


1996-97

GOVERNMENT OF INDIA
DEPARTMENT OF ATOMIC ENERGY



CONTENTS

INTRODUCTION

THE YEAR AT A GLANCE

NUCLEAR POWER & FUEL CYCLE PROGRAMME

RESEARCH & DEVELOPMENT PROGRAMME

PUBLIC SECTOR UNDERTAKINGS

PROMOTION OF RESEARCH & DEVELOPMENT

SERVICES

OTHER ACTIVITIES

ANNEX-I

ANNEX-II

1.1

2.1 - 2.9

3.1-3.14

4.1 - 4.20

5.1-5.3

6.1-6.13

7.1 - 7.3

8.1 - 8.2

ANX.1 - 2

ANX.3 - 5

COVER

The DAE's 3-stage strategy for the power reactor technology aims at developing
and using reactors, based on uranium, plutonium and thorium fuel cycles,

for power generation.

The collage on cover depicts the technology status of these three generations of power reactors.
The natural uranium fuel based atomic power stations at Narora (left) and Kakrapar (right), belong to

the PHWR stage in which India has already achieved commercial maturity; in the background is
the schematic drawing of the Prototype Fast Breeder Reactor (PFBR), which represents

country's strides in the second stage of the reactor technology; and (below) recently commissioned-
Kamini reactor which is the precursor of the lineage of thorium

cycle based reactors of the third stage.
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CHAPTER-1

INTRODUCTION

1.0 THE ORGANISATIONAL
STRUCTURE

India's nuclear energy strategy, based
on its resource position of nuclear
minerals, aims to ensure long term
availability of power and harness nuclear
and advanced technologies in the fields
of health care, agriculture, industry and
others. The Department of Atomic Energy
(DAE) is striving to achieve these goals.

The Atomic Energy Commission
(AEC) is entrusted with formulation of
the policies and direction of the
programmes and implements its policies
and programmes through the Department
of Atomic Energy (DAE).

The Department has under it five
Research Centres, four Public Sector
Undertakings, three Industrial
Organisations and four Service

Organisations. It also supports seven
Research Institutes.

The Organisational Structure of DAE
is given below in the following block
diagram.

For funding purposes the programmes
of the Department are grouped in three
sectors viz. Power Sector, Industries &
Minerals Sector and Research &
Development Sector. The functions of
DAE organisations are briefly described
in Annex - 1 .

1.1 Over the years, the Department has
set up an advanced multi-disciplinary
infrastructure which has helped the Indian

nuclear programme in developing
technical capabilities in design,
construction and operation of nuclear
power/research reactors, and the
supporting nuclear fuel cycle programme
covering exploration and mining of
nuclear minerals, production of heavy
water, nuclear fuel fabrication, fuel-
reprocessing, and nuclear waste
management. It has also largely
contributed to the areas of health,
agriculture and research. The Indian
industry has been benefitted a lot by
the advanced technologies generated, the
human resource base developed and the
sophisticated technical service extended
by the Department.

The profile of the DAE's Programmes
is given in Annex - II.
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CHAPTER - 2

THE YEAR 1996-97 AT A GLANCE

2.0 Generation of over 8600 million units
of electricity by the atomic power stations
of the Nuclear Power Corporation of In-
dia Ltd., cold commissioning of Fuel Re-
processing Plant at Kalpakkam (KARP);
commissioning of research reactor
Kamini; rolling of turbine at 3000 rpm by
the steam from FBTR; commissioning of
the New Uranium Fuel Assembly Plant and
setting up of Centre for Compositional
Characteri sation of Materials (CCCM) at
Hyderabad, and completion of design
and installation of 64-node super compu-
ter Anupam, were some of the major
achievements of DAE during 1996-97.

Following is the summary of the ac-
tivities of the Department during the year
1996-97 :

2.1 NUCLEAR POWER
PROGRAMME

2.1.1 Power Generation
The Nuclear Power Corporation of

India Ltd. (NPC) earned a net profit of
about Rs.372 crore during the financial
year 1996-97, and achieved a gross gen-
eration of 8446 million units from the
operation of nuclear power reactors dur-
ing the calendar year 1996 . The genera-
tion from operating units in the financial
year 1996-97 is expected to be 8610 mil-
lion units exceeding the Annual Action
Plan target. The cumulative generation
from all the units since commencement of
commercial operation till end of Decem-
ber 1996 now stands at over 1,07,900
million units. The Atomic Power Stations
at Kakrapar (Gujarat) and Narora (Uttar
Pradesh) performed very well producing
2683MUs and 2989 MUs respectively dur-
ing the calendar year 1996

All the coolant channels of RAPS-2
were cut and removed before schedule, as

a part of enmass coolant channel replace-
ment and system upgradation works.

2.1.2 Power Projects
The atomic power projects under

construction progressed as follows :

Kaiga Atomic Power Project -1&2
(2x220 MWe PHWRs)

The Reactor Building (RB) -1 inner
containment (IC) dome was readied for
construction and construction of reactor
building R.B.-2 IC dome commenced. In
the other main plant buildings, finishing
works continued. The Induced Draught
Cooling Towers and Waste Management
Plant reached 98.5% and 80% of comple-
tion stage respectively.

In nuclear piping, 77% erection in
Unit-1 and 46% erection in Unit-2 were
completed. Turbogenerator (TG) erection
upto 71% in Unit-1 and 20% in Unit-2
were completed. In Electrical Systems, 220
kV switchyard erection was completed and
6.6 kV and 415V switch gears were com-
missioned.

The Unit-1&2 are expected to achieve
criticality during financial year 1998-99.

Rajasthan Atomic Power Project-3&4
(2x220 MWe PHWRs)

Major civil works except RB-IC wall
and Dome were completed and major
equipmentwere supplied at the site. Equip-
ment erection works upto an extent of 60%
and 40% were completed in RB-3 and RB-
4 respectively. About 64% of the nuclear
piping was fabricated. Commissioning of
common services system and electrical
systems commenced. Turbo-generator and
Mechanical Works progressed. The 220
KV Switchyard and start-up transformer
for Unit-3 were energised. Around 96%
erection of 6.6 KV Switchgears, 415 V
Switchgears & MCCs, was completed.

The reactors Unit-3 and Unit-4 are
expected to achieve criticality in May 1998
and Nov. 1998 respectively.

Tarapur Atomic Power Project - 3&4
(2 x 500 MWe PHWRs)

Due to paucity of funds, main plant
civil works could not be taken up by NPC
so far.

Kudankulam Atomic Power Project
(2x1000 MWe PWRs)

AH the mandatory site related
clearances were obtained and the site
investigations were completed. Land at
Kudankulam, both for plant site and
township, was also acquired. Negotiation
on the supplement to the Inter-
Governmental Agreement were
continuing.

2.1.2 Research & Development Related
to Nuclear Power Reactors

The research and development relating
to power reactors and allied technologies
were as follows :

Advanced Heavy Water Reactor
At BARC, the design study to estab-

lish the feasibility of Advanced Heavy
Water Reactor (AHWR) reached comple-
tion and the AHWR Feasibility Report was
under preparation. The work on core-
physics design optimization was contin-
ued. The Prototype fuel cluster fabricated
earlier has been performing satisfactorily
under endurance test. Assembly of proto-
type fuel cluster of revised design is near-
ing completion. Safety analysis for some
typical accident scenarios was also
completed.

Reactor Engineering
Activities regarding management of

ageing coolant channels in PHWRs were
continued and inputs were provided to
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NPCIL. The Coolant Channel Replace-
ment Machine (CCRM), developed for
large scale coolant channel replacement in
PHWRs, was commissioned. Several
important tooling systems capable of
remote operations were also assembled and
commissioned to identify coolant chan-
nels needing in-service inspection.
BARCIS equipment developed earlier for
coolant channel repair technology, was
upgraded. Its versions with enhanced
capabilities are under development.

2.1.3 Fast Breeder Reactors

Fast Breeder Test Reactor (FBTR)
The 40 MWt and 13MWe Fast Breeder

Test Reactor, a major facility of IGCAR at
Kalpakkam, was operated at 10.5 MWt.
Irradiation campaign with a small core
consisting of 25 fuel subassemblies was
completed. Maximum fuel burnup of over
26,300 MWd/t, at a maximum linear heat
rating of 320 W/cm was achieved without
any fuel clad failure. FBTR is using indig-
enously developed mixed carbide fuel
which is first core of its kind in the world.
Turbine was also rolled successfully to
synchronous speed of 3000 rpm.

Prototype Fast Breeder Reactor (PFBR)
The conceptual design report for sys-

tems and components of PFBR was pre-
pared . Safety classification and seismic
categorisation of the components, design
basis events, applicable design and con-
struction codes, computer codes for analy-
sis and compilation of material and site
data were completed. Other developments
were: the core was made compact, shield-
ing requirements were reviewed and R &
D in the theoretical analysis and experi-
mental works in the related domain were
defined. Also, a three-dimensional core
burnup code for use in predicting PFBR
subassembly powers was developed.

Memoranda of Understanding were
signed between IGCAR and some insti-
tutes for carrying out research on various
projects relating to PFBR.

Fast Breeder Reactor Engineering
At IGCAR, Large Component Test Rig

(LCTR) was operated successfully for en-
gineering experiments relating to FBR.

Studies on heat transfer from sodium sur-
face to the roof slab, and testing of the
sodium-to-air exchanger used in rig were
conducted. Based on the studies some
guidelines for design of exchangers were
brought out. Hydraulic studies on the grid
plate were completed.

The Annular Linear Induction Pump
designed and fabricated indigenously gave
satisfactory performance after rigorous
tests thereby establishing the design and
fabrication capability to high standards.

Other developments included the com-
pletion of low response time electromag-
net for the Control and Shutdown Rod
Drive Mechanism (CSRDM) of PFBR and
ultrasonic transducer for operation in so-
dium at 250 deg. C.

The conceptual design of the cold
leg - low elevation secondary sodium
pump for PFBR was evolved.

Assessment of suitability of indig-
enously developed Alloy D9 and 316 LN
Stainless Steel for PFBR applications,
creep studies on dissimilar welds between
2.25Cr-lMo and 9Cr-lMo ferritic steels ,
and empirical relationship to predict the
safe preheating temperature from compo-
sition of Cr-Mo steels were some of the
studies carried out at IGCAR.

2.2 NUCLEAR FUEL CYCLE

The Nuclear Fuel Cycle consists of
activities associated with the
programme of nuclear power generation
and includes Heavy Water Production,
Nuclear Fuel Fabrication, Fuel Reprocess-
ing, Waste Management, Mining and Min-
erals Exploration, and Safety.

Following were the activities relating
to segment:

2.2.1 Heavy Water Prodeetion

Adequate heavy water production ca-
pacity has been generated in the country
to meet the future needs of the nuclear
power programme.

An export order for supply of 100 MT
of heavy water to South Korea was se-
cured and possibilities of other export

orders as well as use of heavy water in
other fields were explored.

During the period of report, the
performance and the safety record of all
the plants was quite satisfactory. However,
the operation of the Plant at Talcher con-
tinued to be suspended mainly for want
of required inputs from the Fertilizer Plant.

Work on development of process pack-
age with ammonia-water exchange as
front-end was taken up to take care of the
change in technology of the Ammonia
Plants at the GSFC, Baroda with which
HWP Baroda is integrated.

Heavy Water Upgrading
The R&D efforts for upgrading tech-

nology for enrichment of Heavy Water
were continued at BARC. A Detritiation
Pilot Plant was set up at Trombay
and enriched tritium obtained was supplied
to BRIT for preparation of tritium labelled
compounds. This was a successful effort
in import substitution.

As a part of life assessment/extension
of heavy water plants in India, a detailed
stress analysis of hot tower of first stage
of Heavy Water Plant, Kota, was per-
formed at BARC.

2.2.2 Nuclear Fuel Fabrication

At the Nuclear Fuel Complex, the fuel
for pressurised heavy water reactors is
manufactured from the yellow cake (ura-
nium concentrate) from Uranium
Corporation of India Ltd, and zircaloy
products are produced from zircon sand
(zirconium bearing mineral) from Indian
Rare Earths Ltd.

During the year, NFC met all the
requirements of pressurised heavy water
reactors and boiling water reactors in the
country. It took up the production of
heat exchanger tubes for IGCAR, instru-
mentation tubes for NPCIL, and extrusion
of calcium metal and fabrication of three
roller type pilger mill for making thin wall
seamless tubes.

Nuclear grade zirconium oxide
powder production at NFC exceeded the
target and a sale deal was established with
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M/s.Western Zirconium, USA, for export
of 40 MT of zirconium oxide.

NFC met two orders from M/s Korea
Nuclear Company for 1805 kg of
Zircaloy-4 bars (25.4 mm and 10.38 mm)
amounting to US $ 157,347 (Rs.55 lakhs)
with very high recoveries. Two major
orders for supply of titanium tubes for heat
exchangers/condenser applications were
also completed.

Under the ongoing programme of
expansion of fuel production, the New
Uranium Fuel Assembly Plant was com-
pleted. The Plant was inaugurated by the
Prime Minister Shri H.D. Deve Gowda.
The New Zircaloy Fabrication reached
completion and the New Uranium Oxide
Fuel Project was at an advanced stage of
completion.

Under the NFC's indigenisation pro-
gramme, special purpose welding machine
for spot resistance welding was fabricated.

Twenty kilometres of Stainless tubing
in various sizes for atomic power reactors
was produced for NPC. Manufacturing
process for production of heat exchanger
tubes for Fast Breeder Reactors was estab-
lished successfully and regular production
was taken up.

R & D for developing special materi-
als such as cadmium sulphide, cadmium
and tellurium for manufacture of solar
cells, and 6N purity metals continued. Pro-
duction route for high purity tantalum ox-
ide was also optimised to produce very
pure tantalum oxide suitable for making
carbide tools as an import substitute.

Niii'k-iir 1 iicI Research
BARC continued to produce nuclear

pure uranium ingots for the fabrication
of fuel elements for Dhruva and Cirus
reactors.

The Centre carried out recovery of
uranium from Domiasiat ore. The process
of beneficiation of the ore by floatation
was handed over to UCIL for techno- eco-
nomic evaluation.

The work on Augmentation of
Uranium Metal Plant (AUMP) made

significant progress and is scheduled for
completion by the end of next year.

The Advanced Fuel Fabrication Facil-
ity (AFFF) at Tarapur is now well geared
to meet plutonium based MOX fuel
requirements. The MOX assemblies loaded
in TAPS continued to perform satisfacto-
rily. This programme will steadily grow
and may be extended to PHWRs as well.

2 2.3 Kuel Keprwe-isint:

Research & Development in fuel
reprocessing is carried out both by BARC
and IGCAR. BARC is operating fuel
reprocessing plants at Trombay and
Tarapur and has set up a plant at
Kalpakkam.

Cold commissioning process runs of
the Kalpakkam Fuel Reprocessing Plant
(KARP) were successfully initiated on
March 23,1996. Safety features and a very
strict Quality Assurance Program are the
special features of this Project. This is a
major reprocessing facility which will
boost up capacity to separate Plutonium
for use in the country's Fast Reactor Pro-
gramme. The hot commissioning trials in
this plant will soon be completed.

BARC made significant progress on
the design of Revamping of PREFRE
Project (ROP). The construction is ex-
pected to start shortly.

Service piping works and design re-
view of system/equipment for the Fast
Reactor Fuel Reprocessing Project
(FRFRP) of IGCAR reached advanced
stage of completion.

2.2.4 Radioactive Waste Management

During the year, the various waste
management facilities of BARC performed
satisfactorily.

BARC operated special facility for
removal and handling without any radio-
logical or industrial incident. A special
machine for remote cutting the long radio-
active coolant tubes was also successfully
designed, constructed and utilised for this
purpose.

BARC continued to give support to
NPC by providing consultancy, and waste
management services to various units of
DAE, hospitals, industry and other insti-
tutions using radioisotopes. The expertise
of BARC in radioactive waste
management was extended to the Interna-
tional Atomic Energy Agency (IAEA).

2.3.5 Safct* \ Kn\ inmmciit
Health Physics Units at various Nu-

clear Power Plants and Facilities contin-
ued to provide radiological safety support
for the operating plants which included ra-
diological assessment of plant areas, safety
reviews and participation in operation and
maintenance activities towards effective
exposure control.

The Environmental Surveillance Labo-
ratories (ESLs) continued monitoring the
programmes at reactor sites and other
nuclear facilities in the country. Pre-opera-
tional surveys at the sites of the proposed
nuclear plants were also carried out. The
ESLs at different plant sites
continued to organise and participate in
several public awareness programmes.

As part of the emergency preparedness
programme, BARC conducted an aerial
survey exercise at Kalpakkam with an
updated aerial gamma spectrometry
system. During this survey, the system
capability of on-line data transmission to
a ground control centre and its simultane-
ous processing in the helicopter and at the
ground control centre was successfully
demonstrated.

BARC provided Radiation Protection
Surveillance Services were provided to
medical, industrial, agricultural and
research institutions using radiation
sources in the country. The personal moni-
toring services covered nearly 300 insti-
tutions and 40,000 radiation workers in the
country.

The integral global environmental
radiation monitoring system, capable of
measuring airborne radioactivity as well
as background radiation levels continu-
ously, were installed at Defence Labora-
tories, Jodhpur and Mangalore University.

A computerised radioisotope package
monitoring system was commissioned at
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Radio Pharmaceutical Laboratory, Vashi.
A quality assurance kit, developed for di-
agnostic radiology installations, has be-
come very popular and is in great demand.

The indigenously manufactured air
pollution monitors especially the CO, H2S
and Ozone monitors remained under con-
tinuous demand from various agencies.

The Environmental Assessment Divi-
sion was included in the National Com-
mittee for guiding and supervising the
Environmental Management Plans at the
Indian base at Antarctica.

2.2.5 Mineral Explorations
The Atomic Minerals Division

continued exploration of nuclear
minerals. It estimated uranium reserves of
Lambapur (Andhra Pradesh) to contain
1,640 tonnes of uranium oxide U3O8 (indi-
cated category) and identified another
2,550 tonnes of U3Og(inferred category) at
Peddagattu block. Subsurface continuity
of uranium mineralisation of richer grade
was also intercepted in various parts of the
country.

Total reserves of ilmenite and other
heavy minerals of the country were
updated to 278 million tonne and addi-
tional resources of 685 tonnes of xenotime
bearing mineral concentrate were estimated
in various riverine placers of Bihar and
Madhya Pradesh. Also, new occurrences
of columbite-tantalite, beryl and spodu-
mene were located in Orissa and Gujarat.

Through heap leaching at Jajawal,
Surguja district, Madhya Pradesh, AMD
successfully produced 164 kg sodium-
diuranate (NADU cake) and achieved a
production of over 49 tonnes of xenotime
bearing concentrate, 2.42 tonnes of
columbite-tantalite, 3.17 tonnes of beryl
and 4.60 tonnes of spodumene. The AMD
also generated internal resources to the
tune of rupees one crore.

2 3 RESEARCH & DEVELOPMENT

23.1 Research Reactors
Kamini, a 30 kW fuelled research

reactor using uranium-233 fuel, became
operational on October 29, 1996 at
Kalpakkam. Uranium-233 fuel is produced

by irradiation of Thorium in
reactors. With this, the country has crossed
an important milestone in utilisation of its
vast thorium resources to meet our long
term energy needs.

On August 4, 1996, Apsara, the first
Indian research reactor completed 40 years
of operation, the Honourable Prime Min-
ister of India and other dignitaries visited
BARC on this occasion. Apsara continued
to be utilised in several areas of research
such as neutron activation analysis, neu-
tron radiography and nuclear detector test-
ing. It is proposed to modify APSARA by
incorporating the salient features of the
basic design of a Multi Purpose Research
Reactor (MPRR) recently developed by
BARC.

Research Reactors Dhruva & Cirus
continued to operate satisfactorily and
provided facilities for basic and applied
research and isotope production. Cirus
over 36 years of service Based on the
aging studies carried out for its various
structures, components and systems over
the past few years, it is planned to under-
take refurbishing of this facility in the
near future.

As part of BARCs efforts to increase
interaction with the educational institu-
tions, a proposal for establishing a Low
Power Research Reactor in an Indian Uni-
versity was under examination and a
seismotectonic evaluation for this pro-
posed research reactor was completed.

The PHWR simulator system, set up
for testing and analysis of control sys-
tems and control strategies, was upgraded
by adding models of several processes. A
fast data acquisition system.

Based on international guidelines for
safety critical and safety related systems,
a family of Control & Instrumentation
Systems, both hardware and software,
catering to a variety of realtime process-
ing, data acquisition and communication
interface functions was developed .

23.2 Isotope Technology &
Applications

Development of Radioimmunoassays

(RIAs) widely used for measuring the ex-
tremely low levels of hormones in patient
blood samples was one of the important
activities of the Isotope Programme at
BARC. Steroids such as progesterone,
testosterone, estradiol etc., and RIAs for
these hormones, were developed. These are
in various stages of technology transfer.
Optimised progesterone kit from BARC,
tested in seven hospitals and pathology labs
in Mumbai, was found to be as good as
any imported commercial kit. The kit was
offered for regular production by BRIT.
Two other kits were under evaluation.

Isotope tracer technology in BARC
moved the area of process
control of complex industrial systems
using advanced mathematical models.
BARC trained scientists in the RCA coun-
tries in this important area of industrial
applications of isotopes. Radiotracers
were successfully used to locate points
of groundwater seepage into underground
concrete ducts of high active waste lines
at KARP, Kalpakkam.

BARC's expertise in Isotope Hydrol-
ogy continued to be made available to
water resources management in India and
abroad. An isotope study is continuing in
the Jaisalmer district of Rajasthan on the
buried channel of the mighty Sarawati river
mentioned in the ancient Indian scriptures.
Carbon-14 dates of groundwater show that
the water in the buries channel in several
thousands of years old and belongs to the
time when Rajasthan was not a desert. Such
buried channels can be a good source of
fresh water. BARC scientists provided
expert assistance to IAEA's African Re-
gional Project on groundwater manage-
ment.

A nucleonic suspended sediment con-
centration gauge for control of dredging
operations in ports and harbours was un-
dergoing trials. When fully operational it
will help avoiding over-dredging of navi-
gational channels, resulting in substan-
tial savings in dredging cost.

An application of isotope technology
"was the development of a radiation source
by BARC for the treatment of eye cancer.
This is based on encapsulating iodine-125
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impregnated silver rods in tiny titanium
tubes by laser welding.

BRIT supplied over 60,000 consign-
ments of radioisotopes, valued at approx.
Rs. 13.70 crore, for use in industry,
research, agriculture and health care.
Radioisotope products and equipment
valued at about Rs. 17 lakhs were exported
to countries such as United Kingdom,
Indonesia, Sri Lanka, Mauritius, Australia,
and Nepal.

A variety of radioisotope products
including radiochemicals, labelled com-
pounds of carbon-14 and tritium,
nucleotides labelled with phosphorus-32
and sulphur-35, radiopharmaceuticals and
radioimmunoassay (RIA) kits, radiation
sources, gamma radiography equipment
and gamma irradiator systems are supplied
by BRIT to users in the country and abroad.

During the year, about 20 TBq ( 540
curies) of reactor produced radioisotopes
were processed in over 135 batches for
supply to various users and for formula-
tion of a variety of radiopharmaceuticals.

A total of 8.8 PBq ( 240 KCi) of ra-
diation sources of low and high intensity
were supplied by BRIT for use in in-
dustry, medicine, agriculture and research.
About 625 TBq ( 23 kilocuries ) of irid-
ium-192 was supplied as sealed sources for
industrial radiography and 180 consign-
ments of iridium-192 in the form of wire
were supplied to hospitals for use in
brachytherapy.

Fifteen large output sources of cobalt-
60 were supplied for treatment of cancers
to various hospitals, and sources of cobalt-
60, totalling an activity of 3.5 PBq ( 93
kilocurie), were fabricated and supplied to
RASHMI Irradiation plant, Bangalore.
Also over 800 consignments of beta and
gamma reference sources were supplied to
various educational and research institu-
tions. BRIT also supplied seventeen
cesium-137 manual-after-loading kits for
brachytherapy of cancer of uterus. Over
50,000 consignments of different
radiopharmaceuticals and radioimmuno-
assay kits were supplied for use in nuclear
medicine, enabling an estimated 7,00,000

patient investigations to be carried out in
the country.

The regional centres at Bangalore and
Delhi regularly processed ready-to-use
technetium-99 (Tc-99m) radiopharmaceu-
ticals for use in the host nuclear medicine
centres

Regular production and supply of kits
for Tc-99m ECD injection for neurology,
Tc-99m DMSA(V) injection for kidney
and medullary thyroid carcinoma and so-
dium phosphate P-32 injection for bone
pain palliation, were approved. Regular
production and supply of these products
to various hospitals have begun.

Immuno-radiometric assay kits based
on antibody coated magnetisable particle
and reagents were standardised for assay
of hormones FSH and prolactin, and trial
kits were evaluated at the Regional
centres of BRIT for radioimmunoassay.
These kits based on commercially avail-
able antibodies and other reagents prepared
by BRIT, are now ready for regular
production and supply. A modified kit for
progesterone was also standardised.

The JONAKI Laboratory at Hyderabad
produced phosphorus-32 labelled
nucleotides, covering almost all the indig-
enous requirements of phosphorus-32
labelled biomolecules for studies in
molecular biology.

There were several ongoing clinical
projects at BARC evaluating nuclear medi-
cine technologies in diseases of adults and
children. Also several studies were initi-
ated related to the effects of radioiodine
therapy on the lungs, kidneys and marrow.
I131 MIBG therapy for treatment of
Neuroendocrine malignancies..

Recently it was demonstrated that
major proportion of radioiodine induced
damage to the thyroid, could be prevented
by the administration of stable iodine
(Potassium iodine or Potassium iodate -
(KI/KIO3).

2.3.3 Irradiation Services

'Isomed' Plant of BRIT the plant for
sterilization of medical products, registered

an impressive growth in its irradiation serv-
ices. The plant's capacity and availability
factor were maintained at more than 90%
. During the year, approx. 11,000 cu.meters
(1,25,000 cartons) of medical products
were sterilized.

Several consignments of radiation
sterilised DAI kits (midwifery kits) were
provided for distribution to the rural health
centres in the country. This will enable
bringing down the infection and infant
mortality rates. Production and supply of
items relevant to gamma radiation process-
ing and health care programme also
continued.

Isomed plant received an award for
excellence in service for the second time,
from one of the multinational users of
Isomed plant.

Forty six remotely operated radiogra-
phy cameras 'ROLF were supplied to
industrial users for non-destructive testing.

2.3.4 Materials Research

At BARC, continuous efforts were
directed to improve the processes and
prepare materials, so far not available in
the country. BARC's materials programme
was also alive to the needs of the
strategic materials in nuclear as well as
other areas. Following were the develop-
ments during the year:

The Laser Material Processing Facil-
ity at BARC was commissioned. It is
equipped to cater to the material process-
ing needs of Indian industries as well, apart
from meeting in-house needs.

An indigenous Pilot Plant for produc-
ing enriched B10 isotope was installed at
Trombay on priority, to meet internal
demand. The plant was successfully com-
missioned and the product Boron
trifluoride calcium fluoride complex
enriched with Boron isotope to the desired
concentration was supplied to inhouse
users in DAE for the manufacture of
neutron detectors.
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Under Zirconium programme, the
process based on extractive distillation for
separation of hafnium and zirconium was
successfully tested at Trombay. The tech-
nology will be used by the Nuclear Fuel
Complex for extended scale operations.

Other noteworthy processes and tech-
nological developments at BARC were as
follows :

- Laboratory scale process developed
under a collaboration programme (with
Central Electrochemical Research
Institute, Alwaye) to electrowin
calcium and purifying it to reasonable
purity level (99.2% calcium).

- A process involving vacuum distilla-
tion was developed for preparation of
nuclear grade calcium. Apart from its
use in the production of uranium and
thorium, there is a demand for high
purity calcium in thermal batteries of
rockets and missiles. Rolled calcium
strips were supplied to DRDO for
defence applications.

- A process was developed for manufac-
ture of boron powder and the manu-
facturing technology was transferred to
the Defence Department. Based on
technical consultancy provided from
BARC, a 200 tones/year plant for
boron powder manufacture was set up
at Ordnance Factory, Jabalpur. It is
currently running in full stream.

A new Zirconium Alloy containing
niobium and tin developed under
BARC-NFC collaboration showed
good promise as potential fuel cladding
material in PHWRs.

For joining dissimilar metals, two tech-
niques were standardised. The
techniques were employed for joining
stainless steel to Zircaloy-2 for in-pile
instrumentation as also joining stain-
less steel to titanium for reprocessing
equipment fabrication.

Extensive work was also carried out by
BARC for the recovery of uranium
from Domiasiat ore deposit which has
estimated reserves of 9500 tones of

U3Og at an average grade of 0.1% U3Og.
The process developed involves
flotation, roasting and conventional
acid leaching followed by purification
by solvent extraction route using
Alamine 336.

- A process was developed and standard-
ised for the production of kilogram
quantities of europium doped red
emitting yttrium vanadate powder
which finds extensive application as a
colour correcting and energy convert-
ing phosphor in high pressure mercury
vapour lamps.

- Beneficiation investigations for other
organisations were also carried out. At
the request of Hutti Gold Mines Ltd, a
flowsheet was developed for the recov-
ery of by-product cobalt from the
Kalyadi copper ore of Karnataka,
involving beneficiation-concentration
of cobalt-bearing pyrite followed by
sulfation-roasting and leaching.

- The feasibility of application of super
conducting high gradient magnetic
separation technology for purification
and production of value-added clay
products from several indigenous clay
samples for use in specialized applica-
tions in paper and paint industry, was
tested.

- Supplies of special products included
Beryllium Mirrors and Strucrurals to
the Beryllium Facility for the INSAT
programme, more than 2000 Beryllium
windows to Bharat Electronics for use
in X-ray tube assemblies and 50 neu-
tron flux sensors developed indig-
enously for in-pile monitoring of neu-
trons to ECIL for use in TAPS.

2.3.5 High Technology

Advanced Instrumentation, Robotics &
Electronics Systems

Considerable progress was made in the
development of the on-line Pipe Inspec-
tion Gauging system being developed for
IOC. Considering the environmental con-
straints the developmental activities are
focussed towards using magnetic leakage
flux technology to detect the metal loss
defects in the pipeline.

In coordination with ECIL a number

of Antenna Control Systems were
designed, fabricated and supplied by
BARC to users.

For Indian Railways, apart from de-
signing the power converters the traction
control systems using high performance
microcontrollers were designed, fabri-
cated and tested. These control cubicles
were mounted on a WAG-5 loco at Elec-
tric Loco Works, Bhusaval for the field tri-
als. The state- of-the-art technology incor-
porates the diagnostic features as well as
offers flexibility in changing the control
logics in-situ.

BARC utilised expertise in power elec-
tronics in developing medium frequency
(2-3 kHz) resonant power inverters for use
in glass melting furnace in the waste dis-
posal programme.

A single crystal 4-circle X-ray
Diffractometer was designed, fabricated
and assembled at Trombay for user trials.
The instrument, used for study of crystal
structure a DST sponsored project.

The first set up of Servo Manipulators
produced by HMT under the B ARC-HMT
collaboration programme, was recently
handed over to BARC for installation at
Trombay.

BARC maintained its thrust towards
developing and providing advanced state-
of-the-art instruments and components
needed for different DAE programmes.
A PC based Integrated Security System
was developed using real time operating
system with graphical user interface (GUI)
for performing the functionality of major
security related sub-systems A Vision Sys-
tem was developed for precision alignment
of Coolant Channel Replacement Machine
(CCRM). Hydrogen in the concentration
range of 4 to 75% is a fire and explosion
hazard which makes it necessary to moni-
tor in the environment where it is gener-
ated or handled. A PC-based Multistream
Hydrogen Monitoring System was in-
stalled at BARC to evaluate the efficiency
of a hydrogen mitigation catalyst intend-
ed for use in nuclear power reactors.

A colour Image Analysis System was
developed for cell biology applications to
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carry out micronuclei and chromosome
analysis for diagnostics and biological
radiation dosimetry purposes.

IAEA has placed orders with BARC
for the supply of PC Interface Cards for
Gamma Camera meant for several TLD
Readers & TLD Badges for supply to Sri
Lanka and New Zealand.

Some of the other complex new sys-
tems and components developed at
Trombay included an ESCA imaging sys-
tem, sputter ion pumps with speed of 270
litre/sec and titanium sublimation pumps,
state-of-the-art silicon based alpha parti-
cle detectors produced using the ion im-
planter, cathode assembly for magnetron
sputter deposition set up for LINAC
booster etc.

Tasks completed by BARC during the
year also included a thermal ionisation
mass spectrometer and a total gas analyser,
direct reading dosimeters, GM seals & H2S
gas sensors, magnet chamber and computer
controlled power supplies.

Central Workshop in Trombay contin-
ued to contribute towards design, devel-
opment and manufacture of sophisticated
equipment for R&D work as well as Power
Programme. Some major jobs completed
included Prototype Teletherapy unit,
Hydraulic Ingot Manipulator, Profile
Measuring Spectrometer, ICP Poly-
chromator, Radon Calibration Chamber,
RFQ Accessories etc. Some critical com-
ponent of LCA Project (HAL) and GSLV
Project (ISRO, VSSC) were machined and
delivered.

Accelerators

The DAE Research Centres engaged in
accelerator research and applications are
the BARC, CAT and VECC. Following
were their activities in this field :

Ion Source Development
At BARC multielemental cathods

were indigenously developed for the ion
source for the pelletron accelerator. With
this it is possible to provide combinations
of beams for experiments. The multiple-
beam sputter cathodes have saved the us-
er's change-over time considerably.

Folded Tandem Ion Accelerator (FOTIA)
The work towards installation and

commissioning of the accelerator contin-
ued. The injection beam line upto the 70
deg injector magnet was setup. A fibre-
optic data telemetry system was developed
for control and monitoring of the machine
parameters in the high voltage area. The
system provides for data communication
in multiplexing mode through a single
cable. A PC based control system, devel-
oped in BARC was also tested.

Synchrotron Radiation Source
The Synchrotron Radiation Source

(SRS) Indus-1 coming up at the Centre
for Advanced Technology (CAT) at
Indore, has three major sub-systems viz.
20 MeV microtron, 450 MeV booster syn-
chrotron and electron storage ring.

The 20 MeV microtron, used as injec-
tor to the booster synchrotron and the 450
MeV booster syncrotron are in regular
operation.

Lasers
BARC and CAT are engaged in the

laser research and applications.
The Laser activities at CAT are directed

towards R & D in frontline areas in laser
science/technology and laser applications
in industry and medicine.

For applications in photochemistry
such as separation of carbon-12 and sul-
phur-34 isotopes. A high repetition rate
transversely excited atmospheric pressure
carbon dioxide laser was developed.

Diode laser pumped solid state lasers
are gaining importance due to their reli-
ability and compact size. CAT has devel-
oped a diode laser pumped solid state la-
ser. It gives 250 mW laser power.

Computer
Completion of the design and installa-

tion of 64-node Anupam Super Computer
System was a major success of BARC. The
peak speed of the Super Computer is
5.7 Giga flops and sustained speed for the
large computational jobs is about 400
Mega flops. The system is capable of
processing computational jobs at a speed
of 5-7 times faster than the presently avail-
able high speed workstations and servers.

The system was used for processing com-
putational jobs in the fields of fluid
dynamics, electronics structure computa-
tions, molecular dynamics, neutron scat-
tering, protein crystallography and gamma
ray astronomy. BARC in collaboration
with DST successfully implemented the
medium range weather forecasting codes
on Anupam super computer.

The Virtual Reality software package
'Master Plan' was further augmented with
advanced features.The package is used for
planning layout of Reactor Calandria and
for studying docking of drug molecules
with protein molecules.

2.3.6 Basic & Applied Research

Physical Sciences
The imaging element of the TACTIC

telescope was installed at GOALS,
Mt. Abu, and equipped with a 9-pixel
prototype Cerenkov imaging Camera. A
9-element prototype MYSTIQUE array
was operated to evaluate the performance
of the indigenously-designed back-end in-
strumentation and to optimise the software
for data acquisition and
analysis.

A landmark achievement in neutron
beam research instrumentation was the
successful commissioning of two long cold
neutron guides at the Dhruva reactor. The
design, fabrication and installation of these
guides was a totally indigenous
effort.

Under a joint collaborative programme
with the Rutherford Appleton Lab. UK,
BARC fabricated and supplied equipment
worth 200,000 pounds towards the instal-
lation of a sophisticated neutron
spectrometer (OSIRIS).

The DAE-DBT National Facility for
Macromolecular Crystallography funded
jointly by DAE and DBT was commis-
sioned with state-of- the -art equipment for
crystallographic data collection, comput-
ing, computer graphics and also for some
biological work.

A Radio Frequency Quadrupole (RFQ)
accelerator, based on a four-rod co-axial
geometry excited by a high frequency
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power source at 55 MHz with ion injec-
tion by a duo-plasmatron ion source has
been commissioned. This is the first RFQ
accelerator in India.

