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The Department of Atomic Energy (DAE) has under its aegis, five Research and Development
Centres, four Public Sector Undertakings, three Industrial Facilities and three Service Organisa-
tions. It also financially supports seven Research Institutes and an Education Society. The Board
of Research in Nuclear Sciences (BRNS) and the National Board for Higher Mathematics (NBHM)
of DAE promote research in nuclear and allied fields, and mathematics. The Organisational Struc-
ture and Functions of the Department are given in Annex-I and a Programme Perspective is given
inAnnex-II

For the Department, the year 1998-99 was eventful as the Nuclear Programme of the country
achieved many landmarks and took long strides.

Five nuclear tests conducted with a range of advanced devices at Pokhran (Rajasthan) on May
11 and 13, 1998 established India as a nuclear weapon state.

On August 10, 1998, the Atomic Energy Commission celebrated its Golden Jubilee. On the
occasion, Prime Minister Shri Atal Behari Vajpayee visited the Bhabha Atomic Research Centre
(BARC) and commissioned a 500 kV Electron Accelerator at Vashi, Navi Mumbai. A book enti-
tled "Atomic Energy in India - 50 years" was also released by the Prime Minister. The Atomic
Minerals Division also completed 50 years of its formation and was renamed as the Atomic Min-
erals Directorate for Exploration & Research.

The gross electricity generation from all the atomic power stations during the period from April
1, 1998 to January 31, 1999 was 9,900 million units. The safety performance of atomic power
stations and projects continued to be excellent. The "Supplement" to the Intergovernmental Agree-
ment relating to construction of two reactors at Kudankulam, Tamil Nadu was signed between
India and the Russian Federation.

The Fast Breeder Test Reactor operated successfully and maximum burnup level exceeded
45,000 MWd/t.

The performance and the safety record of Heavy Water Plants was good and 100 metric tonnes
of heavy water was exported to the Republic of Korea.

On September 15, 1998, country's largest Reprocessing Plant (KARP) built by BARC at
Kalpakkam, was dedicated to the nation by the Prime Minister.

NFC recorded highest production of fuel bundles for the pressurised heavy water reactors and
reactor grade zirconium sponge.

Preservation by irradiation of several food items was cleared by the Government for marketing
and consumption. ISOMED plant completed 25 years of its sterilisation service to health care
sector.

Over 60,000 consignments of radioisotopes and related products, and 45,000 consignments of
radiopharmaceuticals - enabling about 8 lakh patient investigations - were shipped.

BARC's Supercomputer Anupam, in its enhanced 10 node configuration crossed 1.5 giga float-
ing point (flop) speed in actual performance. CAT successfully developed an industrial model of
high power carbon dioxide laser. Under the Robotic Programme of IGCAR, a MOBile SCANner
(MO^SCAN) was developed for non-destructive examination of large plates.

Memoranda of Understanding were signed by BARC for transfer of a number of technologies.



Power Gsn&r&iion
The Nuclear Power Corporation of India Ltd. (NPCIL) is responsible for the design, construc-

tion and operation of nuclear power stations in the country. With the 10 nuclear power reactors in
operation, the total installed capacity of nuclear power generation is now 1840 MWe. The gross
generation from all the units since commencement of commercial operation till January 31, 1999
was about 131 billion units. During the period from April 1,1998 to January 31, 1999, the gross
generation was 9,900 million units with capacity factor of 73% .

The NPCIL earned a net profit of approximately Rs.221 crore (Provisional) during the financial
year 1998-99 up to December 1998.

The Unit-1 of Tarapur Atomic Power Station (TAPS) achieved capacity factor above 95% in the
months of May and August to November 1998. The Unit-1 of Rajasthan Atomic Power Station
(RAPS) continued to operate at a maximum power level of 150 MWe except for the two outages
which were required for modification of the turbine blades and for various maintenance jobs. The
enmasse coolant channel replacement and system upgradation work- of RAPS-2 was completed
ahead of schedule. The Unit was synchronised to the grid on June 6, 1998 and started producing
power.

Power Projects mzti&r construction
NPCIL is constructing two PHWRs of 220 MWe capacity each, at Kaiga (Karnataka) and

Rawatbhata (Rajasthan), and two PHWRs of 500 MWe capacity at Tarapur (Maharashtra).
By December 1998, the Kaiga Project achieved an overall physical progress of 93%. The units

are expected to achieve criticality by June 1999 (for Kaiga-2) and June 2000 (for kaiga-1). The
Units are expected to generate 2,420 million units annually at normative capacity utilisation factor
of 62.8%.

The Rajasthan Atomic Power Project (RAPP-3&4) achieved an overall physical progress of
about 88 % by December 1998. The Units-3&4 are expected to attain criticality by July 1999 and
July 2000.

