. Based on this inspection a longer 
shut down for a period of about 3 
years is expected to be taken for 
enmasse replacement of the coolant 
channels: 

This unit registered availability factors 
of 100% in May & July 1994. It unit 
generated only about 8 MUs in 1994 
recorded capacity factors of 90% or 
above in May and July 1994. 

From the beginning of commercial op
eration in December, 1973 to the end 
of December, 1994, Unit-1 of the station 
(operated by NPCIL for the Govern
ment ) recorded a cumulative genera
tion of about 8290 MUs of electricity 
including about 84 MUs of electricity 
equivalent of the steam to the nearby 
Heavy Water Plant. This and was 
shutdown since 12.02.1994 as per 
the stipulation of AERB in connec
tion with rectification of minor but diffi
cult heavy water leak from over pres-

TABLE-1 : 

TAPS 

Generation (MUs) 
Capacity Factor (%) 
Availability (%) 

Generating Per? 

Unit-1 

01.01.94 
to 

31.12.94 

326 
23 
28 

01.04.94 
to 

31.12.94 

204 
19 
22 

armance 

Unit-2 

01.01.94 
to 

31.12.94 

937 
67 
77 

01.04.94 
to 

31.12.94 

699 
66 
77 

sure relief device (OPRD) on the 
calandria. Development Work for the 
repair continued during the year. The 
inspection of coolant channels is also 
planned to assess the residual cool
ant channel life. 

3.1.3 Madras Atomic Power Station 
(2X220 MWe PHWR) 

The Madras Atomic Power Station 
generated over 19100 MUs since the 
beginning of commercial Operation till 
the end of December, 1994. The sta
tion generated about 2080 MUs of elec
tricity during the calendar year 1994. 
During the period 1 April 1994 to 31 
December 1994 its generation was 
over 1760 MUs. It is anticipated that 
the station would generate about 2435 
MUs during the financial year 1994-95. 

The maximum operating power levels 
of both the units continued to be 
limited to 75% of full power as per the 
stipulations of AERB. Analytical and 
experimental work for raising the oper

ating power level are continuing. 

The overall performance of the units 
was very good during the reporting 
period. On several occasions the 
turbogenerators (TGs) switched over to 
house load operation mode due to grid 
under frequency during summer and 
rainy seasons and short outages of 
TGs occurred due to grid high fre
quency. The seasonal heavy in
gress of jelly fish into condenser cool
ing water also caused turbine trips 
due to condenser low vacuum. 

Unit-1 achieved an availability factor 
of about 100% h August and 
November 1994 and Unit-2 in May, 
August, November and December 
1994. 

Though the units recorded good 
annual availability factor of 68% and 
81%, their annual capacity factors for 
1994 were 48% and 60% respectively 
mainly because of the restriction in 
the operating power level. During the 

TABLE 

RAPS 

Generation (MUs) 
Capacity Factor (%) 
Availability Factor(%) 

- 2: Generating Performance 

UNIT-2 * 

01.01.94 
to 

31.07.94 

580 
57 
64 

01.04.94 
to 

31.07.94 

410 
70 
79 

*Generation, capacity & availability factors upto 31 July 1994, when 
the unit has been shut down for inservice inspection and capital 
maintenance for enmasse replacement of coolant, channels. 
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TABLE - 3: Generating Performance 

MAPS 

Generation (Mils) 
Capacity Factor (%) 
Availability Factor (%) 

UNIT-1 

01.01.94 
to 

31.12.94 

920 
48 
68 

01.04.94 
to 

31.12.94 

873 
60 
86 

UNIT2 

01.01.94 
to 

31.12.94 

1159 
60 
81 

01.04.94 
to 

31.12.94 

892 
61 
82 

TABLE - 4 : Generating Performance 

UNIT-1 UNIT-2 
NAPS 

01.01.94 
to 

31.12.94 

01.04.94 
to 

31.12.94 

01.01.94 01.04.94 
to to 

31.12.94 31.12.94 

Generation (MUs) ) shutdown for 
rehabilitation conse-

Capacity Factor (%)) quent on the fire 
Availability Factor (%))incident 

893 

46 
63 

658 

45 
62 

period 01.04.1994 to 31.12.1994 both 
the units recorded 60 and 61% ca
pacity factor. Unit-2 LP turbine 
inspection, due after completion of 

5000 Hrs. of operation, was done in July 
1994 as per AERB stipulations. The 
inspection did not reveal any abnor
mality. Also the creep margin adjust
ment was carried out on 48 coolant 
channels in Unit-2. 

3.1.4 Narora Atomic Power Station 
(2x220 MWe PHWR) 

This station generated about 3490 MUs 
since commercial operation till the 
end December 1994. During the calen
dar year 1994 the station generated 
over 890 MUs and from 1 April to 31 
December 1994 the generation was 
about 660 MUs. It is expected that the 
station would generate about 950 MUs 
during the financial year 1994-95. 

The Unit-1 of the station was under 
rehabilitation since the fire incident in 
Turbine Building on 31.03.93. The af
fected Turbine Generator set along 
with auxiliary systems and power/ 

control cables were replaced. Vari
ous modifications were incorporated to 
avoid recurrence of such incident. 
These tasks were carried out based 
of indigenous efforts. All systems were 
commissioned successfully and the 
unit achieved criticality on 22nd Decem
ber 1994 and synchronised to the grid 
on 6.01.1995. 

Annual maintenance shutdown of unit-2 
was taken on 12.09.94 for HP turbine 
rotor replacement, inspection of TG 
bearings, replacement of steam Dump 
Headers in condenser hot well and 

other outstanding jobs. The unit was 
resynchronised after shut down jobs 
on 03.11.94. 

3.1.5 Kakrapar Atomic Power Station 
(2x220 MWe PHWR) 

The Unit-1 of the station, declared 
commercial on 6 May 1993, gener
ated about 730 MUs till the end of 
December 1994. During the calendar 
year 1994 the unit generated about 
170 MUs and during the period 1 April 
to 31 December 1994 its generation was 
about 110 MUs. It is anticipated that 
this unit would generate about 370 
MUs during the financial year 1994-95. 
This unit was shutdown in February 
1994 for inspection of the turbine and 
modification of the blades of the LP 
rotor after 5000 Hrs. of operation based 
on the lessons learnt from Narora fire 
incident. The shutdown got extended 
because of the delays caused by the 
flood incident in June and the adjust
ments atthe end-shields of the genera
tor for leak tightness. The unit was 
restarted in November 1994. 

3.2 NUCLEAR POWER PROJECTS 
UNDER CONSTRUCTION 

3.2.1 Kakrapar Atomic Power Project 
Unit-2 
(220 MWe) 
All construction and commissioning ac
tivities prior to achievement of criti
cality were completed. Light water 
commissioning of primary coolant sys
tem, testing of Emergency Core Cool
ing System (ECCS) and reactor building 
leak rate as per the procedure approved 
by the Regulatory Authority, commis
sioning of fuel handling and reactivity 

TABLE-5 

KAPS 

Generation (MUs) 
Capacity Factor (%) 
Availability Factor (%) 

Generating Performance 

UNIT-1 

01.01.94 
to 

31.12.94 

167 
9 

12 

01.04.94 
to 

31.12.94 

108 
7 

10 
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control system, implementation of 
modifications of the LP rotor last stage 
blades of turbine, oil flushing of turbine 
generator and putting it on barring gear, 
fuel loading, addition of 20 Te heavy 
water to moderator system and flush
ing, bulk addition of heavy water to 
moderator and primary coolant system 
were among the major activities com
pleted. All pre-criticality tests were 
completed. Short term and long term 
plans were prepared based on re
view of the flooding incident caused 
due to unprecedented rains at Kakrapar 
site. All short term plans were com
pleted and implementation of long term 
plans continued. Coordination with 
Gujarat State Government on some 
long term measures to be carried out by 
them, continued. 

The second unit achieved criticality at 
13.24 Hrs. on 8th January 1995. After 
completing the reactor physics experi
ments, the unit was synchronised to 
the Western grid on March 4,1995 and 
it is expected to commence commer
cial power generation from 1st July 
1995. 

3.2.2 Kaiga Project Unit -1 & 2 
(2 x 220 MWe) 

Civil construction and equipment 
erection continued to progress during 
the year. Apart from major equip
ment and components already re
ceived at site, calandria tubes, DGsets, 
steam generator, emergency air lock, 
bleed coolers and moderator pumps 
were received for both the units. 
Turbo-generator components (90% for 
unit-1 and 75% for unit-2) were re
ceived at site. Coolant tubes, re
generative heat exchanger, modera
tor heat exchangers were received for 
unit-1 and for unit-2, expected to com
plete in the year 1994-95. 

In Reactor Building-1 a portion of the 
inner surface of Inner Containment 
(I.C.) dome got delaminated on 13.5.94. 
There is a hold by AERB on construction 
of inner containments of the Reactor 
Buildings of the two Units. The work on 
the investigation by a Committee-
constituted by N PCI Land preparation 
of the rehabilitation plan of I.C. dome 

progressed. 
The major activities such as erection of 
coolant channels, steam generator, pri
mary heat transport pump bowls and 
about 35% of feeder installation were 
completed and the entire feeder erec
tion is expected to be completed shortly. 
Regarding nuclear piping, about 65% 
of fabrication and 45% of erection were 
completed. Entire erection of nuclear 
piping is expected to be completed 
soon. 

I n Reactor Building-2, the internal struc
ture was completed and I.C. Wall was 
completed upto springing level. The 
major activities such as erection of F/ 
M bridge, columns, welding of end-
shield calandria, rear face of Insulation 
cabinet and end-shield cooling lines 
were completed. The installation of 
calandria tubes, coolant channels and 
steam generators are expected to be 
completed soon. Regarding nuclear 
piping 40% of fabrication and 20% of 
erection were completed. 

In Turbine Building -1 entire structural 
works were completed and the fin
ishing works progressed. All major 
equipment were erected. 95% of 
structural erection of condenser was 
completed and released for Turbo-
Generator erection. Also erection of 
Class IV switchgear was completed 
and pre-commissioning checks pro
gressed. The erection of cable trays 
and lighting works reached advanced 

stages of progress. 30% of fabrica
tion of secondary cycle piping was 
completed and the erection of piping 
started. Turbo-Generator erection pro
gressed. 

In Turbine Building-2 90% of struc
tural civil works were completed and 
the erection of major equipment such as 
deaerator and 75Te crane were com
pleted. 

In Control Building 90% of struc
tural civil works were completed. 
The finishing works reached comple
tion and areas are being released for 
instrumentation works. The erection of 
Class III switchgears, cable trays and 
lighting works reached advanced stage 
of completion. 

The structural work of Reactor 
Auxiliary Building-1 was completed. 
The works on other buildings such as 
Reactor Auxiliary Building-2, Service 
Building, Pump Houses, Intake and Dis
charge tunnels, Ventilation stack are 
in an advanced stage of completion. 
About 40% of Induced Draft Cool
ing Tower was completed. 

About 80% of fabrication and 50% of 
erection of conventional piping were 
completed. The works on other pack
ages like chlorination and filtration, 
DMwater compressor andchillerplant 
and ventilation system, are under 
various stages of progress. 
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The target dates for achievement of 
criticality of unit-1 and unit-2 are June 
1996 and December 1996 respectively. 
Effect ofKaiga dome rehabilitation on 
the overall schedule is being as
sessed. 

3.2.3 Rajasthan Atomic Power Project 
Units-3&4 
(2x 220 MWe PHWR) 

Civil construction work of main plant 
buildings progressed and erection of 
equipment and piping works continue"d. 
Major equipment such as Fuelling 
Machine columns and bridge (unit-3), 
Moderator Pumps (unit-3) Coolant 
Tubes (unit-3) Caiandria Tubes (unit-
3) and end futtings (unit-3) were re
ceived at site during the year. Caiandria 
tubes and coolant tubes for unit-4 are 
expected to be delivered shortly and 
FM columns for unit-4 are expected to 
be delivered by June 1995. 

In Reactor Building-3 all Cross Walls 
upto 124 MEL(metreelevation), inner 
containment wall (ICW) upto 122 M EL 
and outer containment wall (OCW) upto 
124 MEL were completed. Conse

quent on the Kaiga-1 dome incident, 
there is a hold by AERB on the 
construction of ICW of RAPP-3&4. ICW 
upto ring beam and erection of IC Dome 
are likely to be completed during the 
year 1995 after evaluation of the Kaiga 
dome incident and any consequent 
change in design. In Turbine Building-
3 (TB-3) all slabs upto 121 M EL, and 
erection of crane girders were com
pleted and casting of roof frame beam 
progressed. TB-3 is likely to be com
pleted in 1995. In Control Building 
slabs upto 116 M EL were cast and 
casting of 121 MEL slab continued. 
Civil works of Circulating Water Pump 
House (CWPH), Safety Related Pump 
House (SRPH), Emergency Make-up 
Water Tank (EMWT), De-mineralised 
water plant Building (DM Plants) and 
Overhead Tank were completed. In 
Natural Draft Cooling Tower (NDCT), 
all diagonal columns were completed 
and third lift of shell was completed. 
In NDCT-4, casting of diagonal col
umn continued. Excavation work of 
Induced Draft Cooling Towers (IDCT) 
was completed and geological analy
sis of rock progressed. The civil 

works of Reactor Auxiliary Building 3&4 
(RAB 3&4), Diesel Generator Building 
(DGB)-3&4, Service Building (SB) & 
Ventilation stack reached various stages 
of progress. Civil works of Administration 
Building and Canteen Building were also 
completed during the year. 

Major equipment such as Modera
tor Pumps, Moderator Heat Ex
changer, PHT Feed Pumps, Reactor 
Headers, FM supply pumps, FM column 
and Bridge assembly (North side), Rear 
face insulation cabinet and PHT Feed 
Overflow vessel were erected in Unit-3. 
Preliminary works for caiandria tubing 
were in progress for Unit-3. Installation 
of endshield, caiandria including grout
ing of endshields was completed for 
Unit-3&4. 

In nuclear piping 12% of pre-fabrication 
and 6% of erection work were com
pleted. 40% of Indoor, Outdoor and 
Active Process Water /Active Process 
Cooling Water piping and 30% of Sec
ondary Cycle Piping were completed. 

Erection of Condenser, and TB hall crane 
progressed. Erection and load testing 

Rajashthan Atomic Power Project - 3&4 



of CWPH crane were completed. Major 
components such as Deaerator Stor
age Tank (TB-3), Feed Water Heat
ers, Auxiliary Boiler Feed Pumps, Con
densate Transfer Pumps and Sump 
Pumps were installed in Turbine Build
ing, Control Building and Safety Re
lated Pump House. Commissioning of 
DM Plant started. 

In RB-4,112 M slab was completed and 
casting of West Cross wall and east 
cross wall made progress. In TB-4 
casting of beams at 116 M elevation and 
121 M elevation continued. 

70% Electrical works in Switchyard 
and 12% of Main Plan elecirical 
work were completed and 2nd main 
plant electrical contract awarded. 

Unit-3&4 are targetted to achieve criti-
cality in November, 1996 and May 1997 
respectively. The effect on the overall 
schedule as a result of the hold on 
the construction of ICW consequent 
en the RB dome incident at Kaiga-1 is 
being assessed. 

3.3 NEW STARTS 

3.3.1 TAPP - 3 & 4 
Award of main plant civil works is 
awaiting availability of funds. De
tailed site investigations were completed. 
4.5 km long road was constructed for 
providing an alternative access to the 
project site construction facilities. Con
struction power supply was made avail
able. Requirement of construction wa
ter supply was fulfilled by commission
ing 19 km long water supply line. A4 Km. 
long railway siding with three loop 
lines was commissioned. First phase 
of housing work (156 houses) at Town
ship was also completed. 

Process of finalising the rehabilitation 
package with State Govt, of 
Maharashtra for the Project affected 
families continued. 

Detailed design and engineering work 
made further progress. A number of 
turbine generator components and pri
mary heat transport system equip
ment were received at site and stored. 
Detailed storage and preservation 
procedures for extended periods are 

being worked out. 

In parallel, possibility of setting up the 
project as a joint sector project with 
equity-contribution from beneficiary 
states in the Western Region and NPCIL 
is being explored. 

3.4 PLANNED SCHEMES 

Earlier in previous years environmental 
and safety clearances for the sites to 
set up Kaiga 3 to 6 (4x220 MWe) and 
RAPP 5 to 8 (4x500 MWe) were 
obtained and advance actions on pro
curement of long delivery and 
critical equipment were taken based 
on sanctions accorded by Govt, of 
India. Further actions on Kaiga 3 to 6 
and RAPP 5 & 6 projects proposed in 
the 8th five year plan, are kept in abey
ance pending availability of funds. Dis
cussions are in progress with the ben
eficiary State Governments in the 
Southern Region for taking up Kaiga 
3&4 in the Joint Sector between 
NPCIL (51 %) and beneficiary states of 
Karanataka, Tamil Nadu, Andhra 
Pradesh, Kerala and Pondichery. Three 
states have confirmed in principle their 
willingness for participation. 

Discussions continued with Russian 
Federation on the proposed 2x1000 
MWe project at Kudankulam, Tamil 
Nadu in terms of the Inter-Govern
ment Agreement (IGA) of Novem
ber, 1988 between erstwhile USSR 
and India. The aspects on cost, 
financing, commencement of work on 
DPR etc. were discussed. Draft in
tergovernmental protocol supplement
ing the original IGA was received from 
the Russian Federation and the same is 
under review by DAE/NPCIL. A pro
posal for signing of Detailed Project 
Report (DPR) contract and starting work 
on DPR and implementation of the 
project is under consideration of the 
Govt, of India. In the meantime, dis
cussions were held in parallel to 
explore the possibility of equity partici
pation in the proposed project by South
ern Region States. 
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3.5 HEAVY WATER 

3.5.1 Heavy Water Plants 

Design construction, commissioning 
and operation of Heavy Water Plants is 
the responsibility of the Heavy Water 
Board. These plants are based on both 
Hydrogen Sulphide-Water and Ammo 
nia Hydrogen Exchange Processes. 
Eight Heavy Water Plants are in op
eration at Nangal, Baroda, Tuticorin, 
Kota, Talcher, Thai, Hazira and 
Manuguru. The performance of all the 
Heavy Water Plants during the year was 
very good except for the Plant at Talcher 
where operation was suspended mainly 
on account of non-availability of required 
inputs on sustained basis from the con
nected Fertilizer Plant. The trend for 
improvement in the overall production 
continued and there was considerable 
increase in production during the year. 

As a consequence of improvements ef
fected in the operations, the Nangal 
Plant was running on sustained basis 
during the year with higher through-put 
and on-stream factors. 

The Baroda Plant was running on sus
tained basis during the year except for 
a few outage caused by failure of equip
ment/machinery. The Plant continued 
to have a good safety record achieving 
more than two million man hours of ac
cident-free operation during the year. 

The potassium metal manufacturing 
Plant at Baroda also worked satisfacto
rily and produced potassium for making 
Potassium amide catalyst for all the 
Heavy Water Plants based on Ammo
nia Hydrogen Exchange Process. 

Performance of Tuticorin Plant during 
the year was excellent. The Plant also 
maintained a good safety record achiev
ing more than two million man hours of 
accident free operation during the year. 

Thai Plant operated on sustained basis 
during the year commensurate with the 
inputs available from the connected 
Fertilizer Plant. The cumulative produc
tion for the year 1994-95 was very good. 
The Heavy Water Upgrading unit, was 
also commissioned during the year. 



Performance o{ Manuguru Plant during Ihe year showed marked improvement. The Plant has also achieved design rated production on 
monthly basis. 

Hazira Plant continued running for pro
duction of Heavy Water but under re
duced load due to retrofitting of one of 
the two ammonia converters of Fertil
izer Riant to which it is linked and re
strictions imposed on supply of natural 
gas by the Gas Authority of India Ltd. 
Kota Plant operated on sustained basis 
at the higher level of production with 
marked improvement. The Plant 
achieved more than two million man 
hours accident-free operation during the 
year. 

Performance of Manuguru Plant during 
the year showed marked improvement 
and also Plant has achieved design 
rated production on monthly basis. Part 

of the Plant was under planned annual 
turn-around. After re-start up it contin
ued good operation, achieving higher 
level of production. The Plant achieved 
two million man hours accident free op
eration twice during the year. 