Work on laser micro drilling of tablets
of pharmaceutical interest was taken up by
BARC in collaboration with local College
of Phannacy. A Nd:glass laser capable of
giving 2-3 Joules of energy in a 300 mi-
crosecond pulse was used to drill micro-
holes of 300-400 micron diameters on tab-
lets. This type of work is expected to be of
great use to the pharmaceutical
industry.

At BARC studies related to the basic
processes and technological applications
of plasma were continued. A high power
plasma melter simulation facility was set
up to test and characterize plasma torches.

A microwave plasma system (2.45
GHz, 700W) was set up. This facility is in
use for deposition of diamond-like-carbon
coating which exhibited excellent corro-
sion resistance. The system was used for
surface treatment of organic polymers. A
prototype plasma torch based aerosol
generator was also developed.

In the area of superconductivity new
investigations were carried out on high
critical temperature material DyBaCuO
YNi2B2C & NbSe2 besides exploring
newer applications of SC-HGMS and
theoretical work on critical state model.

Chemical Sciences
BARC set up a Centre for Compo-

sitional Characterization of Materials
(CCCM) at Hyderabad. This laboratory is
capable of carrying out analysis at ultra
trace levels.

BARC prepared plastic scintillator
blocks and supplied to TIFR for use in
GRAPES array coming up at Ooty. These
scintillator blocks serve as import substi-
tutes and have saved valuable foreign
exchange.

Extensive R & D work was carried out
on the use of bifunctional organo phospho-
rus extractants for the partitioning of acti-
nides from high level waste solutions.

Analytical spectroscopic methods such
as ICP-AES, Dc-arc AES, AAS and
Fluorimetry were developed for the assay
of trace level impurities in ThO2.

BARC prepared advanced lithium fluo-
ride phosphors for use in TLD badges. The
performance of this material was tested and
found to be as good as the internationally
available material with regard to
thermoluminescence efficiency.

Gamma radiation processed hydrogels
developed at BARC were very effective
in healing burn injuries without scar forma-
tion. Large scale trials of this product are
expected to start soon at KEM hospital,
Mumbai.

A new facility to study fast chemical
dynamics in femtosecond time scales was
established. As a part of this, a Dye ampli-
fier pumped Nd-Yad laser (single longitu-
dinal mode) was commissioned. This is
providing 105 amplification of 70 femto
second laser pulses.

BARC refined oxyacetylene flame and
hot filament routes for the deposition of
diamond films. It is now possible to pro-
duce industrially useful diamond coated
products. Ball bearings coated with
diamond films were supplied to Industry.
Cutting tools coated with diamond films
proved to be superior to uncoated tools, in
workshop use.

Work in several frontier areas of
research such as pulse radiolysis of corro-
sion inhibitors, low temperature solid state
reactions, thermodynamics of fission
products, biofouling and biocorrosion of
sea water cooled systems etc. was
carried out.

An inexpensive biosensor for deter-
mining glucose in blood was developed.

2.3.7 Nuclear, Agriculture &
Biosciences

Maharashtra State Seed Corporation
produced one lakh banana plants through
tissue culture technology provided by
BARC. Trombay mutant varieties contin-
ued to make impact on a national scale.

Trombay groundnut variety TG-26 was
identified for Zone-lit comprising of West-
ern and southern Maharashtra, Andhra
Pradesh, Karnataka, Tamil Nadu and
Kerala by Group Meeting of the All India
Coordinated Research Project on Ground-
nut. Earlier it was released and notified for
Zone-II (Gujarat, Western M.P. and North-
ern Maharashtra).

An environment friendly biopesticides
based on an indigenously isolated bacte-
rium, Bacillus thuringiensis varkenyae
(B.t.) for the control of insect pests of ag-
ricultural importance was developed at
Trombay. In field trials this biopesticide
clearly indicated its superiority over the
chemical insecticide. It is an import sub-
stitute developed from an indigenously
isolated strain. A pilot plant process
optimisation for this was initiated and a
Memorandum of Understanding (MoU)
was signed between BARC & Hindustan
Antibiotics Ltd., Pune.

From medicinal plants bioactive com-
pounds such as immunomodulators and
compounds with anti-HIV activities have
been developed. Several new synthetic
strategies based on biocatalysts photo-
chemistry, organo-metallics, were also de-
veloped which find applications in food
and pharmaceutical industries.

2.4 Technology Transfer & Consultancy
Services

BARC signed Memoranda of Under-
standing (MOUs) with M/s English Indian
Clavs Ltd., Trivandurm & M/s Boron Car-
bide India Pvt. Ltd., Mumbai for supplying
engineering design drawings and opera-
tional know-how of the Particle Size Clas-
sifier. An MOU was also signed with M/s
Kabra Drugs Ltd., Indore for setting up
infrastructure for the production of high
value bioactive compounds (anticancer,
antimalarial, cardiotonic etc.) through large
scale cultivation of medicinal plant cell
suspensions by using bioreactors, and to
provide consultancy and training for
operation of bioreactors. Other MOUs
signed during the year are :

1) with Engineers India Ltd., (EIL),
New Delhi for Gamma Scanning and
its associated technologies,
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2) with Central Tuber Crop Research
Institute, Thiruvanthapuram
(CTCRI) on the utilization of Indig-
enous Pheromone Technology in the
management of Sweet Potato
Weevil,

3) with Hindustan Antibiotic Ltd., Pune
for pilot plant study and process
optimisation of Bio Pesticides based
on bacillus Thuringiensis.

BARC provided consultancy services
to several firms as follows :

National Thermal Power Corp., Noida
for study on the fate & transport of
mercury emission, M/s Davy Power Gas
(India) Ltd., Mumbai for Design check and
fatigue analysis of prepurifier vessel,

M/s Alkyl Amines Raigad for gamma
scanning,

M/s Ganesh Benzo Plast Ltd., Nave
Sheva for evaluation of settlement of a 21
metre diameter storage tank,

M/s Rashtriya Chemicals Ltd., for
stress analysis of ammonia storage tank,

M/s Reliance Industries Ltd.,
Patalganga for radiotracer experiments,

M/s Alsthom Exports, Surat for Insitu
Metallography studies, and different insti-

tutions using x-rays & other radioactive
sources for Calibration for their equipment.

Technology Offer & DAE Patent Cell

The DAE patent cell has been catalysing
the activity of technology development in
its units. The cell processes proposals for
filing patents and helps scientists through
its patent search facilities. At present about
a dozen proposals have been under
consideration of the patent attorney.

The Technology Offer Centre (TOC)
endeavoured to establish interface
activities with industry, patriculary to carry
the DAE technologies to them as well as
seeking their partnership in the ventures
of DAE. It coordinated with various units
to promote technology transfer. TOC
catalysed a sequential colloquiem on
"Nuclear Energy for Better Healthcare and
to ensure Food Security" through
healthcare interface agencies such as the
Society of Nuclear Medicine (I), FDA,
IMA & Medical Colleges. These
programmes were conducted at Pune,
Nashik, Nagpur,Aurangabad, Konkan
Division & Greater Mumbai in
Maharashtra and one each at Agra, Calcutta
and Guwahati.

2.5 Apex Fire Safety Committee

The Apex Fire Safety Committee of DAE
was constituted by the DAE to promote
fire safety in all the units of DAE. The
Committee launched several programme
and engaged in several promotional
activities. Last year it concentrated in
providing intense training programme for
fire protection engineers and fire hazard
analysis course and carried out fire audits.
It will initiate action for installation of
fire research training centre during the IXth
Plan and development activities on fire
separation element, fire detection system,
etc.

2.6 Human Resources Development

BARC Training School has been play-
ing a pivotal role in developing quality
manpower of scientists and engineers
for the last 39 years. Since June 1996, the
Training School was redesignated as HRD
Centre. Actions were initiated to strengthen
and improve upon existing curricula and
infrastructure, and develop human re-
sources to meet the challenges of the new
technologies.

Detailed account of activities of DAE
Organisations during the period 1996-
1997 is given in the following pages.
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Coolant Channel Replacement Machine developed by BARC. R & D in reactor engineering has been the
strength of our nuclear power programme.



CHAPTER - 3

NUCLEAR POWER AND ASSOCIATED FUEL CYCLE
PROGRAMMES

3.0 Production of safe and economic
power, using country's nuclear mineral re-
sources of uranium and thorium is the
main mandate of DAE. Towards this end,
it is involved in developing, in stages,
pressurised heavy water reactors, fast
breeder reactors, and advanced thorium-
based reactors with associated fuel cycle
systems, research and development.

Capability has been achieved in the de-
sign, construction and operation of
PHWRs along with commercial maturity
in the power generation from these reac-
tors. Design of 220 MWe PHWRs has been
standardised and 500 MWe PHWR is
under way. A Fast Breeder Test Reactor
(FBTR) has been commissioned
successfully and a 500 MWe Prototype
Fast Breeder Reactor (PFBR) is under
develoment. Successful commissioning of
Kamini reactor is a stride towards utilisa-
tion of thorium for power generation.Work
has also commenced on the design of an
Advanced Heavy Water Reactor (AHWR).

In all the segments of the associated
fuel cycle programme, the country has also
attained proven capability and self-
reliance.

The DAE organisations contributing
to these programme segments are the
Nuclear Power Corporation of India Ltd
(NPC) which is responsible for designing,
building and operating nuclear power re-
actors; the Heavy Water Board (HWB)
which is responsible for designing, build-
ing and operating heavy water plants; the
Nuclear Fuel Complex (NFC) which sup-
plies nuclear fuels for the boiling water re-
actors and pressurised heavy water reac-
tors; the Bhabha Atomic Research Centre
(BARC) and the Indira Gandhi Centre for
Atomic Research (IGCAR) which pro-
vide strong R&D support to the nuclear
power programme in the areas of ad-
vanced nuclear power reactors, reactor
engineering, new nuclear fuels, waste

management, fuel reprocessing, and re-
lated technologies; the Uranium Corpora-
tion of India Ltd (UCIL) and the Indian
Rare Earths mine and process nuclear
minerals, and the Atomic Minerals Divi-
sion (AMD) is engaged in mineral explo-
ration.

Activities of the DAE organisations
engaged in the Nuclear Power Generation
and associated Nuclear Fuel Cycle are
given in this Chapter.

3.1 POWER GENERATION

There are 10 installed reactor units
of NPC , with a total installed capacity
of 1840 MWe excluding RAPS-2 which
is currently under capital maintenance
outage for enmasse coolant channels re-
placement and systems upgradation
works.

During the year 1996, the gross gen-
eration from the operation of nuclear
power reactors was 8446 million units.
For the period from 1.4.1996 to
31.12.1996, the total gross generation was
6245 million units at a capacity factor of
61%. The anticipated generation from all
the operating units in the financial year
1996-97 is expected to be 8610 million
units exceeding the Annual Action Plan
target for the financial year 1996-97. The
gross generation from all the units since
commencement of commercial operation
till end of December 1996 amounted to
1,07,915 million units.

3.1.1
Plants

Operating Nuclear Power

Following Table gives the reactor
unitwise generation, capacity and
availability factors of the operating power
stations during the period 1996.

The Atomic Power Stations at
Kakrapar (Gujrat) and Narora (Uttar
Pradesh) performed very well during the
year of report.

The performance of Unit-1 of the Ma-
dras Atomic Power Station (MAPS) was
affected due to the shut down from 31st
March to 23rd August 1996 for mainte-
nance and inservice inspection of coolant
channels. Also Unit-1 of the Narora
Atomic Power Station (NAPS) was shut
dov/n from 1st September to 7th October
for planned maintenance jobs.

The performance of the Tarapur
Atomic Power Station (TAPS) Unit-1
was affected due to the prolonged refuel-
ing outages during which core shroud
inspection was carried out. TAPS Unit-2
was brought back on line on 28th May
1996 after its refueling outage. However
this Unit had a shutdown from 9th June
1996 to 23rd Aug. 1996 because of
ground fault in its generator rotor which
was replaced with that of Unit-1. The
performance of Unit-2 was affected due to
reduced power (110-120 MWe) operation
which was because of failure of a recir-
culation pump.

The Unit-1 of the Rajasthan Atomic
Power Station (RAPS) remained shut
down, as per the stipulation of Atomic
Energy Regulatory Body, in connection
with the ongoing repair work relating to
the over pressure relief device (OPRD) on
its Calandria. The shutdown of Unit-2 for
enmasse replacement of coolant channels
continued. The procedure for removing
the end fittings of the coolant tubes were
finalised after mockup trials and torque
hardware of all the jigsaw panels were
removed. The entire set of end fittings
was removed, the coolant tubes were cut
and removed from the core, and disposed
of as solid waste. The activities for the
removal of coolant channels were com-
pleted well ahead of schedule. All the
calandria tubes were inspected and
cleaned. Various systems upgradation
works progressed. After replacement of
all coolant channels and systems
upgradation works, the unit is expected to
come back on line in early 1998.
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Table : Power Generation, Capacity Factor and Availability Factor of Nuclear Power Stations in Operation

Power Generation
(In Million Units)

01.01.96 01.04.96
to to

31.12.96 31.12.96

TAPS

2x160 MWe
BWR

MAPS

2x170 MWe
PHWR

NAPS

2x220 MWe
PHWR

KAPS

2x220 MWe
PHWR

Grand

Unit-1

Unit-2

Total:

Unit-1

Unit-2

Total:

Unit-1

Unit-2

Total :

Unit-1

Unit-2

Total:

Total:

454

407

861

703

1210

1913

1302

1381

2683

1489

1500

29S2

8446

195

407

602

454

935

1389

888

987

1875

1213

1166

2379

6245

Cummula-
tive upto
31.12.96

48382

22572

8411

5260

1,07,915*

* Includes power generated by RAPS which is now undergoing repairs

Capacity
Factor (%)

32

29

47

81

67

71

77

78

3.1.2NUCLEAR POWER PROJECTS
UNDER CONSTRUCTION

Kaiga Atomic Power Project -1&2
(2x220 MWe PHWRs)

The project, located in Uttar Kannada
Dist. of Karnataka, is expected to
generate 2420 MUs annually at norma-
tive capacity utilisation factor of 62.8%.
Following is the progress of the project
during the year:

Civil Works : The delaminated Reactor
Building (RB) -1 inner containment (IC)
dome was dismantled and readied for
construction. Construction of reactor
building R.B.-2 IC dome started with the

fabrication of supporting structure for
dome framework. In other main plant
buildings finishing works were in
progress. The Induced Draught Cooling
Towers and Waste Management Plant
reached 98.5% and 80% of completion
stage respectively. 93.5% of total of 3.53
lakh cubic meters of concreting was com-
pleted.

Reactor Components and Process Sys-
tems : The air hold test of primary heat
transport (PHT) circuits in Unit-1 and
feeder erection in Unit-2 progressed (114
Nos. on North Side and 144 Nos. on
South Side completed). In nuclear piping
88% of prefabrication out of 64,000 inch
dia and 77% erection out of 55,000 inch
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meter in Unit-1 and 67% of prefabrication
and 46% erection in Unit-2 were com-
pleted.

Conventional Systems : The
demineralisation plant was commis-
sioned. Various utilities like water sys-
tems, air handling and ventilation systems
reached advanced stages of completion
and turbogenerator (TG) erection upto
71% was completed in Unit-1. In Unit-2,
20% erection was completed. With
regard to conventional piping 70% erec-
tion in Unit-1 and 57% erection in Unit-2
were completed.

Electrical Systems : 220 kV switchyard
erection was completed and testing
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Kaiga Atomic Power Station at Kaiga in Karnataka (above) and
Rajasthan Atomic Power Station 3&4 at Rawatbhatta, Rajashthan



progressed. The Diesel Generators were
cranked and tested with available load,
and cabling work in main plant areas con-
tinued. Control center instrumentation
panels were erected and field instrumen-
tation works progressed. Also, 6.6 KV
and 415V switch gears were commis-
sioned.

Constraints : Due to delamination of con-
crete in Kaiga-1 dome, work was held up
for construction of IC dome of Unit-1&2.
The construction drawings in respect of
Unit-2 will be released shortly. Unit-1&2
are expected to achieve criticality during
financial year 1998-99.

Rajasthan Atomic Power Project-3&4
(2x220 MWe PHWRs)

This project at Rawatbhata near Kota
(Rajasthan), will feed the northern grid as
base load station. The rescheduled dates
of criticality are May 1998 and Nov. 1998
for Unit-3 and Unit-4 respectively.

The project has reached advance
stage of construction. Major civil works
except RB-IC wall and Dome were
already completed. Erection of the equip-
ment and piping works progressed and
commissioning of common services
system and electrical systems com-
menced. The first unit of the project is
expected to attain criticality during the
year 1998. Brief status of construction
works is as follows :

Civil Works : Major civil works in the
main plant, except RB-IC wall and Dome
and auxiliary buildings, were completed
and construction of balance IC- wall
commenced after obtaining the clear-
ance from AERB . The construction of
Dome work started with the prefabrica-
tion of Dome supporting structure.

Nuclear Systems : The installation of Re-
actor Feeders was started in the Unit-3
and that of the Coolant Channel was com-
pleted in the Unit-4. The steam genera-
tors for both the units were already in-
stalled. All the major equipment were
supplied at the site and equipment erec-
tion works upto an extent of 60% and
40% were completed in RB-3 and RB-4
respectively. About 84% of the conven-
tional piping and 64% of the nuclear
piping was also fabricated.

Turbo-generator & Mechanical Works :
In Unit-3, bottom half portion of the L.P.
Turbine was placed in position and
matching of LP cylinder completed.
Erection of major TG Auxiliaries pro-
gressed. The condenser erection works
were completed up to an extent of 60% for
both the units.

Erection work for compressed air
plant, chlorination and filtration plant and
chilled water plant progressed. The com-
missioning of the De-minarlised water
plant was also completed.

Electrical Works : The 220 KV
Switchyard and start-up transformer for
Unit-3 were energised. Diesel generator
(DG) sets were also installed and load
testing was under planning. Around 96%
of erection of 6.6 KV Switchgears, 415 V
Switchgears & MCCs, and 74% of the
Cable trays installation were completed.

Instrumentation Works : About 57% of
panel installation work in control room/
control equipment room was completed
and testing and calibration of 4,400 nos.
of main plant instruments out of 10,000
nos. for both the units were carried out.

Tarapur Atomic Power Project - 3&4
(2 x 500 MWe PHWRs)

The financial sanction for this project
was accorded to the project in January,
1991 and site infrastructure was estab-
lished. However, due to paucity of funds
main plant civil works could not be taken
up so far. If funds are available in the
ninth five year plan, it is expected that the
construction will start in the financial year
1997-98.

Kudankulam Atomic Power Project
(2x1000 MWe PWRs)

Kudankulam Atomic Power Project,
in Tamil Nadu state, is an Indo-Russian
joint ventures for construction of a
nuclear power station consisting of 2 units
of Pressurised Water Reactors (VVER in
Russian), each having a capacity of 1000
MWe.

All the mandatory site related clear-
ances to start the construction work were
obtained and the site investigations
including hydrological surveys and mi-
croseismic studies were completed. Land
at Kudankulam, both for plant site and
township, was acquired by NPCIL.
Preliminary infrastructural facilities were
also established. Negotiation on the
supplement to the Inter-Governmental
Agreement were continuing. An assess-
ment of the economic viability of the
project, carried out by an independent
financial consultants, concluded that the
project is economically and commercially
viable. NPCIL is awaiting sanction of the
Government to sign the supplement and
start the Detailed Project Report work.

3.2 RESEARCH & DEVELOPMENT
RELATING TO I'HWK

During the year, following were the
research and development activities relat-
ing to pressurised heavy water power
reactors and allied technologies.

3.2.1 .Advanced Heavy Water
actor

Re-

At BARC, the design study to estab-
lish the feasibilityof Advanced Heavy
Water Reactor (AHWR) is nearing
completion and the AHWR Feasibility
Report is under preparation. The work on
core-physics design optimization to
accommodate requirements of maximum
thorium utilization and key passive safety
feature of negative void coefficient of
reactivity, was continued based on the use
of a 52 pin cluster containing MOX and
Thorium-U-233 oxide pellets. Iterative
studies to obtain compatibility between
core power distribution and the corre-
sponding achievable heat transfer perfor-
mance made progress. Some non-con-
ventional options like inclusion of be-
ryllium in fuel pins were under evalua-
tion. Basic configuration and parameters
of a critical facility needed for experimen-
tal verification/refinement of core-phys-
ics design were worked out along with the
associated budget estimates and time
schedules.

The Prototype fuel cluster fabricated
earlier is performing satisfactorily under
endurance test. Pressure drop measure-
ments were also made on this cluster.
Assembly of prototype fuel cluster of
revised design is nearing completion.
Optimisation of design and production
methods for fuel cluster component is
being pursued. Experimental studies on
the wetting characteristic of fuel cluster
during emergency cooling are being
carried out. In the context of studies re-
lated to stability of natural circulation
flow, computer codes for stability analysis
were developed. Design work on fuel
handling and coolant channel has com-
menced.

Safety analysis for some typical acci-
dent scenarios was completed. Reactor
building layout was simplified by merg-
ing into one the three large water invento-
ries meant for different passive-safety
functions. Passive containment cooling
system was modified to enhance the use
of conventional equipment. Bulk shield-
ing around the reactor was checked to be
adequate. Computerized 3D modeling of
the reactor building was made to facilitate
walk-through simulation.
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3.2.2 Reactor Engineering

Activities regarding management of
ageing coolant channels in PHWRs were
also continued on priority and several
inputs were provided to NPCIL in this
area.

Consequent to the earlier develop-
ments relating to repair technology when
INGRES and BARCIS were put into op-
eration, the Coolant Channel Replace-
ment Machine which was developed for
large scale coolant channel replacement in
PHWRs, was commissioned with the
centralised control systems. Several
important tooling systems capable of
remote operations were assembled and
commissioned to identify coolant chan-
nels which require in-service inspection.

The equipment developed earlier for
coolant channel repair technology,
BARCIS was upgraded and Mark II and
III versions with enhanced capabilities are
under development.

A vibration based diagnostic tech-
nique was applied on a large number of
coolant channels in MAPS-1 and MAPS-
2 reactors to identify the channels for in-
service inspection. Application of this
technique led to a significant saving in
down time and personnel radiation expo-
sure. The specially developed computer
codes for coolant channel integrity assess-
ment were extensively used to work out
an optimum strategy for enabling contin-
ued operation of MAPS-1 and MAPS-2
reactors following the in-service in-
spection.

3.3 FAST BREEDER REACTORS

3.3.1 Fast Breeder Test Reactor
(FBTR)

The Fast Breeder Test Reactor is a
major facility at the Indira Gandhi Centre
for Atomic Research at Kalpakkam. Dur-
ing 1996-97 FBTR was operated at 10.5
MWt and irradiation campaign with a
small core consisting of 25 fuel subassem-
blies (Mark-I core of 70% plutonium
carbide and 30 % uranium carbide fuel)
was completed. Maximum fuel burnup of
over 26,300 MWd/t, at a maximum linear
heat rating of 320 W/cm was achieved
without any fuel clad failure. The central
fuel subassembly, having maximum burn-
up, is undergoing post-irradiation exami-
nation (PIE). This data will help in
enhancing the performance of indig-
enously developed monocarbide fuel.

Turbine was rolled successfully to its
synchronous speed of 3000 rpm. Tests on
generator are in progress and

synchronising of the Turbo Generator to
the grid is planned shortly. 26th fuel
subassembly of different composition
(Mark-II) was loaded to provide excess
reactivity for the next irradiation cam-
paign at 10.5 MWt, which is in progress.

State-of-the-art nuclear instrumenta-
tion channels for replacing the existing
ones of FBTR were fabricated. Site in-
stallation, testing and commissioning are
on hand. Fire hazard analysis for systems
affecting decay heat removal was pre-
pared. Design, fabrication and installation
works of the carbon meter for on-line
measurement of carbon in sodium were
completed and commissioning of the
same is on hand.

3.3.2 Prototype Fast Breeder Reactor
(PFBR)

Conceptual design report for various
systems and components of PFBR was
prepared. Safety classification and seis-
mic categorisation of the components, de-
sign basis events, applicable design and
construction codes, computer codes for
analysis and compilation of material and
site data were completed. The core was
made compact and shielding require-
ments were reviewed. Design of transfer
arm machine for in-vessel fuel handling,
sizing of major components and transient
studies to evaluate the temperature under
decay heat removal conditions were also
completed.

R & D in the theoretical analysis and
experimental works in the domain of reac-
tor physics, fuel chemistry, thermal
hydraulics, structural mechanics and elec-
tronics & instrumentation were defined
including priority and agencies involved.

Full length subassembly for PFBR
was tested in water for determination of
pressure drop.

Memorandum of Understanding was
signed with IIT, Chennai for taking up
Collaborative Research Programmes in
Structural Mechanics, Thermal Hydrau-
lics and Component Handling. At Struc-
tural Engineering Research Centre,
Chennai, dynamic experiments on the
aluminium tank under base excitation,
including fluid structure interaction
effects, were completed. At IIT, Delhi, an
experimental set-up for simulating ther-
mal ratcheting in the main vessel mock-
up, was constructed. Design specifica-
tions for several control & instrumenta-
tion systems were prepared.

3.3.3 Breeder Reactor R&D,
Engineering and Materials

Fast Reactor Physics
A new, coupled neutron-gamma cross

section set (100 + 21) was prepared for
PFBR shielding calculations. A three
dimensional core burnup code FARCOB

Fast Breeder Test Reactor at Kalpakkam
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for use in predicting PFBR subassembly
powers was developed.

Studies for the 40 MWt FBTR, Mark
II core were completed. Axial form factor
measurements by gamma profilometry
for an irradiated fuel pin of FBTR was
also completed. Using actual field data, a
reliability analysis of Decay Heat Re-
moval System of FBTR was carried out.

Fast Breeder Reactor Engineering

Large Component Test Rig (LCTR)
was operated successfully for carrying out
various engineering experiments. The
studies on heat transfer from sodium sur-
face to the roof slab were conducted. The
sodium to air exchanger used in rig was
tested under different conditions to assess
its heat removal capacity. Based on the
results, some guidelines for design of ex-
changers were brought out.

The determination of the distribution
of pressure drops across the prototype fuel
subassembly in the hydraulic rig, re-
sulted in the modification in the design by
adopting larger pitch of spacer wires in
order to reduce the pressure drop.

Hydraulic studies on the grid plate
with the baffle plate in position were com-
pleted in all the quadrants. Studies with-
out baffle plate progressed to assess the
effectiveness of flow distribution to dif-
ferent subassembly locations. The pre-
dicted radial pressure drop was found to
be matching well with the experimental
observations.

Thermal striping phenomenon - mix-
ing of jets at different velocities and tem-
peratures, was carried out to understand
the parameters affecting the mixing pro-
cess and temperature fluctuations in the
fluid at different distances from the begin-
ning of the jet, in a simple set up with two
jets. This is being followed up with a
scale model with multiple jets.

The Annular Linear Induction Pump
designed and fabricated indigenously has
undergone endurance tests in sodium for
1000 hours, at a maximum temperature of
400 deg. C. The performace was satisfac-
tory, thereby establishing the design and
fabrication capability to high standards.

Spare gripper bellows of FBTR
Control Rod Drive Mechanism (CRDM)
were tested on the sodium rig for creep/
fatigue service. The tests demonstrated
that the bellows outlived their expected
service life.

Development of low response time
electromagnet for the Control and Shut-

down Rod Drive Mechanism (CSRDM)
of PFBR was completed successfully. The
achieved response time was well within
150 ms, as compared to 200 ms specified.

Pressure drop and flow induced vibra-
tion measurements in the sector model of
steam generator were completed.

A by-pass electro-magnetic flow
meter for measuring the PFBR primary
pump discharge was developed and tested
on the model pump. The flow could be
measured with an accuracy + 3-4 % over
20 to 100 % of design flow.

Development of ultrasonic transducer
with a longer life for operation in sodium
at 250 deg. C for under sodium scanner
was carried out. Preliminary tests in
silicone oil at 220 deg. C were also suc-
cessfully completed.

To assess the impact of free level
fluctuation and flow pattern, due to the
raised position of the Core Cover Plate
Mechanism (CCPM), the one fourth scale
model of FBTR was studied and the
measurement of the reactor temperature
during operation confirmed the observa-
tion.

Design studies for the compact reactor
( 2 loops ) concept were continued.
Hydraulic testing of the cast iron proto-
type pump was carried out and the pump
head, power and efficiency were mea-
sured and found to be satisfactory.

A 1/2.4 scale mock up of the primary
pump nozzle to the grid plate pipe con-
nection was built and tested for remote
assembly and disassembly of the pump
nozzle, with simulated geometry of the
reactor arrangement. The conceptual
design of the cold leg - low elevation
secondary sodium pump for PFBR was
evolved.

Materials Development

Various studies were made on indig-
enously developed Alloy D9 and
mechanical properties of 316 LN Stain-
less Steel were characterised to assess its
suitability for PFBR applications. Other
works related to creep studies on dissimi-
lar welds between 2.25Cr-lMo and
9Cr-lMo ferritic steels were carried out
and empirical relationship to predict the
safe preheating temperature from compo-
sition of Cr-Mo steels was established.

3.4 Nl CLEAR FUEL CYCLE

As mentioned earlier, Nuclear Fuel
Cycle covers activities such as production
of heavy water, nuclear fuel fabrication,
mining and refining of ores, and mineral
exploration that are needed for operation
of nuclear power reactors.

Following are the the activities under
Nuclear Fuel Cycle :

3.4.1 Heavy Water Production

Heavy Water Board operates eight
heavy water plants in the country. The
plants at Kota and Manuguru are based
on the indigenously developed hydrogen-
sulphide-water exchange process while
those at Baroda, Hazira, Tuticorin,
Talcher, and Thai are based on ammonia-
hydrogen exchange process.

The heavy water production capacity
is adequate in meeting the planned
programme of the nuclear power genera-
tion in the foreseeable future and would
even enable its export to other countries.
An export order for supply of 100 MT of
heavy water to South Korea has been
already secured. The Board is also
exploring possibilities of other export
orders as well as use of heavy water in
other fields.

During the period of report, the per-
formance of all the plants was quite satis-
factory except that the operation of the
Plant at Talcher continued to be
suspended mainly due to want of required
inputs from the Fertiliser Plant on a sus-
tained basis. The safety records of all the
Plants were very good, the Plants at Kota
and Manuguru Plant completed more than
4 million man-hours, Baroda Plant com-
pleted 6 million man-hours and Tuticorin
Plant completed 5 million man-hours of
continuous operation without any report-
able injuries.

Heavy Water Board continued its
efforts for energy saving at optimum pro-
duction levels and also for indigenisation
of spares for equipment and machinery.
To take care of the change in technology
of the Ammonia Plants at the GSFC,
Baroda with which HWP Baroda is
integrated, work on development of pro-
cess package with ammonia-water
exchange as front-end was taken up.
Several schemes were identified for
implementation during the IX Five Year
Plan for improving safety and effecting
energy conservation. Performance of
each of the plants is furnished briefly be-
low:

The Baroda Plant was under shut
down for two months for
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PHWR fuel assemblies rnanutactured at Nuclear Fuel Complex,
Hyderabad

hnd Plate Welding Machine for PHWR fuel fabncation along with
integrated Assembly Handling System developed at NFC



maintenance.The Plant was running on a
sustained basis during the rest of the
period except for a few outages caused by
failure of equipment/machinery.

The Plant at Kota was running satis-
factorily upto mid October 1996 when
operation of the Plant was temporarily
suspended as required by regulatory
authorities for reassessing the integrity of
some of the equipment and sub-system.
The Plant has been re-started in December
'96 after clearance from the regulatory au-
thorities.

The performance of the Hazira Plant
remained satisfactory. Plant was running
at a slightly reduced load due to restricted
natural gas supply from M/s. GAIL to
Kribhco with which the heavy water plant
is integrated for its feedstock supply. It is
planned to take the Annual Turn Around
of the Plant shortly.

The Plant at Manuguru continued
running satisfactorily except for a few
outages caused by poor supply of coal and
hydrochloric acid. It is planned to take the
Annual Turn Around of the Plant shortly.

The performance of the Nangal Plant
remained satisfactory during the year.

The Thai Plant continued running sat-
isfactorily during the year but at a slightly
reduced load due to restricted natural gas
supply from M/s. GAIL to RCF, Thai with
which the heavy water plant is integrated.

The Tutkorin Plant continued running
on a sustained basis during the year ex-
cept for a few outages caused by failure of
equipment/machinery, power failures and
SPIC Ammonia Plant shutdowns.

•
3.4.2.1 Heavy Water Upgrading

The R&D efforts for upgrading tech-
nology for enrichment of Heavy Water
were continued at BARC. Detritiation of
heavy water in power reactors is impor-
tant for minimising the man rem con-
sumption. A Detritiation Pilot Plant was
set up as a part of technology develop-
ment in this area. The enriched tritium ob-
tained through the operation of this plant
was supplied to BRIT for preparation of
tritium labelled compounds and other
applications. This was hitherto being
imported.

As a part of life assessment/extension
of heavy water plants in India, a detailed
stress analysis of hot tower of first stage
of Heavy Water Plant, Kota, was
performed at BARC. This 58 m high
4.5 m dia vessel made of A516 grade
60 material was designed as per

ASME code. This vessel was analysed
by general purpose finite element
computer code COSMOS/M. Three
different load cases were considered
viz. thermal, pressure and combined
thermal and pressure. ASME code
check was performed and the stresses
were found to be within permissible
limits. Apart from these, the vessel
was checked for fatigue limit, wind
load, vibration and deflection due
to wind. These were also found to
be within permissible limits.

3.4.2 Nuclear Fuel Fabrication

The Nuclear Fuel Complex (NFC) at
Hyderabad, manufactures and supplies
zircaloy clad fuel assemblies to all the
operating nuclear power reactors in the
country. The fuel for pressurised heavy
water reactors is manufactured from the the
yellow cake (uranium concentrate) from
Uranium Corporation of India Ltd, and
zircaloy products are produced from
zircon sand (zirconium bearing mineral)
from Indian Rare Earths Ltd.

During the year NFC supplied all the
fuel bundles required by the operating
pressurised heavy water reactors (PHWRs)
in the country. It also fabricated for the
boiling water reactors (BWRs) of the
Tarapur Atomic Power Station, fuel
bundles from enriched uranium hexafluo-
ride (UF6) and supplied . Besides this,
supply of _PRP hexagonal channel, garter
springs was completed and development
work for the production of TAPS square
channel progressed.

In the tube plants of NFC, in addition
to the significant market penetration with
the execution of orders.production of
heat exchanger tubes for
IGCAR,instrumentation tubes for NPCIL
and extrusion of calcium metal and the
fabrication of three roller type pilger mill
for making thin wall seamless tubes were
taken up.

Two orders of M/s Korea Nuclear
Company for 1805 Kgs of Zircaloy-4 bars
(25.4 mm and 10.38 mm ) amounting to
US $ 157,347 (Rs.55 lakhs) were met with
very high recoveries. Two major orders for
manufacturing Titanium tubes for heat
exchangers/condensor applications were
also completed.

The programme of indigenisation of
strategic equipment was continued with the
fabrication of special purpose welding ma-
chine for spot resistance welding of spacer
to fuel tube of PRP.

With regard to the expansion of fuel
production, the projects of New Uranium
Fuel Assembly and New Zircaloy Fabri-
cation were almost complete and the New
Uranium Oxide Fuel Project reached
advanced stage of completion.

Zircaloy Products
During the year, nuclear grade zirco-

nium oxide powder production exceeded
the target and a sale deal was established
with M/s.Western Zirconium, USA, to
export 40 MT of zirconium oxide. Recov-
ery of sand from the fusion frit and use of
the same for improved material recovery
effected substantial cost reduction.

Bigger size fusion batches were
planned by NFC and sale of raffinate was
arranged to improve plant hygiene, better
man power utilisation and cash inflow.
Substantial savings were achieved by sub-
stituting caustic soda with ammonium
hydroxide in the neutralisation operation.
New vacuum arc melting techniques were
optimised to make low hydrogen and chlo-
rine ingot to meet new specifications of
NPCIL for coolant tubes. Salvaging of
zircaloy scrap, production of special com-
ponents and production of titanium tubes
were taken up during the year.

Special Seamless Tube Plant
Stainless tubing in various sizes and
specifically 6mm OD (outer diameter)
instrumentation tubes for atomic power
reactors of about 20 KM, was produced
for NPCIL. Manufacturing process for the
production of heat exchanger tubes for Fast
Breeder Reactors was established success-
fully and regular production was taken up.
In addition to their regualar production, a
number of equipment such as linear
cutting machine, rotary crushing machine
for control laboratory, pendulum type abra-
sive cut off machine, hydraulic press and
semi-automatic 3-axes UT machine were
designed and fabricated in Tool Room for
meeting in-house requirements.
Special Materials

Special Materials Plant continued its
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Prime Minister Shri H.D. Deve Gowda inaugurating the Natural Uranium Fuel Assembly Plant of the
Nuclear Fuel Complex, Hyderabad

Panoramic view of the Natural Uranium Fuel Assembly Plant
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R & D activity for developing special
materials such as cadmium sulphide, cad-
mium and tellurium for manufacture of
solar cells, and 6N purity metals such as
cadmium, tellurium, mercury, indium and
antimony. These materials were produced
in kilogram quantity. Production route for
high purity tantalum oxide was also
optimised to produce very pure tantalum
oxide suitable for making carbide tools to
be supplied as an import substitute to
private firms in the country.