Work commenced on Tarapur Atomic Power Project (TAPP-3&4). The excavation for con-
struction of Main Plant Civil Works started on October 10,1998. The criticality dates for the units
have been fixed at October 2005 and July 2006 .

The Kudankulam Project, which will comprise two 1000 MWe pressurised water reactors
(WER), will be implemented under the Inter-Governmental Agreement (IGA) signed in 1988
between India and the Russian Federation. A 'Supplement' to the IGA was signed by the two
Governments on June 1998.

For implementation of the Kudankulam Project, a contract for preparation of the Detailed Project
Report (DPR) was executed between NPCIL and Atomstroyexport, Moscow, in July 1998.

Fast Breeder Programme
The Indira Gandhi Centre for Atomic Research (IGCAR) has been developing fast breeder reac-

tors and associated technologies which form the second stage of the Indian Nuclear Power Pro-
gramme. The Centre has successfully commissioned the Fast Breeder Test Reactor (FBTR). The
carbide fuel for the reactor, developed indigenously at BARC, has performed successfully. The
Centre has also embarked on the development of a 500 MWe Prototype Fast Breeder Reactor
(PFBR).

During the period of report, the FBTR was operated successfully, reaching a maximum burnup
level of 45,000 MWd/t and the performance of the carbide fuel was found to be excellent. A
major refurbishing was done to improve the plant availability and fire safety.

The Site Evaluation Report for (PFBR) was under review by AERB; PFBR core physics
design was approved by the Project Design Safety Committee, and the technology development
for the manufacture of the main vessel for PFBR was completed. Significant progress was
made by IGCAR in the design of components and systems of Nuclear Steam Supply System
(NSSS) and the conventional systems.



el Cycle
Supporting the Nuclear Power Generation, are the Nuclear Fuel Cycle activities covering min-

eral exploration, mining, heavy water production, nuclear fuel fabrication, reprocessing and nuclear
waste management. Activities of the Department in this segment of the Programme are given be-
low.

Survey, prospecting and exploration for mineral resources for the Nuclear Power Programme is
carried out by the Atomic Minerals Directorate for Exploration & Research (AMD).

Exploration and evaluation drilling by AMD resulted in the estimation of additional resources
of 2200 tonnes of uranium oxide at Peddagattu (Andhra Pradesh) and Wahkyn (Meghalaya).

Borehole drilling intercepted significant uranium mineralisation at a number of places in the
country, and promising uranium occurrences were located by ground radiometric surveys in
parts of Karnataka, Orissa, Madhya Pradesh, Rajasthan and Uttar Pradesh. Ground geophysical
and geochemical surveys resulted in deciphering mineralised trends in parts of Madhya Pradesh,
Karnataka and Andhra Pradesh.

New heavy mineral potential areas were located along the coastal parts of Andhra Pradesh.
Detailed evaluation of the deposits of Tamil Nadu and Kerala progressed. Additional resources of
about 200 tonnes of xenotime bearing mineral concentrate were estimated in riverine placers of
Bihar.

Two new recovery units were installed in Jharsuguda district, Orissa for 'recovery of
columbite-tantalite. These along with other such units of AMD produced about 39 tonnes of xenotime
bearing polymineralic concentrate, about 3 tonnes of columbite-tantalite and 3.5 tonnes of beryl.

Mining of nuclear minerals is done by the Uranium Corporation of India Ltd. (UCIL) and Indian
Rare Earths Ltd, (IRE). Their activities are discussed under the title Public Sector Undertakings.

Heavy water is used as moderator and coolant in PHWRs. To meet the heavy water requirements
of the Indian PHWRs and research reactors, eight Heavy Water Plants are installed in the country .

The overall performance and the safety record of Heavy Water Plants were good. The produc-
tion of heavy water during the year of report was close to the target. The plants at Tuticorin and
Baroda completed more than 7.3 million and 8.43 million man-hours of continuous operation re-
spectively. The Heavy Water Board exported 100 metric tonnes of heavy water to the Republic of
Korea in May 1998 which was found to be of international quality by the user.

Heavy Water Upgrading
Based on BARC's developed heavy water upgrading technology, 19reconcentration towers are

in operation at various sites. During the year, fabrication of the tower internals of the upgrading
plant for Kaiga-I &. II was completed at Trombay. Also, setting up of the Heavy Water Upgrading
Plant at MAPS progressed.

The Nuclear Fuel Complex (NFC) fabricates and supplies fuel and core components for both
the pressurised heavy water and boiling water type reactors in the country.

NFC recorded highest production of PHWR fuel bundles and reactor grade zirconium sponge.
In addition to meeting the requirements of reload fuel for operating power stations, NFC started the
supply of the first charge of fuel for commissioning Kaiga-2.