3.5.2 Heavy Water Upgrading 

An additional heavy water final enrich
ment plant based on vacuum distillation 
was successfully commissioned at 
Heavy Water Plant, Thai. With this, the 
number of towers put up by BARC and 
how under operation, has gone to six
teen. The low deuterium water contain
ing less that 5 ppm deuterium, produced 
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during commissioning and testing of 
these towers, is being exported for R&D 
purposes. 

BARC commissioned a de-tritiation pi
lot plant which is operating satisfacto
rily. This facility is first of its kind in the 
world employing liquid phase catalytic 
exchange. A commercial plant employ
ing this technology is being set up at 
MAPS. 

3.6 REACTOR ENGINEERING 
The main thrust, of R&D programme 
of BARC in the area of Reactor 
Engineering was towards engineering 
design for: 



Prototype shut off rod mechanism and Liquid zone control test facility for 500MWe at BARC 

- 500 MWe Pressurised Heavy Water 
Reactor (PHWR), 

- Advanced Heavy Water Reactor 
(AHWR), 

- technology development for repair 
and maintenance of operating 
re-ac tors, 

- qualification of components, 
-development of diagnostic techniques, 

and 
- safety research. 

500 MWe Pressurised Heavy Water 
Reactor (PHWR) 

Support was provided by BARC for the 
design and analysis of various sytems 
and components of 500MWe PHWR. 
To predict the safety margins under 
postulated failure conditions on impor
tant safety related components various 
analytical studies continued. These in
cluded prediction of ultimate load ca
pacity and the effect of impact on 
nuclear containments. Also studies pro

gressed on fluid structure interaction for 
critical components. Considerable ad
vancement was made for application of 
leak before break concept in the primary 
heat transport system piping design. 

3.7 ADVANCE REACTORS 

3.7.1 Advance Heavy Water Reactor 

Work on the design concepts of Ad
vanced Heavy Water Reactor (AHWR) 
made progress. This design aims at 
utilising thorium resources. The design 
effort puts emphasis on making AHWR 
an inherently safe reactor, employing 
passive safety feature. The design calls 
for considerable departure from the con
ventional core design. 

After completion of the physics design, 
a core design was evolved for detailed 
engineering. Experimental workforprov
ing the various passive safety features 
along with analytical work progressed. 

Studies on understanding the behaviour 
of passive containment cooling system 
proposed for the Advanced Heavy Wa
ter Reactor (AHWR) were also carried 
out. 

3.7.2 Fast Breeder Test Reactor 
(FBTR) 

FBTR was operated at full power of 
10.2 MWt with Mark I core in various 
spells with all systems working satis
factorily. The indigenously developed 
mixed carbide fuel was taken to a maxi
mum burn up of 15000 MWd/t. High 
power physics and engineering experi
ments were carried out to ensure plant 
safety under various anticipated inci
dental situations and to obtain data to 
validate the dynamic codes. The first 
set of pins under fuel pin irradiation pro
gramme for Mark I and Mark II core 
composition to enhance fuel perform
ance in terms of burn-up and linear heat 
rating was successfully completed. All 
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Fuel bundles for PHWRs fabricated at Nuclear Fuel Complex, Hyderabad l'or 22()MWe 
(top) and 500 MWe reactors. The latter is 37 element prototype fuel bundle. 

the works related to precommissioning 
of turbogenerator (TG) were completed 
for first rolling and synchronisation with 
the grid. Clearance from Tamil Nadu 
Electricity Board for synchronising the 
generator to the grid is awaited. 

Physics data for the irradiation experi
ments with fuel pellets of different Pu 
compositions loaded in special 
subassemblies was generated. 

All the neutronics, shielding and safety 
analysis studies for the Mark-ll core with 
different fuel composition for 40MWt 
operation were completed and incorpo
rated in the Safety Analysis Report pre
pared for this core. 

Sodium Chemistry and Technology 

To assess the usefulness of the hydro
gen leak detection system of FBTR, at 
low sodium temperatures (below 250 
deg. C) a series of experiments were 
carried out at IGCAR. Steam injection 
capsules that open under sodium at 
appropriate temperatures were devised 
and tested. Developrr vnt of an activity 
trap for Cesium-137 continued. 

Enriched boron carbide are used in con
trol rods in FBRs. Process engineer
ing and detailed design for the Boron 
Enrichment Facility based on a new ion-
exchange chromotography process 
were completed. About 40% of the Civil 
works for the plant was completed. 

3.7.3 Prototype Fast Breeder Reac
tor (PFBR) 

With a view to reducing capital cost, 
decreasing construction time and in
creasing capacity factor, conceptual 
design studies were completed for 2 
and 3 loop concepts. Choice of fuel 
(mixed oxide), reactor thermal power 
and plant temperatures were finalised. 
Discussions were held with BHEL(H) re
garding turbine. For the detailed design, 
sophisticated thermal hydraulics and 
structural mechanics analysis were 
completed. 

Apart from many on-going in-house 
thermal hydraulics and structural me
chanics experiments, collaborative 
projects in the domain of structural 

mechanics were initiated with other 
R & D institutions. Preliminary design 
of 5 MWt steam generator test facility 
was completed. Further progress was 
made on technology development for 
manufacture of main vessel and steam 
generator. 

The main activities related to the engi
neering development of Prototype Fast 
Breeder Reactor especially the setting 
up of the Large Component Test Rig 
(LCTR), Component hydraulics, sodium 
pump and instrumentation have made 
significant progress. 
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The LCTR was commissioned for study 
of heat and mass transfer in the test 
vessel. The two Sodium Aerosol De
tection (SAD) systems were testeo for 
effectiveness in detecting even ten 
grams of sodium fires successfully. The 
dumping of sodium into the storage 
tanks and also nitrogen cooling system 
for the shield plug of the test vessels 
were demonstrated. The six PC based 
data loggers were made operational." 
Experimental studies relating to tem
perature, flow and pressure distribution, 
thermal stratification and hydraulics 
were also made. 
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Residual stress field at the outer shell junction of PFBR 
control plug after a reactor trip 

The structural work for the test rig on 
sodium pump development was com
pleted to study the dynamic behaviour 
of the PFBR primary sodium pump and 
also to verify the performance of criti
cal components like hydrostatic bear
ing, mechanical seal etc., The rig com
ponents will soon be procured. 

Gripper bellows used for fabrication of 
spare control rod drive mechanism 
(CRDM) of FBTR were subjected to 
tests in sodium, simulating reactor con
ditions. Sodium tests with bellow-less 
CRDM, a new concept, was also stud
ied. The sodium loop for corrosion and 
carbon mass transfer was restarted and 
the loop completed 6000 hrs. of opera
tions. 

Flow induced vibration measurements 
on a 19 pin bundle modei of PFBR fuel 
subassembly were carried out in a hy
draulic rig and the analysis of vibration 
spectrum and determination of the 
model parameters continued. A dip
stick type sodium level d&tector was 
developed. v 

mm^ 
Finite element mesh generated for structural analysis of 

inner vessel of PFBR (2 loop concept) 

Other studies included : 

- Calculation of fuel subassembly 
worths at different radial positions in 
core during initial fuel loading. 

- The possibility of recriticality of mol
ten fuel from core. 

- Reduction of the size of the reactor 
vessel, radial shield optimisation 

studies were carried out. 

- Cover gas purification under different 
operating conditions. 

- The methods & models used for esti
mation of corrosion product formation 
and deposition in different components 
of reactor. 
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Activities to assess and establish the 
safety of PHWR coolant channels were 
continued. Development of methodolo
gies and computer codes to model vari
ous degradation mechanisms was con
tinued. A 3D code for temperature 
distribution analysis in the pressure tube 
coolant tube contact region developed 
at BARC, enabled calculation of hydro
gen distribution and possibility of blister 
formation. 

BARC successfully developed and used 
technology for remote repairs. Rectifi
cation of leakage at the over pressure 
relief device (OPRD) of the RAPS-1 by 
remote operated tooling and manipula
tors developed at Trombay, was a chal
lenging job executed by BARC. 

Strong capabilities and expertise were 
built in the field of fracture mechanics 
and seismic analysis. BARC has been 
participating in the international project 
agreement FALSIRE-II involving ana
lytical simulation of fracture mechanics 
studies on various large scale interna
tional reference experiments. BARC 
has also been participating in an IAEA 
sponsored coordinated research 
programme on seismic analysis of liquid 
metal fast breeder reactor core. A com
puter code FAIR was developed at the 
Centre for participation in IAEA spon
sored research project, 'Fuel Modelling 
at Extended Bum-ups' (FUMEX) which 
gave very good prediction of fuel 
behaviour. 

The coolant channel inspection system, 
developed at Trombay, successfully 
executed in-service inspection of cool
ant channels of RAPS-2, MAPS-1 and 
MAPS-2. Presently, the system is in 
operation at RAPS-2. 

The efforts towards advancement of 
Reactor Control and Monitoring Sys
tems of Nuclear Power Reactors contin
ued at BARC. For KAPP-2 reactor, 
several critical systems were developed. 

Prototype fault-tolerant systems were 
built for KAIGA (1&2) and RAPP (3&4). 
Development of complex monitoring 
systems such as Fast Data Acquisition 
System were undertaken for vibration 
monitoring of rotating machines in power 
plants. 

Refuelling Technology Devslopment 
activities were mainly concentrated on 
providing new concepts and designs for 
indigenisation of existing systems, de
sign and development of fuel transfer 
system for 500 MWe PHWR, PFBRfuel 
handling system, fuel engineering and 
related activities. 

3.8 FUEL FABRICATION 

3.8.1 Fuel for Power Reactors 

Fuel assemblies and related compo
nents to all the operating nuclear po
wer reactors in the country are manu
factured and supplied by Nuclear Fuel 
Complex (NFC), Hyderabad. 

During the year, NFC continued fabri
cation and supply of fuel bundles to all 
the 10 (PHWR & BWR) nuclear power 
reactors of the country. Emphasis was 
on mechanised material handling and 
automation of critical equipment. 

For the 500 MWe reactor programme, 
afew prototype 37element fuel bundles 
were fabricated which were subjected 
to type test. 

3.8.2 Zircaloy Products 
The production of zirconium oxide 
powder exceeded the targets with 
further process improvements and 
increase in batch sizes. Several 
recommedations of SARCOP were 

implemented thus enhancing industrial 
hygiene in the plant. 

Production of zirconium sponge regis
tered 30 % increase. The vacuum 
distillation batch size was increased 
resulting in energy saving. Re-cycling 
of unreacted magnesium from the 
products, was also introduced thus 
reducing eventual magnesium con
sumption. 

The Meltshop continued the produc
tion of high quality zircaloy ingots 
directly from reactor grade zirconium 
sponge as well as admixed zircaloy 
scrap. Cumulative scrap reprocessed 
by plasma melting exceeded 1000 
tonnes. The newly introducd large-
computer controlled twin station vacuum 
arc melting furnace was used for regu
lar melting of bigger size zircaloy 
ingots. Indigenously designed and fab
ricated auxiliary equipment such as 
high capacity briquetting press as well 
as the large electron beam welding unit, 
were commissioned. In addition to 
meeting the production target for the 
manufacture of fuel tubes and compo
nents for PHWR & BWR fuel assem
blies, the special zircaloy components 
for the power projects under construc
tion were also fabricated by NFC. 

3.8.3 Special Seamless Tubes 
Facility 

Indigenously developed automatic ultrasonic washing system for PHWR fuel bundles 
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Construction of New Uranium Oxide Plant Building under progress (top) and Erection of 
critical equipment under progress in New Zircaloy Fabrication Plant 

The Plants bagged 900 tonnes of job 
orders for conversion. In addition they 
carried outfabrication including full length 
coolant tubes and spools for 500 MW 
reactor and zircaloy coolant tube of spe
cific design. 

As a part of indigenisation of equip
ment, fabrication of 2 nos. of HPTR 
pilger mills was taken up and work 
reached advanced stage. 

Fast Breeder Reactor Components 
Fabrication of various types of core sub
assemblies required for second core of 

Fast Breeder Test Reactor (FBTR) 
and development and fabrication of test 
assemblies such as the blanket assem
bly, control rod etc. for 500 MW 
(PFBR) were continued. Further one 
test fuel assembly for calibration of 
Delayed Neutron Detector (DND) and 
50 nos of radial blanket tubes to RED, 
BARC required for Instrumented fuel 
pin experimental programme were also 
made. Indigenisation of hexagonal 
tubes for PFBR and FBTR fuel sub
assemblies also continued. 
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Special Materials 
The production of high purity materials 
such as tantalum hydroxide, niobium 
and tantalum metsls in different shapes 
were continued to meet the domestic 
requirements. Further development 
for producing 6 N grade materials for 
defence and electronics applications, 
and production of niobium base alloy 
for Department of Space commenced. 

Indigenisation of Strategic Equipment 
The programme for import substitu
tion and indigenisation of critical 
manufacturing equipment was contin
ued. The following equipments were 
got designed and fabricated : 

- A Computer controlled weld strength 
testing unit for testing fuel pin append
ages required by Advanced Fuel Fabri
cation Facility, Tarapur. 
- A hydraulic machine for jacketing 
metal ingots for a private industry. 
- A special purpose automatic ultra
sonic cleaning system for cleaning the 
PHWR fuel bundles. 
- A large size 30 KV 2.7A gun EB 
electrode welding furnace for prepara
tion of consumable electrodes for arc-
melting. 

- A high capacity 2000 T compacting 
press with automatic dosing and 
blending facility for preparation of Zir
conium Sponge briquettes (with support 
of local industry). 

- An ultrasonic test system for evalu
ation of PHWR end-cap welds. 

In house process development for 
enhancing material recovery, reducing 
energy consumption, waste reduction 
and en-hanced pollution abatement is 
an ongoing programme in NFC. In this 
regard, following were the develop
ments : 

- Standardisation of process parameters 
and extrusion of rods and seamless 
tubes of alloys. 

- Extrusion of extra large diameter seam
less stainless steel tubes 
- Fabrication of small diameter zirco-
nium-4 clad tubes. 
- Standardisation of parameters and 
sheet rolling of molybdenum, nio-



bium, tantalum and titanium catering 
to various stringent requirements. 

-Cold rolling of extra wide sheets for 
TAPS Channel and thin foils for an 
outside party. 

- In-house reconditioning of Uranium 
hexafluoride cylinders and obtaining 
NPC recertification involving saving 
of foreign exchange. 

- Pilot scale production of ammonium 
diuranate powder by the fludized bed 
furnace route. 

New Projects for Fuel and Zircaloy 

To meet the requirement of the power 
programme, three 'expansion projects 
being implemented by NFC are: New 
Uranium Oxide Fuel Plant, New Ura
nium Fuel Assembly Project and New 
Zircaloy Fabrication Plant. The earlier 
targets of production of 900 tonnes per 
year of PHWR fuel after expansion was 
revised to a total of 600 tonnes per year. 
The capital outlay for the reduced 
scope of expansion is Rs.230 crores 
against the earlier projection of Rs.355 
crores. These projects are expected to 
be commissioned by early 1996. 

New Uranium Oxide Fuel Plant: About 
75 % of construction work of the Pro
cess Plant and essential Utility build
ings was completed. Orders were 
placed for most of the critical equip
ment/utility-packages and manufactur
ing progressed. Procurement action 
for the remaining packages/equipment 
reached advanced stage. 

New Uranium Fuel Assembly Project 
: All the major civil, electrical switchgear 
and nearly 50 % of Utility and process 
plant civil works were completed. Most 
oftheQC and Process equipment were 
ordered. 

New Zircaloy Fabrication Plant: Project 
construction of all activities progressed. 
The critical process equipments such 
as pilger mills were received and 
commissioning continued. Erection of 
vacuum annealing furnaces progressed. 
An over all progress of 65 % was 
achieved. For other process equip
ment and utilities orders were placed. 

Electron beam melted niobium metal ingot and mill products from indigenous 
columbite tantalite ore 
New Zirconium Sponge Project : This 
plant was planned to be set-up at 
Palayakayal, Tamilnadu and the site 
preparation work was completed. In 
view of the' revised power profile this 
project is expected to be started bylXth 
Plan period. A 1000 TPY Titanium 
Sponge Plant will be co-located at this 
site with the technology developed in 
collaboration with Defence Metallurgi
cal Research Laboratory, Hyderabad. 

Revenue Receipts : The estimated rev
enue receipt for the year 1994-95 is 
around Rs.147 crores. 

3.9 NUCLEAR FUEL FOR 
RESEARCH REACTORS 

Requirements of metallic uranium fuel, 
components & sub-assembly compo
nents for both CIRUS and DHRUVA 
reactors were met by bare as per sched
ule. An extrusion press, .for change
over from the rolling to extrusion route, 
for fabrication of fuel rods, was commis
sioned. Trial production of uranium fuel 
rods using this new route made progress. 
A few uranium billets were cast using 
metallic moulds as trial to reduce fuel 
fabrication costs. Various coatings are 
under evaluation to increase the life of 
metallic moulds. 

Metal Matrix composites (MMC) are 
being developed as alternative fuel clad
ding and structural materialsfor research 
reactors. These composites are supe
rior to the Al-Mg alloys which are used in 
water cooled research reactors. 
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The pilot plant set up by BARC at Cochin 
for the recovery of uranium from phos
phoric acid was made fully operational. 
Design of a full scale plant, capable of 
producing 40 tonnes of uranium per 
year from the phosphoric acid effluents 
of fertilizer plants has reached an ad
vanced state. 

Expert assistance was provided by 
BARC to update the pilot plant operating 
at Domiasiat in Meghalaya, for the re
covery of yellow cake. 

Also, a facility was set up to synthesise 
kilogramme quantities of organophos-
phoric extractants which find use in the 
solvent extraction of uranium, rare earths 
and base metals. 

Post-Irradiation Studies 
A lead shielded facility was commis
sioned by BARC for post irradiation ex
amination (PIE) of pressure tubes of 
PHWRs of the operating power sta
tions. 

3.10 ADVANCED FUELS 

Fast Reactor Fuel 
An economically viable fabrication 
flowsheet was developed at Trombay 
for the production of uranium-plu'tonium 
oxide fuel pellets of low density contain
ing thermally stable pores for PFBR. 

MOX Fuel 
A few MOX fuel bundles fabricated in 
the Advanced Fuel Fabrication Facility, 
Tarapur (AFFF) were loaded in TAPS-1 
after a detailed study of technical as well 



as safety aspects of the core with MOX. 

Towards the utilisation of MOX fuel in 
TAPS, thermal hydraulic analysis of 
TAPS reactor core with MOX fuel 
bundles was carried out to ensure that 
the specified thermal margin criterion 
for the core is met. 

Fuel Research 
At IGCAR, research and development 
work on reactor fuels, chemistry of fuel 
reprocessing, analytical chemistry of 
materials.sodium chemistry and tech
nology and also relevant basic research 
were continued. The post-irradiation 
studies on spent fuel of pressurised 
heavy water reactor (PHWR) were 
taken up in hot cells. Necessary equip
ment for transportation and cutting of 
the fuel bundle from MAPS were de
signed and fabricated inhouse. Fuel 
burnup was also measured. Other stud
ies included thermal conductivity of car
bide fuel of FBTR, vaporisation be
haviour of very high temperature mate
rials. Surface characterization of ura
nium carbide was also carried out. The 
presence of free carbon formed by the 
corrosion action of air/moisture on the 
surface was established. 

Hot cell facility for handling radioactive 
carbide fuel and structural materials 
from FBTR, first of its kind in India, was 
commissioned. Various in-cell equip
ment were also commissioned. 

3.11 FUEL REPROCESSING 

At Kalpakkam erection work and test
ing of various equipment on lead 
shielded mini plant continued for reproc
essing FBTR fuel. The civil works for 
Fast Reactor Fuel Reprocessing Plant 
[FRFRP] also reached completion. 
Other- R&D works related to reproces
sing of FBTR fuels were continued. 

The facility for the lab scale develop
ment of pyrochemical reprocessing 
schemes was commissioned, and ura
nium runs were carried out. The feasi
bility of injection casting of uranium 
slugs was established and a glove box 
facility is in the process of commis
sioning 

The KARP Project, being set up by 
BARC at Kalpakkam, for reprocessing 
MAPS fuel, entered the final phase of 
construction. 