The original HF sulphate route of pro-
duction of tantalum oxide was also
changed over to nitric acid-hydrogen fluo-
ride (HNO3 - HF) route to reduce the cost
of production and avoid generation of large
quantity of effluent.

Equipment Development
The programme of import substitution

and indigenisation of critical manufactur-
ing equipment was continued. A Spacer
Welding Machine and an Automatic Bear-
ing Pad Welding machine with several
improved features were developed and
supplied to the New Uranium Fuel Assem-
bly Project.

New Uranium Oxide Fuel Project
The project progressed to about 85%

of completion, construction work of the
Process Plant and Utility/Auxiliary Build-
ings was almost completed and electrical
sub-stations were commissioned. Erection
of various Process, Utility and Ventilation
Packages advanced considerably. The
plant is expected to be ready for commis-
sioning by mid-1997.

New Uranium Fuel Assembly Project
All the production and quality control

equipment, 95% of which are indigenous
and some designed and fabricated in-
house, were in position, commissioned and
qualified for starting production. The pro-
duction equipment, fully automatic with
intra and inter-machine handling units, data
acquisition systems, programmable logic
control (PLC) based sequence control sys-
tems were successfully tested and readied
for regular operation. Trial production was
taken up in some sections and clearance
certificate from AERB was received for
regular production.

New Zircaloy Fabrication Project
This project achieved physical

progress to the extent of 97% and civil
works and utilities reached advanced stage
of completion. Critical process equipment
were commissioned and production of
zircaloy and titanium tubes was taken up.

3,5 Nuclear Fuel Research

BARC continued to produce nuclear
pure uranium ingots for the fabrication of
fuel elements for Dhruva and CIRUS
reactors. Development of processes for
gainful utilisation of by-products of ura-
nium extraction made significant
progress.

Extensive work was also carried out
by BARC for the recovery of uranium
from Domiasiat ore deposit which has
estimated reserves of 9500 tonnes of UjOg
at an average grade of 0.1% U3Og.
Beneficiation of the ore by floatation
developed at the Ore Dressing Section,
Hyderabad was found very helpful in
reducing the quantity of the ore to be pro-
cessed by a factor of 5 to 6. The process
developed was handed over to UCIL for
techno-eeonomic evaluation.

Work on Augmentation of Uranium
Metal Plant (AUMP) made significant
progress during the year. Project Engi-
neering activities for the production of
500 Kg uranium ingot per batch was com-
pleted. The project is scheduled for
completion by the end of next year.

The Advanced Fuel Fabrication Facil-
ity (AFFF) at Tarapur is now in a position
to meet DAE's commitment for pluto-
nium utilisation for power production.
The MOX assemblies loaded earlier in
TAPS-I have completed satisfactorily the
first cycle of 18 months. The Post-Irradia-
tion Examination (PIE) facilities were
augmented and irradiated fuels from
research reactors were also examined

3.6 FUEL REPROCESSING

Fuel Reprocessing provides nuclear
fuels plutonium and uranium-233.
Research & Development in fuel repro-
cessing is carried out both by BARC and
IGCAR.

3.6.1 KARP

BARC initiated process runs for Cold
Commissioning of the Kalpakkam Fuel
Reprocessing Plant (KARP) on March
23, 1996. Unirradiated fuel bundles were
charged into the indigenously built fuel
chopping machine and the chopped fuel
was fed to the fuel dissolver. As a step
further towards Hot Commissioning of
the process equipment, the solvent
extraction columns were made opera-
tional and the pulsing studies were
started. Testing and commissioning of
various special systems of the plant
reached an advanced stage and optimum
operating parameters are under
evaluation. Added safety features and
a very strict Quality Assurance Program
are the special features of this Project. The
entire design of the project was com-

Kalpakkam Reprocessing Plant (KARP) which achieved cold commissioning
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pletely reviewed by the AERB. The
Regulatory Board has now been
approached for the necessary clarifi-
cation for hot commissioning of KARP.

3.6.2 Revamping of PREFRE Project
(ROP)

BARC made significant progress on
the design of "ROP". Architectural and
structural design for the Low Block was
completed and the construction is
expected to start shortly. The construction
of the Mock-Up Test Facility was also
completed. The construction of alternate
Hold-Up Tank was completed and the
laying of affluent pipe ring work reached
completion. The overall plans and layout
of equipment on various floors of High
Block are now ready.

3.6.3 At 1GCAR Empirical Modelling
of third phase formation of U(IV) and
Pu(IV) nitrate in 30 % Tri-Butyl Phos-
phate/n - dodecane solvent was com-
pleted. Residence Time Distribution stud-
ies in continuous phase were carried out
on radially pulsed extraction columns.
Major equipment required for the Lead
Mini Plant were received and piping
works progressed. Erection and modifica-
tion works for the second J-rod campaign
reached advanced stage of completion
and raffinate evaporation circuit will be
commissioned and processing of J-rod
will commence shortly.

Fast Reactor Fuel Reprocessing Plant
(FRFRP)

All the ventilation equipment for
FRFRP were received and service piping
works and design review of system/equip-
ment reached advanced stage of comple-
tion.

3.7 RADIOACTIVE WASTE
MANAGEMENT

Management of radioactive waste in a
safe and techno economically viable man-
ner is extremely important for the success
of the Indian nuclear programme. The
various waste management facilities of
BARC performed very satisfactory
manner at various locations including
Trombay, Tarapur, Rawatbhatta and
Kalpakkam.

For the first time in the country a
campaign was undertaken by NPCIL for
the removal of coolant channels of
RAPS-2. Safe disposal of coolant tubes
and associated components such as end
fittings and garter springs was imperative
for the success of this task. BARC
achieved a land mark by successfully put-
ting up special facility for removal and

handling the coolant tubes, end fittings
and garter springs in an uninterrupted
fashion without any radiological or indus-
trial incident within a period of about
4 months at a very small expenditure of
only 17 man rem. A special machine for
remote cutting the long radioactive cool-
ant tubes having radiation dose rates of
100 to 700 R/Hr was successfully
designed, constructed and utilised for this
purpose.

While the new facilities for waste
management are being designed and put
up, emphasis was also given on research
and development front to upgrade waste
management processes and technologies.

The Centre, as a part of its radioactive
waste management activities, continued
to give essential support to NPCIL by
providing special filters and filter bank
testing services as also consultancy and
waste management services to various
units of DAE, hospitals, industry and
other institutions using radioisotopes.

In the field of radioactive waste man-
agement, the expertise of India is well
recognised and the same was extended to
the International Atomic Energy Agency
(IAEA) by providing services of experts
and training to IAEA fellows from other
developing countries.

3.8 SAFETY

The DAE has been implementing a
safety policy which endeavours to protect
the operating personnel, public and the
environment. The nuclear plants have
registered 130 reactor years of operations
with a good record of safety.

3.8.1 The safety performance of NPCIL
power stations and projects continued to
be good during the year. The release of
radioactivity to environment was main-
tained much below the permissible limits
and occupational dose to plant personnel
were kept at ALARA (As-Low-As-
Reasonably-Achievable ) level. Special
ALARA workshops and seminars were
conducted at MAPS.

During the year, NPC units won a
number of Safety Awards instituted by
AERB, Kaiga Project won 'AERB - In-
dustrial Safety Award' for construction
units; TAPS achieved a long accident
free period of 719 days as on 31.3.96 and
won a Letter of Appreciation from AERB
for the same; KAPS won 'AERB - Fire
Safety Award' and NAPS was issued a
Letter of Appreciation by AERB for its
efforts towards development of Green
Site.

The annual 'NPC - Industrial Safety
Award' was jointly won this year by
TAPS and Kaiga. This year a prestigious
new award for individuals contributing to
safety was introduced. These awards,
known as 'MD's Safety Memento', were
awarded at all sites on the occasion of
National Safety day.

The functions relating to Health and
Nuclear Safety were continued for ensur-
ing nuclear and conventional safety in the
operating stations as well as projects un-
der construction/commissioning through
internal safety reviews and audits.

NPC's Safety Review Committee
(NPC-SRC) was constituted as a nodal
agency for review of all related matters
prior to their submission to safety bodies.
Corporate Safety Audit of TAPS, MAPS,
NAPS, and Kaiga Project, and Safety
Management Reviews of Kaiga and
RAPP 3&4 were conducted. As part of
NPCIL's continuing efforts to ensure op-
erational safety, Internal Safety Review of
Operating Stations (ISROS), similar to
OSART review by the International
Atomic Energy Agency (IAEA), were
conducted for TAPS, MAPS, and KAPS.
These efforts also included an assess-
ment of safety culture of trjese sites, iden-
tification of the areas for improvement
and the measures recommended. To up-
grade the fire protection system of TAPS
as per the existing standards, a report
was prepared. Similar efforts were initi-
ated to upgrade the fire protection system
status of RAPS, MAPS, and KAPS.

Efforts of NPC to strengthen the
Safety Culture continued. As a part of
these efforts, a business plan was
prepared. An Executive Workshop of
IAEA on Quality Assurance (QA) imple-
mentation and Safety Culture was held at
KAPS and a seminar/workshop on safety
culture was held at TAPS and RAPS. Ex-
tensive training on industrial safety and
fire safety continued at all sites. A peri-
odical bulletin "Industrial Safety News"
was introduced for internal circulation
among NPC safety professionals. A
number of fire safety training
programmes were conducted in collabo-
ration with IAEA, Electricite de France
and other expert bodies, to provide ad-
vanced training in fire safety to fire offic-
ers and engineers of NPC.

3.8.2 Reactor Safety

At BARC R&D and Safety Assess-
ment Studies related to various reactor
systems was continued. In the context of
progressive loading of MOX fuel in the
Boiling Water Reactors (BWRs) at
Tarapur, steady state Thermal Hydraulic
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Analysis of a core with a specified partial
loading of MOX fuel was carried out to
ensure that the various design limits are
not exceeded. Further to this, as a part of
safety assessment, various operational
transients are being analysed. Analyses
for the case of 1) Turbine trip without
bypass, and 2) Sudden start of the cold
recirculation loop when the reactor is
under operation with only one loop, were
completed.

In the context of safety assessment
following the cracks observed in the core
shroud of BWRs elsewhere, the
behaviour and structural adequacy of
TAPS core shroud was carried out for
accident scenarios such as main steam
line break, recirculation loop break, seis-
mic loads etc. The studies for certain
specified postulated crack depths and ex-
tent do not show any impairment of the
capabilities for shut down and core cool-
ing during the postulated accident sce-
narios.

In the context of studies related to sim-
plification of emergency cooling sys-
tem of PHWRs, analysis was carried out
for a number of postulated small break
LOCAs (Loss of Coolan Accidents)
caused due to failure of instrument/feeder
lines etc. Preliminary studies were carried
out to assess the possible peak pressure in
the AHWR containment following vari-
ous postulated LOCA scenarios.

PSA (Probabilistic Safety Analysis)
Level-1 study of Kaiga Atomic Power
Plant was carried out to identify the vari-
ous accident sequences contributing to
core damage frequency. Unusual occur-
rence reports related to human error of
RAPS and MAPS were analysed. Human
error data was collected and reliability
analysis was carried out.

3.8.3 Control & Instrumentation

At Trombay a family of C&I systems,
both hardware and software, catering to a
variety of realtime processing, data acqui-
sition and communication interface
functions was developed based on
international standards & guidelines.

The coolant channel inspection
system, BARCIS, developed for 220
MWe PHWRs, was upgraded and used for
inspection of coolant channels of MAPS-
1 reactor. The development of drive
mechanism, inspection head and control
system for BARCIS Mark-II system
reached an advanced stage.

For control and operator information
systems of PHWRs at Kaiga-1 & 2 and
RAPP-3 & 4, development of fault toler-

ant microcomputer based systems is being
canied out. These systems perform reac-
tor power regulation by operating control
rods and control the pressures of primary
coolant, bleed condensor and steam
generators using control valves. These
systems also control the operation of
refuelling machines which refuel the
reactor channels while reactor is
on-power, perform supervisory control
and data acquisition of electrical systems
and monitor the coolant channel tempera-
tures in the reactor. Programmable digital
comparator system compares reactor
parameters against setpoints to generate
alarms which are used for reactor protec-
tion system. Digital recording system
monitors selected parameters in the plant
for further analysis. The PHWR simula-
tor system, setup for testing and analysis
of control systems and control strategies,
was upgraded by adding models of sev-
eral processes. A fast data acquisition
system, which acquires and selectively
records vibration signals from sensors
on turbo-generator rotor shaft and sup-
porting structures alongwith associated
process parameters was also developed.
For the above C&I systems, a family of
high reliability microcomputer boards
catering to a variety of realtime process-
ing, data acquisition and communication
interface functions was developed and
transferred to ECIL for manufacture of
these systems. Software for these systems
is being developed based on international
guidelines for safety critical and safety re-
lated systems. Prototypes of above sys-
tems were integrated and software and
hardware are being subjected to exten-
sive testing and review as per regulatory
guidelines.

A PC based manual operations
console (MOSC), which can carryout a
variety of functions presently available on
the large and complex fuel handling
system vertical operating panel, through
CRT screen, was developed. The MOSC
forms a node in the Fuel Handling System
training simulator being developed for
PHWRs. For the emergency operating
procedures system (EOPS) being
developed for operating plants, a fuzzy
logic software algorithm was developed
to infer an emergency condition. An
artificial neural network package based
on resilient back propagation algorithm
was developed. The package was vali-
dated for calculating channel power dis-
tribution in a 220 MWe PHWR. For the
Programming Environment for Real Time
Systems (PERTS) being developed as a
graphical specification and analysis tool,
the statechart Editor package was devel-
oped. This package enables description
of behavioral aspects of the system or
software using statechart notation. A

document entitled 'Real Time Systems -
A guide to life cycle processes' was pre-
pared through participation in a
multiorganisation committee on software
quality assurance of real-time systems for
use in high reliability computer based sys-
tems.

3.8.4 Safety Research

The leakage of lubricating oil from
sodium pumps can result in the formation
of certain reaction products that might
cause blockage of coolant flow path in the
fuel subassembly of the fast reactor. At
IGCAR studies to characterise the oil-so-
dium reaction products at sodium tem-
perature of 400 deg.C, with interaction
periods ranging from 10 to 50 h under
argon atmosphere, were carried out. The
black residue collected after reaction
ranged from 4 to 16 % of the oil mass.

Sodium-concrete interaction studies
were carried out and the damage sufferred
by the concrete was assessed by ultrasonic
testing. Chemical analysis of the samples
was done to establish the depth of
penetration of sodium into the block. A
new electrolyte was developed and the
operating parameters of electro deposition
were standardised in order to deposit co-
balt-60 using 10 micro grams of inactive
cobalt carrier on a 25 mm dia Stainless
Steel disk. This electro-deposited speci-
men can be used as a radioactive source in
sodium loop to carry out simulant experi-
ments on transport and deposition
behaviour of radionuclides in fast reac-
tors.

An experimental set up for evaluation
of the performance of wet-bed air clean-
ing system for sodium fire containment
was fabricated and tested at Kalpakkam.
Its filtering efficiency was found to be
95%.

A simple electropolishing technique
was standardised to carry out a depth pro-
file in Stainless Steel. Using this tech-
nique, successive layers of 0.2 mm thick-
ness can be removed from stainless steel.
This study is required to find out the depth
profile of activated stainless steel in fast
reactors in order to develop a model for
release of radio nuclides.

The computer code developed, for
use in criticality safety assessment tasks,
was made operational, after testing
against a series of benchmarked experi-
mental data.

Experiments on molten fuel-coolant
interactions with simulant metals like
zinc, tin, bismuth with water were carried
out.
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The indigenously developed super-
heated drop detectors are the only type,
which can detect neutrons in the presence
of intense gamma or X-rays, and are
employed to monitor neutron flux in the
intense X-ray beam line of a linac used in
the treatment of cancer patients. At
IGCAR The measured values were used
to validate computational models.

A highly sensitive thermoluminescent
phosphor was developed for potential
application in radiation dosimetry. The
new phosphor is three times more sensi-
tive than the conventional materials pres-
ently in use. Two different procedures to
measure the accidental radiation expo-
sure, using dicentric and micronuclei
techniques were standardised. The effect
of very low levels of radiation on repair
efficiency of blood cells was also studied.
Preliminary work was carried out to
demonstrate its potential for NDT appli-
cations.

3.7 MIM-.KAi, i-Ai'LOK VI i O \
Surveys, prospecting and exploration

of atomic minerals required for the Indian
Nuclear Power Programme are carried out
by the Atomic Minerals Division. The
Division is also engaged in the R&D
activities. During the year 1996-97,
following is the account of activities and
achievements in this segment of the
programme:

3.9.1 Uranium Investigations
Surveys

AMD successfully located 45 mixed
(uranium + thorium) and 217 thorium
anomalies in parts of Rajasthan and
Gujarat, using airborne gamma-ray spec-
trometric (APRS) and magnetic surveys
carried over 10,300 line kilometre
(L Km). Also, target areas for further
exploration work was narrowed down
with the application of remote sensing
techniques involving satellite data and
aerial photo interpretation over geologi-
cally and structurally favourable tracts in
various parts of the country. Ground
checking by digital image processing
resulted in two new uraniferous fracture
zones in Mullapalle (Andhra Pradesh).

Radjpjneiric, reconnaissance (over 6000
sq km) and detailed surveys (530 sq km)
done over various geologically and struc-
turally favourable areas resulted in locat-
ing/delineating promising occunences of
uranium at Kundabhati (Uttar Pradesh),

Digital picture ofLumbapur Peddargattu uranium deposit, Andhra Pradesh

Lower Mahadek (Meghalaya), Palsi
(Rajasthan), Sonaghati (Madhya Pradesh)
and Srisailam (Andhra Pradesh).

Magnetic, electrical and electromagnetic
surveys in different areas of the country
resulted in delineating target areas at
Mullapalle and Madireddigaripalle
(Andhra Pradesh), Kerpura (Rajasthan)
and Bichiya (Madhya Pradesh) for
detailed investigations.

Hydrogeochemical surveys conducted
over 22,700 sq km area indicated possible
extensions of known anomalies at Luni
river basin (Rajasthan), western margin of
Cuddapah basin (Andhra Pradesh) and
parts of Singhore basin (Madhya Pradesh)
and Bundelkhand massif (Uttar Pradesh
and Madhya Pradesh).

Expiratory Drilling : Exploratory drill-
ing aggregating to 32,800 meterage was
carried out to probe/delineate the subsur-
face continuity of uranium mineralisation

in different promising sectors and ore
grade intercepts were obtained in Andhra
Pradesh, Uttar Pradesh, Bihar, Meghalaya
and Rajasthan.

Uranium reserves of Lambapur
(Andhra Pradesh) were estimated to con-
tain 1640 tonnes of U3O8 (indicated cat-
egory) at an average grade of about 0.1%
of U3Og . In addition, 2550 tonnes of
U3O8 (inferred category) at an average
grade of 0.07% of U3OS, were estimated
at Peddagattu (Andhra Pradesh).

3.9.2 Rare Metal and Rare Earth
Investigations

New occurrences of columbite-tanta-
lite, beryl, and spodumene bearing
pegmatites in Sambalpur and Jharsuguda
(Orissa), Banaskantha (Gujarat) and
Sirohi (Rajasthan), and significant
concentrations of xenotime in Durg and
Bastar (Madhya Pradesh) and Garhwa
(Bihar) were located. Additional reserves
of 685 tonnes of xenotime bearing
polyminerallic concentrate were also
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estimated in various parts of Bihar and
Madhya Pradesh.

The four recovery units of AMD
located in Bihar, Madhya Pradesh and
Karnataka produced over 49 tonnes of
xenotime bearing concentrate, 2.40
tonnes of columbite-tantalite, about 3.20
tonnes of beryl and 4.60 tonnes of
spodumene.

3.9.3 Beach sand and offshore investi-
gations

AMD successfully delineated a heavy
mineral rich (20 - 35%) zone along
Srikakulam coast (Andhra Pradesh) and
estimated 40 million tonnes (inferred
category) of ilmenite resources along
coastal tracts of Kakinada and
Bhavanapadu (Andhra Pradesh). The
total reserves of ilmenite and other heavy
minerals of the country were also
updated. Reserve of ilmenite now stands
at 278 million tonnes. AMD also sup-
plied information on different heavy min-
eral deposits to IRE and other national
and international agencies, and prepared a
monograph on heavy mineral resources of
Kerala.

3.9.4 Lab Investigations carried out
at AMD are summed up below :

* Two portable gamma-ray spectrometers
were fabricated for the Geological Sur-
vey of India (GSI) in addition to provid-
ing analytical and instrumental support to
field investigations.

* Processing of AGRS data collected
during 1993-94 and 1994-95 was com-
pleted.

* Various sub-systems of light weight
processor based airborne gamma-ray
spectrometric survey system were
integrated.

* Isotopic dating of samples (over 200
nos) by Rb-Sr, Sm-Nd and U-Pb and
Pb-Pb methods and various analyses of
samples and elemental determinations
(nearly 50,000 nos) were carried out.

* Scientific studies, identification of
different uranium and rare metals and
earths, and determinations of atomic
minerals were carried out.

* Petrological studies and petro-mineral-
ogical ore characteristics and mineral
identification studies on geological
samples were made.

* Over 74,000 determinations for qualita-
tive and quantitative measurements of
various elemental concentrations were
conducted and a new unit of X-ray spec-
trometer started functioning at Nagpur
unit of AMD.

*Spectrographic analyses of samples and
standards involving 71,000 determina-
tions were made.

* Studies of rock and plant samples for
isolation, purification and nomenclature
of fungi were conducted. Aspergillus
terreus, A.sydowii, A. Flavus, A.inger
and pencillium SPP were identified in
samples of Domiasiat and Jimri nala area,
Meghalaya.

* Heap leaching plant for uranium ore at
Jajawal was successfully operated. A
total of 164.32 kg sodium diuranate
(NaDU cake) was produced. Besides,
hydro-metallurgical characteristics of
host rocks from different uranium depos-
its/ occurrences were studied and flow
sheets for the recovery of rare metals were
developed.

* Research and development work for the
estimation of major, minor, trace and rare
earth elements.

* Thermal characterisation on uranium
bearing organic matter from samples of
Domiasiat, Meghalaya.

* Fabrication, wiring and testing of
various types of printed circuit boards
PCBs were carried out for micro-proces-
sor based Bulk Ore Analyser (BOA)
system for UCIL. Lead shield design and
design drawing for positioning of three
scintillation detectors was completed for
UCIL for fabrication and taking up the
civil construction work at 555 m level.

*Fluid inclusion studies on vein quartz
associated with uraniferous schistose
rocks were carried out.

3.9.5 Geotechnical Investigations

* AMD carried out drilling for conducting
heat flow studies jointly with the National
Geological Research Institute, at the
earthquake affected Khillari area,
Maharashtra. Two boreholes aggregating
887 m drilling were completed and the
third borehole progressed.

* A note, describing seismotectonics of
the area around Trombay, was prepared.

* Report on seismotectonics of the area
around Narora Nuclear Power Plant
was under updation.lt included
seismotectonic map of the area based on
published data on lineament and seismic
events.

* Drilling of deep boreholes under Project
Repository for Immobilised Waste Prod-
ucts (RIP) at Kalpakkam, Tamil Nadu was
completed by AMD in collaboration with
BARC. A total of about 880 m was
drilled during the year.

•Drilling of Embedded Part (EP) hole on
concrete wall in the reactor building at
Kaiga Nuclear Power Project was com-
pleted which involved a total of over 120
m drilling in 88 holes.

*AMD participated in the task force meet-
ing for revising seismic zoning map of
Peninsular India (IS 1893).

Mining Plan Approval and Licensing
AMD carried out scrutiny of the min-

ing plans of atomic minerals received
from various agencies under the Mines
and Minerals (Regulation and Develop-
ment) Act, 1957. The detailed mining
plan of IRE in respect of
Manavalakurichi mine was cleared and
the plan for beach sand mining from M/s
Kerala Minerals and Metals Limited was
under process at AMD.

3.10 MINING

The mining and processing of
uranium ore and mineral sands (contain-
ing thorium and rare earth minerals) are
done by the Uranium Corporation of India
Ltd. and the Indian Rare Earths Ltd
respectively. Activities of these public
sector undertakings have been described
in Chapter 6 of this report.
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CHAPTER - 4

RESEARCH & DEVELOPMENT &
NON-POWER PROGRAMME

4.0 The Non-Power Programme of DAE
aims to develop applications of nuclear
energy in the areas of health, agriculture
and industry; high technologies such as
accelerators, lasers, computers, and robot-
ics ; and frontier areas of science such as
superconductivity, biotechnology, materi-
als and others. The activities of DAE's
multi-disciplinary R& D organisations viz
the Bhabha Atomic Research Centre
(BARC), Indira Gandhi Centre for Atomic
Research (IGCAR), Centre for Advanced
Technology (CAT), Variable Energy
Cyclotron Centre (VECC) and Atomic
Minerals Division are directed towards
achieving these objectives.

BARC has built research reactors and
utilises radioisotopes produced in them for
applications in medicine and agriculture
and develops non-electricity applications
of nuclear energy in industry. VECC also
produces radioisotopes and supplies them
for medical use. BRIT, an industrial unit
of DAE, processes radioisotopes produced
in BARC and manufactures radio-
pharmaceuticals and radio sources for use
in diagnosis and treatment. The BARC
produced radioactive products are also
used in crop improvement by mutant and
in a number of other applications such as
radiography sources, trace elements etc.

The DAE research centres are also
engaged in the development of advanced
technology in areas such as accelerators,
lasers, biotechnology, information technol-
ogy and materials technology. The Depart-
ment also encourages technology transfers
and interacts with industry in areas of its
strength.

DAE supports basic research in nuclear
energy and related frontier areas of science
and interacts with universities and aca-

demic institutions to improve the quality
of education and research.

To realize the benefits of the state-of-
the-art science and technology, interna-
tional cooperations in advanced areas of
research and in mega science projects are
encouraged.

The contributions of BARC to the
nuclear power and nuclear fuel cycle ar-
eas have been covered in the preceding
chapter. The major activities, initiatives
and achievements of BARC in the non-
power R&D during this year are given
below :

4.1 RESEARCH REACTOR

KAMINI, a 30 kW Uranium-233
fueled reactor became operational on Oc-
tober 29, at Kalpakkam. Uranium-233 fuel
is produced by irradiation of Thorium in
reactors, reprocessing for extraction of
Uranium-233 and fabrication of fuel ele-
ments using Uranium-233 so derived. An
important milestone in utilisation of India's
vast thorium resources to meet its long
term energy needs has thus been crossed.
The control and instrumentation (C&I) of
the reactor was fully commissioned.

On August 4, 1996, APSARA, the
country's first research reactor completed
40 years of operation. A function was held
to commemorate this momentous occasion
and the Honourable Prime Minister of In-
dia and several other high dignitaries vis-
ited BARC. APSARA continued to be uti-
lised in several areas of research such as
neutron activation analysis, neutron radi-
ography and nuclear detector testing. It is
proposed to modify the reactor after a few
years by incorporating the salient features
of the basic design of a Multi-Purpose

Research Reactor (MPRR) recently devel-
oped by BARC. Work on detailing the pro-
posed design modifications is on hand.

DHRUVA continued to operate satis-
factorily and provided facilities for basic
and applied research and isotope produc-
tion. CIRUS also completed over 36 years
of its service. Based on the aging studies
carried out for its various structures, com-
ponents and systems over the past few
years, it is planned to undertake refurbish-
ing of this facility in the near future.

Work was also initiated to establish a
critical facility for conducting reactor
physics experiments for the Advanced
Heavy Water Reactor (AHWR) and for
500 MWe PHWRs.

As part of BARC's efforts to increase
interaction with the educational institu-
tions, a proposal for establishing a Low
Power Research Reactor in an Indian Uni-
versity is under examination and a
seismotectonic evaluation for this pro-
posed research reactor was completed.

4.2 RADIOISOTOPE TECHNO-
LOGY & APPLICATIONS

Apart from its R&D efforts for further
development of Isotope Technology and
applications, BARC continued to accord
priority in the production and supply of
Radioisotopes and other user-specified ra-
dioactive sources to DAE units and other
institutions in the country.

4.2.1 Development of Radioimmuno-
assays (RIAs) which are widely used for
measuring the extremely low levels of hor-
mones in patient blood samples was one
of the important activities of the Isotope
programme. Steroids such as Progesterone,
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Prime Minister Shri H. D. Deve Gowda
visiting BARC on the occasion of
completion of 40 years of successful
operation by the Research Reactor
APSARA, The reactor had achieved
its criticality on Aug 4, 1956

Kamini Research Reactor
With the recent successful

commissioning of this reactor
at Kalpakkam India has

taken a stride towards
building of thorium cased

nuclear reactors



700 A/VW Dhurva research reactor at Trombay

Testosterone, Estradiol etc., play an impor-
tant role in human health. The RIAs for
these hormones were developed and were
in various stages of technology transfer.
Optimised progesterone kit from BARC
was tested in seven hospitals and pathol-
ogy labs in Mumbai and found to be as
good as any imported commercial kit. The
kit has now been offered for regular pro-
duction by BRIT. Two other kits are being
similarly evaluating and the results are
encouraging.

The Isotope Tracer Technology in
BARC has now moved into the area of
process control of complex industrial sys-
tems using advanced mathematical mod-
els. Besides successfully applying the tech-
nique to analyse an oxidation reactor in a
petrochemical complex near Mumbai
among many other applications, BARC has
trained scientists in the RCA countries in
this important area of industrial appli-
cations of isotopes.

Radiotracers were successfully used to
locate points of groundwater seepage into
underground concrete ducts at KARP,
Kalpakkam.

BARC's expertise in Isotope Hydrol-
ogy continues to be made available to wa-
ter resources management in India and
abroad. An isotope study is being made in
the Jaisalmer district of Rajasthan on the
buried channel of the mighty Saraswati
river mentioned in the ancient Indian scrip-
tures. Carbon-14 dates of groundwater
show that the water in the buries channel
in several thousands of years old and be-
longs to the time when Rajasthan was not
a desert. Such buried channels can be a
good source of fresh water. BARC scien-
tists provided expert assistance to IAEA's
African Regional Project on groundwater
management.

A nucleonic suspended sediment con-
centration gauge is in the final stage of de-
velopment for control of dredging opera-

tions in ports and harbours. The gauge
is presently undergoing trials in col-
laboration with the Central Water &
Power Research Station, Pune. When
fully operational it will help avoiding
over-dredging of navigational channels,
resulting in substantial savings in
dredging cost.

Another application of isotope tech-
nology is the development of a radia-
tion source for the treatment of eye can-
cer. This is based on encapsulating io-
dine-125 impregnated silver rods in tiny
titanium tubes by laser welding.

Radiation induced grafting of acrylic
acid on cotton by electron beam irra-
diation

Grafting studies of acrylic acid on
cotton fabric were carried out using
electron beam (EB)-irradiation, in or-
der to improve the uptake of basic dyes
by the fabric. The effect of various ex-
perimental conditions were studied.

Gamma scanning of ethylene - ethane
stripper - rectifier column for Mis
NOCIL, Maharashtra

Gamma scanning was successfully
used to diagnose malfunctioning of
1.5m diameter Ethylene - Ethane strip-

per-rectifier column for M/s National Or-
ganic Chemicate Limited (NOCIL),
Thane-Belapur Road, Maharashtra.

4.2.2 Radiation Medicine
There are several ongoing clinical

projects evaluating nuclear medicine tech-
nologies in diseases of adults and children.
Emphasis on expanding therapeutic appli-
cations of radionuclides was a priority of
BARC. In this regard the Centre initiated
newer modalities of treatment of Thyroid
Cancer patients. A rational approach to the
problem was established, the quality of
radioiodine which would be effective for
every individual was assessed based on
pretreatment data gathered. This has helped
in reducing patient's radiation burden and
at the same time the patient is given an
adequate therapeutic dose. Several stud-
ies were initiated to study the effects of
radioiodine therapy on lungs, kidneys and
marrow. I13' MIBG therapy for treatment
of Neuroendocrine malignancies was done
for the first time in the country.
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Standardization of assay for micro-
albuminuria

Using good quality antisera raised at
Trombay, labeling human serum albumin
to the required specific activity, a RIA was
standardized for measuring trace quanti-
ties of albumin in urine, for detecting
microalbuminuria in diabetic (both insu-
lin dependent and non-insulin dependent)
as well as hypertensive patients. This as-
say was compared with DPC
microalbuminuria RIA kits imported from
USA and found to be correlated excel-
lently. Preliminary testing in a clinical set-
ting at a Diabetic Clinic in KEM Hospital
was also made.

Protective effect of turmeric extract on
radiation damage in rats

The escalating presence of radiation in
the environment and increasing use of
radionuclides in diagnostic nuclear medi-
cine necessitates the identification of
agents which may protect the radiation in-
duced damage.

Since turmeric has an antioxidant prop-
erty, BARC tried to study the protective
effect of turmeric in radiation induced dam-
age in rats. The results showed that lipid
peroxidation could be a clinically useful
measure of the toxicity of various total
body irradiation treatment, currently in use
at different medical centres.

Recently it was demonstrated that ma-
jor proportion of radioiodine induced dam-
age to the thyroid, could be prevented by
the administration of stable iodine (Potas-
sium iodine or Potassium iodate - (KI/
KIO3). An extended study made at
Trombay provided important guidelines
about the dose and time of the administra-
tion of stable iodine as a preventive meas-
ure for accidental exposure to radioiodine.

4.2.3 Radiation and Isotope Products
& Services

The Board of Radiation and Isotope
Technology ( BRIT ) produces and sup-
plies a variety of radioisotope products in-
cluding radiochemicals, labelled com-
pounds of carbon-14 and tritium,
nucleotides labelled with phosphorus-32
and sulphur-35, radiopharmaceuticals and
radioimmunoassay (RIA) kits,

Radiotherapy
in action. The

radiation
sources of '

such machines
are supplied

by BRIT

radiation sources, gamma radiography
equipment and gamma irradiator systems
to users in the country and abroad. The
work carried out by BRIT during the year
of report is as follows :

Radiochemicals
About 20 TBq (540 curies) of a number

of reactor produced radioisotopes were
processed in over 135 batches for supply to
various users and for formulation of a vari-
ety of radiopharmaceuticals; these include
radioisotopes such as molybdenum-99,
phosphorus-32, sulphur-35, iodine-131,
chromium-51, mercury-203 and others.

About 28 kgs of phosphorus-32, cal-
cium-45, and sulphur-35 labelled agro-
chemicals were supplied for use in agri-
cultural research. One thousand tritium
filled nuclear light sources and nearly 1.1
kg of promethium-147 self-luminous com-
pounds were supplied for illumination of
instrument dials and other devices.

Radiation Sources
A total of 8.8 PBq ( 240 KCi ) of ra-

diation sources of low and high intensity
were supplied for use in industry, medi-
cine, agriculture and research. These in-

clude radiation sources of isotopes such as
cobalt-60, iridium-192, and caesium-137.
About 625 TBq ( 23 kilocuries ) of irid-
ium-192 was supplied in the form of sealed
sources for industrial radiography. Over
180 consignments of iridium-192 in the
form of wire were supplied to hospitals for
use in brachytherapy. Fifteen large output
sources of cobalt-60 were supplied for
treatment of cancers to various hospitals
and 10 integrated sources of cobalt-60,
totalling an activity of 3.5 PBq ( 93
kilocurie), were fabricated and supplied to
RASHMI Irradiation plant, Bangalore.
Over 800 consignments of beta and gamma
reference sources were supplied to vari-
ous educational and research institutions.
Seventeen cesium-137 manual-after-Ioad-
ing kits, each sufficient to treat two patients
at a time, for brachytherapy of cancer of
uterus, were supplied to hospitals.

Radiopharmaceuticals
Over 50,000 consignments of different

radiopharmaceuticals and radioimmuno-
assay kits were supplied for use in nuclear
medicine during the year, enabling an es-
timated 7,00,000 patient investigations to
be carried out in the country. The regional
centres at Bangalore and Delhi regularly
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processed ready-to-use technetium-99m
(Tc-99m) radiopharmaceuticals for use in
the host nuclear medicine centres in addi-
tion to supplying the product to other needy
hospitals in the region. The centres at
Dibrugarh and Bangalore continued to of-
fer radioimmunoassay services to local
hospitals. The regulatory body of
Radiopharmaceuticals, Radiopharmaceuti-
cals Committee, was reconstituted during
the year. The first meeting of the reconsti-
tuted Committee was held during the year
and regular production and supply of three
products namely kit for Tc-99m ECD in-
jection for neurology, kit for Tc-99m
DMSA(V) injection for kidney and med-
ullary thyroid carcinoma and sodium phos-
phate P-32 injection for bone pain pallia-
tion were approved. Regular production
and supply of these products to various
hospitals have begun.