For the first time, seamless zircaloy square channels for TAPS and prototype blanket, control
and safety rod assemblies for the development of 500 MWe PFBR and sub-assemblies for sodium
void coefficient measurement for FBTR were fabricated and supplied to NPCIL and IGCAR.

NFC also fabricated and operated three critical equipment. These are the folly automated tube



degreasing unit, the pellet feeding system for centreless grinding machine and the improved semi-
automatic bearing pad welding machine.

The New Zircaloy Fabrication Plant was inaugurated. Clearance of the Regulatory Authority
was obtained for commencing operation of the New Uranium Oxide Fuel Project and trial produc-
tion commenced. The Natural Uranium Fuel Assembly Plant produced thoria bundles and supplied
to RAPS-2 and Kaiga-2.

At Trombay, production of fuel pins with Mark II mixed carbide fuel composition for FBTR
was pursued. Fabrication of indigenous MOX fuel assemblies for TAPS continued at the Advanced
Fuel Fabrication Facility (AFFF) of BARC at Tarapur. More assemblies were loaded in the TAPS
reactors which performed satisfactorily. New tooling was developed at AFFF and annular uranium
dioxide fuel pellets were fabricated for PFBR. BARC prepared uranium-plutonium mixed oxide
microspheres by Sol-gel method for the preparation of UO2 fuel pellets. The work on the commis-
sioning of Sol-Gel Plant was continued.

Fuel reprocessing and waste management are part of the of the back-end activities of the Nuclear
Fuel Cycle. The research and development carried out at BARC has fully established these tech-
nologies in the country.

The 100 tonnes/year Reprocessing Plant KARP (Kalpakkam Reprocessing Plant) built indig-
enously, became operational. This plant - the largest reprocessing plant built in the country so far
- will meet the plutonium fuel needs of PFBR.

At Trombay, the process development studies related to Production of Uranus Nitrate in Purex
Process, Process Modifications for Co-separation of U/Pu in Purex Process, Back Extraction of
Actinides from loaded CMPO in Truex Process, and Partitioning of Actinides from Purex High
Level Waste.

At Kalpakkam, the installation of the Lead Mini Cell facility for reprocessing of FBTR spent
fuel reached an advanced stage of completion. Its cold commissioning is targeted for July 1999.
Work progressed on the Fast Reactor Fuel Reprocessing Plant (FRFRP).

Commissioning tests for the second campaign of uranium-233 recovery from irradiated thorium
rods, were completed and hot operations continued.

BARC manages the Nuclear Waste Management Facilities at Trombay, Tarapur, Rajasthan and
Kalpakkam. During the year all the waste management facilities operated satisfactorily.

Waste Immobilisation Plant at Trombay reached the last phase of mechanical completion and all
the critical process equipment were installed in the process cells. Construction of main process
building of Waste Immobilisation Project, Kalpakkam was nearing completion. Setting up of full
scale vitrification facility at Beryllium Plant, Vashi was on the anvil. BARC's investigations for
suitable site for disposal of immobilised waste products in geological repositories progressed.

Support to Nuclear Power
Under its R&D support to nuclear power stations, BARC completed assessment of TAPS core

shrouds and carried out a generic safety assessment for MOX fuel loading.
The in-service inspection and ageing management activities at Trombay covered assembly of

Integrated Garter Spring Repositioning System (INGRES); modelling of creep sag behaviour of
coolant channel assembly, and assembly of sliver scrape sampling system. In-head calibration
plug for BARCIS Mark-II was successfully used in MAPS for calibration of ultrasonic sensors.
A Nuclear Synergism Simulator was set up and commissioned to test components under combined
environmental conditions.

A number of instrumentation and control systems for the forthcoming PHWRs were developed
at Trombay. These included Electrical Supervisory Control and Data Acquisition (SCADA) Sys-
tem, Microcomputer based system for regulating Primary Heat Transport (PHT) System, System
for reactor power regulation, Programmable Digital Comparator System for reactor shutdown func-
tion and controlling reactor process equipment, and Channel Temperature Monitoring System. Soft-



ware development tor the Operator Information Unit was also completed.
On-power refuelling machine control systems with advanced features for Kaiga-1 &2 and RAPP-

3&4, Architectural design of a multi-node, low cost Fuel Handling System Training Simulator and
Coolant Channel Inspection System, BARCIS Mark-Ill with special features to suit Fuelling
Machine vault layout at NAPS were the other completed works. Development of BARCIS has
resulted in substantial savings in foreign exchange. An on-line Fatigue Monitoring System was
developed to assess the structural degradation of components. Such units were installed and com-
missioned at Heavy Water Plants at Kota and Tuticorin.

faith. Safety <& Esviresment
Ingrained in all the activities under the Indian Nuclear Power Programme, is the safety concern

for the personnel, public and environment that has resulted in 150 reactor years of safe operation of
nuclear power stations in the country.