About 75 kms. of stainless steel piping 
involving around 25,000 radiographic 
quality weld joints and spread across an 
elevation of 19 metres were completed, 
including installation of around 220 tanks 
and vessels. The stainless steel lining 
of 5 high active waste storage tank 
vaults and construction of medium ac
tive vaults for housing 9 carbon steel 
tanks have reached completion. Also, 
testing, calibration and pre-commission-
ing activities were taken up in process, 
mechanical, electrical, laboratories and 
utility systems. 

A project proposal for setting up a me
dium size Reprocessing Plant 
(PREFRE-3) in the Northern Region is 
under finalisation. Site selection, pre
liminary design and layouts, cost esti
mates, etc. have been worked out. R & 
D efforts continued in fuel reprocessing. 
Studies on removal of actinides from 
high level waste were carried out. 

3.12 WASTE MANAGEMENT 

The waste treatment, conditioning and 
disposal systems at various nuclear in
stallation sites were fully operational 
throughout the year. There was no 

incident of any undue exposure of the 
operating personnel while dealing with 
radioactive waste materials. Safety of 
general public was ensured by keeping 
the release of activity in the environment 
to the bare minimum and much below 
the authorised limits of discharge. 

Development of new processes, 
adsorbents and technologies was car
ried out at Trombay for the removal of 
radionuclides from the wastes dis
charged to the environment. 

Detailed studies using actual waste so
lutions from reprocessing plants for the 
removal of radionuclides such as ce
sium and strontium were completed 
using indigenous zeolites. These zeo
lites will be tested for plant scale appli
cation. 

A process for treatment of intermediate 
level waste from reprocessing plant was 
developed using the organic resins de
veloped in BARC. This was success
fully tested in a pilot facility. 

In connection with the final disposal of 
immobilised high level radioactive 
wastes, the programme of siting a re
pository in suitable deep geological for
mations and characterisation of host 
rocks was continued. 

A few potential sites in granite areas 

Env!ronrrier'tal rr,or,ltoring for fit'u™ 
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Fuel Reprocessing 

Fuel Reprocessing Plant (PREFRE) at Tarapur 

Pneumatically operated single pin chopper for remote maintenance 

I 



.Natural (2404.0 uSv/yr) 

Medical 
(48.1 uSv/yr) 

Piant related 
(6.0 uSv/yr) 

Miscellaneous 
1.8 uSv/yr) 

Fallout 
Including 
Chernobyl 

(6.8 uSv/'yr) 

Effective dose to members of the public at 
were identified by BARC which further 
require detailed surface and sub-sur
face studies. Under captive sites host 
rock evaluation programme, charnockite 
rocks of .Kalpakkam are under investi
gation. In the siting and repository 
characterisation programme of BARC, 
many national expert organisations are 
collaborating. 

Projects 
Construction of the Waste Immobilisation 
Plant (WIP) at Trombay made good 
progress during the year. Major civil 
works were completed. The process 
equipment & piping for different plant 
systems is in various stages of installa
tion. 

The process scheme for incorporation 
of Intermediate Level Waste in cement 
matrix, and installation of the equipment 
in cementation cell of low level bay were 
completed. Trial runs have been planned 
prior to warm commissioning. 

The scheme for the liquid waste transfer 
from the reprocessing Plant to Waste 
Immobilisation Plant (WIP) was finalised 
which will result in substantial savings 
both in money and manpower. The 
process, structural and civil design of 
the facility have also progressed. 

Another Waste Immobilisation Plant is 

5km distance of Kalpakkam site from all sources of radiation 
under construction at Kalpakkam for 
immobilisation of high and intermediate 
level liquid wastes from the reprocess
ing plant at Kalpakkam. Preliminary civil 
works of the WIP and the civil design of 
main process building were completed. 
Bulk procurement of materials is going 
on. 

3.13 SAFETY & ENVIRONMENT 
PROTECTION 

3.13.1 Radiological Protection 

The radiological safety of the workers 
at the operating nuclear power plants 
was kept under a close review. The 
occupational exposures of the person
nel continued to be maintained below 
the limits stipulated by the Interna
tional Commission on Radiological Pro
tection (ICRP)/AERB. Likewise the 
releases of radioactive materials into 
the environment continued to remain 

Training course on planning preparedness and response to radiological emergencies 
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Sophisticated weather monitoring system SODAR is installed at Kalpakkam 
and Kaiga sites. The data obtained from these are compared 
with those from the micrometeorological towers 
and meteorological characteristics 
of the site are studied. 

Sound detection and ranging facility 
(SODAR) at Kaiga Atomic Power site 

for micro-meteorological studies. 

Equipment set up at BARC to study 
environment. The study is a part of Global 
Environment Monitoring Programme. 

Study of dispersion characteristics of atmospheric 
effluents with SODAR equipment. 



within the technical specification limits 
and the doses to the members of 
public were very small fraction (less 
than 10%) of the limits stipulated by 
ICRP\AERB. 

The Industrial Safety Awards of AERB 
for operating and construction units in 
1994 were won by TAPS and KAPP 
respectively. The Green Site award of 
AERB in 1994 was won by Tarapur 
Complex which planted 1.5 lakhs of 
trees over past three years. This award 
was won by KAPP in 1993 which had 
planted 6.5 lakhs of Trees during 1990-
92. Training programmes and semi
nars were arranged on industrial safety, 
fire safety, Probabilistic Safety Analy
sis, (PSA). Hazard and Operability 
studies (HAZOP) and quality circles. 

NPCIL in co-ordination with IAEA and 
Candu Owner's Group (COG) 
organised a Technical Committee 
meeting on exchange of operational 
safety experiences of PHWRs in 
Bombay during February 1994. Spe
cial Training programmes with coop
eration from IAEA experts were ar
ranged on Assessment of Safety 
Culture Organisation Team (ASCOT), 
Assessment of Safety Significant 
Event Team (ASSET), Probabilistic 
Safety Assessment (PSA) and Op
erational Safety Significant & Review 
Team (OSSART). 

IRE continued to accord highest priority 
for maintaining the prescribed safety 
standards. Training programmes in 
Safety for employees, and Contract 
Labours were intensified with the tech
nical assistance of Atomic Energy Regu
latory Board, BARC and National Safety 
Council. One Unit of the Company 
bagged overall first prize during Mines 
safety week competition organised by 
the Director General of Mines Safety for 
South based Mines. CMD's rolling 
shields for best house keeping & safety 
were bagged by Chavara and OSCOM 
Units respectively. 

Pollution & Environmental control mea
sures were further improved, and affor
estation work was carried out in full 
swing in mined our areas besides 
greenary around Plant premises. The 

Company has conducted Environmen
tal Audit at all its Units duting the year. 

Quality Assurance 

Quality Assurance activities were con
tinued in all areas of work. Annual 
Quality Audits were carried out on 
Project RAPP-3&4, Narora Atomic 
Power Station, Rajasthan Atomic Power 
Station and Tarapur Atomic PowerSta-
tion. Special specific area audits were 
also carried out as Quality Assur
ance on cable layout, fire barriers at 
NAPS-1 and«APP-1&2. 

Quality Assurance services were of
fered to outside agencies on chargeable 
basis and to the DAE units. Source 
quality surveillance on various materials 
and equipment under procurementwere 
continued. 

3.13.2 Environment Surveillance 

BARC successfully conducted an aerial 
gamma spectrometric survey at Jodh-
pur (Defence Lab, Jodhpur and NBCW 
Cell collaborated) with simulated ground 
contamination. As part of emergency 
preparedness at nuclear power plants, a 
multi-user computer facility was in
stalled and commissioned as radiation 
safety information network with remote 
terminals at a few nuclear installations 
at Tarapur. 

The Environmental Radiological Labo
ratories (ERLs) functioning at the differ
ent nuclear power stations in the coun
try conducted radiological surveys and 
measurements and demonstrated that 
there is negligible impact on the environ
ment and ecological system due to the 
operation of nuclear power plants. A 
new Environmental Laboratory started 
functioning at the Kakrapar site while 
work on the Kaiga ERL was initiated. A 
Sodar Laboratory also started function
ing at Kaiga Site for conducting detailed 
micrometeorological investigations. 

As a participant in the Global Environ
mental Radiation Monitoring Network 
(GERMON) programme of the UNDP, 
four more monitoring stations- were 
added (atShillong, Nagpur, Hyderabad 
and Visakhapatnam) during this year. 

Efforts were also made to include insti
tutions of higher learning in this 
programme. 

As part of the Environment Impact As
sessment of the Heavy Water Plant at 
Manuguru, it was established that there 
is no contamination of the underground 
water from the flyash pond. 

Planning of the teletherapy department 
of a large cancer hospital in Bombay 
Municipal Corporation was carried out 
by BARC. BARC also assisted the 
Drug Controller of India in the licensing 
process of the gamma irradiator at De
fence lab, Jodhpur for sterilisation of 
medical products. 

3.13.3 Safety Research 

In the areas of Reactor Safety studies, 
Loss of Coolant Accident (LOCA) analy
sis was carried out at BARC for pres
sure tube rupture in RAPS reactor. The 
process of safety analysis code assess
ment continued through participation in 
International Standard Problem (ISP) 
exercises. 

As part of the development of computer 
codes for dynamic analysis of PHWR 
power plants, the major sub-system 
models for primary coolant system of 
220 and 500 MWe PHWRs were devel
oped at Trombay. Work on the develop
ment of secondary system models and 
their integration with the main system 
code also made progress. 

Level-1 Probabilistic Safety Assessment 
(PSA) was carried out by BARC for 
Kaiga reactors. Work on generation of 
data for human reliability analysis (HRA) 
for PSA was continued. Human reliabil
ity analysis in respect of human interac
tions involved in some major operating 
procedures for emergency conditions 
was also carried out. 

The LOCA (loss of coolant accident ) 
environmental simulation facility to 
qualify components and test their ability 
to withstand and perform under LOCA 
conditions was commissioned. Tests 
on containment coating material, some 
process instruments and cables were 
also carried out by BARC in this facility. 
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Radioactive banded quartz-chlorite schist, Rangamatia, Bihar 

As part of theeffortto rehabilitate NAPS-
1 reactor, cables, micro-circuit break
ers, relays etc., which wtre affected 
during the fire incident, were tested for 
their suitability. 

Extensive analysis was carried out at 
Trombay in respect of the containment 
of Kaiga Nuclear Power Plant in the 
context of decision regarding design 
pressure. 

BARC participated in the IAEA Co
ordinated Research project on the 'Es
tablishment of Thermophysical Proper
ties Data Base for Light and Heavy 
Water Reactor Materials'. A computer 
code was also developed based on wide 
ranging experimentally validated f ormu-
lations for light and heavy water 
thermophysical properties. 

At IGCAR, an on-line alpha monitor 
was installed in the process stream of 
the Nuclear Fuel Complex, Hyderabad, 
and its performance was under evalu
ation. A neutron collar tested in the dy
namic mode is now ready for incorpo
ration in the process stream. An elec
tronic book software was developed 
to provide a self-learning kit for DAE 
staff for initiating action plans during a 
site emergency.Additional radiation 
monitoring stations were installed. 
Health physics surveillance was pro
vided for operations in various radioac
tive facilities of IGCAR. Site emergency 
exercise was also conducted. Public 
Awareness programme for the district 
officials and the local public was con
ducted. 

The Physical Protection for Radioactive 
Labs of IGCAR will soon become op
erational. Major functional testing for the 
100 KJ condenser bank facility was 
completed. In connection with the stud
ies related to characterisation of aero
sols released during simulated reactor 
accidents, experiments were carried out 
at Kalpakkam on the physical and 
chemical properties of copper-oxide 
aerosols generated by fast condenser 
discharge techniques. It is planned to 
extend the same to nuclear fuels. 

The KARP Project, being set up by 
BARC at Kalpakkam, for reprocessing 
MAPS fuel, entered the final phase of 

3.I4 ATOMIC MINERALS 

The Atomic Minerals Division (AMD) is 
responsible for exploration of atomic 
minerals required for the Indian nuclear 
power programme. The main activities 
of AMD include assessment, evaluation 
and categorization of atomic minerals, 
design and fabrication of radiometric 
instruments, and development of ore 
extraction flow-sheets. 

Surveys 

Airborne gamma-ray spectrometric 
(AGRS) and magnetic surveys (over 
42,600 sq km) were carried out Dy AMD 
in parts of Tamil Nadu, Kerala, Madhya 
Pradesh, and Andhra Pradesh. Follow-
up ground checking resulted in locating 
promising radioactive anomalies. 

New surface uraniferous zones were 
discovered and extensions of known 
occurrences were delineated in parts of 
Meghalaya, Andhra Pradesh, Rajasthan, 
Gujarat, Bihar, Orissa, and Madhya 
Pradesh through ground radiometric and 
geological investigations (about 12,700 
sq km reconnaissance and 530 sq km 
detailed). 

Geochemical surveys over 16,000 sq 
km indicated anomalous uranium zones 
in parts of Andhra Pradesh, Rajasthan, 
and Madhya Pradesh. An interesting 
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discovery was of shrub Strobilanthes 
(Acanthaceae Family) as indicator plant 
over the uraniferous sandstones of 
Domiasiat area, Meghalaya. 

Ground geophysical surveys indicated 
favourable tracts for uranium mineral
ization in parts of Andhra Pradesh, 
Madhya Pradesh, and Uttar Pradesh. 

Exploratory drilling 

Subsurface extension of uraniferous 
zones were established by exploratory 
drilling (31,500m) at Umra, Udaipur 
district, Rajasthan; Lambapur and 
Yellapur, Nalgonda district and 
Sanipaya, Mullapalle, Tummalapalle, 
and Rachakuntapalle, Cuddapah dis
trict of Andhra Pradesh; Naktu and 
Kudar, Sonbhadra district, Uttar 
Pradesh; Tyrnai, West Khasi Hills dis
trict, Meghalaya; and Kaunala, West 
Siang district, Arunachal Pradesh. 

Revised ore reserve estimates indicated 
1,640 tonnes U308 at an average grade 
of 0.093% U308 at Lambapur, Nalgonda 
district, Andhra Pradesh and 520 tonnes 
U308 at an average grade of 0.098% 
U3Og at Tyrnai, West Khasi Hills district, 
Meghalaya. 

Experimental mining continued at 
Jajawal, Surguja district, Madhya 
Pradesh and about 660 tonnes ore (over 
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Heavy minerals concentration along Kalmgapatnam coast, Snkakulam D,str,ct, Andhra Pra Pradesh 

0.04% 
recovered 

u3o8 average grade) were 

Heavy Mineral Investigations 
Potential areas of heavy mineral con
centration were identified along east 
coast of Andhra Pradesh. 

A preliminary report on the mineral sand 
reserves in Kalingapatnam coast, 
Srikakulamdistrict, Andhra Pradesh and 
report on heavy mineral reserves in the 
coastai sands of the eastern extension 
of IRE fining Block-Ill, Chavara de
posit, Kerala were submitted to IREL 

Rare Metal and Rare Earth 
Investigations 
Potential areas of xenotime concentra
tion (about 314 tonnes) were located 
along Siri river, Raigarh district, and 

Sukhaiya-Garhari nala, Surguja district 
of Madhya Pradesh. Reserves of 7.5 
tonnes of columbite-tantalite were 
established^ pegmatites at Challanpara 
and Kawargaon, Bastar district, Madhya 
Pradesh and Salai pegmatite, Nagpur 
district, Maharashtra. The recovery units 
in Madhya Pradesh, Bihar, and 
Karnataka produced 57 tonnes of 
xenotime-bearing concentrate, 4.3 
tonnes of columbite-tantalite, 9 tonnes 
of spodumene, and 14 tonnes of beryl. 

Geotechnical Investigations 

Two boreholes (720.25 m) were drilled 
by AMD at Kalpakkam, Tamil Nadu 
under'Repository for Immobilised waste 
Products (RIP)' Project of the Nuclear 
Waste Management Division, BARC. 
Drilling in the Reactor building site at 

Kaiga which commenced in March 1994 
was suspended and resumption from 
NPCIL is awaited. As a member of 
National Committee, AMD provided help 
to the Bureau of Indian Standards, New 
Delhi to revise seismic zoning map of 
Peninsular India. 
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4 

NON-POWER 
SECTORS 

Preparation of formulation for 
technetium-99m injectables 

4.1 RESEARCH REACTORS 

The research reactors APSARA.CIRUS 
and DHRUVA at Trombay continued to 
operate satisfactorily and provided fa
cilities for basic and applied research 
and isotope production. Considering 
that APSARA and CIRUS have been 
in operation for over three decades, 
plans have been drawn upfortheir refur
bishing, based on detailed ageing stud
ies carried out recently. The safety 
analysis report for these modifications 
is under review. 

Preparations for pre-commissioning tri
als on KAMINI reactor, a uranium-233 
fuelled 30 KW research reactor, set up 
by BARC at Kalpakkam, made prog
ress. 

4.2 RADIOISOTOPES 

4.2.1 Production 

Primary radionuclides irradiation of dif
ferent target materials in the research 
reactors at Trombay for various radio
isotopes was carried out. In all over 



1100 curies of mo!ybdenum-99, 425 
curies of lodine-131, over 21700 curies 
of iridium-192 and 15 curies of phos-
phorus-32 were produced during this 
period. 185 service irradiations were 
also carried out. 

A procedure for routine-preparation of 
several curies of lodine-125 for use in 
medical diagnostics was standardised. 
A procedure to recover tritium from neu
tron irradiated lithium-aluminium alloy 
was worked out and tested. Over 380 
curies of tritium produced was supplied 
by BARC for use in selfluminous light 
sources. 

Radiation sources 
Twenty two cobalt teletherapy sources 
containing about 117,700 curies of 
cobalt-60 were prepared for cancer 
therapy and 5 gamma chambers were 
loaded with about 11,000 curies of co
balt-60 for use in radiation process-ing 
research. Cesium-137 is now replac
ing the radium in brachytherapy sources. 
To meet the requirement of 
brachytherapy, a process to incorpo
rate the isotope in borosilicate glass 
matrix was standardised. A facility to 
produce 100-200 sources of cesium-
137 solid sources per month was also 
commissioned and 200 such sources 
were prepared. A method to recover 
cesium-137 from fission product waste 
stream of the reprocessing plant was 
also developed. 

4.2.2 Applications of Radioisotopes 

Origin and residence time of ground 
water springs in Nandyal, Andhra 
Pradesh were studied at Trombay using 
environmental isotopes. Isotope stud
ies also continued in and around Jha-
mer Kotra Phosphate mine, Udaipur, 
Rajasthan, to locate the sources of 
seepage. As a part of the Coordinated 
Research Programme on isotope tech
niques in lake dynamics investigation 
organised by IAEA, isotope studies con
tinued at Pookot lake, Kerala and 
Nainital lake, U.P. 

An action plan was initiated for applica
tion of technologies developed by 
DAE, ISRO and DRDO for water re
sources development and management 
in Rajasthan. 

Radiotracer studies were also under
taken by BARC at the request of 
Bombay Dyeing and Hindustan 
Organic Chemicals. 

Radioimmunoassay (RIA) procedures 
for the measurement of nanomolar 
levels of steroid hormones in human 
serum were standardised. The 
standardised procedures are in the pro
cess of comparison with commercially 
available (imported) procedures. The 
technology of progesterone RIA 

ameter Naphtha stripper column of 
Ceylon Petroleum Corporation, Sri 
Lanka, was carried out. 

Gamma scanning of 80cm dia. ammo
nia separator column was carried out 
for Alkyl Amines Chemicals Ltd., 
Patalganga, Maharashtra. The sus
pected portions were radiographed. 
Gamma scanning of the vacuum distilla
tion column of feed preparation unit at 
Indian Oil Corporation Ltd., Gujarat 
Refinery, Baroda, Gujarat was also 

Processing of radiopharmaceuticals 

procedure was transferred to BRIT for 
the production of kits. A RIA procedure 
for the tumour marker alfa fetoprotein is 
under development 

Non Destructive Testing (NDT) 
Radiometric inspection of thick lead 
shield models for use in nuclear power 
stations was carried out by gamma 
scanning. Defects such as voids were 
detected and rectified at site. Gamma 
scanning of petrochemical columns is 
today in.jgreat demand for on-line non
destructive testing. At the request of 
IAEA, gamma scanning of 2.2 m di-
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carried out. 