A wide variety of raw materials, radio-
active materials, additives, reagents etc.
used in the production of radiopharma-
ceuticals were tested by the Quality Con-
trol Group of Radiopharmaceutical Pro-
gramme.

A Gel generator system using indig-
enously available low specific activity mo-
lybdenum-99 (Mo-99) which has already
been designed and developed, underwent
further improvements. An industrial
model, amenable to mass production, with
features such as economy, radiological and
pharmaceutical safety, is under develop-
ment by BRIT in collaboration with IIT,
Mumbai. In addition, work is underway to
upgrade the system enabling production of
upto 50 generators per batch.

The work on the kit for technetium-
99m MIBI, a myocardial perfusion
imaging agent, was continued to develop
two component kit formulation. The kit
was evaluated by carrying out experiments
in higher animal models like dogs and
monkeys in collaboration with Christian
Medical College and Hospital, Vellore.
Collection of extensive data continued for
presenting before Radiopharmaceuticals
Committee to obtain their permission for
regular production and supply. Work on
other important imaging agents such as Tc-
99m EC renal tubular imaging, Tc-99m
MAG3, Tc-99m DMDTPA was initiated

and progressed satisfactorily.

Procedures for preparation of iodine-
131 labelled MIBG (meta-iodo-benzyl
guanidine) for imaging certain tumours
were standardised and evaluation was car-
ried out by BRIT in collaboration with
Christian Medical College & Hospital,
Vellore. The product was subsequently
cleared by the Radiopharmaceuticals Com-
mittee for carrying out clinical evaluation.

Immuno-radiometric assay kits based
on antibody coated magnetisable particle
and reagents were standardised for assay
of hormones FSH and prolactin, and trial
kits were evaluated at the Regional cen-
tres of BRIT for radioimmunoassay. These
kits based on commercially available an-
tibodies and other reagents prepared by
BRIT are now ready for regular produc-
tion and supply. A modified kit for pro-
gesterone was also standardised.

A protocol was worked out for devel-
opment of IRMA procedures for hormones
employing a common separation system

based on avidin-biotin pair and applicabil-
ity of IRMA FSH and prolactin was dem-
onstrated. In collaboration with Tamil
Nadu Veterinary and Animal Sciences Uni-
versity, Chennai, suitable modifications to
BRIT's T3 and T4 RIA kits were intro-
duced in order to extend their application
for veterinary health care.

BRIT is participating in an IAEA Co-
ordinated Research Project (CRP) for de-
velopment of central nervous system
receptor radiopharmaceuticals and the
plans of work envisaged to be carried out
was prepared and presented in the first
meeting of RCM held at Dresden, Ger-
many, in November 1996.

Labelled Compounds
Over 600 consignments of carbon-14

and tritium labelled compounds and 1750
consignments of phosphorus-32 and sul-
phur-35 labelled biomolecules were sup-
plied during the year. The JONAKI Labo-
ratory at Hyderabad produced phosphorus-
32 labelled nucleotides, covering almost
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all the indigenous requirements of phos-
phorus-32 labelled biomolecules for stud-
ies in molecular biology. To provide opti-
mum service to the users, the operations
pertaining to supply of phosphorus-32 la-
belled nucleotides were shifted to JONAKI
Laboratory, Hyderabad.

BRIT supplied 100 consignments of
non-radioactive ('cold' ) kits for use in
recombinant DNA Technology. Custom
synthesis of some important products for
use in bio-medical research was also un-
dertaken. Labelling of a compound AK-
2123 with carbon-14 and tritium contin-
ued. This compound has a potential for use
in cancer treatment. Colour coded and tem-
perature stabilized nucleotides coded
"permaluci" products were regularly pro-
duced and supplied to a number of users
who found them to be quite useful in their
experiments. Work for making permaluci
range of S-35 labelled nucleotides also
progressed.

BRIT developed Cold kits based on
fluorescein which have been in supply for
use in molecular biology work.

Work progressed for standardising the
procedure for isolation, purification and
characterisation of taxol and vincristine,
two anti-cancer drugs. Detailed studies
were underway to scale up the operations
and also for working out a semi-synthetic
route for production of taxol from
beccatim.

Radiation Sterilization
'Isomed', the plant for sterilization of

medical products, continued to offer irra-
diation services with an impressive growth.
The plant's capacity and availability fac-
tor were maintained at more than 90% .
During the year, approx. 11,000 cu.meters
( 1,25,000 cartons ) of medical products
such as dressings, disposable infusion and
transfusion sets, surgical sutures, gloves
and a number of other medical devices
were sterilized at the plant. A number of
cartons of surgical sutures, latex gloves,
ayurvedic products and herbal extracts
were irradiated in Isomed for user indus-
tries for export.

To bring the benefits of nuclear appli-
cation programme to the people living in
rural areas, several consignments of radia-

Isomed:
The Plant

for
sterilization

of medical
products,

has been in
the service
of medical

industry for
over two
decades.

tion sterilised DAI kits ( midwifery kits )
were provided for distribution to the rural
health centres in the country. This will en-
able bringing down the infection and in-
fant mortality rates.

Isomed also continued production and
supply of items relevant to gamma radia-
tion processing and health care programme
such as ceric-cerous dosimeters, biologi-
cal indicators, go-no-go radiation indica-
tor buttons, and disposable sterile drapes
and trolley covers.

A number of new products such as
polymer based orthopaedic items, plant ex-
tracts for microbiological upgradation, dis-
posable tongue depressors etc. were taken
up for evaluation for routine radiation steri-
lisation.

Isomed plant received an award for
excellence in service for the second time
from one of the multi-national users of
Isomed plant.

Radioisotope Equipment
BRIT supplied 46 remotely operated

radiography cameras 'ROLI' to industrial
users for non-destructive testing. Servic-
ing of ROLI cameras prior to source re-

placement and mandatory checks, were
carried out on all cameras prior to source
replenishment.

One Gamma Chamber 900 unit loaded
with 2,500 curies of cobalt-60 was supplied
to Indian Space Research Organisation,
Bangalore. Two Gamma Chamber units
were refurbished and replenished with
fresh cobalt-60 source.

The first unit of the newly designed
Gamma Chamber 5000 is under shipment
to Thailand against an order received from
IAEA.

Additional 5 units are being readied for
supply to various users of which one is
earmarked for export to Indonesia. Special-
ised non-destructive testing (NDT) serv-
ices and radiometry inspections were car-
ried out by BRIT for private firms by the
staff of quality assurance group.

4.2.4 Sale of Radioisotopes
BRIT supplied over 60,000 consign-

ments of radioisotopes, valued at approx.
Rs. 13.70 crore, for use in industry, re-
search, agriculture and health care. Radio-
isotope products and equipment valued at
about Rs. 17 lakhs were exported to coun-

4:5



tries such as United Kingdom, Indonesia,
Sri Lanka, Mauritius, Australia, and Ne-
pal. Technical assistance was provided to
Atomic Energy Commission, Syria and
Atomic Energy Research Establishment,
Bangladesh, for setting up a facility for the
production of Tc-99m column type gen-
erators for use in nuclear medicine in re-
sponse to an order from IAEA. All equip-
ment were supplied and support for erec-
tion and operation of facility is being pro-
vided by BRIT.

4.2.5 New Projects and Schemes

The new projects and schemes imple-
mented by BRIT cover extension of nu-
clear medicine facilities in the country,
upgradation of facilities for the production
of radiopharmaceuticals, augmenting fa-
cility for the production of radioisotope
products, and setting up a commercial
demonstration plant for spice irradiation
at Vashi Complex.

The project for setting up Radioisotope
Equipment Facility at Vashi (New
Mumbai) was completed. Radiography
cameras and gamma chambers are being
assembled in the new facility. A 500 keV
electron accelerator designed and fabri-
cated by BARC is under installation for
commercial exploitation in the areas of thin
polymeric films and coatings to provide
value added products. Under the project
on Extension of Nuclear Medicine Facili-
ties, financial and technical assistance was
provided by BRIT to 15 nuclear medicine
centres and 4 RIA centres for upgrading
their nuclear medicine facilities so that the
benefits of nuclear medicine procedures are
available to larger cross section of people,
especially in remote places. All major
works on the project for the upgradation
of facilities for the production of
radiopharmaceuticals were completed .

Work on the plant for microbial reduc-
tion in spices by irradiation commenced
subsequent to clearance by the Atomic En-
ergy Regulatory Board. The major works
at the site progressed and all the compo-
nents of irradiator system were under fab-
rication. The plant will be able to process
about 12,000 tons per annum of spices
when it becomes operational by mid 1997.

Regional Radiation Medicine Centre
(RRMC)

The Regional Radiation Medicine Cen-
tre (RRMC) of VECC continued to pro-
vide diagnostic facilities. About 3000 pa-
tients availed of the nuclear diagnostic fa-
cilities and about 6,200 patients, the RIA.
RRMC continued to supply Ga-67 citrate,
produced at VECC, to RMC, Mumbai and
B.M. Birla Heart Research Centre, Cal-
cutta. RRMC also remained engaged in the
preparations of new radio Pharmaceuticals
labelled with Tc-99m, in collaboration with
the Indian Institute of Chemical Biology,
Calcutta. After obtaining the initial clear-
ance of six months from AERB, for the
clinical use of the LINAC, about 300
patients availed of the facility. Further
diagnostic studies were carried out to
obtain the final clearance from AERB.

4.3 HIGH TECHNOLOGY

4.3.1 Remote Handling & Robotics
Master Slave Servo Manipulator for

which an MoU was signed with HMT,
Bangalore, has reached the stage of com-
pletion. Servo Manipulators were formally
handed over to BARC by the Hindustan
Machine Tools recently and are scheduled
for commissioning at Trombay.

The prototype teletherapy unit for can-
cer treatment, fabricated in house at the
Central Workshops is being geared up for
demonstration. It is noteworthy that M/s
HMT Ltd, Bangalore had evinced keen
interest for collaboration in this area also.

BARC's experience in this collabora-
tive venture highlights the feasibility of
sustained interaction between the research
centre and the manufacturing sector in ef-
fectively harnessing the indigenous exper-
tise available for successfully implement-
ing advanced technologies to meet in-
house needs. BARC also had close collabo-
ration with NPCIL which was sustained
and fruitful.

Development and demonstration of a
special underwater manipulator for Core
Shroud Inspection at TAPS-II done re-
cently, deserves mention. The totally in-
digenous and cost effective system was

developed and implemented on a stringent
schedule synchronising with the refuelling
outage. The system is being extended to
TAPS-I with enlarged scope for inspection.

The Laser Material Processing Facil-
ity was commissioned at BARC. Apart
from meeting in-house needs it is equipped
to cater to the material processing needs
of Indian industries as well.

4.3.2 JLasers
BARC and CAT are the DAB research

centres engaged in the laser research and
applications. CAT is developing lasers for
use in industry and medical field.

Dye lasers, in view of their tunability,
are useful for photochemical, spectro-
scopic and nonlinear optics applications.
Using a suitable combination of pump
sources, BARC produced the highest
power dye laser that was indigenously
achieved in a tunable laser.

Laboratory scale production of Car-
bon-13 was achieved by isotope-selective,
infrared multiple photon dissociation
(IRMPD) techniques with several
halomethanes in an efficient wave guide
photochemical reactor using pulsed carbon
dioxide laser. In the context of removal of
tritium from heavy and light water reac-
tors, pentafluoroethane was shown to be
an attractive working molecule.

BARC has developed high power dye
lasers. Work on laser micro drilling of tab-
lets of pharmaceutical interest was taken
up in collaboration with local College of
Pharmacy. A Nd:glass laser capable of giv-
ing 2-3 Joules of energy in a 300 micro-
second pulse was used to drill micro-holes
of 300-400 micron diameters on tablets.
The clinical tests work are successfully
completed. This type of work is being done
for the first time in the country and this
expected to be a great use for the pharma-
ceutical industry.

The Laser activities at CAT are directed
towards R & D in frontline areas in laser
science/technology and laser applications
in industry and medicine.

A high repetition rate transversely ex-
cited atmospheric pressure carbon dioxide
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Dye Laser, pumped by copper vapour laser, has been developed by the Centre
for Advanced Technology, at Indore

laser was developed. It was operated upto
300 Hz rep. rate and 300 watt average
power was obtained. This will have appli-
cation in photochemistry such as separa-
tion of carbon-12 and sulphur-34 isotopes.

Diode laser pumped solid state lasers
are gaining importance due to their reli-
ability and compact size. CAT has devel-
oped a diode laser pumped solid state la-
ser using a 1 watt diode laser as pump
source and Nd:GdVO 4 crystal as the
lasing material. It gives 250 mW laser
power at 1.06 micrometer wavelength and
uses a plane-plane resonator cavity.

A RF-excited fast axial flow continu-
ous wave carbon dioxide laser was devel-
oped and optimization studies of its per-
formance continued. It is expected to pro-
vide 750 watt output power.

A technique was demonstrated for ob-
taining a symmetric variation of laser
power output about the resonant frequency
of a single mode continuous wave carbon
dioxide laser, through a change in its cav-
ity length. This will facilitate off-line cen-
tre tuning of the laser which is required
for several applications.

Spectral and time resolved studies on
laser excited fluorescence from human
tissues are being actively pursued for di-
agnosis of cancer. Continuing the previ-
ous work in this area, the applicability
of this technique was also tested for dif-
ferentiating benign breast tissue from
cancerous ones.

The studies revealed that for breast tis-
sue the intensity of fluorescence from can-
cerous site is much higher than that from
benign or normal tissue site. Therefore,
very accurate discrimination is possible in
this case by monitoring only the fluores-
cence intensity as opposed to detailed spec-
tral analysis required for other tissue types.
Studies on the elastically scattered light
from the tissue and time resolved studies
on fluorescence from breast tissue have
also been carried out with encouraging
results.

Experiments continued on optical lim-
iting in C M solutions which indicated
broad band capability of C60 based optical
limiters.

The semiconductor doped glasses show
rather large but usually slow decaying
nonlinearity at their absorption threshold.

; Large laser induced
birefringence were observed

\ in optical Kerr shutter experi-
ments, but with much faster
response time of less than 20
picosec. The potential of these
observations for designing
fast optical switches with low
switching energies is being
explored.

High power lasers are a
crucial tool to investigate la-
ser-plasma interaction. Two
beams of the high power ND-
glass laser chain were oper-

, ated to produce 200 J output
in 5 nsec pulse duration.

Laser produced plasmas
are being widely investigated
as a suitable active medium to

develop lasers in the XU V spectral region.
XUV spectroscopy of these plasmas with
high temporal resolution of few
picoseconds was necessary to detect popu-
lation inversion in such experiments. A flat
field grating XUV spectrograph was built
for this purpose and made operational. This
works in the spectral region of 3 nm - 30
nm. This instrument focuses the emission
spectrum in a plan, which can be coupled
to the x-ray streak camera built earlier in
collaboration with General Physics Insti-
tute, Moscow. XUV spectra of various tar-
get materials were also recorded using this
spectrograph.

Laser produced plasmas have recently
emerged as an attractive source of x-rays
useful for applications such as micro-
lithography and microscopy with very high
resolution. Experiments on x-ray contact
microscopic imaging of biological samples
and physical microstructures were per-
formed using the 2 GW Nd:glass laser
chain built earlier microscope.

4.3.3 Plasma
Studies related to the basic processes

and technological applications of plasma
were continued. A variety of high power
plasma jet devices in the range of 50-300
kW, working on stabilized and constricted
arc jets were under development for mate-
rial processing applications. Axial flow-
stabilized arc plasma torches in transferred
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arc mode and vortex flow-stabilized
plasma torches operating in nontransferred
arc mode were developed and integrated
into plasma melters, chemical reactors,
spray units and aerosol generators.

A high power plasma melter simula-
tion facility was set up to test and charac-
terize plasma torches. This is the only
plasma torch test stand of its kind in the
country.

A high power plasma torch was de-
signed for melting applications. This was
operated at upto 300 kW. Results indicated
a torch efficiency of upto 95%. These
torches can now be used for developing
total systems.

A microwave plasma system (2.45
GHz, 700W) was set up for deposition of
diarhond-like-carbon coating which exhib-
ited excellent corrosion resistance. The
system was also used for surface treatment
of organic polymers. A prototype plasma
torch based aerosol generator was also
developed.

4.3.4 Accelerator
Accelerators are important tools in ba-

sic and applied research and can be used
for radioisotope production.

The research centres contributing to the
Accelerator Programme of DAE are
mainly the BARC, VECC and CAT.

Following are the activities during the
year related to this programme.

Ion Source Development
Multielemental cathodes were indig-

enously developed at Trombay for the
pelletron accelerator, with which it is pos-
sible to provide combinations of beams for
experiments. The multiple-beam sputter
cathodes saved the user's change-over time
considerably.

Folded Tandem Ion Accelerator (FOTIA)
The work towards installation and

commissioning of the accelerator pro-
gressed. The injection beam line upto the
70 deg injector magnet was setup. A fi-
bre-optic data telemetry system was devel-
oped for control and monitoring of the

machine parameters in the high voltage
area. The system provides for data com-
munication in multiplexing mode through
a single cable. A PC based control system,
developed in BARC was also tested.

RFQ A ccelerator
RFQs (Radio Frequency Quadrupole)

are the potential tools of delivering highly
intense ion beams. These find applications
as injectors of spallation neutron sources,
fissile material breeding and heavy ion
fusion machines.

An RFQ accelerator based on a four-
rod co-axial geometry, excited by a high
frequency power source at 55 MHz with
ion injection by a duo-plasmatron ion
source was commissioned at Trombay.
This is the first RFQ of India. It was to-
tally conceived, designed, fabricated and
commissioned indigenously. In this sys-
tem, a proton beam injected at 4.7 KeV is
accelerated to an energy of 100 keV.

VECC
The Variable Energy Cyclotron Cen-

tre (VECC) is engaged in the construction
of a superconducting cyclotron, upgrada-
tion operation and maintenance of exist-
ing cyclotron, basic nuclear physics re-
search and applied work using beams from
the cyclotron, development of Photon
Multiplicity Detector under CERN - India
Collaboration programme, development of
Radioactive Ion Beam (RIB) under VECC
- RIKEN Collaboration programme, op-
eration of the medical linac and diagnos-
tic facilities at Regional Radiation Medi-
cine Centre (RRMC).

Superconducting Cyclotron
At the VECC, the K500 superconduct-

ing cyclotron project made considerable
progress. Apart from basic research, the
major use of the accelerator will be to in-
digenously develop the cryogenic and su-
perconducting magnet technologies. In
view of this, most of the components will
be fabricated either in-house or within the
country.

Negotiations for forging and machin-
ing of the 100 tonne main magnet frame
are likely to be concluded soon. Vendor
development for the large cryostat was
carried out and award of contract is under

finalisation. The infrastructure for super-
conducting coil winding is coming up fast.
Contract for fabrication of the coil wind-
ing machine is also likely to be finalized
shortly.

Prototype fabrication of the supercon-
ducting cable was carried out at BARC and
planning and procurement for the RF cavi-
ties by the Central Workshops, BARC pro-
ceeded as per schedule. Activities for the
electrical part of the complex radio fre-
quency system continued satisfactorily at
VECC.

Studies were initiated, and in some
cases procurement begun, on various other
systems such as the main vacuum system,
ECR ion source, external injection line,
beam extraction system, diagnostic system,
magnetic field measurement system, com-
puter controls etc. Planning, procurement
and prototype fabrication work on a large
number of power supplies for the cyclo-
tron , which involved hi-tech areas, ad-
vanced well. First design of the beam lines
was worked out satisfying several struc-
tural and physics constraints.

The AERB approved the building de-
sign from the radiological safety consid-
erations. Detailed building requirements
assessed for housing various subsystem
and components. The design is under con-
sideration of C&S Group. The require-
ments for the services such as
airconditioning, LCW, compressed air etc.
were under assessment.

Cryogenic system of Superconducting
Cyclotron

The Cryogenic System basically con-
sists of the Cryostat, Liquid Helium Plant,
Liquid Nitrogen Plant, interconnecting
transfer lines and instrumentations. The
work like procurement, fabrication, design
of system / components were continuing.
Action in respect of procurement of He-
lium Liquefier along with accessories, pure
helium etc. was taken. VECC expects to
receive the material shortly. Attempt in
respect of exploring helium from hot
spring purification and using the same to a
recently acquired helium plant from CERN
were also made up.
Superconducting cyclotron Building

The Superconducting Cyclotron is pro-
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Synchrotron Radiation Sources (SRS) being built at the Centre for Advanced Technology, Indore

Electron Cyclotron Resonance Source
setup at the Variable Energy (yclotron
Centre, Calcutta



posed to be located on the south site of the
33 KV outdoor substation yard. The cy-
clotron building is divided into the cyclo-
tron building, accommodating the cyclo-
tron and control system and the services
building in an adjoining area to accommo-
date all the general services for the cyclo-
tron.

The general layout for the supercon-
ducting cyclotron building was finalised
and the same was forwarded to C&SG to
take up the detailed engineering, estimates
to enable us to initiate construction. The
services building was also finalised. VECC
expects to initiate construction of the cy-
clotron building along with the services
building during the forthcoming year.

Upgradation of Variable Energy Cyclotron
(VEC)

Several other activities related to im-
provement of the cyclotron performance
and heavy ion acceleration were either car-
ried out or underway. A new rectoformer
room housing the main RF transformers
became operational adding to the reliabil-
ity of the machine. Considerable improve-
ments were carried out in the
airconditioning system and other systems
to minimize the breakdowns of the accel-
erator. Recent improvements in the main
vacuum level in the acceleration chamber
aim to attain ECR produced heavy ion ac-
celeration with VEC.

Heavy Ion Acceleration Programme
Trie scheduled operation of VEC con-

tinued up to middle of October 1996. There
after planned shut down were taken to
implement the heavy ion acceleration pro-
gramme with VEC. Installation work of
injection system made progress. Vertical
bending section was already installed.
Heavy ion beam from ECR source was
transported over a large part of the hori-
zontal section of injection line on experi-
mental basis. Beam will be injected into
the centre of cyclotron shortly. Subse-
quently, dummy dee-installation and cen-
tral region modification work will be taken
up. As regards ECR source operation, its
performance was upgraded significantly by
increasing the axial magnetic field two
times its earlier values. The source can now
deliver as high as 50 microamperes of oxy-
gen 6+ beam. Heavy ion beam tuning in

the cyclotron is expected to start by end of
June 1997.

Cyclotron Operation
Cyclotron was operated regularly un-

til the middle of October '96 for experi-
ments. During this period the Cyclotron
operation was scheduled for 3200 hours
and the machine performance was over
60%. There were some planned and un-
planned maintenance such as rectification
of magnet coil insulation and testing of new
RF tube etc. The Machine time was, pri-
marily, devoted to users from Punjab Uni-
versity, Mysore University, S1NP, IUC and
VECC utilised the alpha and proton beams.

ISOL-RadioactiveIon Beams (RIB) devel-
opment activities at VECC

VECC has a plan to build a Radioac-
tive Ion Beam (RIB) facility which would
accelerate radioactive ions. Light ion
beams would be used to produce the ra-
dioactive atoms in thick targets. The ra-
dioactive gas diffusing out of the target
would be ionised in an on-line ECR Ion
source and the desired RI Beam will be
selected after Isobaric separation. The low
energy pure RI Beam would be then ac-
celerated by the RFQ Linac to 80 keV/u
and subsequently to higher energies by the
heavy ion Linac.

During the year, various R&D activi-
ties related to RIB development were ini-
tiated at VECC. The ISOL system worked
satisfactorily and will be used for nuclear
spectroscopy experiments on exotic nuclei
after the availability of heavy ion beam
from VEC cyclotron. The beam optical
design for upgradation of the system to
obtain pure RI Beams was under develop-
ment.

The beam dynamical and rf-stmcture
design of a 35 MHz, 4-rod 1/2 heavy ion
RFQ Linac was completed and a 6.4 GHz
On-line ECR ion source was designed at
VECC. Bunching of ion beams out of the
ISOL ion source was achieved and experi-
ments for release efficiency and yield
measurements of radioactivity from thick
targets were underway.

CM,
The Centre for Advanced Technology,

Indore has been developing a Synchrotron
Radiation Source (SRS) which will be a
national facility for doing advanced nu-
clear research. Following were the activi-
ties of the Centre in this project:

lndus-1
The Synchrotron Radiation Source

(SRS) Indus-1 coming up at the Centre for
Advanced Technology (CAT) at Indore,
has three major sub-systems viz. 20 MeV
microtron, 450 MeV booster synchrotron
and electron storage ring.

The 20 MeV microtron, used as injec-
tor to the booster synchrotron and the 450
MeV booster synchrotron are in regular
operation. Optimisation of different Radio
Frequency and magnet parameters has in-
creased the 450 Mev energy accelerated
current from 1 mA to now more than 5 mA
in the booster synchrotron. For extraction
of the accelerated electron beam, a special
pulsed power supply with 50 nanosec rise
time for 800 Amp current pulse and match-
ing ferrite core kicker magnets were de-
veloped and installed in the booster syn-
chrotron. Trials for beam extraction from
booster syncrotron to inject in the storage
ring are in progress.

Injection kicker magnet and its power
supply for Indus-1 are undergoing per-
formance tests. With the installation of
these components, SRS Storage ring will
be ready shortly for receiving 450 MeV
electrons and storing them to emit intense
synchrotron radiation.

Indus-2

Indus-2 is a 2 GeV electron storage
ring, which is optimised for production of
X-rays. The injector for this ring is the
same booster synchrotron which is being
used for Indus-1. For injection into Indus-
2 ring, it will increase the energy to 700
MeV. After injection at 700 MeV the beam
energy will be increased to 2 GeV in In-
dus-2 ring and stored.

The lattice for Indus-2 storage ring has
been finalised. It is based on eight unit cells
of double bend achromats. The ring con-
sists of sixteen dipole magnets, 72
Quadrupole, 4 sextupole, three RF cavi-
ties and has eight long straight section, five
of which are available for insertion de-
vices.
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Fabrication of 17 nos. of bending mag-
nets for Indus-2 is in progress at BHEL,
Bhopal. Design of the quadrupole and
sextupole magnet core stamping was com-
pleted and procurement of die punch set
to produce the stampings progressed. De-
sign of various magnet power supplies and
engineering design of the RF cavity includ-
ing its thermal and stress analysis, as well
as low power testing of input matching
circuit, were completed. High power 60
kW hybrid combiner is under fabrication.

4.3.5 Computer
During the year of Report, a major suc-

cess was achieved by completing the de-
sign and installation of 64-node Anupam
Super Computer System. The peak speed
of the Super Computer is 5.7 Giga flops
and sustained speed for the large compu-
tational jobs is about 400 Mega flops. The
system is capable of processing compu-
tational jobs at a speed of 5-7 times faster
than the presently available high speed
workstations and servers. The system was
used for processing computational jobs in
the fields of fluid dynamics, electronics
structure computations, molecular dynam-
ics, neutron scattering, protein crystal-
lography and gamma ray astronomy for
applications in DAE Organisations as well
as other organisations such as Aeronauti-
cal Development Agency, Bangalore.

BARC, in collaboration with the De-
partment of Science and Technology, suc-
cessfully implemented the medium range
weather forecasting codes on Anupam su-
per computer. This has now made it possi-
ble to replace the obsolete CRAY computer
with BARC's Anupam.

The Virtual Reality software package
'Master Plan' was further augmented with
advanced features such as stereoscope 3-
D object viewing using crystal-eyes, au-
dio feedback for better user interface and
texture mapping for creating real-life
visual surface properties. The package is
being used for planning layout of Reactor
Calandria and for studying docking of drug
molecules with protein molecules. BARC
also helped other DAE units in develop-
ing specific software packages.

A Data Station for Micro-
Thermobalance was developed for carry-
ing out thermodynamic study on materi-
als. This involved hardware development,
consisting of low level signal condition-
ing and digital conversion, and software
package, featuring extensive graphical user
interface for acquisition, control, data han-
dling, spectrum display, online digital fil-
tering and 5th order curve fitting.

Anupam, the fast computing system developed by BARC, uses parallel
processing

BARC also developed a PC 486 based
hardware-cum-software interface for
Pulsed Nuclear Magnetic Resonance
(NMR) spectroscope.

4.3.6 Electronics & Instrumentation
A number of special modules in the

fields of Nuclear, Ultrasonic, Reactor,
Health Physics and Medical instrumenta-
tions were designed and fabricated for vari-
ous users in BARC as well as other DAE
Units. Neutron detectors were installed at
KAMIN1 project and integrated tests with
respect to alarm/trip annunciation were
completed. Start up Channel for FBTR was
tested at SAMEER, Madras. PCB layouts
for Reactivity Safety channels were final-
ised. Position Sensitive Detection Data
Acquisition System was installed at
DHRUVA. Fast discriminator and ampli-
fier were redesigned, fabricated and tested
for the Densitometer system for void frac-
tion measurements.

Considerable progress was achieved
both in the hardware and software devel-
opment of the control and information sys-
tems for FOTIA.

System for Coolant Channel Replacement
Machine

A vision system was developed for pre-
cision alignment of Coolant Channel Re-
placement Machine (CCRM). This system
compules the extent of misalignment of
CCRM with respect to E-face of coolant
channel to carry out precision alignment
before starting repair/replacement opera-
tion.

PC-based Multistream Hydrogen Monitor-
ing System

Hydrogen in the concentration range
of 4 to 75% is a fire and explosion hazard
which makes it necessary to monitor in the
environment where it is generated or han-
dled. This system was installed to evalu-
ate the efficiency of a hydrogen mitigation
catalyst intended for use in nuclear power
reactors.

Simulation Studies of Liquid Poison Injec-
tion System for 500 MWe PHWR Using
Image Processing Techniques

4:10



Experimental simulation results of liq-
uid poison injection system for 500 MWe
power plants were analyzed using color
image processing techniques. The analy-
sis task involved quantification of varia-
tion of liquid poison within the injected
poison jet in axial direction and determi-
nation of poison jet growth rate as a func-
tion of time.

Color Image Processing System for Cell-
Biology Applications

Image analysis system was developed
for cell biology applications to carry out
micronuclei and chromosome analysis for
diagnostics and biological radiation
dosimetry purposes.

Integrated Security System (ISS)
A PC based system was developed us-

ing real time operating system with graphi-
cal user interface (GUI) for performing the
functionality of major security related sub-
systems like personnel access control,
alarm monitoring & annunciation and sur-
veillance. This system not only integrates
all the sub-systems but also provides in-
teraction among them by incorporating
cross component switching.

4.3.7 Cryogenics
At CAT, studies on heavy-ion irradiated

single crystals of Bi-2212 high critical tem-
perature (Tc) superconductor were contin-
ued. The columnar defects introduced by
200 MeV Ag 14+ ions enhanced Jc.

Studies on anomalous magnetic phase
of superconducting CeRu , were pursued.
Doping by magnetic and non-magnetic
rare earths showed a correlation between
the normal state susceptibility and the oc-
currence of this new superconducting
phase.

4.3.8 Technical Physics and Prototype
Engineering

During the year BARC maintained its
thrust towards developing and providing
advanced instruments and components
needed for different DAE programmes.

A system to detect and measure H,S
gas concentration in the range 0-50 ppm
was developed. The system provides au-
dio/visual alarms when the gas surround-
ing the sensor exceeds a preset limit and/

or when there is general sensor failure.

A movable multi-collector (five) as-
sembly was developed for the thermal ioni-
zation mass spectrometer (TIMS) which
permits isotopic ratio determination for any
ion up to plutonium. The assembly con-
sists of a very thin Faraday collector cups
guided to move along the focal plane of
the mass spectrometer (MS) magnet. Au-
tomation incorporated in this MS includes
auto tuning (i.e. obtaining maximum ion
beam current by controlling the source
potentials with the help of a computer and
simplex algorithm), auto positioning of the
turret, auto filament heating and data col-
lection using ion current integration both
in scanning and ratio modes as well as in
total evaporation of sample. One system
was delivered to AFFF and another one
for KARP is in final stage. Also, to moni-
tor the quality of reactor fuel pellets, a to-
tal gas analyser was developed and deliv-
ered to AFFF.

A number of improved data systems
were developed for various applications,
such as advanced software package for
determining the D/H ratio with the mass
spectrometers at the HWP, Tuticorin, up-
graded version of the "SOLANSCAN"
developed for quality control of solar cells/
panels for the Central Electronics Limited
(C.E.L.), Sahibabad, system for nuclide
make mass spectrometer at Geological
Survey of India (GSI), Bangalore etc.

A laboratory was setup to fabricate
pocket dosimeters and large numbers of
these units were supplied to NPCIL for trial
and eventual use for personal monitoring
in power reactors.

An imaging Electron Spectroscopy for
Chemical Analysis (ESCA) system, based
on X-ray photoelectron spectrometer, was
developed for the chemical characteriza-
tion of solid surfaces. At present the
system offers a spatial resolution of 0.28
mm and an area of observation equal to 4
mm x 4 mm.

Synthesis of lead silicate glass used in
the fabrication of level sensors for heavy
water plants was undertaken to make com-
pression type seals. The seals fabricated
were found to withstand a vacuum of 107

Torr and a pressure of 10,000 psi. Also,
for the production of xenon flash lamps
for laser programme, level sensors and 7
pin glass to metal seals for heavy water
plant, facilities for wet sand blasting, hy-
drogen firing and resistance furnaces for
preform making were setup.

Development of large sized heavy
scintillators like Bi4Ge30p and PbWO4 and
other radiation detectors such as BaF2,
CdTe and silicon surface barrier detectors
of various types and sizes as well as Si(Li)
detectors was carried out and they were
supplied to users. Towards the enhance-
ment of this activity, a new ion im-
plantation machine was installed to fabri-
cate rugged nuclear radiation detectors and
first batch of implanted detectors were pro-
duced. Also, using CIRUS reactor, feasi-
bility studies were carried out on neutron
transmutation doping (NTD) of silicon sin-
gle crystals. Optimum irradiation and an-
nealing conditions were determined for an
ingot of 40 mm and the targeted resistivity
of 50 W cm.

Investigations in the area of low tem-
perature and high temperature supercon-
ductivity (HTSC) conducted during the
year related to discovery of novel phenom-
ena in NbSe, and CuRe,, growth of in-situ
oxygenated YBa,Cu,Ov single crystals,
studying the dissipation mechanism in
HTSCs as well as carrying out theoretical
work on critical state model.

In addition, precision fabrication of ac-
celerator sub-systems such as a six element
cathode assembly for magnetron sputter
deposition of superconducting thin films
on RF resonator chamber of booster linac,
magnet chamber for the Folded Tandem
Ion Accelerator (FOTIA) project, were
also undertaken. Besides, prototype devel-
opment of vacuum components such as
triode sputter ion pumps of different ca-
pacities, rotary motion feed-throughs, right
angle and gate valves etc. was accom-
plished. The technique of tee formation by
cold drawing in tubes of ductile material
was transferred to a small sector unit in
Mumbai.

4.3.9 Materials & Processes
At BARC, efforts were directed to im-
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prove the processes and prepare materials
hitherto not available within the country.
Non-availability of calcium indigenously
led to the switchover from calcium to mag-
nesium as a reductant in the production of
Uranium. Calcium is used as a reductant
in the preparation of many other metals.
Laboratory scale process were developed
under a collaboration programme (with
Central Electrochemical Research Insti-
tute, Alwaye) to electrowin calcium and
then purify it at BARC to reasonable pu-
rity level (99.2% calcium). In zirconium
programme, the process based on extrac-
tive distillation for separation of hafnium
and zirconium was successfully tested and
the technology together with the equip-
ment were handed over to the Nuclear Fuel
Complex for extended scale operations.

A sensor detects neutrons and meas-
ures the current which in turn gives the
value of neutron flux. Over the years DAE
was importing neutron sensors for use in
reactors. Sensors for monitoring of neu-
trons were developed by BARC indig-
enously. Fifty sensors were supplied to M/
s. ECIL for use in TAPS.

The materials programme at Trombay
was quite alive to the requirements of stra-
tegic materials in other areas. Based on
laboratory process developed for
electroextraction of elemental boron from
boron carbide, technology for production
of elemental boron was transferred to the
Ordnance Factory, Jabalpur. Several per-
sonnel of the Ordnance Factory were
trained at BARC for the operation of pro-
duction cells in their production plant.

Nuclear grade calcium
A process involving vacuum distilla-

tion was developed for preparation of nu-
clear grade calcium. Apart from its use in
the production of uranium and thorium,
there is a demand for high purity calcium
in thermal batteries of rockets and missiles.
Rolled calcium strips were supplied to
DRDO for the Integrated Missile Devel-
opment Programme.
Boron powder manufacture

A process was developed by BARC for
manufacture of boron powder and the
manufacturing technology was transferred
to the Defence Department. Based on the

technical consultancy provided from the
Centre, a 200 tonnes/year plant for boron
powder manufacture was set up at Ord-
nance Factory, Jabalpur. It is currently run-
ning in full stream.