During the year, the safety performance of NPCIL power stations and projects was excellent.
The release of radioactivity to the environment was maintained much below the prescribed limits
and the occupational doses to the plant personnel were kept at ALARA (As Low As Reasonably
Achievable) level.

The Safety Review Committee of NPCIL (NPC-SRC) and the interdisciplinary reviews of the
safety related events and safety submissions were continued. Safety Audit was carried out for at
RAPS, MAPS, NAPS, KAPS and RAPP-3&4 during the year. For Quality Assurance practices
NPCIL received the ISO 9001 Certification.

The industrial safety record of NFC for the year 1998 was the best achieved during the past 25
years. In appreciation of its efforts for pollution abatement and intensive development of greenery,
NFC bagged the Greensite Award of AERB.

For protection of workers and public from radiation, BARC provided radiological safety sup-
port to nuclear power plants, research reactors and nuclear fuel cycle facilities. Environmental
surveillance was provided at nuclear power plant sites, fuel cycle facilities and at Trombay. BARC
provided radiological surveillance during the nuclear tests carried out at Pokhran on May 11 and
13,1998. This established that there is no surface radioactivity after the tests at the test sites.

Personnel monitoring services were extended to radiation workers of industrial, medical, re-
search and DAE institutions. Whole body counting of plant personnel for internal contamination
was continued at the various Environmental Radiological Laboratories (ERLs) and fast neutron
dosimetry services were provided to radiation workers. The Environmental Radiological Labora-
tory at Kaiga was inaugurated on June 22, 1998. ERL, Kakrapar was identified by the WANO
(World Association of Nuclear Operators) Group as an area where good practices are being carried
out. The Group expressed its desire to share the ERL experience. BARC won the AERB safety
shield for the fifth year in succession.

Safety surveillance inspections were carried out at all the facilities at Kalpakkam and atmos-
pheric dispersion studies by employing tethered balloon, tower and mihi-sodar were continued. A
Local Area Network for the safety related activities was established.

Research reactors Apsara and Dhruva produced radioisotopes and provided neutron beam fa-
cilities for research experiments. The research reactor CIRUS was taken up for refurbishing to
extend its operational life. Under the programme of utilisation of thorium, which requires conver-
sion of thorium to uranium-233, a nuclear fuel for research and power reactors. BARC has been
developing an Advanced Heavy Water Reactor (AHWR). A high pressure thermo-syphon facility
for AHWR was commissioned at Trombay. Significant progress was made in setting up a U-233
separation facility, Sol-gel technology and understanding of fission gas release behaviour of thorium
oxide based fuels. The AHWR core design progressed well.



Radioisotope Technology
The R & D activities at Trombay were focused on the development of processes for the

production of radioisotopes, isotopic sources and their applications. These covered development
ofprocedure for the production of radioisotopes molybdenum, 1251,153Sm, 186Re, and develop-
ment of 32P and 1251 radiation sources for endovascular and eye brachytherapy,
radiopharmaceuticals for medical diagnosis, radiation processing for cable polymer industry and
use of radioisotopes and radiation sources as a diagnostic tool for industrial trouble shooting.

Electron beam irradiation of diamonds was carried out on commercial basis. Radiation
crosslinkable polyethylene and PVC based EPR formulations for wire/cable insulations were irra-
diated.

The SHRI irradiator at Baroda to treat sludge, was operated smoothly.
A process for preparation of polyvinyl alcohol-based hydrogel by irradiation for dressing of

burns, and blood irradiators for safe blood transfusion were developed by BARC.

The Radiation Medicine Centre (RMC) of BARC, acquired a sophisticated SPECT gamma
camera, and established a Nude Mice Housing Facility for experimental models of tumours.

At RMC, about 90,000 mCi amounts of technetium based radiopharmaceuticals were dis-
pensed, about 8000 radiodiagnostic investigations were carried out, and 7000 radioimmunoassays
(RIA) were performed.

BRIT continued to supply radioisotope products to various users in the country for application
in the areas of industry, agriculture, research and health care. Over 60,000 consignments of radio-
isotopes and related products valued at about Rs.17 crore were supplied to over 1200 user institu-
tions in the country. Radioisotopes and related equipment were exported to United Kingdom, Indo-
nesia, Syria, Nepal, Sri Lanka, and Egypt. Over 45,000 consignments of radiopharmaceuticals
were supplied by BRIT for use in nuclear medicine enabling about 8 lakh patient investigations.
BRIT standardized kits for preparation of Tc-99m labelled HIG and progesterone radioimmunoassay
(RIA) kit. Regional Centres for Radiopharmaceuticals at Bangalore and Delhi regularly provided
ready-to-use radiopharmaceuticals to nuclear medicine centres in their regions. JONAKI Labora-
tory, Hyderabad, continued to produce phosphorous-32 labelled nucleotides. Methods for prepara-
tion of P-33 labelled nucleotides were standardized and regular production commenced.