Computed Tomography Imaging 
An Industrial Computed Tomographic 
Imaging system was developed by 
BARC using cesium-137 as the source 
of gamma radiation. This system was 
also used for digital radiography in NDT 
applications. Initial results with test speci
mens has evoked excellent response 
from defence and space organisations. 



Bhabha Atomic Research centre at Trombay is a leading producer of radioisotopes. 
Picture giues a glimpse of radioisotope production at BARC. 
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Dhruva and Cirus at Trombay produce radioisotopes needed by hospitals, agriculture and industries 
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Radioisotope equipment production facility, Vashi, New Bombay 

4.2.3 Radiation Processing 

Radiation processing in environment 
For the Ganga Project Directorate, New 
Delhi, studies were taken up by BARC 
to test the suitability of gamma irradia
tion to disinfect sewage effluents at the 
Sludge Hygenisation and Research Ir
radiator (SHRI) facility, Baroda. The re
sults have indicated good technical fea
sibility of the method for wider applica
tions. 

Radiation processing of polymers 
Crosslinked polymeric gels have a 
variety of applications in biotechnology. 
Radiation polymerisation for preparing 
such hydrogels offer distinct advantage 
over chemically processed gels. A vari
ety of such gels were prepared at 
Trombay by radiation polymerisation 
and tested. 

Electron Beam Irradiation 
A technique of irradiating diamonds 
was developed and standardised by 
BARC in order to induce desired colour 
changes in them. About 1000 carats of 
diamonds were irradiated satisfactorily 
and were found to retain the colour per
manently. This technique is expect-ed 
to increase the market value as well as 
the export potential for the item. The 

technique will be made available to the 
Indian diamond industry. 

4.2.4 Radiation Medicine 

Radiation Medicine Centre 

Radiation Medicine Centre (RMC) at 
Bombay is primarily engaged in : 

- R&D programmes connected with the 
development of radionuclidic age-nts, 
procedures/processes for use in clinical 
nuclear medicine, 

- Application of the well standardised 
radiopharmaceuticals for diagnosis 
and treatment of certain disease condi
tions in patients referred to the Centre, 
and 

- Imparting education and hands-on train
ing. 

The major activities of RMC during the 
year were as follows: 

(i) 99mTc-MAG3, a tubular secretion 
agent, with fast renal kinetics was clini
cally evaluated in normal human sub
jects/patients for the first time in India 
during the year with good results. Some 
of the other radiopharmaceuticals that 

were introduced for clinical application 
in recent years. 

(ii) Duringtheyearover27,000 nuclear 
medicine investigations were performed. 
A total of 338 patients were treated for 
hyperthyroidism and 276 thyroid cancer 
with 1 3 1 l . In addition, 47 patients were 
treated for palliation of bone pain with32p 
(an indigenous agent) and 3 with 89Sr2*. 

Regional Radiation Medicine 
Centre, Calcutta 

Tests continued on a radiation dose 
analyser for the 4 MeV LINAC, fabri
cated at VECC.The second gamma 
camera was installed and put into use 
for diagnostic purpose. Procurement of 
equipment for the Radio Pharmaceuti
cals Laboratory (RPL) also progressed. 
Gallium-67 citrate produced at VECC, 
was supplied to the Birla Heart Re
search Centre, Calcutta and BARC, 
Bombay. 

4.3 RADIATION AND RADIOISOTOPE 
TECHNOLOGY 

The Board of Radiation and Isotope 
Technology (BRIT) produces and sup
plies radioisotope products including 
radiochemicals, labelled compounds/ 
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biomolecules labelled with carbon-14, 
tritium, phosphorus-32, and sulphur-35, 
and radiopharmaceuticals RIA kits, 
radiation sources, gamma radiography 
equipment and gamma irradiator 
systems to users in the country and 
abroad. BRIT has Regional Centres for 
Radiopharmaceuticals at Bangalore, 
Delhi, and Calcutta, Radioimmunoas
say RIA Centre at Dibrugarh, JONAKI 
Laboratory for preparation of labelled 
nucleotides.at Hyderabad, besides the 
Isomed plant at Trombay and Isopharm 
at Vashi, New Bombay. 

4.3.1 Radiochemical 

About 55 TBq (1500 Ci) of reactor 
produced radioisotopes were process
ed for supply to various users and for
mulation of radiopharmaceuticals. A 
few batches of phosphorus-32, calcium-
45 and sulphur-35 labelled agrochemi-
cals were supplied for agricultural re
search. For illumination of instrument 
dials and other devices 4500 tritium filled 
nuclear light sources in various sizes 
and shapes and 750 gms of prome-
thium-147 self-luminous compound were 
supplied. 

4.3.2 Radiation Sources 

A total of 9.25 PBq (250 KCi) of radiation 
sources of low and high intensity were 
supplied use in industry, medicine, agri
culture and research. About 600 TBq ( 
16,500 curies) of iridium-192 was sup
plied in the form of sealed sources for 
industrial radiography. Several consign
ments of lridium-192 in the form of wire 
were supplied to hospitals for 
brachytherapy. BRIT also supplied 20 
large output sources of cobalt-60 for 
treatment of cancerto various hospitals, 
and 8 integrated sources of cobalt-60 
for loading in gamma irradiators. 

4.3.3 Radiopharmaceuticals 

During the year 60,000 consignments 
of different radiopharmaceuticals were 
supplied for nuclear medicine, enabling 
an estimated 700,000 patient investiga
tions and treatment in the country. The 
regional centres at Bangalore and 
Delhi regularly processed ready-to-
use Tc-99m radiopharmaceuticals for 

use in host nuclear medicine centres. 
The centres at Dibrugarh and Banga
lore offered radioimmunoassay 
services to local hospitals. 38 consign
ments totalling about one curie of 
gallium-67 produced at the Variable 
Energy Cyclotron and processed at 
Radiopharmaceuticals Laboratory, 
Calcutta, were supplied for use in 
Regional Radiation Medicine Centre 
and B.M. Birla Heart Research Centre, 
Calcutta and Radiation Medicine 
Centre, BARC, Bombay. 

A variety of raw materials, radioactive 
materials, additives, reagents etc., used 
in the production of radiopharma
ceuticals, were tested. 

Eight batches of sterile Mo-99 - Tc-99m 
column generators were processed 
and 14 generators supplied to nuclear 
medicine centres in Bombay, were 
reported to be comparable in perfor
mance with similar products from inter-
'national suppliers. 

A gel-generator system, which enables 
use of neutron activated low specific 
activity Mo-99, was developed and 
standardised. The system envisages 
controlled preparation of zirconium 
moJybdate-Mo-99 columns. The proto
types were found to be of acceptable 
standard. 

BRIT participated in the on going four 
IAEA Projects in the field of Tc-99m 
radiopharmaceuticals and generators, 
immunoassay kits and reagents. 

Extensive clinical evaluation of Tc-99m 
ECD kit developed in- house for brain 
perfusion imaging were completed. 
Several batches of 1-131 labelled MIBG 
(meta-iodo-benzyl guanidine) for inject
ing into certain tumours were prepared 
and evaluated and data compiled for 
clearance by Radiopharmaceuticals 
Committee. The work on the MIBI, a 
better myocardial perfusion imaging 
agent, labelled with Tc-99m, progressed 
considerably. Feasibility for production 
of IRMA kits for FSH and prolactin was 
demonstrated by BRIT. 

Development work for the preparation 
of Tc-99m ethylene dicystiene (Tc-EC) 

was completed. The Board has also 
took up production of monoclonal anti
bodies for human TSH, FSH, and 
prolactin in collaboration with the 
Indian Institute of Science, Bangalore. 

4.3.4 Labelled Compounds 

Over 1000 consignments of carbon-14 
and tritium labelled compounds and 
1800 consignments of P-32 and S-35 
labelled biomolecules were supplied 
during the year. The JONAKI laboratory 
at Hyderabad produced Phosphorus-
321 abelled nucleotides on regular basis, 
covering almost all the indigenous 
requirements of these labelled 
biomolecules for studies in molecular 
biology. The method of preparation 
of Sulphur-35 labelled methionine was 
improved further to obtain a high spe
cific activity product. Five non-radioac
tive ('cold') kits for use in recombinant 
DNA technology were assembled and 
their supply started on a routine basis. 
Two new sequencing kits based on TaQ 
DNA polymerase and T7 DNA poly
merase were assembled on trial basis 
and put is evaluation. Custom synthesis 
of some important products for use in 
bio-medical research was also under
taken. 

4.3.5 Radiation Sterilization 

The first radiation sterilization plant in 
the country, ISOMED completed 20 
years of fruitful operation in 1994. The 
operation of the plant has enabled the 
acceptance of this process and has 
shown steady growth as reflected in the 
turnover over the last several years. 
Approx.9600 cu.meters ( 112,000 car
tons) of medical products were steril
ized at the plant during the year. The 
revenue earned by the plant on account 
of irradiation and other services 
increased by 41% during the year. 

A total of 1.9 million radiation indicator 
buttons were supplied to the users of 
ISOMED plant for identification of irradi
ated products. Biological indicators and 
cericcerous dosimeters were also sup
plied to various users . A new type of 
radiation indicator label 'vas developed 
for distinguishing irradiated materials 
from unirradiated materials. These for 
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determining beam profiles of electron 
accelerators. Multipurpose sterile 
polypropylene containers for laboratory 
use and radiation resistant PVC for use 
in flanges of Copper-T for use as 
a family planning device developed 
which are under going trials. 

4.3.6 Radioisotope Equipment 

Forty one remotely operated radiogra
phy cameras were supplied to indus
trial users for non-destructive testing . 
Familiarisation programmes were con
ducted for industrial personnel in the 
safe operation of the cameras. 

One Gamma Chamber 900 Unit was 
supplied to Banaras Hindu University, 
Varanasi. Three Gamma Chamber 900 
units were refurbished and replenished 
with fresh cobalt-60 and installed at 
Haryana Agricultural University, Hissar, 
Central Fuel Res.lnst., Dhanbad, and 
Sugarcane Breeding Institute, 
Coimbatore. 

The design of the modified and 
improved version of Gamma Chamber-

4000 A Unit called Gamma Chamber 
5000 was completed by BRIT. The Unit 
will have a capacity of 445 TBq (12,000 
Curies) of cobalt-60 and will provide an 
irradiation volume of 5 litres. 

A remotely operated afterloading sys
tem using caesium-137 radioisotope for 
treatment of cancer of cervix was 
designed and prototype is under fabri
cation. 

4.3.7 Sale of Radioisotopes 

Over 71,000 consignments of radioiso
topes valued over Rs.12 crores were 
supplied for use in medicine, industry, 
research and agriculture. Radioisotope 
products and equipment valued at about 
Rs. 15 lakhs were exported. 

4.3.8 New Projects and Schemes 

The projects and schemes being 
implemented by BRIT cover areas 
of extension of nuclear medicine 
facilities in the country, upgrading of 
facilities for the production of 
radiopharmaceuticals, and setting up 

facilities for production of ra
dioisotope products. 

4.4 HIGH TECHNOLOGY 

4.4.1 Remote Handling & Robotics 

AtTrombay the R&D programme in this 
field is oriented towards indigenous 
development of technologies in the 
areas of intervention robotics, advanced 
automation and remotisation for appli
cations in nuclear facilities. In-house 
development of components and sub
systems also constitutes a thrust 
area. Benefits of the efforts in this front
line field, are also being extented to the 
non-nuclear sectors such as Defence 
and Manufacturing Industry. 

During the year, a Memorandum of 
Understanding (MOU) was signed 
between BARC and Hindustan Machine 
Tools (HMT), Bangalore for collabora
tion in the development, manufacture 
and commissioning of upgraded Bilat
eral Master Slave Servomanipulators 
for the Waste Immobilisation Projects, 
formal handing over of the Flexible 
Assembly Network to the Defence Unit 
concerned, successfultrialsforthe Five 
Axis Robot for gamma tomography at 
BARC, commissioning trials for the 
same Robot for neutron tomography at 
IGCAR, design work in collaboration 
with NFC for the Mechanised Tube 
Cleaning Facility for their New Zircaloy 
Fabrication Plant, development of a Five 
Axis Servo Robot for a teleoperation 
Project under BRNS and Computer 
Interface for the Prototype Bilateral 
Master Slave Manipulator. 

Progress was also made in the develop
ment of Power Manipulators, Advanced 
Master Slave Manipulators and a range 
of robotic and automation systems for 
in-house applications. Developments in 
the area of vision for high technology 
robotics are also noteworthy. 

4.4.2 Superconductivity 

Detailed measurements to obtain data 
on anisotropy in current voltage charac
teristics of YBa2Cu3Ox thin films were 
performed and theoretical models for 
the dissipation mechanism in high 
temperature superconductors were 
developed. In order to study the effect 
of the presence of silver on superconduc-

Prototype of gel generator system for preparation of 
sterile Technetium-99m 

The project for setting up of 
Radioisotope Equipment 
Production Facility at 
Vashi ( New Bombay ) is 
nearing completion and the 
facility is expected to befully 
operational during 1995-96. 
Under the project on Exten
sion of Nuclear Medicine Fa
cilities, financial and techni
cal assistance was provided 
to 4 nuclear medicine cen
tres and 3 RIA centres for 
upgrading their nuclear 
medicine facilities to make 
these available to people in 
places far from metropolitan 
areas. Major works on the 
project for the upgradation 
of facilities for the produc
tion of radiopharmaceuti
cals are nearing completion 
and the facility is to be com
missioned during 1995-96. 
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ing properties of YBa2Cu3Ox, single 
crystals were grown from initial charges 
containing silver nitrate. In continuation 
of our efforts to develop technology for 
preparing multilayer/tailored structures 
of materials related to high tempera
ture superconductors, detailed investi
gations concerning the interaction of 
some of the constituents of high tem
perature superconductors with sub
strate were made. 

Lower and upper critical field measure
ments were carried out on Zr2Rh and 
Zr2RhHx (x~4) using the SQUID magne
tometer. Analysis is underway to corre
late measured specific heat data with 
critical field measurements. 

4.4.3 Development of Parallel 
Processing System 

A 32-node Parallel Processing System 
was made functional this year. This 
system has a peak speed of 2.56 
GFLOPS and a typical user application 
speed of 190 MFLOPS. This speed is 
almost the same as the speed 
achieveable from the conventional 
Super Computer of Cray XMP type and 
it is six to seven times faster than the 
compute servers or graphics worksta
tions based on the latest high speed 
micro processors. The work continued 
to develop 64 node parallel processing 
system with advanced high speed graph
ics support. 

High Speed Image Processing and 
Visualisation 

For high speed image processing and 
scientific visualisation, about 40-50 gen
eral image processing routines were 
developed. These routines work on 
windows-based PC platform as well as 
on high speed graphics workstations 
connected to the parallel processing 
system ANUPAM using X-window soft
ware. Using these routines, it was pos
sible to develop a number of software 
packages for any user specific high 
speed image processing and scientific 
applications. 

One parallel computer system ANUPAM 
was also commissioned at CAT and a 
few programmes were parallized on 

this machine. 

Virtual Reality Package 
The development of virtual reality pack
age on graphics workstation was com
pleted. This package has features for 
the design of 3D layouts and provides 
facilities for walkthrough simulation. 
Walkthrough facility for complex mo
lecular structures was created. The pack
age was released for initial testing. 

4.4.4 Accelerators 

Pellctron Facility 
The basic research in nuclear physics 
was centered around the 14 Million Volt 
Pelletron - the heavy ion accelerator 
facility at Bombay. Accelerated ions of 
different kinds were delivered for experi
ments. Some of the notable results 
obtained from this programme were: 

(a) The occurrence of superdefor-
med structures involving alpha particle 
clusters at high excitation energies 
between 20 and 60 MeV in the nuclei 
of silicon, magnesium and neon was 
established. 

(b) From the measurement of 
enhanced emission of neutrons and 
charge particles prior to nuclear fission, 
both during the formation and the decay 
phases of the compound nuclei formed 
in heavy-ion collisions, the time for 
fission process was established. 

(c) On the theoretical front the main 
focus was to understand the interaction 
of the delta particles (the excited states 
of protons and neutrons) as they pass 
through the nuclear medium and inves
tigation of the effects of the finite life time 
of these non-nucleonic particles from 
their decay products. 

(ii) Superconducting LINAC Booster 
The major progress made during the 
year in the superconducting LINAC 
Booster project is to incorporate in the 
Linac beam line of the Pelletron a split 
loop resonator operating at 150 MHz as 
a buncher. A time bunching of 220 
picoseconds was achieved with Si-28 
and 0-16 beams. 
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(iii) Relativistic Electron Beam (REB) 
Experiments 
Experiments were continued on KALI-
1000 system. A proton beam pulse of 
1 MeV was generated on this system by 
collective ion acceleration using a flash 
board type teflon anode. In a flash X-ray 
experiment carried out on KALI-200 sys
tem the source characteristics such as 
effective energy and dose were mea
sured. Time-of-flight measurements on 
railgun copper ion source were also 
made. 

(iv) Industrial Accelerators 
In view of the importance of multikilo-
watt d.c. electron accelerators for 
applications in plastics modification, 
sterilisation of medical products and 
food preservation, accelerators being 
developed include accelerators of 500 
keV and 1MeV energy. The preliminary 
design of the 500 keV accelerator was 
completed and a design report was 
prepared. Feasibility studies were also 
made to develop an electron induction 
accelerator based on nested shields. 

v) Radio Frequency Quadrupole 
(RFQ) Accelerator 
A low power 250 keV dueteron RFQ 
accelerator was designed. The injector, 
duoplasmatron ion source, was tested 
and at a beam current of 1 mA. RF tests 
at low power were concluded. 

Variable Energy Cyclotron 

The Variable Energy Cyclotron Centre 
at Calcutta is engaged in nuclear 
research and production of radioiso
topes using cyclotron. 

Superconducting Cyclotron 
Project 
VECC is setting up a superconducting 
cyclotron project for advanced research 
in nuclear physics. During the year, pro
curement of materials for various com
ponents and modules continued. Pur
chase orders for major components in
cluded liquid helium plant, liquid nitro
gen plant and superconducting nio
bium-titanium wire. 

Upgradation of VEC 
VECC is upgrading its Variable Energy 
Cyclotron (VEC). The Isotope- Sepa-



Multibeam laser developed by the Centre for Advanced Technology, Indore 

Laser developed by the Centre for Advanced Technology, Indore being used in surgery 



ration-On-Line (ISOL) facility was com
missioned and it performed satisfacto
rily. The Electron Cyclotron Resonance 
Ion Source (ECRIS) was also commis
sioned and the beam line for the trans
portation and injection of the beam to 
the Cyclotron Centre approached 
completion. The high resolution beam 
line cyclotron was also commissioned. 
Besides these, vacuum type deaerator 
and Reverse Osmosis plant, based on 
BARC technology, was installed to 
improve the quality of water and resin 
life. 

The ISOL system continued to be up
graded to satisfy the needs of the ac
tive ion beam facility. 

VECC and SINP started a collabora
tive venture to look into the design and 
other aspects of the RIB facility. 

Synchrotron Radiation Sources 
(SRS) 

INDUS-) SRS facility coming up at 
Indore, consists of three electron ma
chines: 

1. Pre-lnjector - 20 MeV microtron. 
2.Booster Synchrotron-450/700 
MeV. 
3. Electron storage ring-450 MeV SRS. 

The microtron accelerator of pre-injec-
tor stage attained full design energy of 
20 MeV. This is first indigenously 
designed and constructed electron 
accelerator of such high energy and its 
kind. Now routinely operated, it provides 
10 to 20 milli-ampere (mA), 1 micro-sec
ond long pulses of electron beam. 

All the system of booster synchrotron 
were tested and commissioned. Gen
eral system vacuum between 10* to 
10'7 mbar was maintained in entire ring 
by means of in-house made sputtering 
ion pumps (SIPs). All the components 
of the ring were installed and aligned 
within 0.5 mm. These components viz; 
magnets, RF resonator, beam-diagnos
tics and power supplies etc., were 
developed and made at CAT. 