Joining dissimilar materials
For joining dissimilar metals, two tech-

niques, including the transient entectic liq-
uid phase bonding, were standardised. The
techniques were employed for joining
stainless steel to Zircaloy-2 for in-pile in-
strumentation as also joining stainless steel
to titanium for reprocessing equipment
fabrication.

Pyrochemical process
A novel, cost effective and environ-

ment friendly pyrochemical process of
separation of zirconium and hafnium was
transferred to NFC. After successful dem-
onstration of the process on an engineer-
ing scale, the process technology, as well
as processing equipment, were transferred
to NFC, where the equipment was
recommissioned and is now ready for op-
eration on a long campaign.

New zirconium alloy
A new zirconium alloy containing nio-

bium and tin developed under BARC-NFC
collaboration shows good promise as po-
tential fuel cladding material in PHWRs.
Deformation processing maps were estab-
lished over a wide range of strain rates and
temperatures. The alloy has shown excel-
lent ductility at acceptable strength levels.

Development of rare earths phosphor
BARC has developed and standardised

a process for the production of kilogram
quantities of europium doped red emitting
yttrium vanadate powder which finds ex-
tensive application as a colour correcting
and energy converting phosphor in high
pressure mercury vapour lamps. The ma-
terial was synthesised by using rare earths
oxides supplied by IRE and other indig-
enously available raw materials. The phos-
phor was evaluated by a leading lamp
manufacturer in India and was found in
quality equivalent to that of any interna-
tional grade. As the material can be pro-
duced indigenously at an economical cost,
it can lead to savings of valuable foreign
exchange by meeting the demand of phos-
phor within the country.

Beryllium scan mirror
INSAT Series Spacecraft employs a

Beryllium Scan Mirror for very High Reso-
lution Radiometer meant for weather map-
ping. Two nos. of such mirrors were suc-
cessfully fabricated and delivered to ISRO
for further polishing and testing. These will
be used in INSAT 2E mission.

Spacecraft thruster brackets
Beryllium is used in the Spacecraft as

a Structural Member due to its low weight
and other desirable properties. INSAT 2
Spacecraft is using it for its anti- Earth
Viewing Thruster Bracket Assembly.
These brackets are very thin in cross sec-
tion and have low mass budget in the
spacecraft. 4 nos. of such brackets were
delivered to ISRO and earlier supplied
brackets are functioning satisfactorily in
INSAT 2C satellite.

Beryllium x-ray windows
Beryllium due to its favourable nuclear

properties is used in both hard & soft x-
ray tube assembly as a window. Bharat
Electronics, Pune had entered into a MOU
for the supply of around 2000 nos. of win-
dows/year and accordingly 2200 nos. of
such windows were fabricated and deliv-
ered to them.

The above achievements highlight the
capability of Beryllium Facilities to pro-
duce Beryllium an exotic material indig-
enously from ore stage and to fabricate
components with very high dimensional
stability a major criteria for intended ap-
plication in Space Vehicle mission.

A plant for concentration of calcium
lactobionate was set up at M/s. Sandoz
India Limited, Thane. This plant is based
on nanofiltration, the know how for which
was provided by BARC. This plant will
bring down the production cost of calcium
lactobionate considerably by saving the
costly steam required for evaporation.

Plastic scintillator blocks were pre-
pared and supplied to TIFR for use in
GRAPES array being installed at Ooty.
These scintillator blocks serve as import
substitutes and have saved valuable for-
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eign exchange.

Pilot plant for enrichment ofboron-10 iso-
tope

Neutron monitoring is very essential in
any reactor and Boron Trifuoride counters
with Boron-10 isotope, are generally used
for neutron detection. Of late it has become
very difficult to obtain it from foreign sup-
pliers and hence an indigenous pilot plant
for producing enriched B'° isotope was
installed on priority, to meet our internal
demand. The plant was successfully com-
missioned and the product Boron
trifluoride calcium fluoride complex en-
riched in B1" isotope to the desired con-
centration was supplied to inhouse users
in DAE for the manufacture of neutron
detectors.

CAT
At CAT, Indore, the material research

related to the development of crystals, ce-
ramics, special film coatings, radiation
curing of materials and others.

Crystals : Single crystals of KTP (po-
tassium titanyl phosphate) were grown us-
ing indigenous equipment. These crystals
have important applications in frequency-
conversion devices for lasers.

Ceramics: A facility is developed for
the sol-gel synthesis of the electroceramic
PZT (lead zirconate titanate). The PZT
specimens made at CAT have very high
density and require lower processing tem-
peratures because of the small particle size
possible with the sol-gel process used. The
characterization work carried out on these
specimens revealed the existence of an in-
teresting amorphous-pyrochlore to amor-
phous perovskite phase transformation.
Another ceramic developed at CAT is fer-
rite. Large specimens of Ni-Zn-Co ferrite
were made for high-frequency applications
in accelerators. A fast*rise-time current
ferrite monitor for nanosecond-duration
electron-beam intensity measurements
were developed. Also a high-frequency
switching ferrite magnet for electron-beam
injection and extraction in the booster syn-
chrotron of the 450 MeV electron accel-
erator was developed.

Films, coatings, multilayers: Thin films
of ZnSe were grown by pulsed laser depo-

sition technique. These polycrystalline
films were found to be highly oriented on
a crystalline substrate.

The LB film developed earlier in CAT
were modified and used for growing
nanocrystalline CdS films. These were also
characterized by spectroscopy and
microscopy methods.

Laser curing of materials offers an at-
tractive alternative to convection and infra-
red curing. A 1 kW continuous wave car-
bon dioxide laser beam was used for cur-
ing epoxy polyster powder coating depos-
ited on metal and glass substrates.

Efficient absorption of high-intensity
laser radiation in the coating, with adequate
penetration, resulted in high heating rates
and rapid lowering of viscosity. Curing
times of few tens of seconds were
achieved, compared to several minutes for
conventional techniques. This process has
the potential of increasing productivity by
a factor of 10. It is also suitable for effi-
cient coating of parts of virtually any length
or width.

Multilayer optical elements for XUV
applications are being fabricated using an
indigenously developed UHV electron-
beam evaporator. Thermal stability of these
multilayers is being studied using the x-
ray reflectivity technique.

Components/Devices : As a part of
drive towards import substitution, work on
the development of electro-optic and
acousto-optic modulators was continued at
CAT. Several Pockels cells developed at
CAT were supplied to universities for re-
search and teaching purposes.

High Technologies Developed: An ul-
tra-high vacuum compatible electron beam
deposition system was developed for the
development of x-ray multilayer mirrors.

Closed cycle cryo-refrigerator devel-
oped by CAT is undergoing performance
reliability tests. It has achieved mean time
between failure of more than 500 hrs.

An improved version of the laser
marker was developed. One such system
was delivered to M/s Ecosolar Systems P.

Ltd., Pune for scribling solar cells.

A laser micrometer was developed at
CAT which measures diameter upto 5 cms
within an accuracy of 5 microns. This in-
strument allows rapid and noncontact
measurements and eliminates human er-
rors. It also offers continuous data acqui-
sition using a computer. It has been fur-
ther improved for dimension monitoring
of multi-object and also to achieve reduc-
tion in sampling time.

DAE has donated two Laser
Fluorimeters built at CAT to Siebersdorf
Laboratories of IAEA in Vienna. These
fluorimeters, which use nitrogen laser de-
veloped in CAT, are used for detection of
uranium upto 0.5 ppb.

The software in PC acquires the data
(laser power and fluorescence) from the
fluorimeter through a serial interface and
can plot it on-line. This instrument was
evaluated and found suitable for detection
of uranium to better than 1 PPB.

A 3 milliwatt battery operated sealed-
off nitrogen laser was developed with a
pulse rate of 20 pulses per second. Another
7 milliwatts nitrogen laser with 22 pulse
per second was delivered to Pune Univer-
sity.

A laboratory model of a small work-
station based on compact carbon dioxide
laser for material processing was devel-
oped. Eight battery operated laser power
meters for continuous wave carbon diox-
ide laser, in two ranges viz. 10 W and 200
W, were released for field trials.

A prototype system for dentistry was
developed for studying influence of man-
dibular third molar on proximal contact
tightness in posterior segment and other
morphological variables. Another PC
based prototype system was developed for
studying shock absorbing properties of
different denture lining materials. This was
installed in Dental College, Indore.

A 2 MW magnetron developed in col-
laboration with CEERI, Pilani was tested
on a microwave test facility developed at
CAT.
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4.3.10 Centre for Compositional
Characterization of Materials

BARC has commissioned the Ultra
Trace Analysis Lab (UTAL) at the Centre
for Compositional Characterization of Ma-
terials (CCCM), Hyderabad. This is the
only laboratory in the country which can
undertake analysis at ultra-trace levels. The
non-metallic material for construction is
used for air handling systems in this labo-
ratory. Absolute filters, pressure frames,
concrete inserts, RCC grid work was suc-
cessfully attempted for the first time in
India. The work place in this laboratory
was monitored for the number of particles
above 0.5 microns in size and at all places
the number concentration of aerosols was
far below the minimum level.

Architectural, Civil & Technical Serv-
ices of BARC has attempted specialised
and expert tasks in the design, planning and
execution of this laboratory.

4.4 SEISMOLOGY

BARC has constantly been upgrading
and updating its capabilities for detection
of nuclear explosive device.

A three-layer artificial neural network
(ANN) as a potential software tool for seis-
mic signal detection and identification of
its source was developed. It was demon-
strated that the ANN trained with a large
set of data of seismic signals and noise has
a reasonably good capability to detect ex-
tremely weak signals.

4.5 NUCLEAR DESALINATION

The first Indian Nuclear Desalination
Plant (which also happens to be the sec-
ond in the world) will be set up by BARC
at MAPS, Kalpakkam the site for which
was finalised and the design was com-
pleted.

4.6 ORE DRESSING

BARC continued to carry out
beneficiation investigations for other or-
ganisations. At the request of Hutti Gold
Mines Ltd, a flowsheet was developed for
the recovery of byproduct cobalt from the
Kalyadi copper ore from Karnataka, in-

volving beneficiation-concentration of Co-
bearing pyrite followed by sulfation-roast-
ing and leaching. The feasibility of appli-
cation of superconducting high gradient
magnetic separation technology for puri-
fication and production of value-added
clay products from several indigenous clay
samples for use in specialized applications
in paper and paint industry, was also tested.

4.7 BIOLOGICAL RESEARCH

4.7.1 Nuclear Agriculture
Trombay mutant varieties continued to

make impact on a national scale. Trombay
groundnut variety TG-26 was identified for
Zone-Ill comprising of Western and south-
ern Maharashtra, Andhra Pradesh,
Karnataka, Tamil Nadu and Kerala by
Group Meeting of the All India Coordi-
nated Research Project on Groundnut. Ear-
lier it was released and notified for Zone-
II (Gujarat, Western M.P. and Northern
Maharashtra).

As part of Public Awareness Pro-
gramme, Jana Kalyan Samiti, Rawatbhata
and BARC organised Farmer's Day at Kota
in February 1996 and nearly 100 farmers
were shown excellent crop of yellow
seeded mustard variety TM-4. At
Kakarapar farmers were happy with the
performance of groundnut variety
TAG-24.

4.7.2 Tissue Culture
The work was continued and the exist-

ing stocks were maintained by routine
subculturing. In addition, the in-vitro
germplasm was enriched by addition of
1) cv. Nendran, collected from Kerala Agr.
University, Vallanikkara, an important
plantain popularly grown in Kerala,
2) Karibale Monthan, from Karnataka.
Fresh cultures of the existing cvs were ini-
tiated periodically depending on the re-
quirement.

BARC also established a Bio-
technology Laboratory at Maharashtra
State Seeds Corporation (MSSC)
Maharashtra Govt., at Akola. The labora-
tory has produced 1 lakh banana plants
during the planting season using the tech-
nology developed by BARC. The plants
were distributed to farmers by the Direc-
tor, BARC during a farmer's rally organ-

ised by MSSC at Akola on August 12,
1996.

4.7.3 Biopesticide
With widely acknowledged develop-

ment of resistance to chemical insecticides
by several insect species and the residues
that the chemical insecticides leave behind,
an urgent need is felt world over that
ecofriendly biopesticides should be devel-
oped.

BARC has developed a biopesticides
based on an indigenously isolated bacte-
rium, Bacillus thuringiensis varkenyae
(B.t.) for the control of insect pests of ag-
ricultural importance. It can be formulated
both either as a dust or as a wettable pow-
der. Efficacy of this was shown against 16
lepidopteran pest species (caterpillars) of
economic importance. In field trials con-
ducted in collaboration with Indian Coun-
cil of Agricultural Research (ICAR) and
various State Agricultural Universities
during last 5-6 years, this biopesticide
clearly indicated its superiority over the
chemical insecticide in controlling major
tissue borers ad leaf eating catterpillars
infesting various crops. Notable among
these are, its usefulness for controlling
dreaded pest like Heliothis infesting cot-
ton, tomato, pigeonpea, chickpea, the
tubermoth on potato and the diamond back
moth infesting cabbage and cauliflower.
The salient features of this biopesticide are
: it is an import substitute product, is envi-
ronmentally friendly and was developed
from an indigenously isolated strain.

A pilot plant process optimisation for
the above was initiated and a Memoran-
dum of Understanding (MoU) was signed
between BARC & Hindustan Antibiotics
Ltd., Pune.

4.7.4 Molecular Agriculture

Chloroflurenol (CFL) induced higher
relative water content (RWC) in ground-
nut (TAG-24) leaves. CFL treated seed-
lings were further subjected to
polyethyloneglycol (PEG-6000) stress test,
the PEG concentration being 200 & 250
g/1. The leaf discs obtained from 21 day
old seedlings showed higher weight, indi-
cating a higher water retentive capacity.
This method is useful in the screening of
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drought tolerant crop varieties.

Effect of abiotic stresses on rooting be-
haviour of Portulaca grandifloravar. orange
Pentapetaly. The root initiation in any
explant is closely associated with the
rejunuvative activity. Effect of gamma-ra-
diation, thermal shock and chemical
stresses on rooting was studied in
Portulaca. Desiccation and presence of leaf
on explants gave cross protection against
the adverse effect of certain stresses.

Characterisation & purification of ba-
sic proteins associated with dessication tol-
erance in P. grandiflora var. orange
Pentapetaly

Macropreparations of cellular extracts
of p. grandiflora were made for purifica-
tion of the most basic proteins associated
with dessication tolerance. These proteins
are being purified and will be subjected to
micro-sequencing, of the N-terminal re-
gion which should help in cloning the cor-
responding gene.

The above studies are expected to lead
the isolation of new genes which may pro-
tect plants in extreme dry climates.

4.7.5 Food Technology
During this year BARC organised sev-

eral consumer awareness and education
programmes on food irradiation through
seminars for specific target groups like
science students of Bombay University,
SNDT Women's University and Konkan
Krishi Vidyapeeth. The scientists also in-
teracted with Indian Medical Association,
Mumbai Branch, Consumer groups such
as Consumer Guidance Society, Mumbai
Grahak Panchayat and Apna Bazar. These
interactions have resulted in creating posi-
tive attitude among the consumers and
general public towards irradiated foods.

BARC also interacted with Defence
Research & Development Organisation in
their efforts to increase awareness on food
irradiation among the Armed Forces and
with DAE in organising seminars on Food
Irradiation for officials of FDA,
Maharashtra at different centres.

4.7.6 Integrated Pest Management
Hazards associated with the use of con-

ventional insecticides necessitates the de-
velopment of eco-friendly methods of pest
control. Pheromone-based integrated pest
management programmes minimise the
use of pesticides. Experiments conducted
at the Central Tuber Crop Research Insti-
tute (CTCRI), Thiruvanthapuram show
that BARC synthesised pheromone is ef-
fective in the pest of sweet potato. To pur-
sue the collaborative work further, CTCRI
and BARC have entered into an MoU for
conducting extensive field trials in differ-
ent parts of country. For the control of gram
pod borer which is a serious pest of many
economically important crops, field trials
were continued in collaboration with the
Central Cotton Research Institute, Nagpur
using BARC synthesised pheromones. Use
of insect growth regulators (IGR) was
found to increase the silk productivity.
Several IGR's were isolated at BARC from
indigenous plant sources. Experiments
conducted in collaboration with Central
Sericulture Research Institute, Mysore
show that IGR treatments have resulted in
the acceleration of spinning thus improv-
ing overall yield of silk.

4.7.7 Bio-Organic Chemistry
Researches on the medicinal plants

have resulted in the isolation of bioactive
compounds such as immunomodulators
and compounds with anti-HIV activities.
Several new synthetic strategies based on
biocatalysts photochemistry, organo-
metallics, were developed which find ap-
plications in food and pharmaceutical in-
dustries.

In the programme on synthesis of
radiopharmaceuticals and other bioactive
compounds, several synthetic strategies are
under study. Very useful Ti-based reagents
were prepared which enhance the scope of
Mcmurry's reaction. Further investigations
on the catalytic effect of iodine on low
valent titanium show that the reactions can
be carried under very mild conditions us-
ing iodine. Effects of temperature on the
reactivity was studied and stereo- and
chemoselective conversions were carried
out. This will enhance the scope of the
methodology for the preparation of
radiopharmaceuticals containing readily

reducible functionalities.

4.7.8 Radiation Biology & Biochemistry

Improvements in radiation treatment of
cancer

Over 4 million cancer patients are pres-
ently estimated in India. Radiation forms
the most applied modality for cancer treat-
ment in India. The major cause of failure
is the presence of hypoxic cells in the tu-
rhour interiors which are highly resistant
to radiation and in due course of time these
cells become the foci for cancer regrowth
and metastatic spread. Researches in
BARC were directed specifically to this
problem and two strategies which have
given very promising results are being
pursued. In the first, several locally avail-
able economical drugs were tested for their
efficacy in enhancing the radiosensitivity
of hypoxic cells in vitro and in animal tu-
mours in vivo. This has resulted in mem-
brane specific drugs as a new class of
hypoxic cell radiosensitisers distinctly dif-
ferent from those being studied in the West-
ern World and Japan. The second strategy
comprises of using radiations in combina-
tion with local hyperthermic (42-43 degree
centigrade) which has also shown great
promise. Research efforts in BARC were
directed to further improve the cure rate
by potentiating the effects of local
hyperthermia with drugs. A new three
modality strategy for cancer treatment
combining chlorpromazine, radiation and
hyperthermia is being evolved.

4.8 BASIC & APPLIED RESEARCH

4.8.1 Physical Sciences

Astrophysics
The imaging element of the TACTIC

telescope was installed at GOALS, Mt.
Abu, and equipped with a 9-pixel proto-
type Cerenkov imaging Camera. Pre-com-
missioning tests were successfully com-
pleted to optimize the performance of the
alt-azimuth drive system, data acquisition
system and the various software packages
developed for data reduction and anlaysis.
The mechanical structures of the three ver-
tex elements are at an advanced state of
fabrication. Monte Carlo simulation of the
response of the TACTIC system to exten-
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sive air showers initiated by primaries of
hadronic and photonic origin were car-
ried out to identify distinguishing features
between the Cerenkov images produced by
the two shower types.

4.8.2 Nuclear Physics

Experimental studies using pelletron ac-
celerator

Cross sections and angular distribu-
tions of fission following full momentum
transfer were measured at above and be-
low the Coulomb barrier energies in sev-
eral heavy ion induced reactions using
: ' :Th target. The data provided for the first
time evidence of anomalous peak-like
structure in the fragment anisotropies at the
sub-barrier energies, suggesting new dy-
namical effects in the fission process
around Coulomb barrier energies in these
reactions.

Fission fragment spin distributions
were measured in several heavy ion in-
duced fission reactions with the gamma ray
multiplicity technique using a BGO multi-
detector setup. This provided important in-
formation on the compound nuclear spin
distributions in the fissioning nuclear sys-
tems.

Fission fragment anisotropies were
measured for three entrance channels "B
+ 237Np, 12C + 2MU and 16O + 232Th leading
to the same compound nucleus 248Cf. It is
found that the anisotropies, although dif-
ferent at lower energies, are in agree-
ment at energies well above the fusion bar-
rier, implying disappearance of entrance
channel dependence at these energies.

Measurement of nuclear level densities
for neighbouring odd and even-even nu-
clei in A - 70 mass region, over a wide
range of excitation energies (5-25MeV)
was made for the first time.

Detailed study was made on the decay
properties of a deformed (alpha chain like)
state in 24Mg through the 8Be channel to
16O and the subsequent 6.1 MeV gamma
decay from 16O.

From a measurement of high energy

gamma decay of the collective GDR vi-
brational modes of hot nuclei, variation of
nuclear shape with spin and temperature
was extracted for spherical A-200 nuclei.

A data acquisition system based on four
transputers and PC was made operational
for Pelletron based experiments.

Theoretical Studies
The observed scaling in the charge-

exchange neutron proton scattering in 100
MeV to 100 GeV energy range was un-
derstood in the framework of the non-
perturbative QCD theory of strong inter-
actions.

The spectra of thermal di-leptons pro-
duced in relativistic energy heavy ion col-
lisions were calculated under the quark-
gluon phase transition scenario. It is found
that, in the event of a phase transitions, the
ration of yields of di-leptons in the rho
meson mass region at different rapidities,
can provide important information on the
extent of transverse flow in the evolution
of the quark gluon plasma.

The shift of phi meson mass in relativ-
istic heavy ion collisions was examined for
the Alternating Gradient Synchrotron(
Brookhaven National Lab.) data. It was
suggested that a proper analysis should
involve fittings of the mass peak by two
Breit-Wigner resonance terms, instead of
one term as is normally followed in the
literature.

4.8.3 Theoretical Physics
Significant contributions were made

over the years by BARC in the fields of
Quantum Optics, Chaos and Fusion which
are amongst the frontline areas of re-
search. The work in the area of Quantum
Optics during the period of this report was
concerned with the investigations of
quantum effects in cavity electrodynam-
ics; the definition of coherent and squeezed
states of an arbitrary hamiltonian system
describable by a Lie algebra; the problem
of the characterization of the states of a
system of spins as classical or non-clas-
sical and the geometrical aspects of the
hamiltonian evolution. The theory of four-
wave mixing in a cavity was the most sig-
nificant contribution. It makes new predic-

tions about the resonances in the four-
wave mixing susceptibility and puts a
question mark on the predictions of the
existing theories by springing up a surprise:
the failure of the widely used; so called;
secular approximation. Some of the pre-
dictions of the theory about the suscep-
tibility of a cooperative system are stun-
ning and are yet to be explained in terms
of the underlying physical processes. The
new theory of coherent and squeezed states
developed last year has already been used
to sort out the ambiguities raised by the
older approaches. Similarly, BARC's is the
first ever criterion for classifying the
states of a system of spins as classical
or non-classical in terms of a
quasiprobability function. It is expected
to open new research avenues. The work
on the search for quantum signatures of
chaos of a classically chaotic system
yielded new results in random matrix as
well as the semiclassical phase space
approach.

MOX Fuel in TAPS
Anamolous flux peak behaviour ob-

served in MOX fuel assemblies of TAPS
cores was studied by SUPERB code. The
study revealed that the TIP conversion fac-
tors C and J need a re-definition when a
MOX fuel is surrounded by U-fuels. A
recipe was worked out whereby one can
use additional set of conversion factors C
in order to account for the above phenom-
enon.

Artificial Neural Network (ANN)
Application of Artificial Neural Net-

work (ANN) in the PHWR design and
operational analysis was taken up. With a
view to develop this expertise for practi-
cal problems, the PHWR core simulation
code CEMESH was used to train an ANN
algorithm for movement of Regulating
Rods in a 220 MWe PHWR. After adequate
training ANN was seen to more or less re-
produce the channel power distributions
calculated by CEMESH for any arbitrary
combination of RR positions.

High temperature reactor for space appli-
cations

After a review of several design con-
cepts of a nuclear reactor for space pro-
pulsion applications, it was found that the
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The Imaging Elements of TACTIC telescope installed by BARC at Mount Abu

Particle Bed Reactor (PBR) is the most
attractive choice. Detailed physics calcu-
lations were done to achieve the minimum
critical mass. Studies were also done with
alternative fuel like U-233.

4.8.4 Solid State Physics
A landmark achievement in neutron

beam research instrumentation was the
successful commissioning of two long cold
neutron guides at the Dhruva reactor. The
design, fabrication and installation of these
guides was a totally indigenous effort.

Under a joint collaborative programme
with the Rutherford Appleton Lab. UK,

BARC fabricated and supplied equipment
worth 200,000 pounds towards the instal-
lation of a sophisticated neutron
spectrometer (OSIRIS).

For the first time, in a collaborative
experiment, (involving groups at BARC,
Atominstitut at Vienna and Univ. of Mis-
souri at USA) the geometric and dynami-
cal phases were distinctly separated and
observed by perfect crystal polarised neu-
tron interferometry. The Pauli
anticommutivity was also explicitly veri-
fied in the experiment.

DAE-DBT National Facility for
Macromolecular Crystallography

The DAE-DBT National Facility for
Macromolecular Crystallography funded
jointly by DAE and DBT was commis-
sioned with state of the art equipment for
crystallographic data collection, comput-
ing, computer graphics and also for some
biological work.

4.8.5 Spt'itroscop)

Fabry-perot etalonfor dye laser wave-
length stabilisation system

A 20 mm aperture air spaced Fabry-
Perot etalon was designed, fabricated and
tested. The etalon has a finesse of 22 cov-
ering a wavelength range of 550 nm to 700
nm. The multilayer dielectric coated opti-
cal flats in the etalon have surface aper-
ture. The etalon which has a free spectral
range of 30 GHz is to be used for dye laser
wavelength stabilisation.

4.8.6 High Pressure Physics
Ab-initio molecular dynamics tech-

nique was used for the first time in India
to simulate the liquid structure factor of
sulphur.

The c/a anomaly under pressure in Cd
was thoroughly analysed and shown that
its cause is different for the isostructural
Zn, thus showing that the Femi-surfaces
of Zn and Cd are different - a new result.

New phase transitions and equation of
stat studies were carried out by diamond
cell based x-ray and Raman techniques on
FePO4, LiCsSO4, Auln, and YNi,B,C

The mangnin gauge technique for
measurement of stress wave profile in gas
gun experiments was perfected.

4.8.7 ChemicaJ Sciences

Radiochemistry
A method based on the adsorption of

gaseous fission products on activated char-
coal and their estimation by direct gamma-
ray spectrometry was developed for the
estimation of gaseous fission products in
the moderator cover gas for our PHWRs.
The source of fission products in the mod-
erator cover gas of PHWRs can now be
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identified as the fission of uranium present
as impurity in the zircaloy tubes.

Activation analysis, which is a very
effective tool for analysis has a major draw-
back of nonavailability of suitable
multielement standards. Keeping this in
view, a "Ko" method, using a single com-
parator was developed and standardised for
the assay of trace elements in variety of
samples.

Extensive R & D work was carried out
on the use of bifunctional organo-
phosphorus extractants for the partition-
ing of actinides from high level waste so-
lutions. The conditions for the quantitative
recovery of Neptunium and cleanup of the
degradation products of the solvent for its
reusability were carried out.

Comprehensive analytical spectro-
scopic methods such as ICP-AES. Dc-arc
AES. AAS and Flourimetry were devel-
oped for the assay of trace level impurities
in ThO,. The elements analysed include
rare earths, transition metals, B. Cd. U and
Pu etc.

Electron Paramagnetic Resonance
(EPR) investigations were carried out on
a variety of samples. These studies lead to
the identification of the following :
1) IPMnCaO
2) Hydrated electrons and nitrogen cen-

tred radicals in barely seeds.
3) Interaction of conduction electron and

UJ* in chevrel phase compound
UMo6S8.

4.8.8 Fuel Chemistry
Determination of H,/D, content in

zircaloy coolant channels of PHWR's is
identified as one of the important post-ir-
radiation examination (PIE) tasks for
evaluation of the integrity and life of the
coolant channels. BARC has set up a Hot
Vacuum Extraction Quadrupole Mass
Spectrometry System for the determination
of H,/D, in silver samples, from zircaloy
coolant channels, weighing 10-50 mg and
sensitivity for H^D, better than 1 ppm.

A collaborative programme amongst
BARC, NPC and NFC was initiated to find
methodologies for quantifying the ingress
of hydrogen and deuterium in the irradi-

ated zircaloy coolant channels.

The recovery of plutonium and ameri-
cium from sources such as the fluoride
containing solid materials or the oxalate
supernetant solutions, though difficult, is
essential from the point of safe disposal of
alpha active waste. Both solvent extraction
and anion exchange methods are being
employed for their recovery. Anion ex-
change employing macroporous resins was
useful in the recovery of plutonium from
oxalate containing solutions. The solvent
extraction method employing the liquid
anion exchanger, a quaternary amine
aliquat-336 was useful for plutonium
recovery both from oxalate supernatant
solutions as well as the solutions obtained
on the dissolution of the fluoride contain-
ing solid waste in nitric acid. Alternatively,
a liquid cation exchanger commercially
known as PC-88 was also found useful for
the plutonium recovery.

The solvent extraction of americium
from acid solutions is difficult. Some suc-
cess was reported with a class of reagent
known as CMPO whose synthesis and
availability in commercial quantities are
difficult. A synthetic reagent made out of
HDEHP(Di. 2-ethylhexyl phosphoric acid)
and P,O- (phosphorous pentoxide) was
tried and found to be very effective in ex-
tracting americium from acid solutions and
this reagent is being standardised for the
recovery of all actinides together from such
waste solutions.

4.8.9 Chemistry
Advanced Lithium fluoride

phosphors for use in TLD badges were
prepared. The performance of this mate-
rial was tested and found to be as good as
the internationally available material with
regard to thermoluminescence efficiency.

A new facility to study fast chemical
dynamics in femtosecond time scales was
established. As a part of this, a Dye ampli-
fier pumped Nd-Yad laser (single longitu-
dinal mode) was commissioned. This is
providing 105 amplification of 70 femto
second laser pulses.

A pilot plant for the production of pres-
sure sensitive aqueous emulsion adhesives

was commissioned. This can process about
20 kg of aqueous emulsion per batch. Pres-
sure sensitive adhesive coated polyester
membranes were found to be useful for
removal of loose radioactive contamina-
tion and for use as removable floor cover-
ing at the Tarapur Atomic Power Station.

Both the oxyacetylene flame deposi-
tion route as well as the hot filament route
for the deposition of diamond films was
refined to the extent where it is now possi-
ble to produce industrially useful diamond
coated products. Ball bearings coated with
diamond films were supplied to Industry.
Cutting tools coated with diamond films
have proved superior to uncoated tools in
workshop use.

4.8.10 Applied Chemistry
A full system decontamination of the

primary heat transport system of RAPS
Unit-II was carried out during February
1996 using indigenous technology devel-
oped successfully for decontamination of
PHT systems of both MAPS Unit-1 & Unit-
II. Around 300 kg of iron was removed.

Studies on decontamination of boiling
water reactor surfaces is under way. A
comparative assessment of LOMI and
EAC formulation was completed. A fea-
sibility report for carrying out dilute chemi-
cal decontamination of the clean-up sys-
tem of TAPS Unit-II was prepared and the
details regarding column size, quantity of
chemicals needed and operational proce-
dure are being worked out.

Work on the development of new DCD
formulations which are as good or better
than the EAC formulation are going on.
New reductants/chelants such as gallic acid
and 2,6-pyridine dicarboxylic acid were
found to be very effective for this purpose.

Work in several frontier areas of re-
search such as pulse radiolysis of corro-
sion inhibitors, low temperature solid state
reactions, thermodynamics of fission prod-
ucts, biofouling and biocorrosion of sea
water cooled systems etc. was carried out.

Help to various nuclear power stations
in solving their chemistry related problems
was also extended.
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4.8.11 Analytical Chemistry
BARC continued to render analytical

service support to various DAE units and
other institutions in addition to basic &
applied research on various aspects of ana-
lytical chemistry.

Basic research on the electrochemical
studies of uranium at a hanging mercury
drop electrode was carried out in order to
elucidate the nature of electrode process.
Fabrication of ion selective electrode was
continued in order to develop membranes
selective towards metal ions.

Extensive work was carried out on vari-
ous aspects of applied research. This in-
cludes the development of a method for
the analysis of graphite for trace impuri-
ties, analysis of zinc oxide for trace impu-
rities, analysis of glass powder, aluminium
alloys and analysis of acetic acid. Analy-
sis of serum and blood for toxic metals was
carried out in connection with a case of
mass food poisoning. BARC participated
in several intercomparison exercises like
the analysis of algaesamples supplied by
IAEA by chemical and neutron activation
analysis method, analysis of an inhouse
standard for gold and standardisation and
certification of ultra-magic rock samples
prepared by National Geophysical Re-
search Institute (NGRI). Methods were
also developed for the characterisation of
toner powder samples.

The methods for the trace characteri-
sation of high purity materials like Ga and
As was developed.

An inexpensive Biosensor for deter-
mining glucose in blood was developed.

A versatile electrochemistry system
with multi-techniques capabilities and in-
terfaced with a PC for data logging, stor-
age and retrieval was designed and builtup
with all indigenous components, an effort
of import substitution.

An integrated three-preamplifier unit
to enable interfacing the Netszch simulta-
neous thermal analyser with the computer
by means of an AD card and an in-house
software to enable automation of acquisi-
tion of data and processing of signals from
the above unit, coupled to a quadrapole

mass spectrometer, was developed. A suit-
able design modifications in the trap heater
and fan controller in the LECO carbon
determinator (import substitution) was at-
tempted.

4.8.12 R&D at IGCAR

Materials
Various studies were made at

Kalpakkam on indigenously developed
Alloy D9 and mechanical properties of
316 LN Stainless Steel were characterised
to assess its suitability for PFBR applica-
tions. Other works related to creep stud-
ies on dissimilar welds between 2.25Cr-
lMo and 9Cr-lMo ferritic steels were car-
ried and empirical relationship to predict
the safe preheating temperature from com-
position of Cr-Mo steels was established.
The indigenously commissioned low en-
ergy positron beam facility was utilised for
experiments on interfacial reactions in alu-
minium-germanium thin film junctions
and ion beam induced amorphisation in
semiconductors. To identify the sub-gap
features and electron-phonon interaction
parameters, superconducting tunnel func-
tions of niobium-aluminium oxide-nio-
bium were characterised by current-volt-
age measurements at 1.2 Kelvin.

Metallurgy
To know the compatibility of auxiliary

neutron source materials with stainless
steel cladding alloy, thermodynamic
stabilities of various oxides in Nickel-An-
timony-Oxygen system were determined.
Studies on stress corrosion cracking on
warm rolled 316 SS gave interesting re-
sults.

Bio-fouling studies indicated that the
surface films on condenser tube materials
such as stainless steel, brasses, titanium and
admirality brass had only slight influence
on the density of bacteria.

Improved platinised electrode was
developed for use in reprocessing plants
for large scale production of uranous ions.
Three dimensional phase fields with the
corresponding hardness maps were devel-
oped for 9Cr-lMo ferritic steel welds.

Convergent beam electron diffraction
technique was developed for studying the

point defects generated during high energy
particle irradiation of alloys.

Materials Chemistry
The high temperature thermal expan-

sion behaviour of a series of phosphate
ceramics, belonging to calcium titanium
phosphate family was investigated. Some
phosphates were identified as low expan-
sion materials. These are also candidate
matrices for immobilisation of nuclear
wastes.

Thick film sensors, based on tin oxide,
for detecting trace levels of hydrogen sul-
phide in ambient air, were fabricated and
tested. Their adaptability to site instrumen-
tation requirements in heavy water plants
is under study. Electrical properties of
FeVO4 and solid solutions of BaSnO, -
BaZrO, were studied for their use as gas
sensor materials.

Analytical methods involving
preconcentration techniques were stand-
ardised for determination of boron in ura-
nium and sodium and also for the trace lev-
els of total mercury and methyl mercury
in environmental samples.

The Reflectron Time Of Flight Mass
Spectrometer (RTOFMS), the first of its
kind in the country, with high ion trans-
mission and span was designed, fabricated
and tested by studying laser ionisation of
iodine, benzene etc.,

The 'laser ablation matrix isolation
spectroscopy' facility, the first of its kind
in India, was set up for observing
spectroscopic parameters, required for de-
riving fundamental thermodynamic prop-
erties of the materials at high temperatures
of 4000 K for analysis of hypothetical ac-
cidents.

Congruent Vapourisation behaviour of
manganese monotelluride was studied, to
understand the role played by the fission
product tellurium in the chemical attack
of the clad in fast reactors.

The isotopic ratios and concentration
of neodymium were studied by thermal
ionisation mass spectrometry, in order to
determine the value of burn up of the irra-
diated fuel received from MAPS.
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The carbon particle release behaviour
of Reticulated Vitreous Carbon (RVC)
used for constructing cesium traps in fast
reactors was studied, by simulating flow
characteristics and temperature of opera-
tion using water as medium. A test cesium
trap, for scavenging cesium-137 from so-
dium, was fabricated for testing in the
Radio Active Sodium Chemistry Loop, for
estimating the influence of RVC on car-
bon potential of sodium.