ISOMED plant of BRIT completed 25 years of its service to health care sector. The plant steri-
lised 1,50,000 cartons of medical products. A large quantity of Dai kits (midwifery kits) were-also
sterilized in ISOMED for supply to rural programmes funded by World Health Organisation.

High Technology

DAE has established foil capability in particle accelerator technology. Variable Energy Cyclo-
tron (VEC) at Calcutta, 14 MV Pelletron accelerator at Mumbai and Synchrotron Radiation Sources
(SRS) which is under construction, are the major accelerator facilities in the country.

For basic research and applications in the field of nuclear and allied sciences, the Variable
Energy Cyclotron (VEC) has been in use since 1981. So far, only the proton, deuteron and alpha
beams were accelerated with VEC. On August 26,1998, for the first time, 115 MeV O(5+) heavy
ion beam was successfully extracted out of the cyclotron . In early 1998,0(6+) beam was acceler-
ated upto an energy over 200 MeV within the cyclotron. With this success, the VEC now stands at
par with the best cyclotron centres in the world.

The superconducting cyclotron project of VEC Centre made significant progress. All the major
steel forgings for the main magnet frame were completed and fabrication of the major components
such as superconducting coil made progress.



The 14MV pelletron accelerator, a joint venture of BARC and TIFR, was used by various
experimental groups, and studies were conducted with the medium energy heavy ion beams from
the accelerator. Under the programme for boosting energy of the Pelletron, the superbuncher and
the first accelerating module were mounted in the beamline and tested.

The installation and commissioning of Folded Tandem Ion Accelerator (FOTIA) of BARC made
progress. The 500 keV industrial electron accelerator developed indigenously at Trombay was
commissioned for its first phase of operation. The second phase of its work made progress which
will enhance the beam power to lOkW. BARC also finalised the plans for the building of the
Electron Beam Centre at (Navi Mumbai). This Centre will provide facilities for plastic modifica-
tions, food preservation, sterilisation of medical products and pollution control.

Lasers^
The Centre for Advanced Technology (CAT) at Indore successfully developed a semiconductor

laser giving 300 mW continuous wave power, and an industrial high power carbon dioxide laser.
For refurbishing worn-out gas turbine blade, laser cladding of Stellite-694 over nickel super alloy
was demonstrated at CAT. An engineered version of this laser system was developed for Jadavpur
University.

Under the National Laser Programme, effect of nitrogen laser on burn wounds and non-healing
ulcers was studied and about 400 cases were already treated with nitrogen laser.

A Nd YAG laser based marker system, which can trace a designed path on hard surfaces was
developed. CAT supplied a laser marker system to a Pune based company for scribing on solar cell.
A model RD-YG-300 was also supplied to the Atomic Energy Commission, Syria.

The technique of laser scattering was developed at Kalpakkam for the study of corrosion pits in
stainless steel, monitoring the roughness of machined surfaces and the characterisation of laser
induced surface modification. A laser based etching technique was established for non-contact
etching of metallic and ceramic specimens.

Cryogenics
Improvements were carried out at CAT in the design of the closed cycle cryocoolers. Another

single stage cryocooler unit was developed which has smaller size and gives a higher cooling
power.

KALI-5000 pulse power system (1 MY, 80 kA, 60 ns) reached the advanced stage of assembly
at Trombay. The pulsed electron beam from the system will be used for high power microwave
generation, intense flash X- rays, pulsed intense neutron source and compact high gradient accel-
erator.

The processing power of the 6-node Anupam Alpha Super Computer was further enhanced to
10 nodes. In its present configuration, Anupam gave a sustained performance of 1.5 giga flops for
large scientific jobs, with a peak speed of 8 giga flops. A new faster super computer ANUPAM PII
was also developed.

The main focus of the Robotics Programme at BARC was on the development of technologies
in the areas of intervention robotics, advanced automation and remotisation for certain tasks in
nuclear facilities. The Bilateral Master Slave Servo Manipulators, manufactured under collabora-
tion between BARC and HMT, Bangalore, underwent field trials.

IGCAR, under its the Robotic Programme, designed and developed a MOBile SCANner
(MOBSCAN) for non-destructive examination of large plates. A Remotely Operated Power
MANipulator (ROPMAN) with six degrees of freedom and a gripper, was designed for hot cell



applications. For maintenance and surveillance applications, the development of a walking robot
for in-service inspection of steam generators was successfully completed.