Commissioning tests of booster syn
chrotron progressed with the 20 MeV 

electrons from the pre-injector 
microtron. The injected beam qould be 
captured in this ring and it circulated for 
several micro-seconds. This duration 
corresponds to injected particles mak
ing a few hundred turns through the ring. 
RF resonator and magnet-field ramping 
systems are kept ready for switching on 
to raise the energy of captured electrons 
above 20 MeV in the next stage. 

The beam transfer line from booster syn
chrotron to SRS ring was completely 
assembled and assembly of the ring 
components continued. Magnets and 
vacuum envelope components are 
ready for installation and alignment. 

Two torroidal grating monochromator 
(TGM) systems for utilising synchrotron 
radiation from INDUS-1 were procured. 

Beam-lattice design of 2 GeV electron 
storage ring INDUS-2 was finalised. 
Prototype of its dipole magnet was 
characterised and that for RF amplifier 
system was under fabrication. Other 
major equipment like vacuum chamber. 
RF resonator, LCW plant and a building 
to house the entire INDUS-2 machine 
reached the advanced stages of design. 

Magnetron 
A prototype of 2 MW s-band magnetron 
was developed by CAT under collabo
ration between CAT & CEERI, Pilani. 
During microwave power tests, it oper
ated at 4 micro-second pulse width at 
mean power output of 2 kW. This mag
netron will be adopted for use with 12 
MeV microtron based radiation ma
chines which are also under develop
ment at CAT. 

An improved version of fast current 
monitors based on fast current trans
former with Ni-Zn-Co ferrite core were 
developed for frequency band width 
from dc to 350 MHz. This device is used 
in detecting pulse (particle) current 
in accelerator systems. 

Proton Accelerators 
Development of a 10 MeV proton 
cyclotron accelerator for producing 
radio-isotopes used in positron emission 
tomography (PET), continued. Its main 
magnet, weighing 26 tons, is under fab

rication at CAT workshop. The 
R.F.sytem in this accelerator, operating 
at 68 MHz, is also under development. 

Development and fabrication of various 
systems of a 20 MeV proton LINAC con
tinued. The preliminary testing of ECR 
ion source and the RFQ structure was 
conducted. 

4.4.5 Laser Programme 

At BARC an indigenously built Laser 
Enhanced Ionization Spectrometer (LEI) 
was used to study atomic and molecular 
species in flames. Using this technique 
a method was developed for detection 
of sodium in heavy water in the concen
tration range 20-200 nanogram/ml. 

Isotope shift and hyperfine structural 
studies of Nd and Gd were carried out on 
indigenously built recording Fabry-Perot 
Spectrometer. Information about nuclear 
magnetic interaction constants and elec
tric quadrupole coupling constants 
was also obtained. 

An indigenously built line tunable con
tinuous wave carbon dioxide laser was 
used to carry out absorption studies in 
deuterated methyl acetylene and CF3Br. 

Very low loss homogeneous Sb203 films 
were successfully prepared. It led to 
development of high laser damage 
threshold thin film devices using Sb203 

as one of the two film materials for high 
power laser applications in the UV re
gion. 

R&D studies at Trombay on laser glaz
ing, laser cutting viz., underwater cut
ting, multi-sheet cutting, profile cutting 
and laser surface alloying were carried 
out. A new laser laboratory is being set 
up for this purpose. 

The laser programme at the Centre for 
Advanced Technology is geared to 
develop lasers and their applications in 
industry and medical fields. During the 
year, following were its major research 
and development activities in lasers: 

A PC controlled laser welding machine 
for welding of titanium shell of heart 
pacemaker assembly was developed. 
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Laser welding is a sophisticated tech
nique where laser beam is used to 
deposit a precise amount of energy at 
the required place. One such machine 
commissioned at M/s Shree Pacetron-
ics Ltd., Pithanpore, Madhya Pradesh, 
has been working satisfactorily. This is 
a major import substitution as the cost 
of the machine is less than Rs 15 lacs 
whereas a similar imported machine 
costs more than a crore. 

The 4kW output laser power prototype 
model of transverse flow carbondioxide 
laser was upgraded to 5 kW. The sys
tem can operate in stand alone mode 
or can be controlled remotely by a PC. 
The laser is being used for profile cut
ting of various metallic and non-metal
lic sheet and surface modification such 
as surface hardening, alloying and clad
ding. A few interesting results such as 
surface hardening of aluminium - silicon 
alloy by laser melting and re-solidifica
tion resulting in enhancement of micro-
hardness by several folds were 
observed. This would increase the use 
of aluminium as technological material. 
In another case, corrosion properties of 
copper was improved by surface alloy
ing with chromium. 

In view of the potential applications of 
multikilowatts continuous wave (CW) 
carbondioxide laser, a production model 
giving output power of 4 kW is under 
development. 

An Nd:Phosphate glass laser chain 
developed earlier, continued to produce 
high temperature, high density plasmas 
from soild targets for studies of pump
ing processes for achieving population 
inversion in XUV spectral region, laser 
plasma interaction in short pulse regime, 
applications in x-ray contact microscopic 
imaging and microlithography. For this 
purpose, two plasma chamber systems 
were set-up with various diagnostics 
tools. 

A power glass laser chain was com
pleted by CAT successfully. This is 
being used for study of laser-plasma 
interaction. 

Non-linear optical processes are of great 
interest for diverse applications such as 

protection of sensitive optical detector 
and shaping of laser pulse. These lim-
iters, which allow weak incident light to 
pass through but strongly attenuate the 
intense light, are based on non-linear 
absorption, refraction or scattering of 
incident light. Fullerene (C-60) mol
ecule in a solution was extensively 
studied for optical limiting and the 
occurrence of non-linear scattering was 
established. Various dyes were investi
gated for non-linear properties. 

A non-contact type diameter measure
ment system based on laser scanning 
principal was successfully developed 
for measuring diameter of fuel rods and 
similar objects at the fabrication stage 
itself. 

A compact Pulser Sustainer type 
carbondioxide laser giving 500 mJ pulse 
energy based on solid 
state devices, was 
developed. 

Two nitrogen lasers 
(average power 15 
mW) fabricated by CAT, 
were delivered to Jamia 
Milialslamia University, 
New-Delhi for research 
work and Choithram 
Hospital and Research 
Centre, Indore for treat
ment of burn wounds. 
One Laser Fluorimeter 
and two Copper Vapour 
Lasers, each giving 40 
W average power, 
were also supplied 
during the year. 

With the view of applications of lasers 
to biomedicine, Nitrogen laser excited 
auto fluorescence spectra of malignant 
and adjoining normal tissues were stud
ied at CAT. It was obsered that it is pos
sible to discriminate the malignant and 
normal tissues with specificity > 85%. 

To extend the laser 
wavelengths into far-infrared region, a 
waveguide Far Infra Red (FIR) laser 
resonator incorporating a precision out
put mirror translational stage and gas 
handling system was assembeled. 

4.4.6 Cryogenics 

Using SQUID magnetometer, various 
high temperature superconducting ma
terials were studied at CAT. A new mag
netic transition was discovered. CAT 
workshops took up fabrication of 

Aerial Gamma 
Spectrometer wi:h 

gcopositioning 
Satellite Receiver 
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many important components for Accel
erator, Laser and Cryogenics 
Programmes. 

4.4.7 Materials, Components & 
Detectors 

At BARC, prototype beryllium scan 
mirror for very high resolution radiom 
eter applications in weather forecast
ing, was fabricated and the relevant 
process parameters established. This 
mirror successfully underwent pre-
qualification trials. The fabrication of 

National Calibration Facility at Trombay for 

a full size beryllium mirror, to be used in 
INSAT series spacecraft, is in progress. 

A large number of beryllium windows for 
medical x-ray equipment were also 
fabricated by BARC and supplied to 
Bharat Electronics Ltd. A 9.5 kg beryl
lium cluster for the inertia) sensing unit 
of geostationary satellite launch vehicle 
(GSLV) was fabricated This is undergo
ing dimensional stability checks and user 
trials at ISRO. 

The requirement of KAPS 1&H for 500 

Fast Neutron Flux and Radiation Monitors 

Manganese sulphate bath system set up at Trombay for standardisation of radioactive 
neutron sources 
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boron carbide reinforced silicone rubber 
sheets and 1290 kg of boron carbide 
powder was met by BARC. 

A neutron sensing coating of for in-pile 
neutron monitoring, was developed and 
successfully used in TAPS. 

At Trombay, using diffusion bonding, 
defect free bonds of stainless steel were 
successfully developed with zircaloy-2 
and titanium. Successful joining of stain
less steel to itself and to aluminium was 
achieved by the novel technique of tran
sient liquid metal bonding. 

BARC helped in generating extensive 
corrosion and mechanical properties 
data on a newer zirconium alloy used for 
the fabrication of fuel tubes at NFC. 

A significant achievement during the 
year was the perfection of technology 
for growing crystals of lithium and cal
cium fluoride upto 50 mm diameter and 
BGO upto 35 mm dia. 

Various types of glass to metal seals 
were made at Trombay for critical appli
cations. Seals capable of withstanding 
1000 psi pressure were developed for 
use in heavy water plants. Glass based 
components such as hollow cathode 
lamps and flash lamps for pumping YAG 
(Nd) laser were also fabricated and sup
plied. 

Ten numbers of vanadium self powered 
detectors were developed by BARC 
and installed at KAPPII for in-core neu
tron flux measurement. 

A few prototype hydrogen sulphide sen
sors with associated electronics were 
fabricated and installed at Heavy Water 
Plant, Kota for performance evaluation 
as threshold detectors. 

Electronic Instrumentation 

Several application specific NIM/ 
CAMAC modules including charge sen
sitivity preamplifier were developed at 
Trombay for position sensitive detec
tion, dual input fast coincidence spec
troscopy amplifier with triangular shap
ing, box car integrator, Octal CAMAC 2K 
Time to Digital Converter, and Quad 



CAMAC high speed 4K Time to digital 
converter. 

Other developments included : 

- A small size contamination monitor 
with improved frisker probe design for 
monitoring radioactive contamination on 
hands and clothes. 

- A real time Ultrasonic Imaging System 
for rapid inspections by Non-Destruc
tive Testing (NDT) of metallic speci
mens. The system enables on-line 
visulaization of material cross sections 
on a standard TV Monitor. 

- PC interface system for Gamma Cam
era with on line energy and uniformity 
corrections. This system was evaluated 
by IAEA and two such systems were 
ordered by the Agency for installation in 
Lima, Peru. 

- Colour image processing system for 
diffusion rate studies injection liquid poi
son into the reactor and stress pattern 
measurements using photoelastic ma
terial for various reactor components. 

The pilotfacility for enrichment of Boron-
10 isotope by exchange distillation of 
boron trifluoride-ethylethercomplexwas 
cleared by safety agencies. It is under
going commissioning. 

Analytical Instrumentation 
At BARC several precision mechanical 
components including sputter ion pumps 
were fabricated for use in the analytical 
instruments developed in-house. Two 
mass spectrometers for the analysis of 
heavy water were assembled and com
missioned at site. A mass spectrometer 
for the analysis of solid nuclear fuel 
samples was completed and installed. 
In addition, two numbers of sensitive 
helium leak detectors were developed 
for internal use. 

4.4.8 Seismology 

The seismic arrays at Gauribidanur and 
Delhi functioned smoothly generating 
high quality seismic data. These data 
were also disseminated to various geo
physical R&D organisations. Recently, 
the seismic array stations at 

Gauribidanur and Delhi, were equipped 
with microprocessor based real-time 
digital data aquisition systemsfor broad
band and long period seismic channels. 
The radio telemetered regional seismic 
network in the Bhatsa dam region of 
Maharashtra also operated continuously. 
These data were used for seismotectonic 
studies of the region. 

4.5 NUCLEAR AGRICULTURE 

4.5.1 Crop Improvement 

Central Seed Committee, Government 
of India issued Gazette Notification for 
commercial cultivation of BARC devel
oped mungbean TARM-2 which is resis
tant to powder mildew disease. 

The semi-dwarf, Spanish bunch type 
groundnut variety TG-26 was identified 
for Rabi/summer cultivation in Zone-ll 
(Gujarat, western M.P. and northern 
Maharashtra) by the National Variety 
Identification Committee. 

A number of cultures resistant to pow-

Mung and groundnut mutants developed 
at BARC 
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dery mildew in mung and Fusarium wilt 
in pigeonpea are undergoing extensive 
field trials at Central and State 
VarietalTrials. 

A large scale production of a 
biopesticide, an indigenous isolate, was 
successfully attempted paving way for 
commercialisation. 

Mating disruption technique using 
BARC developed pink bollworm 
(PBW) pheromone and dispensers, 
was found to be effective in reducing 
pink bollworm damage to cotton under 
field conditions. 

4.5.2 Tissue Culture 

Micropropagation of banana was 
continued and the protocol was 
standardised for the multiplication of 
seven commercial varieties: Basrai, 
Shreemanthi, Rasthali, AP Rasthalim 
Poovan, Lalvelchi and Karibale 
monthan. For genetic improvement of 
bananas which, because of their veg
etative propagation, have limited vari
ability mutation breeding was under
taken. Shoot tips from different cultivars 
such as Shrimanthi, Lalvelchi, 
Nanjangud Rasthali and Karibale 
Monthan were irradiated at different 
doses and more than 2500 plants were 
derived from irradiated shoot tips out 
of which over 1000 are undergoing field 
trials at Punjabrao Krishi Vidyapeeth, 
Akola. 

4.5.2 Food Irradiation : Following the 
amendment to the Prevention of Food 
Adulteration (PFA) Act including food 
irradiation as a process for preservation 
of spices, potato and onion, a demon
stration plant for irradiation of spices is 
to be set up at Vashi, New Bombay. 

4.5.3 Water Management 

A technical report was prepared by 
BARC for setting up a combined Re
verse Osmosis + Multi-Stage Flash 
(MSF) plant of 1.4 million gallons per 
day capacity. Discussions were held 
with several State and Central Govern
ment agencies in this connection. 

The Reverse Osmosis plant set up at 
VECC, Calcutta operated successfully. 



Glove boxes setup at Kalpakkam for reprocessing 

4.6 BASJC & APPLIED RESEARCH 

Physical Sciences 
In the area of condensed matter phys
ics, a number of new phase transitions 
were studied by static high pressure 
techniques, shock wave methods and 
by theoretical simulations. 

In the area of neutron scattering, a large 
number and variety of experiments were 
done at Trombay using facilities at 
DHRUVA and CIRUS reactor. These 
included phonon density of state mea
surements in silimanite; magnetic struc
ture determination of mixed ferrites; 
heusler alloys and other magnetic com
pounds; small angle scattering from sur
factant solutions, metallic alloys and 
ferrofluids; phase transition studies in 
inorganic salts; structural studies of 
newly developed hi-Tc superconduc
tors, liquid crystals etc. 

A filtered detector spectrometer for in
elastic neutron scattering was commis
sioned at Dhruva reactor.This instru
ment will be useful in studying inelastic 
neutron spectra of various chemicals as 
well as extending the range of density-
of-state measurements that is not nor
mally accessible to triple axis neutron 
spectrometers. 

In the area of theoretical physics, a new 
model of squeezed Raman microsmaser 
was proposed in quantum optics. Peri
odic-orbit theory was applied to obtain 
analytical results in the case of an har
monic oscillator and its variants in 2- and 
3- dimensions. Periodic orbit theory 
was applied to study the semi classical 
features of a Dirac particle and of 
s'jperdeformed nuclei. 

A theoretical model for recombination 
mode X-ray laser based on the popula
tion inversion and gain coefficient in an 
expanding H-like plasma was devel
oped and appropriate scaling laws were 
derived. 

In the area of astronomy & astrophys
ics, the mechanical struture of the Imag
ing Unit of the TACTIC gamma-ray tele
scope, to be installed at Gurushikar, 
was fabricated. It has successfully 
undergone comprehensive tracking and 

pointing accuracy tests in Trombay. 

Detailed simulation studies of the atmo
spheric cascades, initiated by very high 
energy gamma-rays, were conducted to 
generate important inputs for an optimal 
utilization of theTACTIC and MYSTIQUE 
telescopes. 

The Gulmarg Neutron Monitor was used 
in the past for the detection of neutron 
bursts of possible lightning origin. A 
scheme was devised recently by BARC 
for generating more reliable distance 
estimates to the lightning discharges 
and hence of the neutron yield. 

Indira Gandhi Centre for Atomic 
Research [IGCAR], is engaged in the 
design and development of technology 
of sodium cooled Fast Breeder Reac
tors, including the development of vari
ous candidate materials, fuel proper, 
manufacturing technology for the fabri
cation of reactor components, fuel 
reprocessing techniques and also 
safety studies. The various R & D 
activities of the Centre are enumerated 
below. 

To develop alternates to tri-butyle-
phosphate in the solvent extraction of 
actinides, especially in fuel reprocess 



ing, various trialkyl phosphates were 
synthesised which helped in under
standing of the extraction process. 
Studies on extraction from neutral me
dia led to the development of a new 
method for the determination of the 
stoichiometry of the metal solvate ex
tracted by the solvents studied. 

As a part of basic research, thermody
namic and solubility studies on fullerene 
were also carried out at IGCAR. 

The technique of laser ablation was 
developed for the direct analysis of 
solids. Laser vaporisation, a novel 
technique for the introduction of 
microlitres of solution was also devel
oped for the first time. A new coupled 
neutron-gamma multigroup library for 
26 nuclides was generated based on 

Laser scattering ring from good thin wire 

re on Evaluated Nuclear Data File, for 
r- shielding calculations. Testing and vali

dation of the neutron and gamma inter
s' action data was done successfully and 
w activation cross sections for a number 
ie of materials used as activation foils for 
x- neutron flux and spectrum measure

ments were prepared. 

y- Development of a 3-dimensional diffu-
le sion theory burn-up code continued. An 

albedo technique was applied to study 
the criticality of arrays of fissile assem-

is blies under storage. A back propaga-
of tion algorithm was developed for ana-
el lysing the leak noise data from a 
of sodium-steam generator, obtained 
I- from IAEA, for a Co-ordinated Research 
3d Project. Design Basis Accident (DBA) 
or analysis of BN-800 benchmark design 
n was also carried out. 

Laser scattering ring from rough thin wire 

Surface roughness of thin wires play an 
important role in its performance when 
subjected to high electrical current den 
sities and mechanical stresses. The 
laser scattering technique for surface 
roughness measurement developed 
was successfully applied in the labora
tory for the determination of surface 
roughness of thin wires. Efforts are on 
to make this technique viable for 
shopfloor applications. 

A facility for studying gas-solid interac
tion, was set-up. Real time mass 
spectroscopy analysis was done to de
rive information on activation energy 
and various reaction parameters. 

A high precision adiabatic heat-pulse 
type calorimeter for measurement of 
specific heat of samples at 4.2 K to 
300K was also installed which yielded 
important data on fullerene C60 single 
crystals. 

The Supervisory Control and Data Ac
quisition System [SCADA] to handle 
about 4000 analog and digital signals 
with advanced features for the Heavy 
Water Plant at Manuguru was installed 
and commissioning progressed. 

Design of instrumentation and control 
system for the "In-sodium Test Facility 
was completed. 

A coating of graphite is provided on the 
inner walls of the Zircaloy cladding of 
the thermal reactor fuel elements to 
minimise the clad/fuel mechanical inter
action as well as fuel/clad or fission 
product chemical interactions. A break
through was achieved in the indigenous 
preparation of nuclear grade graphite 
from commercial grade. A study on the 
corrosion and tuberculation behaviour 
of carbon steel exposed to tap water 
was carried out. 

The adaptation of high temp, fluorine 
concentration cells has paved the way 
for assessment of microstructural sta
bility, of ferritic steel. 

A predictive equation to estimate the 
weld metal hardness in the Cr-Mo steels 
was developed. Fatigue design curves 
were generated. 

Microstructure of AI-25%SiCr 
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Synthesis of Bi2233 superconducting 
material via the sol-gel route and its 
fabrication in the form of tapes and 
wires was achieved. 

A state-of-the-art Superconducting 
Quantum Interference Device [SQUID] 
sensor, a key component in the 
sensitive magnetometer.was developed 
which has potential applications in the 
bio-magnetism, geophysics and other 
fields. A low energy positron beam fa
cility, capable of investigating defect 
profiles in thin films and at interfaces 
and the first of its kind in India, was 
recently made operational at IGCAR. 