A laboratory scale electrolytic cell as-
sembly, for the study of beta-alumina based
molten salt process for sodium production,
by low temperature electrolysis of sodium
chloride, was designed, fabricated and is
being operated.

4.8.13 R&D at VECC

Experimental Physics
VECC completed the final phase of

data-taking for the WA98 experiment.
Analysis progressed to look for events
having abnormal ratio of photons to charge
particle multiplicity signifying the onset
of chiral phase transition. Simulation and
design study for the ALICE PMD also
made progressed. The design of the near
4 p-charged particle multiplicity filter ar-
ray for use in experiments with upgraded
VEC was finalised based on prototype
tests. High spin level structure of single
closed shell nuclei were considerably ex-
tended. Elaborate exclusive measure-
ments were done at BARC-TIFR
Pelletron on binary decay of excited
composite nuclei. Missing solar neutrino
problem were also under investigation at
VECC. For the proposed Radioactive Ion
Beam (RIB) facility at VECC Centre, a
modest level of R&D activity was initi-
ated. The design of a 35 MHz, 4-rod p/2
heavy ion RFQ linac has been completed.
A 6.4 GHz on-line ECR ion source has
been designed. Successful bunching of
ion beams out of the ISOL ion source was
achieved. In the field of material science,
using charge particle irradiation technique,
critical temperature of high Tc supercon-
ductors was found to be increased by about
100 K. At the superconducting transition
temperature, an interesting aspect of elec-
tron momentum distribution was observed
that may have a significant impact on the
understanding of high Tc material. Char-

acteristic of microstructure of
polycrystalline materials were obtained by
fractal analysis of acoustic signals.

Theoretical Physics
Studies were conducted at VECC

to understand the dynamics of complex
fragment emission from hot nuclei, to see
the effect of radial flow on the fragmenta-
tion process and also to understand the
nuclear equation of state (EOS) better
from applications in the context of neu-
tron stars. The calculation of specific heat
of a hot finite nuclear system showed sig-
natures of liquid-gas phase transition. In-
vestigations showed how regular systems
undergo chaotic transitions in a complex
dynamical system. Studies to recognise
temperature modulated signals of quark-
gluon plasma (QGP) in relativistic
heavy ion collisions were carried out and
analysis of the experimental data from
CERN showed first indications of the
possible formation of QGP. Studies were
done to understand its formation and dy-
namical evolution. Evolution of baryon
inhomogeneity in the early universe due
to neutrino inflation was also studied.

4.9 SPIN-OFF TECHNOLOGIES

Considerable progress was made in the
development of the on-line Pipe Inspec-
tion Gauging system being developed for
Indian Oil Corporation (IOC). Consider-
ing the environmental constraints the de-
velopmental activities are focussed to-
wards using magnetic leakage flux tech-
nology to detect the metal loss defects in
the pipeline. The required characteristic
features suitable for locating such defects,
experiments were carried out on special
test rigs designed and completed in-house.
The required sensor development and the
associated electronics using a number of
digital signal processing techniques were
tried. The results were also correlated (on
known calibrated defects) by carrying out
analysis using FEM packages specifically
meant for the studies of electromagnetics.
Keeping in mind the inspection of long
length of pipeline (around 80 to 100 KMs)
in one single run, the needed data com-
pression techniques to record the full
length run data is being carried out. Since
the entire equipment is propelled by the
petroleum product itself during the run, a

large number of specially designed me-
chanical organs are needed to be proven
for the equipment integrity. These quali-
fication activities are being persued. The
equipment uses hundreds of sensors and
signals from these sensors are compressed
on-line and stored in the in-built recorder.
After the run the data is down loaded on to
the computer and is denoised and analysed
using wave-let transforms. The metal line
defects are then sized based on the statisti-
cal qualification and finite element tech-
niques. The system developed would be
capable of detecting the anomalies such as
corrosion pits, girth welds and pipe fittings
etc.

In coordination with ECIL a number
of Antenna Control Systems were de-
signed, fabricated and supplied to the us-
ers. Apart from meeting the specifications
the control systems were specially de-
signed to cater to the fast responses. Sys-
tems for project Falcon and PTA were sent
to the users who conducted the field tests
successfully. The development of servo
control systems for the project Samyukta
is in an advanced stage.

In collaboration with RDSO, Lucknow,
Indian Railways and Department of Elec-
tronics, BARC had undertaken the indig-
enous development of traction control sys-
tem for AC locos of Indian Railways (5000
HP), for utilising the state-of-art technol-
ogy in the existing locos replacing the tap
changers. Apart from designing the power
converters, the traction control systems
using high performance microcontrollers
were designed, fabricated and tested.
These control cubicles have now been
mounted on a WAG-5 loco for field trials.
The state- of-art technology incorporates
the diagnostic features as well as offers
flexibility in changing the control logics
in-situ using block control languages.

A single crystal 4-circle X-ray
Diffractometer was designed, fabricated
and assembled for user trials. The instru-
ment, used for study of crystal structure is
being developed as a DST sponsored
project. Software for precise positioning
of all axes, determination of orientation
and automatic data collection was devel-
oped. Design of a second unit having bet-
ter accuracy, higher speed of positioning
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CHAPTER - 5

PUBLIC SECTOR UNDERTAKINGS

Under the aegis of DAE, besides
NPCIL, operate three public sector under-
takings namely the Indian Rare Earths Ltd
(IRE), Uranium Corporation of India Ltd.
(UCIL) and Electronics Corporation of
India Ltd.(ECIL). These companies cater
to the mineral, mining and control and in-
strumentation needs of the atomic energy
programme.

The Performance of these undertaking
during the year of Report, has been
discussed in detail separately in the
DAE'sPerformance Budget 1997-98. Here
brief description of their activities during
the year is given.

5.1 INDIAN RARE EARTHS

The Indian Rare Earths (IRE) mines
and processes mineral sands containing
thorium and rare earth minerals. It operates
three mineral sands separation plants at
Manavalakurichi, Chavara and OSCOM,
Chatrapur which produce minerals such as
ilmenite, rutile, monazite, zircon and
garnet. OSCOM has a value addition plant
also producing synthetic rutile. In addition
, a Rare Earths Plant at Alwaye produces
rare earth chlorides. Also, IRE manages
the thorium factories at Trombay and
OSCOM on behalf of DAE. Zircon is used
in the production of zirconium components
by the Nuclear Fuel Complex, Hyderabad
and thorium is a fertile material for
production of uranium-233 nuclear fuel.

The Company registered over 12%
increase in its turnover from Rs. 131.80
crores in 1994-95 to Rs.148.00 crores in
1995-96, with foreign exchange earnings
reaching an all time high figure of Rs.67.35
crores, and posted a net profit of Rs.1.51
crores. The Rare Earths Division of IRE
was awarded the ISO 9002 certificate by
Bureau veritas, in recognition of the
quality standards for manufacture and sale
of commercial grade compounds of rare
earths and trisodium phosphate. Another

significant achievement was IRE bagging
four export awards from the Ministry of
Commerce, Chemicals & Allied Products
Export Promotion CounciI/(CAPEXIL)
and Basic Chemicals, Pharmaceuticals &
Cosmetics Export Promotion Council
(CHEMEXC1L).

Production
During 1995-96 at Chavara there was

some improvement in production of zircon
due to higher recovery. The recovery of
other minerals was also higher. With the
commissioning of the new Ilmenite circuit,
the radioactivity content in the Ilmenite
was brought to internationally acceptable
level.

At Manavalakurichi, there was a
downward trend in collection of raw sand
due to resistance from the local inhabitants
which resulted in lower production of
Ilmenite and Rutile. With the improved
recovery, the production of monazite and
zircon was higher. In Orissa Sands
Complex (OSCOM) the integrated
Production Development Programme
yielded positive results, to attain a
production level of 1,20,000 tons of
ilmenite and other associated minerals.
Efforts to reach the desired levels of
production in Synthetic Rutile Plant
progressed. In Rare Earths Division
(RED), production of rare earths and other
compounds were maintained at the
projected level.

IRE is gearing up to increase the
production capacities of its Units to meet
the domestic and international demands.
Joint Ventures for value added products are
also under examination.

Projects
To increase production and recovery of

minerals, a number of modernisation and
improvement schemes, totalling about
Rs.50 crore, were under various stages of
implementation.

Work on setting up of second Mineral
Recovery Plant, expansion of Dry Mill

capacity to 2 lakh tonnes/year of ilmenite,
additional production of sillimanite, fine
grinding of zircon are being taken up at
Chavara.

At Manavalakurichi (MK), proposals
on procurement of wet concentrator,
quality improvement of ilmenite,
additional recovery of zircon, segregation
of monazite circuit, expansion of
Zirconium Oxide Plant were under
consideration.

In Rare Earths Division (RED), the
work of increasing the monazite processing
capacity to 5500 MT per year progressed.
The project on manufacture of
Neodymium is under implementation.

In OSCOM, work on restoration of
Dredge and Wet Concentrator (DWC) and
Mineral Separation Plant (MSP) to their
name plate capacities is under
implementation in a phased manner. In
case of Synthetic Rutile Plant (SRP), based
on the positive results of trial production,
a restoration plan was drawn up by IRE.

In case of green-field deposits at
Ayiramthengu in Kerala, Kudiraimozhi in
Tamil Nadu and Bhimlipatnam in Andhra
Pradesh, pre-project activites progressed.
In case of Ayiramthengu, setting up of a
Joint Venture project for mining, mineral
separation and production of Synthetic
Rutile is under consideration. In case of
other projects, pre-project activities such
as environmental studies, clearance from
various agencies, acquisition of land etc.
progressed.

Safety, Health & Environmentcare
Utmost importance was given to health

and safety of workforce and environmental
aspects of its operations in different
locations in the country. During the year
of report, Safety Audits were conducted
in all the operating Units. Data for
Environmental Audit of Rare Earths
Division, Chavara, MK and OSCOM were
obtained. An assessment of Environmental
impact of mining and mineral separation
at Chavara and Manavalakurichi, and
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CHAPTER-6

PROMOTION OF RESEARCH & DEVELOPMENT

DAE promotes research in nuclear
sciences, mathematics and cancer by way
of Grant-in-aid to seven autonomous
research institutes. It also provides
financial assistance to universities and
institutes for research projects and
activities, and offers fellowships and
awards in these areas.

The activities during the year 1996-
97, covered under the DAE's programme
of promotion of research & development
in universities and institutes, are given
below :

6.1 BOARD OF RESEARCH IN
NIC LEAR SCIENCES

The Board of Research in Nuclear
Sciences (BRNS) of DAE, which
promotes research and development in the
fields of nuclear and allied sciences,
engineering and technology, in
universities and institutions, is a major
research funding agency in the country.
BRNS provides financial assistance to
research projects and fellowships such as
DAE-Bombay University Collaborative
scheme, Dr. K.S. Krishnan DAE Research
Fellowship, DAE Young Scientist awards,
Foreign travel assistance to Principal
Investigator of the Research Project
sponsored by the Board, Homi Bhabha
Chair for distinguished Scientists, Prof.
Brahm Prakash Memorial Lab for
Advanced Materials at the Indian Institute

of Science, Bangalore etc.. The Board also
funds conferences and seminars of
relevance to the field of nuclear science &
technology.

During the year 1996-97, BRNS
recommended financial assistance for 177
renewal projects and 86 new research
projects with a total expenditure of around
Rs.6.3 crores. It also guided and financed
70 symposia/conferences with a budget
provision of Rs.0.52 crore. Five persons
were given the Young Scientist Award and
12 persons were awarded the Dr. K.S.
Krishnan Fellowship.

6.2 NATIONAL BOARD OF
HIGHER MATHEMATICS

The National Board of Higher
Mathematics (NBHM) of DAE, promotes
mathematics in the country by giving
financial assistance to research projects,
research awards, post-doctoral fellowship
and mathematical libraries of various
universities. It also provides financial
assistance for holding seminars/symposia/
conferences on topics relevant to the field
of mathematics. The Board is responsible
for holding the Mathematical Olympiads
at various levels in the country. Under
the auspices of NBHM, the 37th
International Mathematics Olympiad
(IMO) was held in July'1996 in Mumbai,
in which 75 countries participated. The
Indian team of six contestants, bagged five

medals - one gold, three silver and one
bronze, and was placed at the 14th place
in the medal tally. During 1996-97, a sum
of Rs.2.75 crores was provided in the
budget for the NBHM, for the
development of mathematics in the
country.

6 J (JRANTS-IN-AII) TO
INSTITUTES

With the Institute for Plasma Research
(IPR) at Ahemdabad joining the DAE
family, the Department now fully supports
seven research institutes. These institutes
viz. the Tata Institute of Fundamental
Research (TIFR) at Mumbai, Saha
Institute of Nuclear Physics (SINP) at
Calcutta, Tata Memorial Centre (TMC)
at Mumbai, Institute of Physics (IOP) at
Bhubaneshwar, Mehta Research Institute
of Physics and Mathematical Physics at
Allahabad, Institute of Mathematics &
Mathematical Sciences (IMS) at Chennai
and IPR are engaged in the front-line
research in nuclear sciences, mathematics
and cancer. Grant-in-aid is also given to
the Atomic Energy Educational Society
(AEES) which manages schools and
junior colleges for the children of
employees of DAE and its organisations.
Activities of AEES have been covered in
Chapter 7 of this Report.

Details of the grants provided to these
organisations are given in the following
Table.
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Recurring and Non-Recurring Grants-in-Aid to Aided Institutions

SI.
No. Institution

1. Tata Institute of Fundamental
Reseach, Mumbai

2. Tata Memorial Centre,Mumbai
3. Saha Institute of Nuclear

Physics, Calcutta.
4. Institute of Physics,Bnubaneshwar
5. Institute of Mathematical

Sciences, Chennai.
6. Mehta Research Institute,

Allahabad.
7. Atomic Energy Education

Society, Mumbai.

With the aim to improve cancer research in the country, the Department also provided
financial assistance to some of the leading cancer centres in the country as follows :

Budget Provision RE 96-97
(Rupees in Crore)

Recurring
(Non-Plan)

32.97

26.10
7.33

2.81
2.32

1.95

2.75

Non-recurring
(Plan)

19.43

6.42
2.96

3.00
0.64

2.00

0.15

1.
2.

3.

4.

5.

Cancer Institute, Adyar
Regional Cancer Centre,
Trivandrum.
Barooah Cancer Institute,
Guwahati.
Kamala Nehru Memorial
Hospital

Other Cancer Institutes

Rs. 1.00 crore
Rs. 0.40 crore

Rs. 1.50 crore

Rs. 0.40 crore

Rs. 0.34 crore

Activities of the DAE aided institutes during the year are briefly described below

6.3.1 TATA INSTITUTE OF FUNDAMENTAL RESEARCH

Tata Institute of Fundamental
Research (TIFR), a national centre of the
Government of India for nuclear science
and mathematics, was engaged in
scientific studies in a variety of fields. In-
vestigations into the fundamental prob-
lems in the subjects of mathematics,
physics, biosciences and astronomy
constitute the major activities of the in-
stitute. Research is carried out in the tech-
nologically oriented areas of computer
science, material science, solid state
electronics and ion accelerators. The
institute maintains sophisticated
experimental setups as national facilities.
It supports an oral cancer unit. The

research work is regularly published in
journals, conferences and lectures at the
national and the international forums. The
graduate school programme of TIFR is
meant for the training of the scientific
personnel. Science education and
popularisation of science is also part of
its activities.

School of Mathematics
The School of Mathematics made

important contributions in various areas
including Algebra, Algebraic Geometry,
Lie Groups, Number Theory,
Combinatorics, Partial Differential
Equations and their applications.

Rees algebras of unmixed ideals of
height one in normal domains R were
characterised as kernels of locally nilpotent
R-derivations of R[X,Y]. A classification
of Jordan algebras obtained by Tits's sec-
ond construction, in terms of
cohomological invariants, was given. A
purity theorem for the Witt groups of
regular local rings of dimension three was
proved. The ring of invariants associated
to a linear representation of a reductive
group was shown to be F-regular under
certain conditions and this leads to Cohen-
Macaulay property for the moduli space
of rank 3 degree 0 bundles on a smooth
projective curve. A conjecture of Wahl was
shown to be a consequence of the
Frobenius splitting of G/B x G/B with
maximum multiplicity along the diagonal
and the conjecture was proved for
Grassmannians. Finiteness theorems were
proved for Hilbert functions of complete
intersection local rings and Cohen-
Macaulay rings. Conditions for a sequence
of conjugates of a measure on a Lie group
to have compact closure were described
and applied to prove scattering of
convolution powers of probability
measures. For algebraic probability
measures on homogeneous spaces of finite
volume, certain natural sufficient
conditions were found for the set of
translates of the measure to have compact
closure. Tate cycles on the product of two
Hilbert modular surfaces were analysed.
Certain special Tate cycles were shown to
exist via base change. Galois
representations and different new forms
which give rise to them were studied. The
Hodge and Tate conjectures for the product
of certain modular varieties were
investigated. Certain questions on
diophantine approximation involving
primes were studied. A criterion for
determining when a hereditary property
of a graph can be written as a union of
finitely many irreducible properties was
given. Ring-based parallel algorithms as
well as routing algorithms were
constructed.

TIFR Centre, Bangalore
A class of semilinear Dirichlet

problems on the unit ball in dimension
greater than 2 were shown to have exactly
two positive solutions, in the subcritical
and critical cases. In the subcritical case it
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was shown , under certain conditions, that
there were no positive solutions.
Semilinear elliptic problems with mixed
boundary conditions, nonlinear Neumann
on one part and homogeneous Dirichlet
on the rest, were considered and existence
and non-existence theorems were proved
for positive solutions. A maximum
principle was proved for strong and
classical subsolutions of linear degener-
ate elliptic operators. Propagation of
singularities of a class of
psuedodifferential operators was studied
by constructing microlocal parametrices.
Existence of exact control was established
for vibrations of 3-dimensional thin elastic
media and their asymptotic behaviour, as
the thickness tends to zero, is studied.

Theoretical Physics
In the area of Lattice Gauge Theory,

the change in the order of the
deconfinement phase transition of SU(2)
lattice gauge theory due to an irrelevant
coupling was established as a genuine
finite temperature effect. In High Energy
Phenomenology, constraints on
superparticle masses were obtained from
precision measurements at the LEP
collider. In the area of Foundations of
Quantum Mechanics, the Caldeira-
Leggett equations for the reduced density
operators were solved exactly for arbitrary
initial conditions both for a free particle
and a harmonic oscillator coupled to heat
baths. In the area of Mathematical Physics,
the degeneracy (Bekenstein-Hawking
entropy) of elementary BPS black hole
states of string theory was shown to agree
with that of elementary string states. D-
branes were shown to lead to the same
entropy as standard black hole physics.
Spectra of various orbifolds of M-theory
were obtained by anomaly cancellation. In
Nuclear Theory, it was shown that shifts
in the mass and the width of phi mesons,
in the dense matter formed in relativistic
heavy-ion collisions, should be
significantly larger than those reported. In
Condensed Matter physics, analysis of
angle-resolved photoemission data from
high critical temperature superconductors
led to a determination of the Fermi surface
and the superconducting gap anisotropy.
For disordered systems, the superfluid den-
sity was shown to vanish at the supercon-
ductor-insulator transition by using quan-

tum Monte Carlo simulations. In
Statistical Physics, a many-species
deposition-evaporation model involving
several species of dimers was shown to
possess two infinite sets of conservation
laws.

Astronomy and Astrophysics
The analysis of data obtained from

earlier flights on the x-ray pulsar GX 1+4
was completed. From measurement of the
x-ray pulsation period over one and a half
year period, the most plausible
explanation for the data is the activation
of both the magnetic poles of the neutron
star. An X-ray Astronomy Experiment
developed by TIFR was successfully
launched on the Indian Satellite IRS-P3
in March 1996. Large area Scintillation
counter experiment was refurbished after
two successful balloon flights in which
galactic X-ray source Sco X-l, GX 1+4,
Cyg X-l and extragalactic source NGC
5506,3C 273 were observed. The first ever
flight of ultra high pressure proportional
counters with a total area of 2000 sqcm
was made in September 1995 from Alice
Springs, Australia. In order to extract the
physical parameters of the star forming
region under study more efficiently from
the FIR maps generated by the TIFR 1-
meter telescope, a very general radiation
transfer code and related tools were made
operational. Data from Infrared
Astronomy Satellite continued to be used
to study star formation in external
galaxies. A study of radial profiles of gas,
dust and radio emission in spiral galaxies
and their implications were completed.

In Astrophysics the distance Scale of
the Universe is expected to be estimated
from Time-delay in Gravitational Lens
systems as well as local measurements
towards Virgo Cluster. Baryonic Surface
Mass Density in the lens is being probed
using absorption line profiles in the image
spectra. The Global Oscillations Network
Group (GONG) project which completed
the deployment of all six instruments
commenced regular observations from
October 1995. Using the accurately mea-
sured frequencies of solar oscillations we
have determined the depth of the
convection zone and the extent of
overshoot below the solar convection zone;
performed inversions for sound speed,

density, temperature, chemical
composition and rotation rate inside the
Sun.

Experimental High Energy Physics
The DO detector collected about 100

inverse picobarn of integrated luminosity.
Mass of the Top quark was measured to
an accuracy of 10 GeV. Preparation of
new counters for the DO Upgrade
continued. For the CMS experiment at
Large Hadron Collider (LHC) in CERN
optimisation of detector elements-
scintillator tiles with different numbers of
fibers for light collection was done. Study
of Electron Positron Collider (LEP) and
search for new particles in the Large
Hadron Collider at CERN, Geneva also
continued. By comparing with predictions
of the Standard Model a value of Mw was
derived. For the CMS detector
development, the group contributed to the
R&D work for the hadron calorimeter by
participating in beam tests at CERN,
doing analysis of beam test data etc.

Cosmic Rays and High Energy Gamma
Ray Astronomy

During the VIII plan, TIFR started
building a new atmospheric Cerenkov
telescope array at Pachmarhi for very high
energy gamma ray astronomy. A new
telescope design was developed and such
telescopes were constructed. TIFR is now
setting up 25 such telescopes for the
experiment. The preliminary analysis of
this data has shown persistent emission
from celestial sources like Crab pulsar and
Geminga pulsar.

With the installation of the dual 10
KVA uninterruptible power supply (UPS)
for GRAPES II, it has become possible to
collect data round the clock with almost
no interruptions. Preliminary results
obtained from data collected with
GRAPES II have provided new and
interesting results.

Gravitation
During the year 1996-97, TIFR's

attention was focussed on the highly
sensitive experiment to test the Equiva-
lence Principle. Progress was mainly on
large engineering jobs aimed at reducing
the thermal and mechanical effects of a
known wave in atmospheric pressure.
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Nuclear and Atomic Physics
The major achievement of 1996-97

was the fabrication and testing of neutron
detector array which when combined with
the charged particle array will make a
mass spectrometer. TIFR also carried out
studies on the local magnetic behaviour
of Ce in the Kondo insulating alloy system
CeNi: xCotSn using TDPAC method. A
first order valence transition was observed
in the alloys with x = 0.35 and 0.38.
Extensive studies were carried out for pro-
jectile L-shell ionization using a variety
of targets both in solid and gas targets. It
was shown that the projectile Lb, /La x-
ray intensity ratio exhibit an oscillatory
behaviour with the target atomic number.
In atomic physics the demonstration of
the pendular motion of aligned molecules
in intense laser fields and first ever
measurement of absolute cross sections for
dissociative attachment from excited
electronic states of molecules produced by
optical pumping were the major
achievements.

Condensed Matter Physics
The study of Ce-based Kondo systems

revealed complex behaviour in electrical
resistivity, thermopower, thermal
conductivity and susceptibility
measurements. New features were
observed in the magneto-transport
behaviour of some rare earth compounds.
Magnetism and superconductivity in
alloys and oxide systems were studied for
magnetic phase diagram in YNi,B,C
system and vortex lattice melting in clean
crystals of conventional superconductors.
In the new field of quaternary
borocarbides, which originated with the
discovery at TIFR, a new quaternary
material YbNiBC was found.. In Materials
Research a detailed study was made of the
effect of decreasing particle size on the
phase transition and dielectric properties
of ferroelectric and antiferroelectric
compounds. Studies on the effect of local
unfolding of the protein on the binding of
the nucleotides to tubulin was investigated
using NMR.

Solid State Electronics
Research continued in the areas of

Ultrafast Optoelectronic Phenomena in
Semiconductors, High critical temperature

Superconductors and Optoelectronic
Materials and Devices.

Chemical Physics
The structure of a novel J-aggregate

of zwitter ionic porphyrin and its physical
properties of were studied. Intracellular
dynamics was probed by using time-
resolved fluorescence microscopy. For
spectroscopic studies on gaseous phase,
the existing picosecond time-resolved
fluorescence spectrometer was integrated
with a supersonic jet apparatus. The study
of different mechanisms of alkali metal
ion transport and proton transport across
vesicular membrane in the presence of
gramicidin channels was the major
activity this year. The bioinorganic
chemistry research activities were prima-
rily focused on the structural and
mechanistic studies on various redox and
electron transfer proteins. The structural
basis of the diversity of function of heme
proteins continues to be investigated. The
energy storage mechanism in conducting
polymers were investigated using
polycarbazole. TIFR also developed, for
the first time, carbon nano tube electrodes
for electrocatalytic studies. The internal
dynamics of the ribonuclease inhibitor
protein barstar were studied via 15N
relaxation measurements using two-
dimensional 'H-15N NMR spectroscopy.
The interaction of anti-AIDS drugs AZT
and ddC with HIV-1 Reverse
Transcriptase (RT) was modelled and
Langmuir-Blodgett technique was modi-
fied.

Molecular Biology
Studied were made in the areas of

Hormone Perception and Signal
Transduction in Plants, Molecular Mecha-
nisms of Homologous Genetic
Recombination, Genetics and Cell Biology
of the Synapse, Developmental Genetics
of the Chemosensory System in Droso-
phila melanogaster, and Molecular
genetics of yeast glycolytic and shunt
pathways. Molecular biology of the
malarial parasite, Molecular and cellular
physiology: Membrane Biophysics and
Molecular biology of oncogenes were in-
vestigated.

Computer Science
Investigations in the Real Time Pro-

grams, Mobile Computing and Logic Pro-
gramming resulted in synthesising hybrid
systems and modelling heterogeneous sys-
tems. In speech recognition, research is
being conducted on continuous speech
recognition. A fully demonstrable text-
to-speech synthesiser, working in real
time on a Pentium-based PC, and for
hand-written script recognition, a novel
technique were developed at TIFR.

National Centre for Radio Astrophysics
TIFR has set up a major national

facility for radio astronomy called the
Giant Metrewave Radio Telescope
(GMRT) about 80 km north of Pune. Set
up at a cost of about Rs. 46.0 crores,
GMRT consists of 30 fully-steerable
parabolic dish antennas operating in the
30—1500 MHz range. When completed
by March 1997, GMRT will be the most
powerful radio telescope for metrewave
radio astronomy in the world.

Homi Bhabha Centre for Science
Education

HBCSE has conscientiously
endeavoured to expand its field work on
a national scale. It launched a compre-
hensive collaborative programme with the
Atomic Energy Education Society
(AEES). HBCSE organised the Interna-
tional Mathematical Olympiad Training
Camp in May-June 1996. The major
remedial education programme under-
taken by HBCSE for residential tribal
schools in three districts of Maharashtra
is in its fourth year. A major initiative was
taken up to set up an advanced laboratory
to cater to the senior secondary and
introductory college levels. A comprehen-
sive exhibition on history of science was
developed with in-house expertise.

National Centre for Biological Sciences
The Centre has 11 research groups

working in the areas of Neurogenetics,
Biology of Diseases, Molecular & Systems
Neuroscience and Structural & Cell
Biology. The mechanisms of IP3 signal-
ling in the fruit fly Drosophila were
studied. Studies were made of the
molecular mechanisms of smell and taste
transduction and information processing.
A group has been working on the
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oscillators with a new configuration, were
developed which had a significantly
superior level of performance as compared
to the standard phase locked amplifiers.
An opto-electronics laboratory was also
under development at SINP.

Using nuclear magnetic resonance,
Mossbauer and related techniques,
magnetic and transport properties of
several systems of current interest were
studied by SINP under its programme of
experimental condensed matter physics.
The problem of hydrogen adsorbtion in in-
termetallic systems was studied in detail.
The amorphous systems such as spin
glass, were investigated, and other
disordered systems were studied for their
linear and non-linear characteristics.
Phase transition studies were also
conducted using positron annihilation
techniques. Intensive work continued at
the Institute, with compounds having high
temperature superconducting properties.

The SINP-VECC collaborative
programme on superconducting cyclotron
progressed satisfactorily. In experimental
surface physics the detailed properties of
films of thickness on an atomic scale were
studied by SINP scientists. The Japan-
India collaborative programme on surface
physics also made good progress.

In theoretical condensed matter physics
considerable work was carried out on the
segregation characteristics on alloy
surfaces, quantum glasses, magnetism and
phase transitions,correlated electron
systems, disordered and quasiperiodic
systems, and localisation.

Extensive work continued in
macromolecular crystallography for
determining the three dimensional
structure of protein molecules. In small
molecular crystallography crystal structure
studies were conducted to understand the
action of drugs at the molecular level.
Work in the project on crystallography,
molecular biology and structural biology
funded by the Department of Bio-
Technology progressed satisfactorily.

Research work also continued in
physical biochemistry, radiology and
mammalian genetics. In theoretical
biophysics, the thermodynamics of
structural transitions in the superhelical
DNA was worked out in detail.

To elucidate the molecular basis of an-
ticancer drugs, experimental studies were

conducted by SINP on the structure,
function and dynamics of biopolymers.
Extensive work was also done in
biomolecular spectroscopy, luminescence
spectroscopy and membrane biology.

Using the electron microscope
facility.ultrastructural research was carried
out to study the morphology of different
bacteria and the related phages and
viruses under different conditions. The
experimental research programme in
plasma physics centres around the
tokamak machine. Several experiments
were carried out by the Institute to study
the basic problems central to the
understanding of the possibility of
generating energy from controlled nuclear
fusion. Important theoretical researches
were also carried out in plasma theory in
this context.

Teaching has been a time-honoured
activity of SINP for over four decades. The
Institute continued with its Post-M.Sc.
teaching programme and Summer
Programme for post-graduate students
which attracted young scholars who
collaborated with the SINP faculty in
research. In addition, several members of
the faculty taught regular courses in the
neighbouring universities.

The Institute regularly held colloquia
on subjects of topical importance, and
organised workshops on technical
subjects. The infrastructural facilities of
the Institute also grew which included
increasing modernisation of the library
and computer systems.

6.3.3 TATA MEMORIAL
CENTRE

Tata Memorial Centre, comprising
the Tata Memorial Hospital (TMH) and
Cancer Research Institute (CRI), contin-
ued its activities in diagnosis, treatment
and research in cancer as well as training
and education.

Tata Memorial Hospital
The Tata Memorial Hospital, the larg-

est cancer treatment centre in the coun-
try, continued to extend its diagnostic and
treatment services and maintained high
quality patient care. The activities of the
Hospital ralating to patient-services dur-
ing the period of report, are given in the

Table below. During the year a new cen-
tralised Out Patient Department for the
paying patients was inaugurated which
started functioning from Decem-
ber. 19,19%. The bed strength of the Hos-
pital was also increased to 420.

Clinical Research
The Hospital Cancer Registry pro-

vided abstracted cancer data for the year
1993 to the National Cancer Registry
Programme of the Indian Council of Medi-
cal Research, New Delhi. Epidemiologi-
cal studies on cancer continued. A case
control study on the associations between
occupational exposure and neoplasms of
the lung and the lymphatic and
hemotopoietic system was also carried out
by the Hospital in collaboration with the
International Agency for Research on
Cancer, Lyon, France.

The notable research studies car-
ried out at TMH included the Rearrange-
ment of immunoglobulin heavy chain
and T cell receptor gamma chain gene in
acute lymphoblastic leukemia by PCR;
Detection oftrisomy 12 in patients with
chronic lymphatic leukemia using FISH;
Development of monoclonal antibodies
using the hybridoma technique; Expres-
sion of oncogenes in patients with acute
leukemia as well as the multi-drug
resistance gene; a Collaborative project
with Cancer Research Institute on hu-
man bone marrow cells expressing the
CD34 antigen enriched for progenitor
cells, Detection of Retinoblastoma Gene
Mutation by Molecular Techniques, Ge-
netic Status of Renal Cell Carcinoma,
Genetic Pattern of Non-Hodgkins'
Lymphoma, Detection of minimal residual
disease in CML in remission by FISH
technique, Detection of masked clones in
interphase cells by Fluorescence Labelled
in-situ hybridization in CML, and others..

For the treatment of childhood acute
lymphoblastic leukaemia and non-
hodgkins lymphoma multicentric clini-
cal studies in collaboration with the NCI,
USA were continued. Over 150 patients
were enrolled in 1995 and a large number
of clinical trials were conducted in col-
laboration with various pharmaceutical
companies, to evaluate drug combinations
and new drugs for treatment of solid
tumors in adjuvant, neoadjuvant and
palliative setting as well as for improv-
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Patients registered

for diagnosis, treatment and expert opinion

Bed Strength of Hospital

Radiological investigations

Histopathology examinaion
Haematological investigations
Immunohistochemistry
EM examinations
Autopsies

Cytology investigations
Biochemical investigations
Serum marker investigations

Major operations
Treatment by Laser Surgery
Minor operations &Biopsies/Endoscopies

Bone Marrow Transplantation
Radiation Treatment

Aneasthesia fitness test
Misc Investigations

Patients admitted for - In-patient care

25,000

420

62,800

91,900
14,600
2515
167 ,
5

31,500
4,30,300
14,880

8725
456
7317

13
4440

8,400
42,500

11,300

ing supportive care. To improve the sur-
vival rate, the Phase II of protocol with
the biological agent interferon alpha as
maintenance therapy continued.

Patient Rehabilitation
The hospital felt the need to address

the functional and physical deformities
suffered by the patients due to surgical
procedures and instituted special pa-
tient clinics for physiotherapy, occupa-
tional therapy, speech therapy, psychology
and medical social activities. 3,849
patients received physiotherapy during
this year. 1200 patients received occu-
pation therapy guidances, 450 patients
received speech therapy and many patients
have been provided with pre-operative
counselling.

The psycho-social support plays an
important role in the total rehabilitation
ofostomates. The Stoma Clinic provided
comprehensive care to over 1600 pa-
tients with Stomas, Fistulas, Pressure
sores, incontinence and wound healing

problems. 303 patients were attended
in the Psychology Clinic for Thera-
peutic Assessment/Interventions, and
Counselling. Medical Social Service pro-
vided guidance to over 14100 new patients
and medicine at concessional rate, accom-
modation, transport service, etc. to over
16500 patients. The Department helped
many deserving patients to raise funds
from various Trusts for their treatment.

Support Service
At TMH 1,85,000 pouches of intra-

venous (I. V.) fluids, and specialised prod-
ucts were produced. Besides, the Depart-
ment supplied distilled water and also
certain products, which are not available
in the market, to various Laboratories and
Cancer Research Institute (CRI). In ad-
dition to the routine production, spare
capacity was utilised to admix Total
Parenteral Nutrition and extended Nu-
trition Support Services to indoor and out-
side patients.

The annual expenditure of the De-

partment on purchase of medicines dur-
ing the year 1996 was Rs.5.84 crore.
These drugs were dispensed at no profit
no loss basis or at concessional rates to
poor patients.

Hospital Information System
A number of data bases for use in hos-

pital management were developed at
TMH. Twenty numbers of ECIL's
Pentium computer were procured and in-
stalled with E-mail and Internet facili-
ties. The TMH is planning to establish
Networking of Computers.

Cancer Prevention
The Department of Preventive

Oncology carried out workshop for NSS
college students and professors of Mumbai
University. In addition, five cancer
awareness programmes were conducted to
disseminate information on cancer in the
general population. An exhibition on
cancer was arranged at Mumbai. Several
lectures were also delivered on the harm-
ful effects of tobacco. New education
materials in the form of flip charts and
the informative leaflets was introduced.
Over 1100 high risk individuals attended
detection clinics organised by TMH.

Training programmes and workshops
on "Cancer Control" for Community
Health Workers, and detection and on
"Management of Oral Precancer Lesions"
for postgraduate students were conducted.
The Centre was involved in the Cancer
Control Programmes of Central and State
Governments and organised various can-
cer detection camps.

ACTREC Project
The Phase-1 activity on the 60 acres

of land acquired from the CIDCO was
earlier initiated. Various infrastructure
development works were taken up. Con-
struction of 32 flats each of type II-B and
II1-C, and the 1st phase of horticulture
was completed.

Epidemiological Studies
The consultancy service contract

awarded to Tata Memorial Centre by the
Nuclear Power Corporation to carry
out epidemiological studies in respect of
Radiation Occupational Workers and
their families at nuclear power station
sites in India was extended for another
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two years. The TMC is responsible for
collecting data from Atomic Power Sta-
tions at Tarapur and Kakrapar. Over 8200
persons were examined and interviewed
at TAPS. The data collection work at
KAPs progressed. The project is expected
to be completed by June 1998.