Naskar Agsienlturs assd
The pigeonpea culture TT97-48, developed under the BARC's crop improvement programme,

was promoted to advanced yield trial by the All India Coordinated Research Project on Pigeonpea.
Based on the irradiation technology developed at BARC, the Government of India cleared

preservation by irradiation of more food items for domestic marketing and consumption. These
included rice, wheat products, dried fruits, mango, girtger, garlic, shallots, meat, chicken and its
products. Earlier in August 1994, irradiation of onions, potatoes and spices was accepted by the
Government of India.

Construction of the demonstration irradiator for spices at Navi Mumbai was reaching comple-
tion, and the construction on commercial demonstration irradiator for the treatment of onions at
Lasalgaon (Maharashtra) progressed.

In continuation of the Integrated Pest Management Programme at Trombay, work was targeted
to cash and agricultural crops. Using synthetic pheromones, mass trapping was carried out. The
pheromone treated fields produced an increased yield (30%) of high-value marketable cotton.
Sterile insect technique studies were conducted on spotted bollworm using fractionated gamma
rays. In the field of molecular biology, a multienzyme complex which can repair irradiated DNA
in test tube, was purified and characterized at Trombay, and a process for the extraction of
industrially important en2ymes from yeast biomass was scaled up.

of Water
BARC has successfully developed technologies of Multi-stage Flash and Reverse Osmosis (MSF-

RO) for desalination of water. The MSF and RO pilot plants set up by BARC were operated to
study operational parameters. The detailed design of the 6300 cubic metre/day combined MSF-RO
Nuclear Desalination Demonstration Plant, Kalpakkam was carried out.

At BARC major developments included the methodology for phase pure exotic diamond heli-
cal tube, diamond sieve and several diamond coated products; completion of the development
phase of pipeline inspection gauge for the Indian Oil Corporation; a high reflection mirror for
excimer laser, and a phosphor capable of high energy conversion efficiency for use in mercury
bulbs.

Production of magnet grade pure neodymium in tonnage quantities, optimization for the recov-
ery of the heavy rare earths, in particular yttrium and a process for the recovery of cobalt, nickel
and other elements from oceanic polymetallic nodules were noteworthy. Based on the BARC's
know-how for recovery of cobalt, nickel and other elements, a plant was made operational at
Hindustan Zinc Limited for recovery of cobalt. In partnership with ECIL, BARC designed and
commissioned three tracking antenna control systems for the vehicle mounted 6' diameter
antenna.

Plant for manufacture of Boron-10 for reactor control and making neutron detectors, continued
satisfactory operation. Success was achieved in Processing of magnesium fluoride lining material
and development of 1500 ampere prototype Fluorine Cell. The 5 tonne/year Sulphur Hexafluoride
pilot plant was in the process of commissioning. The efforts of BARC led to the production of
better quality uranium ingots. At Trombay, setting up of a plant for augmentation of uranium metal
production progressed considerably.

BARC produced beryllium shafts and flange assemblies for supply to M/s. Hughes Space and
Communication Centre, USA, through Antariksha - an organisation of ISRO.

The design, development, commissioning and testing of microprocessor based Traction
Control System developed by BARC for the Indian Railways, was concluded successfully. The
modernisation of nuclear instrumentation of FBTR, was carried out by BARC. Prototype detectors
for neutron and gamma measurement in power reactors; an ion chamber for beam spill monitoring
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application at the synchrotron facility, a battery operated portable ' Veno Screen' for bedside moni-
toring of high risk patients, and advanced Ultrasonic Imaging Systems and special PC Add-on cards
were the other developments at BARC.

Under the IAEA programme, BARC exported 81 ANUGAMI-S interface cards for gamma
camera. ANUAGMI-P, a more versatile interface card for acquisition of nuclear medicine imaging
data, was installed at the All India Institute of Medical Science (AIIMS) and the Institute of Nuclear
Medicine and Allied Sciences (INMAS).

The Central Workshops of BARC manufactured sophisticated equipment which covered equip-
ment for projects under international collaboration, and an image processing system with 4 CCD
camera inputs, for simultaneously monitoring crack growth and crack mouth opening.

Under the Physical Protection System Development Programme, BARC developed a CCTV
System with digital video storage facility, which finds applications in monitoring unattended vaults,
strategic materials storage location and high security areas; a micro-controller based distress alarm
system, and an Access Control System under real time operating system environment.

BARC has a long-term programme of establishing an astrophysics gamma-ray facility GRACE
at Mt. Abu, Rajasthan. The imaging gamma-ray telescope was in regular use and the mechanical
structures of three additional telescopes of the TACTIC array were installed.

A new technique of Neutron CT scan was developed for 3D view of inner parts of any object.
Polypeptides find applications as pharmaceuticals, food-additives as well as radiopharmaceuticals.

At BARC, polypeptide ligands were synthesised successfully. The methodology will be developed
in making a combinatorial library of biomolecules.