Investigation of crystal structure of 
materials under high pressure and high 
temperature are of interest to both basic 
science and technology. A unique and 
novel high oressure x-ray powder 
diffractometer, capable of sustaining a 
pressure of 600,000 atmosphere and a 
temperature upto 700 K was set up at 
IGCAR. Many investigations of Ura
nium, Thorium and its compounds were 
completed using this set up. 

areas of chemical dynamics, laser 
chemistry, radiation and photochemis
try, interfacial phenomena, catalysis, 
superconductivity, hydrogen storage ma
terials, high pressure studies on materi
als, transport properties of metal 
oxides, radiation damage studies and 
organometallics. R&D work also 
included catalyst development, catalyst-
incorporated carbon dioxide laser 
system, low pressure synthesis of dia
mond coatings and synthesis of special 
materials. 

As a follow up to the successful chemi
cal decontamination of PHT system of 
MAPS Unit 1 carried out earlier, labora
tory experiments were carried out to 
understand the observations made dur
ing the decontamination. Besides stud
ies on radiation chemistry of corrosion 
inhibitors, solid state reactions on 
oxyfluorides, thermodynamic studies on 
tellurates were also carried out. 

Analytical service support was provided 
by BARC to DAE Units and other agen
cies towards the day to day activities, 
R&D programme and for investigations 
to arrive at solutions to specific prob-A Diamond Anvil Cell is used for gene

rating and sustaining 
very high pressures K ^ ^ l ^ ^ ^ ^ ^ ^ ^ S ^ S g g ^ ^ ® ^ 
of the order of a few 4 " ^ > <& y k ^ i ^ t h % ^ ^ r S M § M M W M 

lems. In this process, analysis of nearly 
1700 samples involving over 3750 de
terminations constituted the analytical 
support to the various units of BARC, 
other Government and private 
organisations. Technical guidance and 
collaboration with outside departments/ 
institutions forthe application of nuclear 
as well as other techniques for analytical 
applications was continued. Coordi
nated research work on the develop
ment of newer analytical methodology 
was continued. 

The National Centre for Compositional 
Characterisation of materials at 
Hyderabad was commissioned during 
this year. In the field of radiochemistry, 
the on-going R&D programmes included 
studies on the nuclear, chemical and 
spectroscopic properties of actinide ele
ments and fission products. Applied 
research to generate the necessary 
R&D inputs required : 

- for providing regular quality control of 
plutonium-based fuels, 
-forthe non-destructive assay of nuclear 
materials especially plutonium-bearing 
wastes, and 

megabars. A preci
sion fabrication of a 
Mao-Bell type 
megabar diamond 
anvil cell was accom
plished at IGCAR. 
Manufacture of this 
apparatus was taken 
up as an import sub
stitute. 

Chemical Sciences 
The activities in this 
field during the year 
continued to be 
focussed on basic 
research in thrust 

National Centre for 
Compositional 

Characterisation of 
Materials 
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- for partitioning of minor actinides from 
high level wastes, was also done. 

Life Sciences 
A gene which controls the functioning of 
several other genes needed for growing 
bacterial cells at lowertemperatures was 
identified, cloned and sequenced. Sev
eral alleles of this gene harboring struc
tural or ragulatory mutations were also 
sequence, The gene for human car
bonic anhydrasel was cloned using the 
polymerase chain reacation (PCR). Su-
pramolecular organisation among calvin 
cycle enzymes, which had been pro
posed earlier on biochemical evidence, 
was confirmed by X-ray diffraction stud
ies. 

It was shown that prior exposure of 
human peripheral lymphocytes in vitro 
to a low dose of 1 cGy considerably 
reduced thefrequency of micronucleated 
binucleate cells induced by 100 cGy 
gamma radiation. This confirmed the 
phenomenon of radioadaptive response. 

Using mitogen-induced lymphocyte pro
liferation as an assay system, benefi
cial effects, if any, of low dose radiation 
were examined in mice. These studies 
indicated that the size of the dose frac
tion and the period of radiation stress 
might influence enhancement of immune 
response. In another system, delayed 
hypersenstivity response to a contact 
sensitizer was suppressed by low dose 
radiation. Efforts to generate antigen-
specific cell lines for this study are on. 

Cellular and molecular basis of the 
responses to salinity, drought, heat shock 
and pesticides was investigated in 
agriculturally important bacteria. In the 
nitrogen fixing cyanobacteria. Anabena. 
salinity stress suppressed the synthesis 
of nitrogeriase enzyme and inhibited 
nitrogen fixation. In contrast, osmotic 
stress significantly enhanced nitrogen 
fixation. Tolerance to salt was found to 
be mediated by curtailment of influx of 
sodium ions. Osmotolerance, on the 
other hand, was facilitated by synthesis 
of osmotic stress-induced proteins. 
Thus, it was concluded that selection of 
salt and drought tolerant strains has to 
be pursued independently. 

Exposure of the bacteriaSphingomonas 
paucimobilis to the common pesticide 
lindane induced expression of 4-7 new 
proteins concomittantly with the bacte
rial ability to biodegrade the pesticide. 

Synthesis of bio-organic molecules of 
diverse structures is an important on
going R&D effort. Emphasis is given to 
the development of synthesis strategies 
which have wide applications. Easily 
accessible chemicals and reagents and 
modern methodologies involving orga-
nometallic intermediates, photochemis
try, sonochemistry and or bio-reagents 
were used for the synthesis of a variety 
of compounds. Studies on use of phero-
mones in the integrated pest manage
ment programme were continued. Field 
trials forthe evaluation of synthetic phero-
mones for cotton pests were continued 
at the Central Cotton Research Institute, 
Nagpur and useful data were collected. 
These trials are extended to other cotton 
growing areas. A practical route to the 
synthesis of pheromone of sweet potato 
weevil, a major pest of sweet potato 
tubers, was developed. Successful tri
als for the mass trapping of the pest 
were demonstrated in the experimental 
fields of the Central Tuber Crop Re
search Institute, Trivandrum. The trials 
will be extended to other areas where 
sweet potatoes are grown. Exaltolide, 
used in perfumery, was synthesised by 
a short route. High energy compounds 
with multicyclic fused ring systems were 
obtained by photochemical transforma
tions. These reactions provide access 
to the synthesis of complex compounds 
including bioactive natural products. 

Expertise developed in the multidimen
sional NMR spectroscopy was very use
ful in the elucidation of structures of 
complex organic compounds. A new 
class of natural products was isolated by 
BARC and characterised. Peptide 
radiopharmaceuticals have been gain
ing importance in nuclear medicine for 
diagnostic studies. Synthesis work on 
such radiopharmaceuticals was intiated. 

4.7 TECHNOLOGY TRANSFER 

The R & D efforts of DAE organisations 
in multidisciplinary fields have been gen
erating spin off technologies, During the 

year efforts were made to expose the 
Indian industry to the expertise avail
able in R&D organisations of DAE. Ser
vices in the field of Non Destructive 
Testing (NDT) and in-service inspec
tion were offered to industry by BARC. 
Services in the field of Electron Beam 
Welding and Plasma Melting were 
also offered. The revenue earned from 
transfer of spin off technologies and 
from consultancy services and custom 
built hardware supplied amounted to 
Rs. 2.3 crores. 

M/s Dhampur invertos started market
ing Invert Sugar Syrup for which the 
technology was provided by BARC ear
lier. The technology was licensed to 
three more parties. 

The other technologies transferred dur
ing the year were; (i) Pressure Sensitive 
Adhesive (ii) Fabrication of Tee/Branch 
formation and (iii) Special power supply 
suitable for low power He-Ne lasers 

Services 
BARC provided its expertise on Gamma 
scanning for trouble shooting in the dis
tillation columns of a petrochemical in
dustry in Sri Lanka under IAEA's Tech
nical Assistance Programme. Expert 
services were provided for (i) location of 
blockages in the oil pipe lines to 
Hindustan Petroleum Corporation at 
Vizakhapatnam and Bombay, (ii) Radio 
Tracer services for trouble shooting op
eration in chemical reactors and plants 
to (a) M/S Bombay Dyeing, Patalganga, 
(b) M/S Indian Petrochemicals Ltd., 
(IPCL), Baroda & (c) M/S Hindustan 
Organics Chemical Ltd., (HOCL) 
Rasayani, (iii) Gamma Scannir.g to 
detect blockages to (a) M/s Gujarat Re
finery, Baroda & (iy) Gamma Scanning 
of distillation columns to M/S Alkyl 
Amines, Patalganga. A Gamma camera 
PC interface card is in the process of 
installation in Peru through IAEA. The 
32 node supercomputer based on paral
lel processing technique was offered to 
Aeronautical Defence Agency for solv
ing fluid dynamics problems related to 
duct design required for Light Combat 
Aircraft. 

BARC has been providing regularly, the 
personnel monitoring services to about 
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INSPECTION HEAD ASSEMBLY OF SEALING PLUG WITH INSPECTION HEAD 

SPECIAL SEALING PLUG OSNE MECHANISM 

41,000 radiation workers in 3000 Institu
tions in the country. Special Radiogra
phy Testing courses were run & RIA 
training was provided to Indian partici
pants & IAEA fellows as well. 

Consultancy 
The consultancy and technical assis
tance was provided to M/s. Hindustan 
Zinc Ltd. for the recovery of Cobalt from 
industrial waste. BARC has also signed 
Memorandum of Understanding with (i)' 
Konkan Krishi Vidyapeeth, Dapoli, to 
collaborate in the area of improvements 
and multiplication of crop plants, field 
evaluation of tissue culture raised plants, 
technologies for processing of various 
fruit varieties and developing technolo

gies to monitor the quality of fruits like 
mangoes. MoU was also signed with 
HMT Ltd., Bangalore for the transfer of 
technology on Master slave servo ma
nipulators. 

'Patent Cell 
In the post-GATT scenario, it has be
come essential to patent all our new 
inventions before transferring the tech
nology package to the industry. To ac
celerate the process of patenting , a. 
patent cell was created by DAE. During 
the year 6 patent applications were filed 
on non-nuclear technologies,, namely 
two patents for Invert Sugar, two for 
enzymatic liquifaction of unconventional 
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fruits and two for pressure sensitive 
adhesives. Filing of four more patent 
applications is in the process. 

To interact with industries Technology 
Offer Centre of DAE and its organisations 
organised seminars/exhibitions/work
shops. Responsefromtheenterpreneurs 
was very encouraging. 

4.8 TECHNICAL SERVICES 

Central Workshops 
The Central Workshops (CWS) of BARC 
designed and manufactured precision & 
scientific equipment, fabricated a vari
ety of process equipment, precision 
components for research and power re
actors and provided Quality Assurance 
support for DAE units. 

Following were the notable activities of 
CWS: 

Scintillator Detectors as part of interna
tional collaboration experiments, large 
size Paraboloid Glass Reflectors, work 
on one Telescope for detection of 
Gamma Rays emitted by cosmic source, 
a magnet assembly consisting of mag
net poles, yoke shell and vacuum shell 
for the 20 MeV Microtron and others. 

For experiments of photo-physics at 
Beam line-4 of INDUS-I, a number of 
precision instruments were designed and 
are under manufacture. For scientific 
experiments a number of precision com
ponents and equipment were manufac
tured. 

Technical Services Division of BARC 
continued to deal with electrical and 
mechanical utility services of BARC and 
constituent units of DAE. Technical 
innovations and improvements were 
continuously adopted with a view to 
achieve enhanced reliability and 
optimisation of the various utility sys
tems. Energy conservation and 
.economy in manpower utilisation were 
given high priority. The design and 
development of a light weight Positive 
Seal Containment I s o l a t i o n 



Damper suitable for Nuclear Reactor 
Installation was an important achieve
ment in the field of import substitution. 

Architectural & Civil Engineering 
Services 

A&CE Division of BARC continued to 
provide architectural services to DAE 
units besides a number of other depart
ments of various Ministries. During the 
year, pre-design evaluations were car
ried out for seismic and wind forces, 
environmental effects, etc. Geotechnical 

investigations of soil characteristics and 
underground water movement were also 
considered before finalising the design 
parameters. 

To achieve prescribed radioactivity con
tainment and biological shielding crite
ria, special high density and chilled 
concretings were done. Thermal insula
tions were used to take care of differen
tial temperature effects and to eliminate 
micro cracks on account of thermal 
stress. Special water proofing tech
niques were used to take care of sub

soil water seepage especially in under
ground structures. Integrity of these 
structures was also ensured by anchor
ing the foundations deep into the rock 
surface so as to resist the uplift pressure 
on account of high water table condi
tions. Rigid quality control was main
tained in the selection of construction 
materials. 

Civil Engineering Division continued to 
provide civil services covering all as
pects like planning, .designing, imple
mentations and maintenance for all the 
units of BARC. 
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5 

The DAE 
companies are the 
Nuclear Power 
Corporation of 
India Ltd.(NPCIL), 
the Uranium 
Corporation of 
India Ltd.(UCIL), 
the Indian Rare 
Earths Ltd.(IRE) 
and the Electronics 
Corporation of 
India Ltd. (ECIL). 
(NPCIL has been 
covered in 
Chapter 3.) 

Uranium 
Corporation of 
India Ltd. is 
engaged in mining 
and processing 
of uranium. 

Indian Rare Earths 
mines and 
processes mineral 
sands containing 
thorium and 
rare earth minerals. 

Electronics Corpo
ration of India Ltd 
p- oduces a varied 
.ange of sophisti
cated electronic 
systems. 

PUBLIC SECTOR 
UNDERTAKINGS 

Digital Switching System (MAX-L) manufactured by ECIL 

5.1 URANIUM CORPORATION OF 
INDIA LTD. 

The general performance of the Com
pany during 1994-95 improved over the 
previous year. The capacity utilisation 
of Jaduguda Mine and Mill was 90 % and 
94% as against 86% of the previous 
year respectively. There was some 
marginal improvement in the perfor
mance of Bhatin Mine where the capac
ity utilisation was over 68 % as against 
64% of the previous year. 

The production of uranium mineral con
centrates from the copper tailings from 
Surda, Rakha and Mosabini plants were 
almost same as of last year. While 
production of by-products-copper and 
molybdenum concentrates was less 
that the last year, the production of mag
netite exceeded the target by 3.94% 

5.1.1 New Projects 

The construction work of Narwapahar 
underground uranium mine progressed 
satisfactorily and the mine will be com-



missioned as per the schedule, """he 
Jaduguda Mill, having an installed 
capacity to process 1340 tonnes of ore 
per day, is being expanded to process 
2090 tonnes per day. The mill expan
sion work has completed as per the 
schedule, by June 1995. To keep 
Jaduguda mine running in the next cen
tury, an auxiliary shaft is being sunk 
from 555 metres to 900 metres depth. 
This shaft sinking work also pro
gressed smoothly. 

A techno-economic feasibility report of 
Domiasiat uranium project was pre
pared. The flow sheet for processing 
Domiasiat uranium ore is under 
finalisation. 

5.1.2 Financial Performance 

During the year 1993-94 the total 
income of the comapany was Rs. 47.75 
crores as against Rs. 42.49 crores in the 
previous year. The comapany's contri
bution to the exchaquer on account 
of taxes and duties etc. was of the order 
of Rs.2.71 crores. The gross profit for 
the year before adjustment was Rs.3.09 
crores while the net profit was Rs.1.04 
crores. The company alos issued eq
uity shares of Rs.75 crores. The 
authorised and subscribed share capital 
of the company thus stands at Rs. 260 
crores and Rs. 225.17 crores respec
tively. 

5.2 INDIAN RARE EARTHS LIMITED 

Indian Rare Earths Limited (IRE), incor
porated in 1950, has immensely con
tributed to the national exchequer by 
virtue of substantial foreign exchange 
earnings, and also promoted/aided in
dustrial and commercial sectors, includ
ing small scale industries. 

The products of the Company find wide 
range of industrial & commercial appli
cations. 

IRE operates Mineral Sand Process 
Plants at Manavalakurichi (Tamil Nadu), 
Chavara (Kerala) & Rare Earths Pro
cessing Plant at Alwaye (Kerala). Be
sides this, a plant for production of value 
added product, viz. Synthetic Rutile is 
also in operation at OSCOM (Orissa). 

The OSCOM is also engaged in mineral 
processing from beach sands to pro
duce ilmenite, rutile, zircon and other 
associate minerals. 

Thorium Factory belonging to the De
partment of Atomic Energy, is also 
managed by the Company. 

For the.financial year ended on March 
1994,thecompanycrossedthe Rs 
100 crore sales turnover and Rs.50 
crore foreign exchange earnings. 

5.2.1 Production 

To meet the stringent quality require
ment of ilmenite in the world market, a 
project for improving the quality of 
ilmenite was commissioned in Chavara. 
The initial trials proved successful. 

The Co-generation Plant at Rare Earths 
Division was successfully commi
ssioned. Installation of new 'fluidised 
bed concetrate drier at Manavalakurichi 
Plant progressed. Setting up facilities 
for additional production of garnet and 
sillimanite at OSCOM and at 
Manavalakurichi are under consider
ation of IRE-. 

In OSCOM a six week trial run of Syn
thetic Rutile Plant, after certain modifi
cations, had shown encouraging results 
in terms of improved quality of synthetic 
rutile. To ascertain the stability of the 
level of production and economic viabil
ity, as also to keep up with the reviving 
demand for synthetic rutile, an extend
ed production run for 36 weeks is 
underway. 

5.2.2 Research & Development 

Efforts were continued to improve the 
working of various production plants, 
Alternate flowsheet was worked out for 
the production of limited quantity of 
neodymium. Trial production has 
started. 

Schemes sponsored by IRE at the 
CSIR laboratories and R&D Centre of 
Steel Authority of India Limited (SAIL) 
yielded encouraging results. • Central 
Glass and Ceramic Research Institute, 
Calcutta developed excellent quality 

wear resistant material from garnet, the 
technology for which would be offered 
by them shortly. High alumina refracto
ries being developed by the Research & 
Development Centre for Iron & Steel 
(RDCIS), would be utilised by SAIL. 
Setting up of Rare Earths Development 
Laboratory at Trombay progressed as 
scheduled. 

Based on the experience gained in the 
production of small batches of high pu
rity zirconia, a pilot plant facility is pro
posed to be set up. 

Mineral Research & Development Cen
tre (MRDC) facility is now fully functional 
to cater to both in-house and outside 
development work. 

5.2.3 Technology Absorption 

Imported technology was adopted for 
setting of plants for Preconcentration, 
Concentration upgrading, Dredge and 
Wet Gravity concentration at various 
Units. 

Benefits derived as a result of the above 
efforts, include product improvement, 
cost reduction, product development, 
import substitution, etc. in terms of in
crease in production of minerals. 

5.2.4 Future Plans & Outlook 

Joint Ventures were explored for pro
duction of value added products. 
Steps are underway to relocate the tho
rium concetrates generated at Rare 
Earths Division and currently being 
stored at R.E. Plant premises, 
Udyogamandal. IREproposeto recover 
the uranium values from the thorium 
concentrate, for which the process flow 
sheet was developed and preliminary 
project report prepared. 

The cycle of recessionary conditions in 
the titanium dioxide market is expected 
to undergo change with the result that 
the sales of titanium feed-stocks such 
as ilmenite and synthetic rutile are likely 
to increase in the near future. With the 
market showing signs of distinct recov
ery, the Company expects to achieve a 
steady growth in its overall turnover 
during the year 1995-96 and onwards. 
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Attention was paid to augment the pro
duction of minerals at OSCOM which is 
expected to contribute substantially to 
the improvement in sales turnover from 
1995-96 onwards. Steps were also 
taken to expand the production of rare 
earths to take advantage of the improv
ing market conditions particularly for 
some of the individuals rare earths such 
as cerium, neodymium etc. 

5.3 ELECTRONICS CORPORATION 
OF INDIA LIMITED 

The Electronics Corporation of India Lim
ited (ECIL) supports DAE's nuclear 
power programmes by meeting its needs 
of Control & Instrumentation systems 
besides catering to several important 
national activities such as Tele-commu
nications, Defence, Civil Aviation, Steel 
& Petro-chemicals Industries, Thermal 
Power Projects, Insurance & Banking 
sectors and Railways. 