Rural Cancer Centre at Barshi
TMC continued to extend token

grant-in-aid and other support to Rural
Cancer Centre at Barshi.

Professional Education
The Hospital conducted a number of

Seminars/Workshops/Conferences dur-
ing the year. Notable among them
were the International Workshop on
Lymphoid Neoplasia and Workshop on
Thyroid Cancer and TTP. A book titled
'Head and Neck Cancer
Multidisciplinary Approach for its
Control and Cure' was published. Sev-
eral papers authored by TMH experts
were published in National/Interna-
tional Journals. Many staff members in-
cluding medical/scientific/technical/ad-
ministrative were deputed to attend
conferences/seminars/workshops and
training programmes.

Training & Teaching
The Hospital has been recognised as

one of the training centres for cancer
education and research by national and
international organisations such as
WHO, IAEA and UICC. The Hospital
has been conducting continuing education
in Oncology which includes training
courses in Oncology Nursing, Radio-
therapy Technicians, Cytology Techni-
cians and Entrostomal therapy. TMH, a
post-graduate teaching centre affiliated to
the University of Mumbai, conducts a
number of post-graduate courses.

Cancer Research Institute
The Cancer Research Institute (CRI)

conducts basic, community based and
clinically oriented research on multiple
facets of cancers prevalent in India. The
CRI is the first institute in the country
for research work on gene therapy of can-
cer at the level of animal systems. It is
also the first institute to develop
transgenic mice in the country after
mastering various aspects of this sophis-

Tata Memorial Hospital offers high quality patient care

ticated technology. It has major
infrastructural facilities such as animal
house, common instrumentation facilities,
bioinformatics, and photographic serv-
ices.

The major thrust of research contin-
ued to be on cancers of the aerodigestive
tract, cancers of breast and cervix and
leukemia- lymphomas. These pro-
grammes are aimed at understanding
the alterations in oncogenes, tumour
suppresser genes and other growth factor
genes for their use as markers. Under-
standing their mechanism of action may
help in future cancer therapy. The proc-
ess of immune response is also studied
in these malignancies to devise strate-
gies for augmenting immune response.
Molecular genetic studies were initiated
in oral, breast and colorectal cancers pa-
tients to understand the susceptibility fac-
tors. A stem cell bank established in
1995 was under development for trans-
plant applications.

A major achievement during the year
was the development of transgenic mice
for the first time in the country. The first
transgenic mice developed had a reporter
lac Z gene coding E.coli galactosidase
gene under SV 40 promoter. The pres-
ence of this gene was confirmed by South-
ern blotting. A second group of transgenic
mice were developed by injecting 'tax'
gene from human T cell leukemia virus-1

(HTLV-1). These animals were screened
for abnormalities developed due to the ex-
pression of this gene. These animals were
also used for breeding.

The CRI has a major programme on
tumors of the oral cavity which are the
number one cancers in the country. It is
the first Institute in India which has
received approval for research on gene
therapy of oral cancers and a project grant
from the Dept. of Biotechnology. The
achievements of CRI were the develop-
ment of a human oral cavity tumour
transplanted in nude athymic mice as a
model for gene therapy, a retroviral vec-
tor, LTSKN carrying 2 kb HSV-TK gene,
and its transfection in 293 cells. These
cells were found to kill tumour cells in
vivo and in vitro.

Several programmes aimed at un-
derstanding the changes in the oral cav-
ity after chronic exposure to tobacco con-
tinued. These included alterations in
oncogenes and tumour suppresser genes,
the status of papilloma viruses and other
marker proteins in oral pre-cancer which
may help early diagnosis, studies on the
immune status of oral cancer patients and
immunomodulation for effective therapy.
In the studies on oral cancers, a sub-
clone from a potent transforming gene
cloned earlier was used to screen c-DNA
library. A 0.8 kb and a 1.8 insert, both
identified by sequencing, were shown
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homology to troponin and ERK-3
sequences respectively. Immunological
studies on oral tumour cells were con-
ducted and experiments progressed to in-
crease immune response by treatment with
cytokines.

In studies on effects of tobacco on
humans, products of protein and lipid
peroxidation and DNA-protein cross links
were made which will be extended to
devising appropriate chemopreventive tri-
als in tobacco users. An interesting result
was the effectiveness of Curcumin free
aqueous turmeric extract in preventing
forestomach tumour formation in mice
treated with benz o(a) pyrene which
may have a potential use in humans.
CRI Scientists monitored air samples in
tobacco processing plants and found them
to be far beyond the permissible limits.
Workers in these plants were given gen-
eral health checks and also assessed for
tobacco specific exposure by appropriate
end point parameters. A comparative
analyses of tobacco cultivars grown in dif-
ferent parts of the country under dif-
ferent climatic and soil conditions was
carried out.

Animal studies to assess the possible
carcinogenic effects of pan-masala were
completed which suggested risk of can-
cer in habitual users. Studies on genetic
polymorhism at gene loci GSTT1 and
GSTM1 in oral cancer patients and con-
trols showed a link between this gene and
susceptibility to oral cancer.

In a newly initiated project on molecu-
lar genetics studies in colon and breast
cancer families, five colon cancer fami-
lies consisting of 26 members ana-
lysed for microsatellite instability. These
projects will be further expanded.

In studies on understanding regulation
of growth of cells, the gene for an enhanc-
ing factor(EF), which enhances the bind-
ing of epidermal growth factor, was
cloned, sequenced and injected in mouse
eggs to develop transgenics to understand
its role in growth regulation. A growth
inhibitory protein isolated from field bean
demonstrated it's anticarcinogenic/
antimutagenic activity. The protein is
being characterised for possible use as a
chemo-preventive agent. A growth in-
hibitory peptide isolated from mouse liver
was characterised.

CRI studies on cell surface proteins

Microinjectin of
genes in mouse eggs

for producing
genetically

engineered mice.
Such mice are used

to understand the
development of

cancer.

Computer
controlled freezing

for stem cells for
cell bank. These

cells are used for
bone marrow

transplantation for
treatment of

leukemias.

in red blood corpuscles (RBC) and in
leukemic granulocytes have given impor-
tant leads on cell function, and altera-
tions in the differentiation pathway in
chronic myeloid leukemias. These stud-
ies have shown differential regulation of
genes encoding: cell surface proteins
which bind to fibronectin, cytoskeletal
proteins and chemoattractrant receptors
and their role in cell function. These stud-
ies also showed differential suppression
of one chemoattractant receptor pathway.
Transcriptional control of FcIII receptor
was seen in CML cells. Hence, studies
were undertaken on Protein kinase C
isoforms to understand alterations in the
signal transduction pathway. These
showed differential expression of PKC in

CML cellls.
A protein isolated from Yoshida

sarcoma bearing rats was found to af-
fect the properties of RBCs and had a
role in the etiology of paraneoplastic
syndrome. In a study on vertical trans-
mission of HIV, 80% of children born
to HIV +ve mothers were also HIV +ve.
Herpes virus positivity was seen in 80%
of these mothers.

Human Papilloma virus (HPV) 16
was detected in 70% of cervical can-
cers and 28% premalignant cervical tis-
sues. Its role as a risk factor in cancer
of cervix vis-a-vis other factors under-
went evaluation Immune function stud-
ies on members of families with high
incidence of breast and related can-
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cers were conducted. In similar studies,
patients with hepatocellular carcinoma
who were positive to Hepatitis B
virus(HBV) showed dominant prolifera-
tive response to HBV core and X antigens.

To understand their biological behav-
iour tissue culture models for brain tumors
were under development at CRI. A stem
cell bank was established at CRI for using
umbilical cord cells for bone marrow
transplantation in patients with
haematological malignancies. Methods for
isolation and storage were fully devel-
oped.

Podophyllotoxin, an anti-cancer drug
was isolated from the plant by a newer
method with high purity at a lower cost.
Preparation of derivatives from this drug
continued to screen drugs with better ac-
tivity. An in vitro system for assessing
the response of ovarian carcinoma cells
to anticancer drugs is under evaluation
along with the status of markers for drug
resistance.

The tumour promoting activity of two
dyes- Metanil yellow and Malachite green
-used as food colours was proved. Fur-
ther studies on the kinases involved in sig-
nal transduction progressed. The CRI
also remained involved with developmen-
tal activities. The institute developed
monoclonal antibodies(MAb) and biologi-
cal probes for diagnosis and some of these
were under test for commercial exploita-
tion. A project to develop Mab to several
cancer diagnostic markers yielded rea-
gents and development of kits using these
reagents made progress. Anti-idiotypic
antibodies to carcinoma markers which
mimic the antigen structure and func-
tion were developed and characterised
and will have applications in diagnosis
and therapy.

A Western blot-kit for AIDS was de-
veloped at the CRI after making isolates
of HIV-1 and HIV-2 from Indian patients.
The efficacy of this kit was tested in sev-
eral laboratories in India and negotia-
tions for its commercial exploitation con-
tinued. Work progressed to develop a HIV-
1 p-24 antigen capture assay which can
detect very early infections that may be
missed by ELISA or Western blot. An al-
ternate pathway was developed for the
synthesis of methotrexate - an anticancer
drug, at reduced cost and higher yields
and purity. It is under assessment for reg-

istration of its patent.
A database on carcinogenic,

mutagenic and teratogenic chemicals
was developed at the bioinformatics cen-
tre and is undergoing testing. The V-
sat micro earth station for communica-
tion via Insat-2 installed a with partial
support from the DBT is functioning well.

A total of 32 papers were published
in national and international journals.
One of the scientists of CRI was elected
fellow of Indian Academy of Sciences.
Bangalore.

6.3.4 INSTITUTE OF PHYSICS
The Institute of Physics (IOP) at

Bhubaneswar, Orissa, is a premier
research institute in the eastern part of
the country . It promotes research in
frontier areas of physics and its research
activities cover theoretical and
experimental areas of condensed matter
physics, high energy particle physics and
nuclear physics. The 3MV tandem
Pelletron accelerator is a major facility at
the Institute.

During the period of report, the
Pelletron accelerator was used for the
surface science, material science, nuclear
science and bio-science related
experiments by the scientists of the
Institute and from universities, IIT's and
other research laboratories. The X-ray
facility of the Institute was also
extensively used for measuring surface
and interface roughness, film thickness
and diffusion constants. Several new
facilities utilizing the ion beams from the
pelletron were under development. A
beam line was made for use in
experiments on surfaces and interfaces in
a controlled manner. For this purpose an
ultra high vacuum (UHV) chamber
equipped with the characterization
techniques such as "Low energy Electron
Diffraction" (LEED) and "Auger Electron
Spectroscopy" (AESD) was also acquired.

In collaboration with the Centre for
Advanced Technology, Indore, IOP
developed a cluster ion source. A "zero
degree" beam line was also developed for
cluster related and nuclear physics studies
for assessing high energy heavy mass
ions. A beam line for microstructural
analysis under Indo-US collaboration was
set up to provide a focussed beam of high

enegy protons or helium ions. It can also
be used in areas of material science, solid
state physics, and biological sciences for
obtaining chemical and microstructural
information near surface regions.

With a view to develop interactive
participation between university and DAE
scientists, the IUC-Indore started an IUC-
DAE collaboration with the Institute. As
a follow up of WA-98 collaboration with
CERN, Geneva, IOP joined Compact
Muon Solenoid collaboration at the large
hadron collider (LHC) which will be ready
by 2005 at CERN. The main motivation
of this collaboration is to look for the
existence of fundamental particles like
Higgs and super-symmetric particles.

The Institute continued its visiting
scientist programme and its faculty
members participated in national and
international symposia/conferences. One
of the most distinguished visitors to the
Institute this year was Prof.C.H. Llewellyn
Smith. FRS,Director General, CERN,
Geneva.

IOP sponsored and organised a
number of symposia, seminars, workshops
and meetings which included a Meeting
on Nanocrystalline Semiconductors/
devices and Porous silicon: a Workshop
on Frontier of Field Theory, Quantum
Gravity and String Theory; a Structural
Engineering Research Centre (SERC)
School, and an international Symposium
on Novel Materials. Training and
guidance of young scholars has been one
of the important activities of IOP in
physics. To this effect, the Institute
continued with its pre-doctoral and
doctoral research programmes.

During the year of report, about 100
papers were published in international
journals and many presentations were
made in conferences and symposia.

The Institute strengthened its
computing facilities with the setting up
of local area networking (LAN) and will
shortly go for internet facility.
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6.3.5 MEHTA RESEARCH
INSTITUTE

Mehta Research Institute's (MRI)
primary pursuits are pure mathematics
and theoretical physics. During the last
three years, the Institue has made
alround growth and achieved
international recognition. Pure Math-
ematics and Theoretical Physics are the
main fields of research and academic
activities of the Institute which spear-
heads growth in these fields in the north-
ern region of the country. In Mathemati-
cal Physics, MRI has achieved
international recognition.

During the year of report, the
Institute carried out research work in
Pure Mathematics covering number
theory, algebraic geometry, coding
theory and analysis. Lectures and
seminars were organised to expose
Indian mathematicians to the new ideas
and developments in the field of math-
ematics such as proof of Fermat's last
theorem. Coding theory was one of the
thrust areas of the Institute. In
Theoretical Physics, work was carried
out in mathematical physics, high energy
physics, condensed matter and
astrophysics.

In High Energy Physics, the Institute
remained engaged on the experiments
done at CERN. Experiments at Large
Hadron Collider, Geneva, Switzerland
were also planned. MRI's international
cooperation in mathematics with France
(collaboration) and in Physics with Italy
are continuing.

For the benefit of physics teachers in
Uttar Pradesh, MRI organised a 2-week
course. It will soon take up a programme
for outstanding students in mathematics.

6.3.6 THE INSTITUTE OF
MATHEMATICAL SCIENCES

The Institute of Mathematical
Sciences (IMS) at Chennai is a national
institution of higher learning and doing
high quality fundamental research in
frontier disciplines of mathematical
sciences. The Institute has dynamic
programmes for pursuing research lead-
ing to the doctoral degree, post-doctoral
work, and visiting scientists scheme.

The IMS continued with its growth in
the areas related to its activities including
the newly emerging ones. It carried out
research in the Institute on the following
topics:

Theoretical Physics
Quantum Groups, Knot Theory,

Generalised Statistics and Applications,
Anyons and Fractional Statistics,
Nonlinear Dynamics and Chaos, Math-
ematical Methods of Physics, Particle
Physics, Lattice QCD, Quantum Field
Theory, String Theory, Strongly
Correlated Electron System, Mesoscopic
Physics, Quantum dots, links, Quantum
Optics and Electron Beam Optics, etc.

Mathematics:
Complex Analysis, Differential

Equations, Geometry and Rieman Sur-
faces and moduli spaces, Harmonic
Analysis, Algebraic Number Theory,
Spectral Theory of Operators, Confor-
mal and Quasi-conformal mappings.

Theoretical Computer Science
Complexity Theory, Algorithms and

Concurrency.
The Institute has a fully automated

reference library and a network of
computing facilities which is open to
the entire academic world. The library ex-
tended its utility through MALIBNET
(Madras Library Network) as an impor-
tant resource for academic library users
at Chennai. The Institute, which is a
major node on the Internet, provided
net work services to members of its staff
and users of information databases.

To spot talents and nurture them ad-
equately, the Institute will conduct with
Mehta Research Institute, Allahabad,
a Joint Written Screening Test as a part
of the selection process for Junior
Research Fellows. In addition to the
advanced level courses for its Junior
Research Fellows, the Institute organised
for the Department of Science and
Technology, an intensive 1-month
preparatory school for the Ph.D. scholars
in theoretical high Energy physics
from various universities and institutions
in India.

The Institute participated in several
advanced schools, workshops and sym-
posia. Many scientists of international re-
pute visited the Institute to collaborate
with the scientists in the Institute in
research and to participate in series of
lectures, seminars and colloquia.

The members of the Institute
contributed research papers in inter-

national journals in physics, mathematics
and computer science.

During the year of report, a number of
conferences, symposia and workshops
were organised which included a
conference on Operator Algebras; a
workshop on "Special Functions and
Differential Equations", and an
Instructional Workshop on Functional
Analysis - the activity sponsored by the
National Board of Higher Mathematics of
DAE.

6.3.7 INSTITUTE FOR
PLASMA RESEARCH

The Institute of Plasma Research
(IPR) at Ahemdabad has joined the DAE
Organisation in 1996 as an aided
institute. The institute carries out
experimental and theoretical research in
plasma physics with emphasis on the
physics of magnetically confined hot
plasmas and nonlinear plasma
phenomena. The indigenously fabricated
tokamak Aditya is a major facility of the
Institute for high temperature
magnetically confined plasmas
experiments.

Aditya Tokamak .During the year, the
ongoing experimental programmes along
with new experimental activities,
continued at IPR. Aditya tokamak,
functioning for the first time on
transformer converter power system, was
operated at high plasma parameters and
regularly produced plasma discharges at
100 kiloamperes for a 100 msec duration.
Saw tooth oscillations were observed in
the plasma temperature measurement
with X-ray diagnostics. Many of the
diagnostics were upgraded and integrated
with Aditya, and a few diagnostics were
fabricated for subsequent use.

RF Heating : IPR remained engaged in
executing work on RF heating system.
Low power stage of RF generator were
successfully fabricated and tested. The
last stage of HPA is under fabrication and
a 200 KW generator is expected to be
ready by next year.

Steady State Superconducting Tokamak
(SSTI) Experiment : A project, that will
address physics and technology issues
related to the steady state tokamaks and
the advanced tokamak configuration, was
initiated.

A conceptual design of a steady state
superconducting tokamak is under way.
This is expected to be completed by the
end of 1997. Conceptual designs of large
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Cut-away view ofSST 1 machine

superconducting magnets with their so-
phisticated cryogenic system, and of cur-
rent drive system was completed. Auxil-
iary heating schemes were also
coceptualised and engineering design and
procurement of subsystems were
initiated. The design of a divertor,
required for steady state operation with
elongated plasma, was conceptualised
and engineering design was initiated.

Basic Experiments : Basic experiments
form a major part of research efforts at
IPR. During the year while the ongoing
experiments continued, a few new
experiments were also initiated.
Experiment on the response of a toroidal
plasma to bias electrode was continued.
Shear stabilization of the fluctuations and
plasma rotation was the main theme of
investigation. Experiments on field line
charging of currentless beta plasma, and
dusty plasma gave important results.
Earlier experiments at IPR had
demonstrated a steady state technique for
the formation of a low aspect ratio non-

neutral toroidal electron cloud in a toroi-
dal device. At the Institute, free electron
laser experiments continued and a
twenty period double sided wiggler of
wavelength 1.0 cm is under
development.

Theoretical and Computational Physics :
In theoretical research a number of topics
connected with nonlinear phenomena,
instabilities in a fusion plasma with finite
sheared flows, collective effects in non-
neutral plasmas, physics of dusty
plasmas etc are covered.

Work continued in the field of
tokamak equilibria and stability. The
effect of toroidal flow on the stability of a
high-beta tokamak to external kink
modes were examined.
Magnetohydrodynamic stability of
equilibria with mass flow was also
investigated.

A novel non-local transport model for
electron heat conductivity was proposed
to provide an explanation of the
transient transport related experiments

in TEXT and TFTR machines. Also the
stability of tearing modes in the presence
of a rigid toroidal rotation of the plasma
was examined.

Vortices in magnetised plasma in
presence of sheared field and flow were
studied. The stability analysis of such
vortices was also carried out. The most
important findings in this area were the
time dependent vortices. The nonlinear
transient state of drift vortices was often
observed in computer simulations and
some experiments in the tokamak edge
plasma, were investigated.

In the field of dusty plasmas, the
charged dust grain model developed
earlier for exploring the fine structure of
Saturn's rings was further investigated.
It was shown that these equations,
governing the electromagnetic equilib-
rium of moving charged dust grains,
admit a class of vortex street solutions.
These solutions compliment the earlier
set of coherent solutions and in further
understanding the salient features of the
nonlinear structures that were observed
in planetary rings.

Brillouin limit for non-neutral
toroidal plasmas were studied and the
equilibrium configuration for the
toroidal non-neutral device at IPR was
exactly solved.

Work in the field of tokamak
modelling continued. Studies on
numerical models on breakdown and
early start-up phase, density limit
disruption etc. were carried out.

Plasma Processing : The engineering
and technological expertise of the
Institute are exploited to generate
advanced material processing
technologies and development
programmes are selected on the basis of
the need expressed by industries.

I.Technology Promotion and Marketing

i. Technocommercial Reports on Surface
Engineeering : The TIFAC sponsored
exercise on preparing technology and
market surveys in surface engineering in
which IPR was one of the five nodal
centres, was successfully completed and
the findings of the surveys were
compiled. In addition, a comprehensive
bibliography on the relevant surface
engineering techniques covered in the
surveys, was prepared in a floppy disc.

II. Industrial Technology Development

i. Nitriding of Stainless Steel : Stainless
steels are considered difficult to nitride
because of their high activation energy
for nitrogen diffusion and the presence
of a surface oxide film which hinders
nitrogen diffusion. The Institute
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undertook a study, in collaboration with
The Indira Gandhi Centre for Atomic
Research (IGCAR) - Kalpakkam, to es-
tablish the feasibility of plasma nitrid-
ing of AISI 420 stainless steel which is
used in making components of high
pressure steam valves. The steam valve
components of IGCAR were plasma ni-
trided. The results successfully met hard-
ness, uniformity, and other requirements
prescribed by IGCAR.

ii. Nitriding Application Development :
Along with the development of
instrumentation technology for making
indigeneous nitriding systems available
to Indian industries, IPR has been
spearheading a programme focussing on
application development of the process
for specific materials and components.
In this campaign, a large number of
samples were received from industries
and treated in the Plasma Nitriding
Reactor. Extensive nitriding database
was generated as a result of this
campaign.

iii. Ceramic and metal powder synthesis :
A technology based on plasma arc
vaporisation and synthesis of ceramic
powders was succefully developed. The
process manufactures 100 nm average
size, non-spherical particles of 98.3 %
purity. A process reactor capable of

producing 15 tonnes per year was
conceptualised.
iv. Plasma treatment of surfaces : In a
project, in collaboration with the
Ahmedabad Textile Industry Research
Association, plasma etching of jute
fibres to remove lignin projection and
polymerisation to improve wear comfort
was completed. Evaluation of the fibres
after treatment progressed. Etching of
polypropylene surfaces meant for
scooter components for increasing
their paint wettability and adhesion for
foil printing, was successfully
achieved in a radio-frequency plasma
reactor.

Teflon coated fibre glass (TFG) is a
high temperature lining used in
chemical reactor vessels and other
reactive environments. To manufacture
composites using this material, its
surface has to be etched to make it
wettable for adhesives etc. Oxygen
plasma etching was used to modify
TFG composites. The study undertaken
by the Institute gave parameters which
were acceptable to the industrial
operation for which the process was
developed.

v. Zircon dissociation in a plasma
furnace : The indigenously fabricated
Zircon dissociation furnace started
operating recently at IPR premises. The

furnace consists of a plasma torch, with
provision to inject zircon sand into the
arc column. Dissociation efficiencies
upto 95 % were achieved in the trials.
The plant, after successful trials at IPR
and modifications is under erection at
Kala Amb in Himachal Pradesh. This
project was sponsored by the Department
of Scientific & Industrial Research.

vi. Plasma sheath ion implantation :
Under the Indo-German collaborative
programme on Surface Engineering,
work on plasma immersion ion
implantation has begun. A new
technique, Sheath Assisted Nitrogen
Implantation and Diffusion Hardening
(SANIDH), which combines the high
flux-short cycle time of the implantation
process with the enhanced case depth of
the diffusion process, was developed at
IPR.

vii. Plasma milling of diesel nozzles : A
technique for the modification of the fuel
injection nozzles to improve the
atomising efficiency was developed. A
plasma erosion milling was also
developed for this process. Control of
the process in terms of localisation and
erosion rates was succesfully
demonstrated.
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CHAPTER - 7

SERVICES

7.1 CONSTRUCTION &
SERVICES GROUP

The Construction & Services Group is
responsible for the executing civil and al-
lied works for various public buildings for
the DAE organisatins including aided in-
stitutions and departments of Science &
Technology/Electronics, Bio-technology
etc. The Group is also responsible for the
operation and maintenance of various serv-
ices including, Estate Management and
Security Services for the housing colony
of DAE at Mumbai, Anushaktinagar and
other areas in Mumbai, and carries out
upgradation of infrastructure facilities and
energy conservation for their services. Fol-
lowing were the activities during the year

Construction Works
Trombay Township Project: The construc-
tion of 400 flats of type II-B, 120 flats of
type IV-D and 128 flats of Efficiency Plus
Apartments was completed and allotment
process continued. Out of 400 flats, 112II
B flats were occupied also. The infrastruc-
ture services were also completed. The
construction of 170 flats of type IV-D is
in advanced stage of completion. Construc-
tion of 192 flats of type I-A has com-
menced.

TIFR, Mumbai: The construction work of
40 flats of Efficiency Apartments was com-
pleted and apartments were occupied.

AMD-Khasmahal: The works were com-
pleted and handed over to users.

AMD-Hyderabad: The works of extension
to Laboratory Block "A" have reached
completion stage.

VECC : The construction works of PSI
building reached advanced stage of com-
pletion and is expected to be completed
during 1997-98.

SINP : The architectural drawings for 20
flats of type II-B and 20 flats of type I1I-C
were under finalisation.

TMC-ACTREC Project : 32 flats of type
II-B and 32 flats of type III-C were com-
pleted. The tenders for construction of
Cancer Research Institute building and ani-
mal house, and Ward Block and Out Pa-
tient Department block were under vari-
ous stages of processing. The construction
of main Underground tank progressed. The
major road work was also completed. The
architectural planning for the Operation
Theatre and other buildings progressed.
Construction of 24 flats of type III-C at
Payalipada are expected to be completed
by May 1997.

IOP~Bhubaneswar: The construction of 4
flats of type V-E and 16 flats of type I-A
are expected to be completed during the
year 1997-98.

HBCESE-Hostel Building: The work is in
progress and will be completed during
1997-98.

School Building-Makni : Construction of
School building at Makni village contin-
ued and is expected to be completed in the
year 1998. This school is being constructed
out of the collection made by DAE staff
towards benefit of earthquake affected peo-
ple in Maharashtra.

BRIT-Mumbai: The construction work of
Spice Irradiator project at Navi Mumbai
commenced. It is expected to be completed
during the year 1997-98.

AERB-Mumbai: The construction work of
Office Complex at Anushaktinagar was
completed and occupied.

DRP-Mumbai: The construction work of
office building reached advanced stage and
is expected to be completed during 1997.

College of Catering Tech : (Dept. of Tour-
ism) : The repair work of waterproofing to
the existing administrative building was
completed. It is expected to be completed
by May 1997.

Dr. B. Borooah CRI Guwahati: The engi-
neering, planning and designing for Out
Patient Department, Ward Block, Hostel
building continued.

NFATCC-Pune (Department of Bio-Tech-
nology) : The work of extension to Labo-
ratory block continued and is expected to
be completed by May 1997.

Instt. of Geomagnetism -Mumbai (DST) :
Memorandum of Understanding reached
at final stage.

Computer Centre-GN Dev Uni.-Amritsar
: The Guru Nanak Dev University at
Amritsar approached the Department for
various works. The preliminary works such
as collection of data progressed.

IPR-Gandhinagar: Preliminary works re-
lating to construction activities weretaken
up.

Engg. Services Division
Engineering Services Divisions I & II

are responsible for the maintenance of resi-
dential flats (6589 Nos.) and various pub-
lic buildings of DAE, including execution
of upgradation works which are of minor
capital in nature. The The Divisions are
also responsible for the operation and
maintenance of various services and basic
facilities at Anushaktinagar.

Estate Management & Security Service
Management of the Estates of DAE as

well the work of allotment of residential
flats (6589 Nos.) to DAE employees and
security for the housing colonies in
Mumbai are looked after by the C&SG-
Estate Management. It also looks after the
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allotment and supervision of various pub-
lic buildings within the residential colony.
Also, DEM created Master data base for
house allotment to DAE employees.

7.2 I'l R( HASK & STORKS

The Directorate of Purchase & Stores
provided materials support by way of
procurement, storage and distribution of
supplies to the various Units of DAE.
30,135 purchase requisitions were pro-
cessed and 27,880 purchase contracts
were released resulting in a commitment
to the tune of Rs. 233.30 crores approx.

The Stores Units located at 19 stations
in the various establishments of the
Department rendered logistic assistance
to the users resulting in 9.60 lakhs
transactions and in addition generated a
revenue to the tune of Rs. 1.80 crores
approx. by way of disposal of
unserviceable scrap and surplus
materials.

The continued stress on
computerizations in various areas of
Purchase and Stores Management helped
in reducing the lead time besides
providing a better management
information service system.

With a view to ensure that the prices
committed are reasonable, purchase
negotiations were conducted wherever
considered necessary resulting in a saving
of Rs. 1 crore approx. besides finalisation
of commercial terms favorable to the
Department.

7.3 GENERAL SERVICE
ORGANISATION

GSO at Kalpakkam continued to maintain
common services such as estate manage-
ment, transport, civil and electrical ser-
vices, as well as maintenance, water sup-
ply, auto garage, hospital and other
amenities in the DAE township.

8.6 ATOMIC ENERGY EDU-

CATION SOCIETY
Atomic Energy Education Society runs

28 Schools/Jr. colleges at 14 different cen-
tres, the 28th school was commissioned
at New Mandala in October 1996. AEES
provides quality education to 28091 chil-
dren of the employees of D.A.E. with a
staff strength of 1677 members.

DIRECTORATE OF PURCHASE & STORES
TOTAL TRANSATIONS FOR THE YEAR 1996 IN
RESPECT OF RECEIPT/ISSUE OF MATERIALS

BARC.TROMBAY 541857

NFC, HYDERABAD 76687

IGCAR, KALPAKKAM 65074

CAT, INDORE 27710

Board of Higher Secondary Examina-
tion. Fifteen students from AEC Schools
passed the National Talent Search Exami-
nation, One student of AEJC. Mumbai
passed the Indian National Mathematics
Olympiad and 14 students cleared the
I.I.T. joint entrance examination. At
Hyderabad 41 cleared EAMCET (Engi-
neering) and 10 cleared EAMCET (Medi-
cine).

Sports, NCC and Co-curricular
Activities

One student in Badminton, one in Ball
Badminton, One in Table Tennis and One
in Karate of AECS, Mumbai represented
at the National level. Four students in
Badminton, I in football and 13 in ball
badminton, 9 in athletics of the same
school represented at the State level.
AECS, Mumbai won the football tourna-
ment at the Mumbai School Sports Asso-
ciation. Girls team of AECS, Indore won
the Stale level Lawn Tennis and repre-
sented at the National level. Six students
of AECS, Kalpakkam represented Slate
level athletic meet. AECS, Kalpakkam got
the overall championship in the Inter
AECS Athletic Meet held at Kaiga.

~":::::;"'"Z I RMP. MYSORE 13630

AMD (ALL UNITS) 23748

HWP (ALL UNITS) 115244

ODS, HYDERABAD 1480

STORE UNITS,TARAPUR 66921

VECC, CALCUTTA 27131

Seventy two NCC cadets appeared and
passed the "A" certificate examination.
Three cadets won the Chief Minister's
Scholarship at Mumbai. One Cadet of
AECS, Rawatbhala stood first at the Na-
tional Integration Camp at Kanpur. NCC
cadet from AECS, Mumbai and AECS,
Hyderabad participated at the Republic
Day Parade and one of them won the ban-
ner. N.C.C. Troop of AECS, Manuguru
won the championship at the Annual
Training Camp.

AEC Schools of Mumbai and Indore
participated in the Bournvita Quiz Con-
test, AECS Indore qualified at the National
level. One student of AECS-2, Mumbai
stood first in the Geela recitation compe-
tition in Mumbai. AECS, Indore stood first
in the National Council of Science and
Technology Science Quiz. 2000 students
of AECS, Tarapur participated in the
Camlin Colour Contest. 65 students of
AECS, Rawatbhata won prizes in the same
contest. Cultural items were staged by
AEC students during DAE Sports & Cul-
tural Meet.

In the Inter AEC Schools Elocution
Competition held in October 1996, AECS,
Mumbai won the title. Inter AECS Table
Tennis/competition was held at Mumbai

7:2



Opening ceremony of Inter-Atomic Energy Central Schools' Elocution & Table Tennis
Competition

Children participating in Table Tennis Competition

in October' 1996. AECS Mumbai won the
title for Boys and AECS, Kalpakkam won
the title for Girls. Inter AECS Volly Ball
Competition was held at Tarapur in No-
vember 1996. AECS Rawatbhata won the
title.

Seminars, Workshops & Collaborative
Programmes

In collaboration with the Homi Bhabha
Centre for Science Education (HBCSE),
an enrichment course for students of Std.
IX was conducted in April ' 96 at
Manuguru, Orientation courses for Sci-
ence & Maths TGTs' were conducted at
Rawatbhata and Hyderabad. A workshop
for Principals was conducted in May' 96
at Mumbai. HBCSE-AEES collaborative
programmes also includes Teacher's fel-
lowship. This year, two teachers were se-
lected for the fellowship. Talent Nurture
programme for students of Std. VIII, IX
and X were also organised at Mumbai.
Intensive coaching for students appearing
for I.I.T. was conducted in April' 96.

Awards and Recognitions

One teacher from AECS, Mumbai and
the Principal, AECS-3, Rawatbhata re-
ceived National Awards on 5th Septem-
ber 96 from the President of India. One
Vice-Principal, Two PGTs, three TGTs,
three Primary teachers and one Special
teacher received AEES awards during
1995-96. Twenty one teachers received
long service awards for completing 25
years of service under AEES.

One teacher from AECS, Hyderabad
is to receive CASTME AWARD in 1995-
96 from British Council at Manchester.
One Physical Education Teacher of AECS
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CHAPTER - 8

OTHER ACTIVITIES

8.1 INTERNATIONAL
RELATIONS

India has been a designated member
of the Board of Governors of the IAEA
since the inception of the International
Atomic Energy Agency (IAEA).

India continued to offer training facili-
ties, fellowships, scientific visits etc. and
to make available the services of its scien-
tists for expert assignments both through
the IAEA and to the countries with which
we have entered into bilateral agreements
for cooperation in the field of peaceful
uses of atomic energy. Discussions were
held and various understandings arrived
at with, notably, Brazil, Kazakstan, Egypt
and Tunisia, as well as with CERN
(Geneva) and RIKEN of Japan.

Over 400 scientists/engineers partici-
pated in international symposia, work-
shops and conferences held under the aus-
pices of various UN and other interna-
tional organisations as also the IAEA.
Fifteen foreign scientists were trained in
India under the IAEA fellowships
programme and bilateral agreements
signed between the Government of India
and other countries. India also hosted 10
IAEA meetings, symposia and 14 other
international meetings during 1995-96.

Chairman, Atomic Energy Commis-
sion (AEC) and Secretary, DAE led the
Indian delegation to the 40th Regular Ses-
sion of the IAEA General Conference
held in Vienna, Austria during September
1996. Bilateral discussions were held
with a number of other delegations par-
ticipating in the Conference.

DAE, in association with the Indian
mission in Geneva and the Ministry of
External Affairs, provided the technical
back-up for the negotiations for the Com-
prehensive Test Ban Treaty. India's com-
mitment to the goal of total elimination of
nuclear weapons in the world remains
steadfast and undiminished. In August
1996, India supported a programme of ac-
tion for the elimination of nuclear weap-
ons within a definite time-frame, pre-
sented to the Conference on Disarmament
by the overwhelming majority of non-

aligned and neutral member countries of
the Conference. India will continue to
strive with other like-minded nations to
achieve the long cherished goal of a world
free of nuclear weapons.

Having achieved a comprehensive de-
velopment in nuclear technology for
many years now, we are in a position to
offer technology as well as equipment to
other countries on a commercial basis.
Last year, stack monitoring equipment
was provided on long-term loan to the
IAEA and this year two Laser
Fluorimeters were donated to the
Seibersdorf Laboratory of IAEA at
Vienna. Concerted efforts continued to
publicise Indian expertise for the purpose
of export of technology and equipment
for peaceful applications of nuclear
energy.

8.2 MANAGEMENT
SERVICES

The Management Services Group
(MSG) of DAE modernised the Office
Automation facilities by upgrading the
existing equipment. The Local Area Net-
work (LAN) Mail System was upgraded
to give access to Internet mail by provid-
ing an Internet Mail Gateway. This
facility enables DAE Secretariat to com-
municate through Electronic Mail with
other units having Internet mail facility.
In addition, the Group continued to
prepare reports to the Prime Minister and
the AEC on the performance of DAE's
operating units and status of various
projects under construction. During the
year the Group conducted a study on
ECIL and made recommendations for its
re-structuring. It also participated in the
Committee constituted in DAE to
formulate a policy for formation of joint
ventures to exploit atomic minerals in
India. Work also commenced on a project
to computerise the records of the
meetings of the Atomic Energy Commis-
sion.