At Kalpakkam, the installation of the various components of the Isotope Separation Plant
made significant progress. The commissioning of the plant is targeted for mid-1999. A solvent
extraction method was developed for the recovery of U-233. Studies were conducted to probe into
the compatibility of zircaloy with sodium, thermal ionisation mass spectrometric studies on
dissolver solution of the spent fuel pallet of FBTR to assess the burnup level, and systematic study
of microstructural changes in 2-1/4 Cr -1 Mo steel on laser treatment. Commissioning of a sophis-
ticated direct reading spectrometer for qualitative determination of the constituents of various
steels, and development and installation of electrochemcial hydrogen meters and carbon meters
in FBTR secondary sodium circuit were the other important activities at IGCAR. Maintenance
Management Information System for' FBTR, a Mobile Data Acquisition system for MAPS,
Control System for Structural Mechanics Laboratory of IGCAR and Distributed Data Acquisi-
tion System for RAPS-II were implemented.

The IGCAR took up with a private party large scale synthesis of the resin for recovering
uranium from raffmate streams. A new combustion synthesis route for preparation of thoria
powder was established and technology was developed for aluminizing of inconel 718 and its
welding for PFBR steam generator. A technique was standardised to characterise the annealing
behaviour of D9 alloy.

All the routine monitoring channels at the Gauribidanur Seismic Array and Delhi Seismic Unit
functioned satisfactorily. The indigenously developed seismic monitoring systems were set up to
acquire high-quality seismic data The seismic installations successfully recorded the Indian nuclear
tests at Pokhran on May 11 and 13, 1998.

Under the aegis of the DAE, there are four public sector undertakings namely the Nuclear
Power Corporation of India Ltd. (NPCIL), Indian Rare Earths Limited (IRE), Uranium Corpora-
tion of India Ltd. (UCIL), and Electronics Corporation of India Ltd. (ECIL). Activities of NPCIL
have been described earlier.

The Indian Rare Earths Ltd. (IRE), a leading producer of beach sand minerals, thorium and
rare earth chemicals, achieved during 1997-98, a record turnover of about Rs. 176 crore and earned



foreign exchange to the tune of 72 crore. It also won an export award during 1998. The OSCOM
Unit of IRE was granted ISO 9002 certificate for quality manufacture and sale of commercial
grade ilmenite and beach sand minerals. The New Thorium Factory at OSCOM v/as operating at
100% capacity.

The Uranium Corporation of India Ltd. which operates three uranium mines at Jaduguda,
Bhatin & Narwapahar, a uranium processing plant at Jaduguda and two uranium recovery plants at
Rakha & Mosaboni, showed improved overall performance during 1997-98 as compared with the
last year. Processing of ore as well as the production of uranium concentrates were also higher
during 1997-98.

At Electronics Corporation of India Ltd, during 1997-98, production was about Rs.311 crore
and the gross income was about Rs.348 crore. A total of Rs.318 crore worth of orders were booked.
The Corporation also introduced a number of hitech products of strategic importance. During 1998-
99, the Company expects to export products worth Rs.1.4 crore.

iinology
During the year of report, the DAE organisations transferred technologies, extended technical

services and entered into collaborations.
The transfer of technologies for an Add-On-Cards for gamma camera, Video Frame Buffer and

100 MSPS Waveform Digitizer with associated softwares were finalised by BARC. The Centre
also signed Memoranda of Understanding (MoUs) for Adaptation of a software on Hospital Infor-
mation Management System, Manufacture of TLD badges for Personnel Monitoring, for setting up
of large sized desalination plants and development of diamond polishing scaives (presently being
imported). Three patents were accepted and five patents filed with the Patent Office, Mumbai.

BARC exported 500 thoria buttons (USA), RIA reagents (Egypt), Liquid injection system and
gas apparatus for radio-tracer experiments (Bangladesh); TLD Badges (Saudi Arabia); Gamma-
Camera-Interface-Cards through IAEA (Latin American, Asian & African countries), and Software
for age estimation (Hong-Kong University).

Research Collaborations
For the growth of nuclear and allied sciences, and mathematics, DAE continued efforts for

promotion of research and development in universities and institutions of higher learning through
the Board of Research in Nuclear Sciences (BRNS) and the National Board of Higher Mathematics
(NBHM).

BRNS continued to provide financial assistance for the research projects. The Board recom-
mended financial assistance for 62 new proposals and renewed 167 ongoing projects involving a
total expenditure of around Rs. 9 crore, and financed 84 conferences. It offered DAE's Young
Scientist Project Awards, Dr. K. S. Krishnan Research Fellowships and Homi Bhabha Chairs for
distinguished scientists.