For the year 1994-95, ECIL set itself 
targets of Rs.354 crores for production 
and Rs.361 crores of income (Turnover 
Rs.415 crores). This is about 26% higher 
than the production of Rs.280 crores 
and income of Rs.289 crores (Turnover 
of Rs. 330 crores) achieved during 1993-
94. The operational thrust areas contin
ued to be computers, communications 
and control systems contributing to 
nearly 70% of the Company's turnover. 

ECIL continued to give priority to the 
supply of Control & Instrumentation to 
the Atomic Power Projects and other 
programmes of the DAE. Supplies 
during this year 1993-94 were worth 
Rs.28 crores consisting of Control & 
Instrumentation Packages and Nuclear 
Instruments. 

To the non-nuclear sectors, the supplies 
include computer based systems, 
Control & Instrumentation, Communi
cation equipment, Security systems be
sides a wide range of professional grade 

components and instruments and TV 
sets to general public. 

ECIL developed Elector Identity Card 
Printing System (ELIPS) in association 
with BARC and C-DAC, and pressed a 
large number of these systems into ser
vice for executing the orders secured 
from the States of Maharashtra, Gujarat, 
Karnataka, U.P. and others for provid
ing these l-cards to the electorate in the 
respective states. 
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The fully aided institutes of 
DAE are as follows : 

Tata Institute of 
Fundamental Research 
(TIFR) is the national 
centre for nuclear sciences 
and mathematics. 
It is setting up a globally 
unique facility for research 
in radioastronomy, 
Giant Metrewave Radio 
Telescope (GMRT) ' 

The Saha Institute of 
Nuclear Physics (SINP) is 
a nuclear research 
establishment of interna
tional repute. 

The Tata Memorial Centre 
(TMC), comprising the 
Tata Memorial Hospital 
(TMH) and the Cancer 
Research Institute (CRI), 
is a major centre for cancer 
therapy, research and 
education. 

The Institute of Physics 
(IOP), Bhubaneswar is 
engaged in advanced 
research in theoretical and 
experimental high energy 
and solid state physics. 

The other aided institutes 
are the Mehta Research 
Institute of Mathematics and 
Mathematical Physics, 
Allahabad and the Institute 
of Mathematical Sciences, 
Madras. 

SUPPORT TO 
RESEARCH 
6.1 Financial Support 

Board of Research in Nuclear Sciences 
(BRNS), of DAE has been promoting 
R&D activities in Universities and other 
Institutions of higher learning and re
search for developing a broad national 
base for the growth of nuclear and allied 
sciences, engineering and technology. 
Over the years, BRNS has grown to 
become one of the major research fund
ing agencies, responsible for providing 
financial assistance for research 
projects, fellowships such as DAE-
Bombay University Collaborative 
Scheme, Dr. K.S. Krishnan DAE Re
search Fellowship etc., and funding of 
conferences and seminars organised 
by DAE and outside agencies on topics 
of excellence and relevance. 

During the year, BRNS recommended 
financial assistance for 199 renewal 
projects and 77 new research projects 

with atotal expenditure of around Rs.465 
lakhs and also guided and financed 81 
Symposia/Conferences with a budget 
provision of Rs.50 lakhs. A sum of 
Rs.45 lakhs was earmarked in the bud
get for award of fellowships through 
open competition to talented students 
for carrying out research in different 
disciplines in various Universities/Insti
tutions in the country. 

The Department also provides substan
tial amount by way of recurring and non
recurring grant to its Aided Institutions 
as given below in the Table. 

With the objective of improving the can
cer control measures in the country, the 
Department has also been providing 
financial assistance to some of the lead 
ing cancer centres in the country. Dur
ing the year financial assistance was 
granted to some of the cancer research 
centres as given on next page. 

INSTITUTION 
BUDGET PROVISION 

1994-95 

Rupees in Crores 

Tata Institute of Fundamental Research Bombay. 46.27 
Tata Memorial Centre, Bombay. 27.90 
Saha Institute of Nuclear Physics,Calcutta. 8.48 
Institute of Physics, Bhubaneswar 4.35 
Institute of Mathematical Sciences, Madras. 2.64 
Mehta Research Institute, Allahabad 3.25 
Atomic Energy Education Society, Bombay 2.75 



1 .Cancer Institute, 
Adyar 

2.Regional Cancer 
Centre.Trivandrum. 

3.Boruah Cancer 
Institute.Guwahati. 

NBHM 

Rs. 80.00 lakh 

Rs. 20.00 lakh 

Rs.110.76 
lakhs 

Duringtheyear 1994-95, asum of Rs.200 
lakhs was provided in the budget to 
National Board for Higher Mathematics 
(NBHM), Bombay for development of 
mathematics in the country. The NBHM 
provides financial assistance for re
search projects, research awards, post
doctoral fellowships, mathematical 
Libraries of various universities and for 
holding seminars/symposia/conferences 
on relevant topics. NBHM is also re
sponsible for holding the Mathematical 
Olympiads at various levels. In the 
International Mathematical Olympiad 
held in Hong Kong during 1994, all the 6 
Indian participants won medals. 

6.2 Tata Institute of Fundamental 
Research 

The activities of the Tata Institute of 
Fundamental Research span a wide 
spectrum of pure and applied sciences. 
The major emphasis was on the inves
tigation of fundamental problems of con
temporary interest in the areas of math
ematics, physics, astronomy and bio-
sciences. Research and development 
work in some technologically sophisti
cated areas of solid state electronics, 
material science, ion accelerators and 
computer science is also growing every 
year. The Institute maintains some ex
cellent facilities, services and an infra 
structure, geared to provide support to 
the above activities. The Institute also 
supports a unit on oral cancer. Training 
of scientific personnel, science educa
tion and popularisation of science is also 
part of its activities. The work is regularly 
reported to the scientific world through 
publications in journals, conferences and 
lectures. 

The School of Mathematics continued 
its research in a variety of topics of 
current interest in the areas of 

algebra, algebraic geometry, lie 
groups, lie algebras- and their 
representations, measures and dynam
ics on groups and homogeneous 
spaces, Number theory and combina
torics. Notable results were obtained 
concerning, in particular, Giffen and 
Clifford invariants, Pfister quadic, Witt 
groups, subintegrality, Hitchin pairs, 
Chow groups, Neron-Severi groups, log 
del Pezzo surfaces, Riemann-Hilbert 
morphisms, Hodge numbers, Chern 
classes, S-arithmetic groups, genera
tors for congruence sub-groups, 
quantization, invariant measures of 
flows, limits of triangular systems, 
Diophantine equations,- the Riemann-
Zeta function, Dirichlet series, Hermi-
tian modular forms, Siegel cusp forms 
and high speed networks. 

Significant results were achieved in the 
areas of high energy physics, condensed 
matter physics and mathematical phys
ics. Research in Theoretical Astro
physics was mainly in the areas of 
planetary systems, solar and stellar 
physics, interstellar medium, superno-
vae and stellar evolution and pulsars, 
accretion physics, active galaxies and 
quasars, gravitational lensing, general 
relativity and formation of large scale 
structures. The X-ray and gamma-ray 
astronomy group was actively involved 
in making satellite payloads and instru
ments for hard X-ray observations of 
cosmicsources using balloon platforms. 

At National Centre for Radio Astrophys: 

ics, Pune the progress of the construc
tion work for prestigious Giant 
Metrewave Radio Telescope (GMRT) 
was satisfactory. By February this year, 
fifteen antennas have been erected. It 
is expected that erection of all the 30 
antennas will be completed by the end 
of 1994. In accelerator based high 
energy physics programme, the L3 col
laboration continued to collect data on 
e'e- interactions at energies around Z 
mass (91 GeV). The Pelletron Accelera
tor Facility at TIFR was operational 
throughout this period and a large 
number of nuclear and atomic physics 
experiments were carried out. 

Work in the Theoretical Computer Sci
ence Group has been done in the follow
ing areas: Specification and Verification 
of Reactive Systems, Hybrid systems, 
Concurrency, Parallel Programming, 
Approximation Algorithms, Modular 
Term rewriting systems, Logic Program
ming, Computational Geometry, Com
putational Complexity and Type sys
tems. Research in Computer Systems, 
Communications, Natural Language 
Processing, Speech and Script Recog
nition and Synthesis was actively pur
sued in the Computer Systems and 
Communications Group. The VOICE 
project activity was demonstrated to 
and was commended by an evaluation 
mission of the United Nations Develop
ment Programme which funded the 

Dish antenna of GMRT 

. t a n 
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project. 

In a significant breakthrough, the scien
tists in experimental condensed matter 
physics group discovered superconduc
tivity in Y-N-B-C system. This discovery 
assumed significance because not only 
Tc is high (13.5 k) but also they have 
nickel in large proportion. This finding 
has opened up an entirely new era of 
research in superconductivity in inter-
metallics. The activities in Chemical 
Physics group centred around molecu
lar biophysics, bioinorganic chemistry 
and chemical dynamics. In Molecular 
Biology, apart from ongoing projects in 
Bombay campus in the areas of Dros-
ophila neurobiolgy, yeast glycolysis, de
velopmental biology of Moss Protonema • 
and studies on Malarial parasites, new 
projects in the frontier areas of modern 
biology were initiated at National Centre 
for Biological Sciences in Bangalore. 

The principal activity in Basic Dental 
Research group focussed on a popula
tion based case-control study with nutri
tional component in Ernakulam, 
Srikakulam and Bhavnagar districts. The 
Homi.Bhabha Centre for Science Edu
cation commenced operations from its 
new campus near Anushaktinagar. To 
coincide with the Jamshedji Tata Cente
nary year, the centre started a new 
programme for promoting good citizen
ship qualities among post-school stu
dents. 

6.3 Saha Institute of Nuclear Physics 

Saha Institute of Nuclear Physics 
persued a wide variety of problems in 
the fields of nuclear science, high en
ergy physics, condensed matter phys
ics, plasma physics and biological and 
chemical sciences. A number of confer
ences and workshops were also held 
during the period. 

Experimental works in nuclear reactions 
and nuclear structure were carried out 
on different accelerators in the country. 
Using the facilities available at the VECC, 
Calcutta, the band structure of La-134 
was studied through Cs(alpha,3n 
gamma)-133 reaction. 

With the 3UD Pelletron machine at the 

Institute of Physics, Bhubaneswar, the 
Sn(p,n gamma)-117,119 reactions were 
studied at 3-6 MeV proton energies. 

With the 14UD TIFR-BARC Pelletron, 
elastic, inelastic and transfer reactions 
in F-19, Si-28 and Rh-103 were studied 
at near barrier energies to look for 
various interesting effects. 

Using the Pelletron at the National Sci
ence Centre, Delhi, the inelastic scat
tering of 0-16 and Nd-142 near the 
Coulomb barrier were studied. 

In nuclear theory, the interplay of cou
lomb and nuclear effects in the frag
mentation of the exotic nuclei, Be-11, 
Be-14 and He-6 was investigated and 
the angular distributions of neutrons in 
both the exclusive and inclusive chan
nels were calculated to look for signa
tures of neutron halo in Be-11. Nuclear 
multifragmentation reactions were stud
ied 

In nuclear astrophysics, model calcula
tions of beta decay rates of fp shell 
nuclei for presupernova evolution were 
performed. The nuclear structure ef
fects on the neutrino capture rates of Ga 
detectors were also investigated. 

In the field of high energy physics, a 
number of field theoretic problems were 
solved. 

Substantial activities were instituted in 
the area of elementary particle phe
nomenology. A top quark coloured con
densate model for dynamical breaking 
of electroweak gauge symmetry and its 
implications for low energy phenom
enology have been studied. The heavy 
quark effective theory and its applica
tions to weak decays of hadrons con
taining a single heavy quark is being 
studied. 

In general and mathematical physics, a 
theory of fundamental anyons was for
mulated, in contrast to the usual proce
dure of constructing anyons out of 
boson fields. 

A number of topics in theoretical con
densed matter physics were investi
gated. Chem-Simons-Landau-Ginzburg 
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approach is used to study Quantum Hall 
effect in multilayered systems. 

A new laboratory for surface physics 
research to investigate molecular inter
actions in surfaces and interfaces is 
being set up in collaboration with, the 
Tokyo Institute of Technology, Japan. 

A major thrust has been given to the 
fabrication of aslow bank system aimed 
at extension of plasma pulse duration. 
Efforts are on to extend the pulse 
duration also by the technique of induc
tive delay. 

In crystallography and molecular biol
ogy division , crystal structure determi
nation of several compounds having 
beta-adrenergic activities and other 
therapeutic uses were continued, mac-
romolecular crystallography, the crystal 
structure of phsphocarpin B1, a chy-
motrypsin inhibitor isolated from winged 
bean seeds, was determined at 3 Ang
strom resolution. 

6.4 Tata Memorial Centre 

The Tata Memorial Centre, a fully aided 
institute of DAE and comprise the Tata 
Memorial Hospital (TMH) and the Can
cer Research Institute (CRI), continued 
its activities in the diagnosis, treatment 
and research in cancer, and training and 
educational activities. 

Tumour marker unit of the hospital was 
recognised as a national reference cen
tre for marker assays. 

The installation of Elcint Gamma Cam
era in the hospital facilities in-house 
imaging investigation such as isotope 
scanning of bone, brain, liver etc and 
thus provided relief to a large number of 
patients. 

New surgical procedures such as con
struction of 'neo bladder' for patients 
suffering from cancer of the bladder and 
conservative surgery for female breast 
cancer patients were undertaken on 
regular basis and new methods in the 
usage of skin flaps for Reconstruction 
Surgery were continued to be imple
mented. 

The Radiation Therapy Department 



equipped with latest machines, produces 
external beam therapy for nearly 5500 
cases every year. Infrastructure for ex
ternal beam therapy has latest machines. 
Brachytherapy is a very important as
pect of the total planning of the Depart
ment. 

Clinac-2100C Linear Accelerator.micro-
Selectron - HDR, PLATO Treatment 
Planning System and the Water Phan
tom Dosimetry System were commis
sioned. 

Bone Marrow Transplantation procedure 
was initiated in the year 1983 for treat
ment of blood cancer. This facility has 
become a regular feature since 1993. 
During the year 10 patients had under
gone this treatment. 

To address the functional and physical 
deformities suffered by the patient due 
to surgical treatment, special patient 
clinics for physiotherapy, occupational 
therapy, speech therapy and social 
activities were instituted. Over 2500 
patients received guidance. 

Hospital Information System 
Computerisation of patient's medical 
record, work related to hospital based 
National Cancer Registry Project of 
ICMR, epidemiological studies, clinical 
research, retrospective analysis, pro
spective clinical trials, computer aided 
educational and training package, pa
tient appointment and follow-up sched
uling, bed management, materials man
agement, journal reference system for 
Library, was continued. 

ACTREC Project 
Phase I activity on the Advanced Centre 
for Treatment Research and Education 
in Cancer (ACTREC) at Owe village, 
New Bombay has started. The total 
built up area under the present phase of 
construction would be around 55,000 
sq.mtrs. to provide 60 beds hospital with 
provision for expansion up to 250 beds. 
The Hospital is expected to be com
pleted in 1998. 

Barshi Rural Registry 
The Rural Cancer Registry at Barshi, 
Sholapur, Maharashtra started submit
ted cancer related data to the National 
Cancer Registry Programme. ICMR, 

New Delhi. 

UICC Cancer Congress 
The XVI UICC International Cancer 
Congress inaugurated by the Prime Min
ister was held at New Delhi from Oct. 30 
- Nov. 5, 1994. The programme fo-
cussed on the problems of cancer in the 
developing areas of the world. 

The scientific sessions of the Congress 
were minimally affected by this, and all 
plenary leciure, symposia, and panel 
discussions took place as scheduled. 

Preventive Oncology and Cancer Edu
cation 

This activity covers screening on and 
follow up of asymptomatic and high risk 
patients for cancer. Over 1000 patients 
attended the clinic. Cancer awareness 
programmes were conducted for para
medical staff, Bombay municipal health 
workers, nurses and medical personnel. 
A number of workshops, seminars, and 
symposia were carried out for the ben
efit of school teachers, general 
practioners and dentists. Over 10 camps 
were conducted during the year. 

Consultancy Assignment (NPC 
Project) 
TMC is carrying out epidemiological stud
ies of workers and their families at the 
atomic power station sites under the 
studies, the workers at the site (TAPS) 
were examined and pap smear screen
ing of female employees and relatives 
was carried out. 

Barua Cancer Institute 
The project initiated to establish Infra
structure for the Dr. B. Barua Cancer 
Institute at Guwahati, Assam, in the 
year 1988 was continued. 

CANCER RESEARCH INSTITUTE 

The Cancer Research Institute (CRI) 
continued multifaceted programmes on 
oral cancer, the most prevalent tobaco-
related cancer in the country. Enhanc
ing factor, a 14kD protein that improves 
efficiency of cells to trap epidermal 
growth factor, was completely 
sequenced. To start gene therapy for 
oral cancers, recombinant retro-viruses 
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carrying "suicide" gene were construct
ed and transfected into packaging cells 
and with their culture supernatants, 
fibroblasts were infected. "Cell lines and 
tumours in nude mice continued to be 
established from human oral cancers 
for preclinical studies." The participa
tion of gamma delta T cells in immune 
responses was convincingly demonstrat
ed in oral cancer patients. In tobacco 
habituees the capacity for detoxification 
and scavenging free radicals is shown 
to be markedly impaired. Pan masala 
was found to have tumour-promoting 
activity in susceptible mouse strains. 

A diagnostic kit for HIV-1 was devel
oped by CRI. 

Having standardised the methods for 

stem cell separation from human bone 
marrow and the umbilical cord blood, 
optimal conditions for stem cell homing 
were studied at CRI keeping in view 
autologous marrow transplantation as a 
supportive measure in cancer chemo
therapy. Shortly the Institute will estab
lish a haemopoietic stem cell bank. 
Recent knowledge on microsatellite in
stability as a cause of cancer suscepti
bility by CRI promoted cytogenetic and 
molecular investigations in non-familial 
colon cancer which is frequent in young 
individuals. In addition, spontaneous 
and drug-induced fragile sites were stud
ied in familial cancers. The mechanism 
of chemopreventive action of turmeric 
was found to be due to decrease in 
carcinogen-DNA adducts and impair
ment of cytochrome P450. 

Other on-going research projects in
cluded studies on cell adhesion mole
cules and receptors for cherrio attract-
ants on leukaemic cells, cytokines in 
modulation of immune responses in 
various cancers, cytokeratins in oral 
cancer cells, host cell-surface modifica
tion in tumour-bearing animals, growth 
factors and inhibitors, protease inhibi
tors from field bean, mechanism of me
tastasis, and anticarcinogens such as 
melatonin and Tamoxifen. 

The Institute continued with its academ
ic and teaching activities. It has suc
cessfully organised the basic sciences 



programme for 16th UICC Cancer Con
gress and a Indo-US workshop on "Gene 
Therapy". 

6.5 Institute of Physics 
Bhubaneshwar 

The IOP promotes research in frontier 
areas of physics. The research activi
ties at the institute can be categorised 
basically into theoretical and experimen
tal areas of, condensed matter physics, 
high energy and particle physics and 
nuclear physics. More than 100 papers 
were published in international refereed 
journals and about90 presentations were 
made in conference and symposia dur
ing the last one year. 

The ion beam facility centered around a 
3 MV Pelletron accelerator was used 
extensively to carry out investigation in 
several areas of basic and applied re
search such as characterisation of na
tional surfaces and interfaces, heavy 
ion induced minor shell ionisation pro
cesses, trace elements in environmen
tal and biological samples etc. The ion 
beam facility is being extensively used 
not only by the institute faculty and 
scholars but also by scientists from other 
laboratoreisand university departments, 
a national facility. The X-ray generator 
was used to carry out X-ray standing 
were investigations on epilayers. 

The computing facilities were 
argumented with workstations and per
sonal computers not worked together. 

A parallel processing system (BARC 
Anupam 8) with 8 CPUs has been made 
operational in the institute. This is the 
first system of its kind outside BARC. 

As a part of WA-98 collaboration to 
search for the quark-gluon phase of 
matter in high energy heavy ion colli
sions about 12000 scintillator detector 
pads were fabricated and tested. These 
detector pads along with those fabri
cated in other participating institutions 
were assembled and first experiments 
were carried out in CERN (GENEVA). 