8.3 PUBLICITY AND PUBLIC
AWARENESS

The DAE continued its efforts aimed
at promoting awareness among the public

on the progress made by India, in the ap-
plications of atomic energy. It either
organised or participated in more than a
dozen exhibitions, some of the major
events included one at Bangalore, as part
of the 4th National Seminar for science
school teachers on "Peaceful Uses of
Atomic Energy" and in New Delhi in con-
junction with the 14th World Conference
on non-destructive testing, the Chemtech
Triple Expo-1996 exhibition in Mumbai
and the R & D India 97 at Calcutta. The
main objective was projecting
consultancy, quality assurance services
and technologies available for transfer
with the different constituent Units of
the Department. It also paved the way for
opening up more widely a research-indus-
try-academia interaction. Some of this ac-
tivity was also aimed at increasing aware-
ness among the teaching faculty.

To create awareness amongst the stu-
dent community, an All-India Essay Con-
test in nuclear science and technology for
University students, in which about one
thousand students participated with es-
says written in thirteen languages, was or-
ganized for the eighth year in succession.
The prize winners of not only this year's
contest but also those of the preceding
ones, continued to be in touch and have
been invaluable ambassadors in the dis-
semination of reliable information to the
public at large. The number of partici-
pants, the range of states (students from
Nagaland, Mizoram and from Sikkim too
participated in the contest this year) and
the quality of the essays have been show-
ing an increase from year to year. The
writers of the top thirty essays spent a
week with DAE and visited several facili-
ties in BARC. They were also taken to
Kakrapar to see the power station and the
environmental survey laboratory there.

The permanant exhibition on "Atoms
in the Service of Man" at the DAE Secre-
tariat in Mumbai is becoming more and
more popular. Apart from the summer and
monsoon months, about 500 students,
from higher secondary level and profes-
sional colleges from different parts of the
country, visited every month. They were
also shown video screenings in several
languages on different aspects of atomic
energy in India.
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Several brochures written in the popu-
lar science style were made available for
free distribution at the Exhibitions. An
updated brochure on the benefits of food
irradiation was added to this repository.

Screening video films on different
facets of nuclear science and technology
in India was also a regular feature. A 20
minute documentary entitled "40 years of
Atomic Energy in India" elucidating the
measures being taken to ensure the safety
of plant, personnel and the environment
was produced. This was telecast and
widely distributed for viewing by student
and teacher communities.

A 25-panel exhibition explaining the
entire range of activities of the DAE is un-
der installation in the Bihar State Centre
for Science and Technology at Patna.

As part of the National Science Week
activities, exhibitions were conducted at
Kottayam and Tuticorin. Quiz contests
for students in the surrounding areas of
these two towns were also organized.

8.4 WELFARE

Sports & Culture
DAE Sports & Cultural Council is

looking after the promotion of Sports and
Cultural activities for the DAE employees
and their family members. During the
year 1996-97, the XII DAE Sports &
Cultural Meets were organised in Ten
different events at seven locations. In
addition, the regular promotional
activities like Nature & Adventure, Fine
Arts, Yoga Coaching Schemes in different
games for employees and children and
other activities pertaining to sports were
carried out in full swing during the year
1996-97.

Industrial Relations
The Joint Consultative Machinery

Scheme is working in the Department for
a long time and as many as 19 Unions/As-
sociations are participating the Office/Re-
gional Councils in various Constituent
Units and in the Departmental council at
the level of Department. The Department
is represented at the National Council
also. Meetings are held at regular
intervals in the various Councils and
issues connected with employees welfare,
etc. are discussed.

8.5 USE OF HINDI

With the objective to promote the use
of Rajbhasha Hindi in the various disci-

plines of nuclear science and technology,
DAE and its Units continued to hold
seminars and talks on diverse subjects.

At Mumbai, DAE organised a talk on
"Rajbhasha Hindi ke Stithee Evam Gati",
BARC had organised seminars on
Hirdaye Rog - Nidan avam Chikitsa,
Isotope Utpadan avam Upyog, Cancer -
Nidan avam Chikitsa, Nobel Puruskar :
Kisse aur Kyun ? BARC also organised
two more seminars outside Mumbai on
Udyog main Sanksharan Niyatran avam
Paryawaran Pradushan, Electronic Udyog
main Pragati avam Paryawaran Santulan
Ke naye Aayam, in collaboration with the
Institute of Engineers and Institute of
Metals and Kumanyun University
respectively. Talks were also organised
Rasayan Vigyan: Avashayaktaen avam
Chunotiyan, Manav Anuvanshiki main
Adhunik Vikas - Samajik Vaidhanik avam
Naitik Samasayein and Drav Helium
main Atitaralta.

At Hyderabad, the AMD organised a
seminar on "Karmic Prashikshan avam
Prabandhan" and at Indore, the CAT
organised a seminar on Aayurvigyan Ke
Shetra main laser ke Bharathe
Anuprayog. Heavy Water Plant, Baroda
also organised a scientific seminar.

As in the previous years, progress was
made in the implementation of the
Official Language Policy of the Union. In
other areas also in the Department and its
constituent Units as well as in the PSUs
under its control. In-service training in
Hindi, Hindi Typewriting and
Stenography was imparted to 437
officials, 63 typists and 12 stenographers.
134 officials, 68 typists and 19 stenogra-
phers are undergoing training in Hindi
Language, Hindi typewriting and Hindi
Stenography. There are 195 Devanagari
Typewriters in use in the Department and
its Units/PSUs. In addition, there are 94
bilingual electronic typewriters. The
Department has purchased 12 more
bilingual softwares for PCs raising the
total number of such softwares to 87. The
Department also has 14 bilingual Elec-
tronic Telex Machines. Hindi Books
worth Rs.61,560 were purchased during
the year.

The Official Language Implementa-
tion Committee of the Department, Units,
and PSUs under its administrative control
met to review the position regarding use
of Hindi. Action continued to be taken to
implement the provisions of the Official
Languages Act. All Gazette Notifica-
tions, Cabinet Notes, Reports and other
documents submitted to various Commit-
tees were prepared bilingually.

The quarterly Hindi Bulletin

'Parmaanu' which is brought out by the
Department to disseminate information
about its research and development ac-
tivities, plans and programmes entered its
twenty second year of publications. The
OLICs of TAPS, RAPS, ECIL, CAT,
Kakrapar, HWP - Tuticorin, NPC(HQ),
AMD, BARC, HWB published their
House Magazines bilingually/Hindi.
AMD and BARC have brought out souve-
nirs in Hindi on the proceedings of the
seminars organised by them. IGCAR
also brought out a souvenir. The Hindi
Vigyan Sahitya Parishad, a voluntary
organisation of BARC, published a
popular Hindi quarterly bulletin
"Vaigyanik". Booklets/pamphlets on
various subjects related to DAE's
activities were also brought out by DAE
and BARC in Hindi.

To popularise Hindi and encourage
employees to use Hindi in official work
"Hindi Week/Hindi fortnight" were
organised in the DAE(H0), NFC, AMD,
HWP - Talcher, Baroda, Kota, UCIL,
C&SG, IRE, NPC and IGCAR. "Hindi
Day" was celebrated in AMD, Baroda and
New Delhi; HWP - Tuticorin and DPS.
"Hindi Month" was celebrated in CAT,
HWP - Manuguru, ECIL and BARC.
During these occasions various competi-
tions, quiz programmes and Kavi
Sammelans were organised.

Under the Incentive Scheme for writ-
ing original notes and drafts in Hindi, 84
officials were given incentives. Incentive
Scheme for Hindi Stenography and Typ-
ing is also being run in the Department
and its Units. Five employees were
awarded under this Scheme.

Hindi Workshop for training employ-
ees in use of Hindi were organised at
DAE(HQ). Such workshops were also
organised at BARC, UCIL, IRE,
NPC(HQ), DPS, HWB, C&SG, ECIL,
HWP - Kota, Tuticorin, Talcher,
Manuguru, AMD and NFC. In total 537
officials were trained. Besides DAE
organised a five day orientation
programme for its officers engaged in the
implementation of Official Language.

At present the Department of Atomic
Energy has 1 Deputy Director(OL), 2 As-
sistant Directors(OL), 1 Senior Hindi
Translator, 3 Hindi Translators. Units and
PSUs of the DAE also have 1 post of
Deputy Director(OL), 1 post of Senior
Hindi Officer, 11 posts of Assistant
Director(OL), 2 posts of Manager(OL), 2
posts of Assistant Manager (Hindi), 2
posts of Hindi Officers, 1 post of Deputy
Hindi Officer, 6 posts of Senior Hindi
Translators and 49 posts of Junior Hindi
Translators.
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ANNEXURE-I

DAE ORGANISATIONS &TI1EIR FUNCTIONS

This Annex describes the
organizational functions re/erred to
in Chapter 1.

1.0 The Atomic Energy Commission
(AEC) is the apex institution entrusted
with formulation of the policies and
direction of the programmes relating to
peaceful uses of atomic energy in
electricity generation, medicine,
agriculture and industry. AEC implements
its policies and programmes through the
Department of Atomic Energy (DAE).

The Department has under it five
Research Centres, four Public Sector
Undertakings, three Industrial
Organisations and four Service
Organisations. It also supports seven
Research Institutes.

For funding purposes the programmes
of the Department are grouped in three
sectors, viz., Power Sector, Industries and
Minerals Sector and Research &
Development Sector. The Organisational
structure and functions are given below:

1.1 POWER SECTOR

The Nuclear Power Corporation of
India Ltd (NPCIL)—a public sector
undertaking of the DAE, is responsible for
design, construction and operation of
nuclear power plants in the country. There
are 10 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
1840 MWe. Tarapur reactors are boiling
water reactors (BWRs) and the rest are
pressurised heavy water reactors
(PHWRs). The Unit-1 of the Rajasthan
Atomic Power Station, with a rated
capacity of 100 MWe, is managed by
NPCIL on behalf of the Government of
India.

Four pressurised heavy water reactor
units of 220 MWe each, are under
construction at Kaiga (Karnataka) and

Rawatbhatta (Rajasthan).
Power Sector is supported by the

Industrial Undertakings, viz., Heavy Water
Board arid Nuclear Fuel Complex; Public
Sector Undertakings, viz. Uranium
Corporation of India Ltd, Indian Rare
Earths Ltd. and Electronics Corporation of
India Ltd; and Research Organisations viz.
Bhabha Atomic Research Centre and
Indira Gandhi Atomic Research Centre.

1.2 INDUSTRY & MINERALS
SECTOR

1.2.1 The Department carries out its
activities in this sector through three
departmental organisations and four public
sector undertakings.

The Heavy Water Board at Mumbai is
responsible for production of heavy water
for meeting the requirements of nuclear
power as well as research reactors. Eight
Heavy Water Plants have been installed at
Nangal (Punjab), Tuticorin (Tamil Nadu),
Kota (Rajasthan), Baroda (Gujarat), Thai
(Maharashtra), Talcher (Orissa), Manuguru
(Andhra Pradesh) and Hazira (Gujarat).
The plants at Kota and Manuguru use
hydrogen sulphide and water exchange
process developed at Trombay; the Nangal
Plant uses electrolysis of water and low
temperature hydrogen distillation process
and the other plants are based on ammonia-
hydrogen exchange process for heavy
water production.

The Nuclear Fuel Complex (NFC) at
Hyderabad fabricates and supplies fuel for
all the power reactors and zircaloy
components for the PHWR reactors. It also
fabricates enriched uranium fuel for the
Tarapur BWRs and the thorium oxide
blankets for the Fast Breeder Test Reactor
(FBTR) at Kalpakkam. NFC operates
plants for production of ceramic grade
uranium oxide, zircaloy components,
sintered pellets and fuel assemblies. Other
facilities at the Complex are the Stainless
Steel Tubes and Ball Bearing Tubes Plants
to cater to the needs of the Atomic Energy

Programme and the Industry.
The Board of Radiation and Isotope

Technology (BRIT) at Mumbai promotes
radioisotope applications in medicine,
agriculture and industry. BRIT operates a
radiation sterilization plant, Isomed, at
Trombay, radiopharmaceutical laboratory
at Navi Mumbai and Biomolecules
Production Facility (Jonaki) at Hyderabad.
In addition, the Board has regional centres
for radiopharmaceuticals at Bangalore,
Dibrugarh and Delhi.

The Public Sector Undertakings of the
DAE, catering to the mineral mining and
control and instrumentation needs of the
atomic energy programme, are the
Uranium Corporation of India Ltd. (UCIL),
the Indian Rare Earths Ltd. (IRE) and the
Electronics Corporation of India Ltd.
(ECIL).

UCIL at Jaduguda carries out mining
and processing of uranium in the country.
It has mines at Jaduguda, Bhatin and
Narwapahar and operates a uranium ore
processing mill at Jaduguda (Bihar). The
Corporation also runs three uranium
recovery plants at Surda, Rakha and
Mosaboni.

IRE mines and processes mineral sands
containing thorium and rare earth minerals.
The Company has three mineral sands
separation plants at Manavalakurichi,
Chavara and OSCOM, Chhatrapur which
produce minerals such as ilmenite, rutile,
monazite, zircon and garnet. OSCOM has
a value addition plant also producing
synthetic rutile. In addition to this a Rare
Earths Plant at Alwaye produces rare earth
chlorides. IRE manages the thorium
factories at Trombay and OSCOM on
behalf of DAE.

ECIL is the first commercial window
of the DAE for transfer of its technology
in electronics. It produces a variety of
sophisticated electronic systems,
instruments and equipment to meet the
requirements of Atomic Power Stations,
Defence, Railways, Telecommunications,
etc.. The Company is also a leading
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producer of computers and consumer
electronics.

1.3 RESEARCH & DEVELOPMENT
SECTOR

U . I The research centres of the DAE viz.,
the Bhabha Atomic Research Centre
(BARC), Indira Gandhi Centre for Atomic
Research (IGCAR), Centre for Advanced
Technology (CAT), Variable Energy
Cyclotron Centre (VECC) and Atomic
Minerals Division (AMD) are engaged in
multidisciplinary research in the
application of nuclear energy in medicine,
agriculture, industry, and hitech areas such
as accelerators, computers, lasers, robotics,
materials and advanced reactors, research
in frontier areas of basic science, and
others. BARC and IGCAR also give R&D
support to the nuclear power programme.
AMD contributes to the exploration and
development of mineral resources.

The Bhabha Atomic Research Centre
(BARC) at Mumbai, is a premier nuclear
research and development centre in the
country. Its facilities include research
reactors DHRUVA (lOOMWt), CIRUS
(40MWt), APSARA (lMWt) and
KAMINI (30 kW) for research and
radioisotope production; plants for
manufacture of uranium metal, nuclear
fuels, fuel reprocessing and waste
immobilization and seismic stations.

The Fuel Reprocessing Plants set up
by BARC are operating at Tarapur and
Trombay and the plant at Kalpakkam,
which has achieved cold commissioning,
will become operational shortly. BARC
is also responsible for nuclear waste
management and operates various waste
management facilities, and waste
immobilisation plants at Tarapur and
Kalpakkam. The Radiation Medicine
Centre - a unit of BARC at Mumbai, is the
regional referral centre of the World Health
Organisation. A 14 million volt Pelletron
Accelerator, set up at Mumbai by BARC
in collaboration with TIFR, is a national
research facility. BARC has also
commissioned the National Centre for
Compositional Characterisation of
Materials (CCCM) at Hyderabad.

The Indira Gandhi Centre for Atomic
Research (IGCAR) at Kalpakkam, Tamil
Nadu, is engaged in the development of
sodium cooled fast breeder reactor

technology including all aspects of its
fuel cycle and related safety. Fast Breeder
Test Reactor (FBTR) is its major facility.
IGCAR has also set up advanced
laboratories for carrying out research and
development work related to fast breeder
reactor technologies such as metallurgy,
reacfor engineering, sodium technology,
radiochemistry, reprocessing and safety.

The Centre for Advanced Technology
(CAT), Indore, Madhya Pradesh
spearheads the national efforts in research
and development of lasers, accelerators,
high vacuum technology, cryogenics and
technology for manufacture of large
magnets. CAT is setting up a Synchrotron
Radiation Source (SRS) which will be an
unique research facility in the country.

The Variable Energy Cyclotron Centre
(VECC) at Calcutta is a national research
facility in nuclear field. The VEC delivers
beams of nuclear particles for research in
nuclear physics and nuclear chemistry, and
produces radioisotopes for medical,
industrial and agricultural applications.

The Atomic Minerals Division (AMD)
at Hyderabad is entrusted with the research
and development pertaining to radiometric
and geological surveys, exploration,
prospecting and development of various
mineral resources needed for the nuclear
power programme of the DAE.

1.3.2 AIDED RESEARCH
INSTITUTES

The Tata Institute of Fundamental
Research (TIFR) at Mumbai is the national
centre for nuclear sciences and
mathematics. It is engaged in frontline
research in astrophysics, astronomy,
computer science and molecular biology.
TIFR's research facilities include a 14MV
Pelletron Accelerator and an NMR Facility
at Mumbai, 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 has set
up Giant Metrewave Radio Telescope
(GMRT) for frontline research in
radioastronomy.

The Saha Institute of Nuclear Physics
(SINP) at Calcutta conducts research in
nuclear physics, nuclear spectroscopy,
nuclear and radiation chemistry, molecular
physics, plasma physics, biophysics,

molecular biology and instrumentation.
The Tata Memorial Centre (TMC) at

Mumbai, comprising the Tata Memorial
Hospital (TMH) and the Cancer Research
Institute (CRI), is a major centre for cancer
therapy, research and education. The Tata
Memorial Hospital is equipped with
sophisticated facilities for diagnosis and
treatment of cancer. The Cancer Research
Institute is engaged in cancer research and
education. TMC is also setting up an
Advanced Centre for Treatment, Research
and Education in Cancer (ACTREC) in
Navi Mumbai.

The Institute of Physics (IOP),
Bhubaneswar is engaged in advanced
research in theoretical and experimental
nuclear, 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 Mehta Research Institute of
Mathematics and Mathematical Physics,
(MRI), Allahabad, carries out research in
operation theory, consumability theory,
particle physics and field theory.

The Institute of Mathematical
Sciences, (IMS), Chennai, is engaged in
research in physics,mathematics and
computer sciences.

The Institute for Plasma Research
(IPR), Gandhi Nagar, Gujarat carries out
research in plasma physics.

The Board of Research and Nuclear
Sciences (BRNS) and the National Board
of Higher Mathematics (NBHM) operate
under the aegis of the Department and
promote activities including research in
nuclear sciences and mathematics
respectively at universities and other
academic institutions.

1.3.3 SERVICE ORGANISATIONS

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

The Atomic Energy Education Society
(AEES) at Mumbai is an aided society of
the DAE. It manages the Atomic Energy
Schools at various sites.
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ANNEXURE-II

PROGRAMME IN PERSPECTIVE

II.O DAE is involved in developing, in
stages, pressurised heavy water reactors,
fast breeder reactors,- and advanced
thorium-based reactors with associated fuel
cycle systems.

It builds research reactors and utilises
radioisotopes produced in them for appli-
cations in medicine and agriculture.

It develops advanced technology in
areas such as accelerators, lasers,
biotechnology, information technology
and materials technology including devel-
opment of non-nuclear and strategic ma-
terials like titanium. It also encourages
technology transfers and interacts with in-
dustry in areas of its strength contributing
to the industrial development.

It supports basic research in nuclear
energy and related frontier areas of science
for which it is best equipped in terms of
expertise and technical resources. It inter-
acts with universities and academic insti-
tutions to improve the quality of educa-
tion and research and also provides re-
search grants to them.

It encourages international cooperation
in advanced areas of research and in mega
science projects to realise the benefits of
state-of-the-art of science and technology.

From the above mandate, following
programmes of the Department, as referred
to in Chapter I, have emerged.

II. 1 NUCLEAR POWER

The Department has been pursuing a
three-stage Nuclear Power Programme
which maximises the use of limited urani-
um and vast thorium resources of the coun-
try as follows:

First Stage: Use of natural uranium fuel in
pressurised heavy water power reactors
(PHWRs), and production of power and
plutonium.

Second Stage: Use of plutonium produced
in PHWRs, in fast breeder reactors (FBRs)
and production of additional plutonium/
uranium-233 fuel for power generation

Third Stage: Use of thorium-uranium-
233 in an advanced reactor system.

The Department has achieved compre-
hensive capability in the design, construc-
tion and operation of PHWRs. There are 10
nuclear power reactors in the country with
total installed capacity of 1840MWe. The
design of 220MWe PHWR has been stand-
ardised, and a high level of indigenisation
in the nuclear fuel cycle has also been
achieved. Significant progress has been
made in the design of the 500MWe PHWR.

With the successful commissioning and
operation of the Fast Breeder Test Reactor
(FBTR) at Kalpakkam, India has reached
the second stage of the Nuclear Power
Programme. FBTR has attained a power
level of 10.5MWt with the first core (Mark-
1) and turbine has been rolled with the
steam generated by the reactor.

Technology development of 500 MWe
prototype fast breeder reactor (PFBR) is
also progressing at Kalpakkam.

As a part of the thorium utilisation
programme, uranium-233 separated from
irradiated thorium and fabricated into fuel
elements, has been successfully tested.
Thorium has also been used for flux flat-
tening in the initial cores of the Kakrapar
reactors. Work has commenced on the de-
sign of an Advanced Heavy Water Reactor
(AHWR) which will make use of thorium
as fuel.

II.2 NUCLEAR FUEL CYCLE

The Department has attained self-reli-
ance in the nuclear fuel cycle which covers
entire activities supporting the' nuclear
power programme ranging from mineral
exploration, mining, heavy water produc-

tion and fuel fabrication to fuel reprocess-
ing and waste management. It has estab-
lished capability to design, construct, and
operate plants for heavy water production,
fuel fabrication, fuel reprocessing and nu-
clear waste immobilisation. A number of
such facilities have been operating with
good record of performance and safety.

11.2.1 Minerals Exploration and Mining

AMD's exploratory efforts have led to
the opening of uranium mines at Jaduguda,
Bhatin and Narwapahar in Bihar, which
are now operated by UCIL. Discovery of
Domiasiat reserves in Meghalaya is an
important success of AMD. The Division
has also established sizeable uranium re-
serves in the country.

Large reserves of thorium and zirconi-
um have been identified by the AMD in
beach placers along the coastal tracts and
other parts of the country. Some of these
placer deposits are being commercially
exploited by IRE which supplies thorium
containing ores to the Thorium Plant at
Trombay, and zircon to NFC for produc-
tion of zircaloy components.

At present Jaduguda and Bhatin mines
are meeting the uranium needs of the Nu-
clear Power Programme. The natural ura-
nium from these mines is processed as
yellow cake and sent to the NFC for the
PHWR fuel fabrication.

11.2.2 Heavy Water Production

Heavy water is used in the PHWRs as
moderator and coolant. The indigenous
heavy water production capability is fully
proven . Eight heavy water plants have
been installed in the country. All the plants
have shown good safety record. Kota and
Manuguru plants, which are based on in-
digenously developed process for heavy
water production, have registered good
performance. While meeting domestic de-
mand, DAE is also in a position to export
heavy water.
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11.2.3 Nuclear Fuel Fabrication

NFC contributes to the nuclear power
programme by manufacturing nuclear fuel
assemblies for PHWRs and boiling water
reactors (BWRs). The Complex is also
geared towards the development of com-
ponents needed for advanced reactors such
as PFBR.

Fuel for research reactors is fabricated
at BARC.

Advanced Fuels

Development of new fuels is a thrust
area of the R&D efforts of BARC. The
Mixed Oxide (MOX) fuel bundles for Tara-
pur reactors have been fabricated success-
fully at the Advanced Fuel Fabrication
Facility, Tarapur which are being studied
in the reactor.

BARC has also successfully developed
fuel made of mixed uranium-plutonium
carbide for FBTR. The fuel has performed
well. Carbide fuel core has been used in a
fast reactor for the first time in the world.

11.2.4 Fuel Reprocessing and Waste
Management

Fuel reprocessing and nuclear waste
management constitute the back-end of the
nuclear power programme. As a result of
the research and development carried out
at BARC, these technologies are now fully
established in the country.

A fuel reprocessing plant PREFRE is
operational at Tarapur and another one
KARP, with several novel features and
concepts, has attained cold commissioning
at Kalpakkam. A plant for reprocessing of
fast reactor fuel (FRFRP) is also under
construction at Kalpakkam.

The waste treatment, conditioning and
disposal systems have been operating at
various nuclear installations. Vitrification
of radioactive waste in a glass matrix,
which is a complex technology for immo-
bilisation of nuclear wastes, has been suc-
cessfully developed by BARC. A Waste
Immobilisation Plant (WIP) is operational
at Tarapur and two such plants are coming
up at Trombay and Kalpakkam. For final
disposal of immobilised high level radio-

active wastes, a programme of siting a
repository in suitable deep geological for-
mations is going on.

II.3 RESEARCH & DEVELOPMENT

Research and Development forms in-
frastructure for power and nuclear fuel
cycle and home grown technologies which
cover areas ranging from medical, agricul-
ture, biotechnology to metallurgy, materi-
als and electronics.

The R&D programme is also geared
towards the development of high-technol-
ogies in the areas of accelerators, comput-
ers, lasers, robotics, superconductivity and
others.

11.3.1 R&D Support to Nuclear Power
Programme

The Indian Nuclear Power and the
Nuclear Fuel Cycle programmes have been
built on the multidisciplinary R&D infra-
structure developed by the Department over
the years.

BARC, in close coordination with
NPCIL carries out research in areas of
reactor engineering, reactor physics, nu-
clear chemistry, materials, advanced in-
strumentation, computer technology, elec-
tronics, safety and related basic sciences.
The R&D programmes of BARC in the
field of reactor engineering have led to the
development of number of technologies
for power reactors.

The laboratories of IGCAR have been
doing R&D work related to fast breeder
reactor (FBR) programme in the areas of
materials development, fuel reprocessing,
safety of FBRs, fuel chemistry, sodium
technology and others.

11.3.2 Research Reactors

Several generations of research reac-
tors have been built by BARC for use in
basic and applied research and radioiso-
tope production.

The Centre has acquired rich experi-
ence of about four decades in design, con-
struction and operation of such reactors.
Beginning with the commissioning of
Apsara reactor in 1956, BARC set up four
more research reactors - the latest, 100

MWt high flux reactor Dhruva, is fully
indigenous effort. Dhruva and Cirus are
the main reactors which produce radioiso-
topes and are used in research.

11.33 Radioisotope Applications

DAE has identified the area of radia-
tion technology and radioisotope applica-
tions as an important technology mission.
Extensive infrastructure has been devel-
oped that has given impetus to radioiso-
tope production and applications. BARC,
which has been producing radioisotopes
for about 40 years, is a major producer of
radioisotopes for use in industry, medi-
cine, agriculture and research.

Radioisotopes in Industry

The radioisotopes produced at Trom-
bay are widely used by industry for non-
destructive testing, measurements and trac-
er applications. Medical industry is a ma-
jor beneficiary of BRIT's radiation sterili-
zation facilities. Isomed Plant at Trombay
for sterilization of medical products, has
serviced the industry for more than two
decades. Similar plants have been working
at Bangalore, New Delhi and Jodhpur.

Radioisotopes in Medicine

In the field of medicine, the radioiso-
topes are used for diagnostic and therapeu-
tic purposes.

Radioisotopes from BARC are proc-
essed by BRIT for production of radiop-
harmaceuticals, radioisotope based prod-
ucts and equipment. The radio-
pharmaceuticals supplied by BRIT are used
in about 7 lakh patient investigations per
year.

BRIT is also a major supplier of radio-
active sources which are used in radiodiag-
nosis and radiotherapy in hospitals through-
out the country.

Radioisotopes in Agriculture

Radioisotopes produced in BARC have
been used in crop improvement, food pres-
ervation and other agricultural applica-
tions. BARC's mutation breeding pro-
gramme for crop improvement has result-
ed in the evolution of high yielding varie-
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ties of pulses, oilseeds, rice and jute. Many
of these have reached the farmers and are
cultivated in different parts of the country.
BARC has also established irradiation tech-
nology for preservation of food. Irradia-
tion of sea food, spices, potatoes and on-
ions has been approved by the Govern-
ment of India for export purposes. In agri-
culture radioisotopes have helped in mon-
itoring the persistence of pesticides in soil
and ground water.

11.3.4 Safety and Environment
Protection

DAE's total commitment to safety is
highlighted by the fact that NPCIL has
completed over 100 reactor years of oper-
ation with good record of safety. Safety has
been an integral part of the activities of the
Department and encompasses domains
such as radiological safety, industrial safe-
ty, fire safety and environment protection.

In all the nuclear installations, care is
taken to protect operating personnel, pub-
lic and the environment, and safety is mon-
itored by the Atomic Energy Regulatory
Board (AERB) which is an independent
body.

The Environment Survey Labs (ESLs)
functioning at different sites, with sophis-
ticated equipment, constantly monitor en-
vironment. Advanced systems SODARs
are operational at Kalpakkam and Kaiga
for collecting site related meteorological
data.

A national network of environmental
radiation monitoring stations is being es-
tablished for detection of radiation releas-
es as a part of a global environmental
radiation monitoring (GERMON) network.

11.3.5 High Technology Development

The research organisations of DAE have
generated a number of high technologies.
Some developments include supercomput-
er system using parallel processing tech-
niques with computing speed faster than
any other indigenous system available in
the country, Giant Metrewave Radio Tele-
scope (GMRT) being installed at Pune;

advanced remote handling and robotic de-
vices and servo- manipulators for applica-
tions in industry; various scintigraphic tech-
niques used in organ imaging in medical
diagnosis, and the specialised service for
analysis and characterisation of ultra-pure
materials by modern techniques in the
National Centre for Compositional Char-
acterisation of Materials, Hyderabad.

11.3.6 R&D in Basic Sciences

The DAE has been pursuing frontline
quality research of international repute in
related areas of basic sciences through its
research centres and aided institutions.
This covers frontier areas in chemical sci-
ence such as radiation and photo chemis-
try, laser chemistry, interfacial chemistry,
chemical dynamics, subjects in physics
such as condensed matter physics, nuclear
physics, theoretical physics, plasma phys-
ics, solid state physics, accelerator and la-
ser physics, astrophysics, cosmic rays and
high energy physics, cryogenics etc, fields
in biological science such as molecular
biology, cell biology, radiation biology,
etc., mathematics and computer science.
A large number of research papers and ar-
ticles have been published in international
journals and conference proceedings.

11.3.7 Technology Transfer

The multidisciplinary research carried
out in frontier and hitech areas in its differ-
ent research centres, has helped in achiev-
ing self-reliance in Nuclear Fuel Cycle.
Impressive success has been achieved in
transferring technology based on in-house
R&D to industrial units within DAE such
as AMD, Heavy Water, Reprocessing and
Fuel Fabrication Plants, and Public Sector
Undertakings such as NPCIL, ECIL, UCIL
and IRE.

The research and development work
carried out under the aegis of DAE has
generated several technologies that have
benefitted a number of industries. These
include material and alloys, radioisotope
based tools and techniques, tissue culture
technology, lasers for surgery and indus-
trial applications, electronic instruments
and devices, and others.

II.3.8 Promotion of Research &
Mathematics

The Department has been fully funding
the six national institutes described its
Annexure I. Financial support is also given
to cancer research centres/hospitals for
improving cancer control measures in the
country.

DAE, through its Board of Research in
Nuclear Sciences (BRNS), which is a ma-
jor research funding agency in the country,
promotes research and development in
nuclear fields in universities and institu-
tions of higher learning.

Also, through the National Board of
Higher Mathematics (NBHM) the Depart-
ment provides financial assistance to vari-
ous activities relating to mathematics.

11.4 Human Resource Development

The Training School at Trombay and
National Training Centre at Rawatbhata
are the premier training centres of the De-
partment. These provide specialised train-
ing to undertake multidisciplinary activi-
ties of DAE.

Apart from conducting the human re-
source development programmes for its
own requirements, DAE has extended them
for other organisations at national and in-
ternational levels in various areas such as
nuclear agriculture, nuclear medicine, ra-
dioisotope technology and many special-
ised services.

DAE also offers training facilities, fel-
lowships, visits and services of experts
through the International Atomic Energy
Agency (IAEA) or bilateral agreements
for cooperations in peaceful uses of atomic
energy.

H.5 International Relations

India has been a member of the Board
of Governors of the International Atomic
Energy Agency (IAEA) since its incep-
tion. In September, 1994 the country was
elected as the Chairman of the Board of
Governors of IAEA for one year.
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ABBREVIATIONS

ORGANISATIONS/FACILITIES

AFFF
APSEB
CWMF
DOE
DRDO
ESL
FBTR
GOALS
GSFC
HMT
HOC
HPU
IAEA
ICRP
IISc
IIT
IMSc
KAPS
KARP
MAPS
NAPS
NCCCM

PREFRE
RAPS(P)
REDL
RMC
RRMC
TAPS(P)

Advanced Fuel Fabrication Facility
Andhra Pradesh State Electricity Board
Central Waste Management Facility
Department of Electronics
Defence Research & Development Organisation
Environmental Survey Labs
Fast Breeder Test Reactor
Gurushikhar Observatory for Astrophysical Science
Gujarat State Fertilizer Corporation
Hindustan Machine Tools
Hindustan Organic Chemicals Ltd.
Health Physics Unit
International Atomic Energy Agency
International Commission on Radiological Protection
Indian Institute of Science
Indian Institute of Technology
Institute of Mathematical Sciences
Kakrapar Atomic Power Station
Kalpakkam Fuel Reprocessing Project
Madras Atomic Power Station
Narora Atomic Power Station
National Centre for Compositional Characterisation of
Materials
Power Reactor Fuel Reprocessing Plant
Rajashtan Atomic Power Station (Project)
Rare Earths Development Laboratory
Radiation Medicine Centre
Regional Radiation Medicine Centre
Tarapur Atomic Power Station (Project)

MISCELLANEOUS

AFR
AGRS
AGSS
AHWR
ALARA
BGL
BWRs
Bq
CCRM
DNA
DPHS
DSC
EB
ECCS
ECR
EGA
EMF
EMI/EMC
EP
ERDS
FIV
GERMON
G1S
HVE
AES
ICP-MS
IFG

Away From Reactor
Air-borne Gamma-Ray Spectrometry
Aerial Gamma Spectrometric System
Advanced Heavy Water Reactor
As Low As Reasonably Achievable
Blackgram lectins
Boiling Water Reactors
Bequerel
Coolant Channel Replacement Machine
De-oxy Ribonucleic Acid
Dual Processor Hot Standby
Differential Scanning Calorimetry
Electron Beam
Emergency Core Cooling System
Electron Cyclotron Resonance
Evolved Gas Analyser
Electro-motive force
Electro-magnetic Interference/Compability
Embedded Part
Emergency Response Data System
Flow Induced Vibration
Global Environment Monitoring
Geographic Information System
Hot Vacuum Extraction Facility
Atomic Emission Spectrometer
Inductively Coupled Plasma Mass Spectrometer
Inert Gas Fusion Technique

ISROS
KDP
KGF
KV
LCTR
LINAC
LTVE
MBN
MGD
MIBG
MOU
MOX
MSF-RO
MWe
MWt
NDT
PCS
PERTS
PFBR
PHWR
PIG
PRL
QC/QA
QGP
QMS
REE
RFQ
RIA
RIMS
RIP
ROLI
RRS
SCADA
SECC
SODAR
SQUID
SSMS
SWRO
TLD
Th.Pu
U-Zr-0
U/Th-Mo-O
UHF
VNTR
VSAT
WDXRF
XRF
tpd

Internal Safety Review of Operating Stations
Potassium Di-hydrogen Phospate
Kolar Gold Field
Kilo Volt
Large Component Test Rig
Linear Accelerator
Low Temperature Vacuum Evaporation
Magnetic Barkhausen Noise
Million Gallons per Day
Meta Iodo-Benzyl Guanidine
Memorandum of Understanding
Mixed Oxide Fuel
Multi-Stage Flash Reverse Osmosis
Mega Watt (electrical)
Mega Watt (thermal)
Non-Destructive Technique
Process Control System
Programming Environment for Real Time System
Pototype Fast Breeder Reactor
Pressurised Heavy Water Reactor
Pipe-line Inspection Gauge
Physical Research Laboratory
Quality Control / Quality Assurance
Quark Gluon Plasma
Quadrupole Mass Spectrometer
Rare Earth Elements
Radio Frequency Quadrupole
Radioimmuno-assay
Resonance Ionisation Mass Spectroscopy
Repository for Immobilised Waste Product
Radiography Camera
Reactor Regulating System
Supervision Control & Data Acquisition System
Site Emergency Control Centre
Sound Detection and Ranging
Super-conduction Quantum Interference Device
Spark Source Mass Spectrometry
Sea Water Reverse Osmosis
Thermo Luminescence Detector
Thorium, Plutonium
Uranium Zinconium Oxygen
Uranium/Thorium-Molybdenum-Oxygen
Ultra High Frequency
Variable Number Tandem Repeats
Very Small Aperature Terminal
Wave Dispersion X-Ray Fluorescence
X-ray Radio Frequency
Tonnes Per Day
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