A new collaborations programme under 
Indo-US science and technology devel
opment has been undertaken in collabo

ration with State University of New York 
at Albany, and Navel Research Labora
tory, Washington. Underthis programme 
the research facilities at IOP will be used 
jointly to investigate surface and inter
face properties of materials. Also a 
proton microprobs will be added to the 
IOP pelletron beam line. 

Underthe collaboration with DESY Syn
chrotron Facility, Germany, various as
pects of epitaxial films have been stud
ied by generating standing waves of X-
rays within the films, (buried layers of 
CoSi in silicon) The progress has been 
made in lattice location of impurities in 
materials used in optoelectronic devices. 

Under the National Superconductivity 
Programme, a closed cycle refrigerator 
capable of cooling samples down to 10 
K has been set up, and some measure
ments have already been made. A 
small laboratory for thin semiconductor 
films has also been set up. 

IOP continued its visiting scientist 
programme and its faculty members 
participated in national and international 
symposia/conferences. The satellite 
meeting on "Black Holes" and Interna
tional Workshops on "Physics at Planck 
Scale" and "Clusters and Nanostructure 
Materials" were held. These workshops 
were of high academic value where 
distinguished physicists from India and 
abroad presented their work. 

6.6 The Institute of Mathematical 
Sciences 

The Institute, founded in 1962, is en
gaged in advanced research in Math
ematical Sciences, in particular: Theo
retical Physics, Mathematics and Theo
retical Computer Science. During the 
year following were the essalient events 

a) 

b) 

c) 

d) SERC school on Coherence and 
Correlations in Modern Optics and 
Quantum Physics. 

The Mathematical Institute published 
regularly in international journals of re
pute in physics, mathematics and com
puter science. The members of the In
stitute also participated in International 
and National lectures/seminars. The 
Institute Library cateared to the needs of 
research workers in Madras as also of 
several other States. The 
Computerisation of Library books and 
journals will make library service acces
sible on national networks. 

During the year the institute acquired 
and upgraded its computing techniques. 

6.7 Mehta Research Institute of 
Mathematics &' Mathematical 
Physics 

The Institute conducted post MSc. 
programme in Mathematics and Phys
ics and plant for PhD. The Mathematics 
Group was strengthened significantly. 

The expansion activities of the Institute 
continued. The Institute is soon going to 
installed the satellite link. 

Publication during the year including 
lecture on Topics in Number Theory'. A 
conference in the memory of noted 
mathematician Harisha Chandra was 
organised by the institute. 

Conference on Foundations of Soft
ware Technology and Theoretical 
Computer science. 
The Workshop on Algebraic Meth
ods in Complexity Theory. 
The Workshop on Novel Physics 
in Low Dimensional Electron Sys
tem on recent researches which 
have a potential for comrnorcial 
exploitation. 

6.5 



SERVICES 
7.1 Purchase and Stores 

The Directorate of Purchase and Stores 
renders materials management services 
to all the units of Department of Atomic 
Energy. . During the year 1994, 24,000 
purchase requisitions were processed by 
this Directorate and about 20,000 pur
chase orders were placed for a total value 
of about Rs.187 crores. 

The Stores Units rendered satisfactory 
material and logistic services to the user 
departments. The Central Stores Unit at 
Trombay met the users' requirements by 
servicing an inventory of 1,42,000 items. 
A total of 3,50,000 items were received 
and issued. Critical scrutiny of common 
stock items was undertaken and surplus 
and slow moving items were identified and 
inventory was accordingly modified. 

The programme of computerisation of 
purchase functions continued. DPS ser
vices are being restructured by giving func
tional autonomy to selected Regional Pur
chase and Stores Units. 

7.2 Construction & Services Group 

Construction and Services Group, com
prises Civil Engineering Division (CED) for 
carrying out construction work and 
Engineering Services Division (ESD) for 
maintenance of buildings and operations 
of connected services. The civil Engineer
ing Division, performs the planning, de
signing construction and commissioning 
of civil, public health, electrical, 
airconditioning and ventilation works in 
respect of housing, hostel, school, hospi
tals, laboratories and various other public 

buildings for units of DAE including 
aided institutions. 

Following were the activities during the 
year: 

Trombay Township Project: 
The construction of 120 flats of type IV-
D, 128 flats of Efficiency Apartments, 
Sector Market, extension of school No.4 
and new school at Mandala commenced, 
and construction activities in these build
ings progressed. Out of construction of 
1000 flats comprising 400 flats of ll-B, 
400 flats of lll-C, 200 flats of IV-D pro
posed during the 8th plan, construction 
of 352 flats of ll-B commenced during 
1993-94 and that of 48 flats of ll-B also 
commenced. The planning and engi
neering details for construction of 400 
lll-C and 200 flats of IV-D progressed. 
The construction of 170 flats of IV-DAA 
E commenced and that of 48 flats of V-
E was completed including construction 
of dispensary. 

TIFR, Bombay 
Construction of super-structure of the 
12 flats of type V-E flats at Colaba 
reached completion stage. The con
struction work of 40 flats at Mandala 
was completed and handed over to us
ers. Extension, additions and alterna
tions for Baloon facility at Hyderabad 
continued. 

AMD, Khasmahal 
Construction of 128 flats of type l-A to 
type V-E is in progress. The construc
tion of Laboratory building was com
pleted. 



At Hyderabad 
Extension to Laboratory block 'A' 
continued. 

VECC 
Construction of Co-ordination cum Liai
son office building was completed. The 
construction work of Community Centre 
also progressed. 

SINP 
The super structure work of hostel build
ing was completed and work of exten
sion of additionaltwo floors progressed. 

Guwahati 
The engineering, planning and design-
ingforoutpatientdepartmentwork block, 
hostel and housing progressed. The 
piling work of out patient department is 
expected.to start shortly. 

TMC 
Planning, designing for construction of 
hospital complex together with all 
intergrated infra-facilities at new Bombay 
was taken up. The construction of guard 
house and project house was also com
pleted. 

GMRT, Pune 
Construction of 14 flats at Kukdi was 
completed. The construction of exten
sion of existing laboratory blocks pro
gressed. 

IOP, Bhubaneshwer 
Construction of 24 flats progressed and 
75% of work was completed. The con
struction of laboratory-cum-computer 
centre progressed and 70% work was 
completed. 

Catering Technology, Bombay 
The work of additions and alterations in 

the existing building was completed. 

HSCSE, Bombay 
The planning, designing and estimating 
of hostel building continued. 

BRIT 
Construction of Laboratory building at 
Vashi was completed The work of 
modernisation of Radio Pharmaceutical 
Lab at Vashi progressed. 

AERB 
Construction of office complex at 
Anushktinagar progressed and 72 % 
work was completed. 

DRP 
Construction work of Radiation & Pro
tection building continued. 

RPL 
Construction work of Radio Pharmceu-
tical Laboratory at Vashi progressed. 

National facility for Animal Tissue and 
Cell Culture, Pune 
Phase-I & II 
The construction work of housing, hos
tel, guest house, Director bunglow, ani
mal house and laboratory building pro
gressed. 

Engineering Services Division 
Engineering Services Division I & II of 
C&S Group maintains 7621 flats and 
public buildings including execution of 
improvement works. It is also respon
sible for the operation and maintenance 
of electrical power distribution, water 
supply , sewer lines and sewage treat
ment plant in the large township at 
Anushaktinagar. 

7.3 Estate Management and Servises 

The Directorate of Estate Management 
(DEM) is responsible for the allotment of 
residential flats to DAE employees and 
its units in Bombay. DEM is also respon
sible for the security of the housing 
colonies of the Department in Bombay, 
and ensures proper functioning of ser
vices. The Directorate of Estate Man
agement continued to manage land and 
building owned, leased and hired by the 
Department at Bombay. 

General Services Organisation (GSO) 
at Kalpakkam continued to look after 
various common services such as Es
tate Management, Transport, Civil and 
Electrical Construction as well as main
tenance, Water supply, Auto Garage, 
Hospital and other amenities in the DAE 
Township. 

Construction of around 84 additional 
quarters was completed during the year 
and allotment made. Preparation of a 
master plan for the new Township is in 
progressed. 

GSO also rendered administrative sup
port to various committees common to 
DAE and NPC Units at Kalpakkam. 

7.2 



India signed the 
International Convention 

in Nuclear Safety in 
Vienna on 

20 September, 1994 

OTHER ACTIVITIES 
rmssi: 

s^1S3?s 

8.1 INTERNATIONAL RELATIONS & 
COOPERATION 

India was designated to the Board of 
Governors for the 38th year in succes
sion since the inception of the IAEA 
underscoring its leading status in this 
frontier technology.' 

The Chairman, Atomic Energy Com
mission (AEC) and Secretary, DAE led 
the Indian delegation to the 38th Regu
lar Session of the IAEA General Confer
ence held in Vienna, Austria during 
September 1994. Bilateral discussions 
were held with a number of other del
egations participating in the Confer
ence. On September 26, 1994, India 
was elected as the Chairman of the 
Board of Governors of the International 
Atomic Energy Agency (IAEA) and the 
Chairmanship was taken over by the 
Indian Governor, Dr. R. Chidambaram, 
Chairman, Atomic Energy Commission 
and Secretary, Department of Atomic 

Energy. This is only the second time 
that India has been elected Chairman of 
IAEA Board of Governors. The Board 
of Governors is the executive arm of 
this prestigious international technical 
organisation and it supervises the 
whole functioning of the Agency. 

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

About 339 scientists/engineers partici
pated in international symposia, work
shops and conference held under the' 
auspices of various UN and other 
international organisations as also the 
IAEA. Twenty four foreign scientists 
were trained in India under IAEA fellow
ships programme and bilateral agree-
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ments signed between Government of 
India and other countries . India also 
hosted nine IAEA meetings, symposia 
and 15 other international meetings. 

Having achieved a comprehensive 
development in nuclear technology for 
many years now, DAE is in a position to 
offer technology as well as equipment 
to other countries on commercial basis. 
A beginning has already been made 
to supply equipments under the aegis of 
IAEA as well as directly to some of the 
developing countries. Efforts continued 
to publicise our expertise for the 
purpose of export of technology and 
equipment for peaceful applications of 
nuclear energy. 

CERN-lndia Collaboration 

VECC, Calcutta has been doing re
search in collaboration with CERN - the 
European Nuclear Research Centre at 
Geneva. VECC set up complete de
tector configuration at CERN, Geneva 
and some data was obtained with lead 
beams during December 1994. All the 
detector modules continued to work as 
expected. The DEC Alpha 2000 sys
tem arrived at VECC and will be in
stalled shortly. 

Technical assistance is being provided 
by BRIT to Syria for setting up a facility 
for the production of Technetium-99m 
generators, for use in nuclear medicine, 
in response to a purchse order from 
IAEA. 

8.2 MANAGEMENT SERVICES 
GROUP 

The Management Services Group 
(MSG) of DAE provides decision sup
port to the top management through 
information management, analysis and 
reporting, and computer services to the 
Secretariat which includes operation 
and management of a Local Area Net
work. It is now in the process of coordi
nating the setting-up of a Wide Area 
Computer Network with a view to inter
connecting various units of DAE spread 
all over the country. 

In addition, the Group provides informa
tion to the Prime Minister, the Atomic 
Energy Commission (AEC), and Chair

man, AEC on the performance of vari
ous operating plants and progress of 
projects under construction from the 
information base maintained by it. The 
Group has also taken up organisational 
studies for some units of DAE to enable 
efficient utilisation of resources. 

8.3 INFORMATION SERVICES 

Library & Information Services Division 
of BARC made further progress in 
modernising Library and Information 
resources. A number of bibliographic 
databases on CD-ROM were installed 
during this year. 

The library continued to subscribe to 
about 1600 scientific and technical jour
nals. The total collection now consists 
of about 90,000 books, 70,000 volumes 
of bound periodicals, more than 24,000 
patents and standards and about 
750,000 techncial reports. 

The Division continued to be the nodal 
point for Indian participation in the Inter
national Nuclear Information System. 
The Annual Consultative Meeting of INIS 
Liaison Officers was hosted in India. It 
was inaugurated by Chairman, AEC, at 
Vigyan Bhavan, New Delhi. Delegates 
from more than 60 participating nations 
attended the meeting. 

Expertise available in the field of nuclear 
information with USD was made use of 
by IAEA/UNDP in getting two trainees 
from mongolia trained at Trombay, and 
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by requesting one of the scientists from 
USD to undertake an Expert Mission to 
Mangolia. E-Mail facility was extensively 
used in retrieving information from a 
number of international news groups 
and other sources of information. 

Selective Dissemination of Information 
Services from INIS database and publi
cation of BARC Newsletter, Current 
Titles in Nuclear Science and Technol
ogy, Nuclear Newsletter, Database on 
High Temperature Super Conductivity, 
BARC Technical Reports, Progress Re
ports etc., were continued. Services 
related to photography and reprography 
were also continued. More than 300 
scientific and technical articles were 
translated into English from different 
foreign lanugages. Library & Informa
tion Services Division continued to ac
tively co-operate withr international and 
foreign agencies such as European 
Nuclear Society, Nuclear Energy Insti
tute in the USA, Uranium Institute in UK, 
etc. 

8.4 PUBLIC AWARENESS 
Efforts continued to promote awareness 
amongst the public about the activities 
of the Department. The Department 
participated in seven Trade Fairs in 
Bombay, Delhi and Calcutta to promote 
Technology Transfer of Spin-off Tech
nologies developed by the organisations 
of the Department. In addition, display 
material was sent to Charlotte, USA for 
display in the 'Festival of India - Discover 
India' programme held in March, 1995. 



To create awareness amongst students 
about the benefits of atomic energy, an 
All India Essay Contest for graduate stu
dents was organised, in addition, Exhi
bition cum Regional Essay Contest for 
school children were also organised for 
children at Indore and Miraj. 

Other activities included: 
- Exhibition cum Quiz Contest at 
Pondicherry for University students. 
- Exhibition on Peaceful Uses of Atomic 
Energy at Tarapur and Madras. 
- All India Survey of Public Percep
tions on Electrical Energy & Environ
ment 
- Popular Science lectures on various 
aspects of Atomic Energy for college 
students in several towns . 

During the year, National Sci
ence Day was celebrated on 
the theme 'Science for Health' 
with the display of exhibitions 
at various places in the city 
and popular lectures by dis
tinguished scientists. A poster 
competition for the senior stu
dents and a Quiz competi
tion for students of Junior & 
Under Graduates in Bombay 
were also organised. 

8.5 HUMAN RESOURCE 
DEVELOPMENT 

The Department continued to 
organise various training 
programmes in different ar
eas on a regular basis since 
1989, with a view to updating 
the knowledge and improving 
the managerial skills and com
petence of its staff and offic
ers. These programmes are 
organised with the faculty 
support from various reputed 
institutions. Apartfromabove, 
programmes were also 
organised with the support of 
inhouse faculty. About 38 
training programmes have 
been planned for the year 
1995-96. 

During the period, 37th course (1993-
94) of Training School, Trombay, was 
completed and 114 trainee graduates 
were absorbed in various units of DAE. 
With this the total number of trainees 
graduating through Training School so 
far has exceeded 5790. In September 
1994, 38th Course was started with 96 
trainees. Training in Bioscience disci
pline this discipline is revived after 18 
years. The third orientation course for 
engineering post-graduates was com
pleted at Trombay. Training School 
Bioscience Committee was constituted 
to formulate training modules and other 
matters connected with training in this 
discipline. The committee is also pro
viding assistance in implementing this. 
The Training Division of BARC has been 
providing assistance to various HRD 

and related activities. Coordination of 
summer training/project work for under
graduate students in engineering, 
organising Appreciation Course for the 
faculty of engineering colleges, essay 
competition for university students, pro
viding experts to universities for M.Tech/ 
M.C.A programmes and for DRDO se
lection committees, are a few of these. 

NFC conducted several training 
programmes on process management 
and industrial safety for retraining the 
employees for different professions. 
Technical draining programmes were 
also arranged for the apprentices and 
engineering students. The quality 
montyh was observed by aranging lec
tures As a part of Iquality circle activi
ties, six short training programmes were 



organised. There are now 42 Quality 
Circles at NFC. Four circles participated 
in state/nationa! level competititions and 
bagged two prizes. 

3.6 INDUSTRIAL RELATION & 
SOCIAL WELFARE 

The Company continued to maintain 
harmonious and cordial relations with all 
its employees and supported welfare 
measures by giving grants for the 
benefit of local inhabitants in and 
around the villages where IRE Plants 
are located. 

Medical Services 

The Contributory Health Service 
Scheme (CHSS) catered to a popula
tion of 74,000 beneficiaries and over 
5 lakh patients were treated through the 
BARC Hospital and dispensaries. 

On the basis of the experience and data 
collected during the last two decades, 
studies were undertaken to identify and 
prioritise generic problem areas with a 
view to initiate preventive measures. 
Special executive health programmes 
were carried out to understand the 
stress pattern and associated medical 
history of the managerial staff. Family 
Welfare and mental health programmes 
were continued. Some of the clinically 
based research projects were also under 
taken at BARC Hospital. 

8.8 EDUCATION 

The Atomic Energy Educational Soci
ety, an aided organisation of DAE, has 
been providing education to the children 
of the employees of the Department. 
The Society, because of its emphasis 
on the over all development of 

children.has earned a name in imparting 
quality education. During the year of 
report, an all round growth in academics 
and allied areas was achieved. In 
Bombay schools value based education 
was also introduced. 

8.9 USE OF HINDI 

The work of the Department is mainly 
scientific and technical in nature. To 
promote the use of Hindi in propagating 
the peaceful uses of Atomic Energy, 
the Department and its Units/PSUs 
continued their efforts to organise Semi
nars and talks in Hindi on various 
scientific issues of topical interest. 

The Department conducted a one-day 
seminar in Hindi on the Peaceful uses of 
Atomic Energy at Delhi. DAE and its 
units located at Bombay conducted a 
joint Official Language Talk on progress 
of the Official Language Hindi through 
public media. BARC organised a series 
of Scientific Seminars and Rajbhasha 
Vartas.The Nuclear Fuel Complex 
conducted two scientific seminars and 
one technical workshop. CAT also 
organised a one-day scientific seminar 

The progress in the field of implemen
tation of the Official Language Policy 
of the Union, was regularly monitored 
through meetings of the OLICs and 
quarterly progress reports of the Units/ 
PSUs. In-service training in Hindi, Hindi 
typewriting and Hindi stenography was 
imparted to 589 officials, ninety two 
typists/LDCs and 41 Stenographers. 
Ten officials were given Computer train
ing in Hindi. Personnel were given 
training in Hindi typewriting and steno
graphy. With the purchase of 9 more 
bilingual electronic typewriters during 
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the year the total number of such type
writers went up to 100. The Department 
purchased 15 bilingual softwares for 
use on PCs, raising the total no. of such 
softwares to 69. The Department also 
got converted 5 Electronic Telex 
machines to bilingual machines raising 
the total no. of such machines to 13. 
Hindi books worth Rs.77,837/- were 
purchased during the year. All gazette 
notifications, cabinet notes, reports and 
other documents were submitted in 
bilingual form to various committees of 
Parliament. 

The OLICs of BARC, CAT, HWB, HWPs 
- Talcher, Manuguru, ECIL, IRE, NPC, 
TAPS, KAPP and IRE (Chavara, 
Manvalakurichi) brought out their house 
magazines. The Quarterly Hindi bulletin 
Paramanu which is brought out by the 
DAE to disseminate information on its 
research and development activities, 
plans and programmes entered into its 
twentieth year of publication. To 
popularise Hindi and encourage em
ployees to use Hindi in official work, 
Hindi Day/Hindi week/Fortnight/Month' 
were organised by the DAE, and its 
organisations. Under the Incentive 
Scheme for writing original notes and 
drafts in Hindi, 79 employees were 
given awards. Awards were also given 
under the incentive scheme for Hindi 
Typing and Hindi Stenography. The 
offices of CAT and AMD, Bangalore, 
were inspected by the regional offices 
of the Department of Official Language. 
IRE, NPC also inspected their field 
offices. Hindi workshop for training 
employees in writing notes and drafts in 
Hindi was jointly organised in the DAE 
Sectt. Such workshops were also 
organised at HWPs - Kota, Tuticorin 
and Baroda, CAT, NFC, AMD, UCIL, 
NPC, IRE and ECIL. 