BARC signed MoUs with National Institutes, Universities and others for research collabora-
tions. Under the Inter-University Consortium-DAE Facilities, research facilities at the DAE re-
search centres were extensively used by various universities.

BARC is recognized as a Centre for postgraduate studies by 30 Indian Universities. During the
year, 149 scientists from the Centre were accorded the status of University Teachers. Under the
collaboration scheme between BARC and the University of Mumbai, 32 students of the University
of Mumbai are currently carrying out research work leading to Ph.D degree.

Promotion of Research & Development
DAE has been providing grants-in-Aid to seven institutes of national eminence and an Educa-

tion Society. For the year 1998-99, the Department provided grants to these institutions as follows
: Tata Institute of Fundamental Research (77.1 cr.), Tata Memorial Centre (83.48cr.), Saha Institute
of Nuclear Physics (21.60 cr.), Institute of Physics (7.22 cr.), Institute of Mathematical Sciences
(6.09 cr.), Mehta Research Institute (5.28 cr.), Institute for Plasma Research (20.86 cr.) and Atomic
Energy Education Society (10.51cr.).
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With the objective of improving cancer control measures in the country, the DAE has also been
providing financial assistance to some of the leading cancer centres. Financial assistance to the tune
of 13.2 cr. was extended to four cancer hospitals/institutes.

International Research Collaboratioas
DAE continued to produce collaborative research programmes under Indo-German Bilateral

Agreement and other Schemes. Detector parts for the muon tracking system of the PHENIX detec-
tor were fabricated at Trombay. Fabrication work progressed for the arms of the muon detector. For
the collaboration experiment at COSY, Mich, a trigger detector (ENSTAR) for N* decays was
designed. BARC also remained engaged in the collaboration experiments being done at the Legnaro
National Laboratory, Italy and RIKEN, Japan. The experiment at RIKEN involved the study of
giant dipole resonance in neutron rich nuclei using the radioactive ion beam facility. A collabora-
tion with RIKEN Laboratory, Japan was also established by the VECC .

In the field of peaceful uses of atomic energy, India continued to provide training facilities,
fellowships, scientific visits etc. through IAEA and to the countries with which we have bilateral
agreements. Chairman, AEC led the Indian delegation to the IAEA general conference held in
Vienna, Austria in September 1998. Efforts to export technologies and equipment continued. A
Cooperation Plan for 1999 was signed between the AEC and the Vietnam Atomic Energy Commis-
sion for cooperation in the field of nuclear power, exchange of scientists and assistance in setting up
a training centre at Vietnam.

DAE and its organisations such as NPCIL, BARC, IGCAR and others have an ongoing pro-
gramme of promoting awareness among public, on peaceful uses of atomic energy and the progress
made by India in this field. Activities during the year included exhibitions, seminars, essays and
quiz competitions, interaction with public living around DAE establishments. Information on vari-
ous programmes, policies and welfare efforts of the Department was disseminated in English, Hindi
and other languages through print, mass-media and multimedia presentations.

As a part of human resources development efforts, a number of training courses, seminars,
symposia and workshops were conducted by various units. The 129 trainees from the 41st Batch
of the Training School, Trombay, graduated, and 22 trainees completed the Postgraduate Engineer-
ing Programme.

Four nuclear scientists received the Padma Awards — the coveted civilian awards of the country.
Dr. R. Chidambaram, Chairman, Atomic Energy Commission was awarded the Padma Vibhushan
and Dr. Anil Kakodkar, Director, BARC, received Padma Bhushan Award. Dr. M S Ramkumar
and Dr. Satinder Kumar Sikka, both of BARC, got the Padma Shri Award.
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lear Tests at Pokhran
India conducted five nuclear tests

during the period May 11-13, 1998 at
the Pokhran range in Rajasthan desert.
The first three detonations took place si-
multaneously at 15.45 hrs. 1ST, on May
11. These included a thermonuclear de-
vice, a fission device and a sub-kiloton
device. The fission device was much
smaller in size and weight as compared
to the one used for the May 18, 1974
explosion. The thermonuclear device
had two stages, the primary stage was a
fusion-boosted fission device and the
secondary was a thermonuclear device.
The two nuclear devices, fired on May
13 at 12.21 hrs. 1ST, were in the sub-
kiloton yield range. The detonations
were very successful and predictions of
the yield of the three devices were very
accurate.

The yield of the thermonuclear
device was chosen to minimise the seis-
mic damage to surrounding villages.
The depths of emplacements were fixed
so that the explosions were contained
with no surface radioactivity after the

tests at the test sites.
Detailed seismic analysis using 160

global stations and close-in acceleration
measurements have since been carried
out which confirms the estimated com-
bined yield of May 11 tests to be around
60 kT.

In the five tests, a dozen new ideas
and systems were tried out. All of them
worked perfectly. We have now built
an adequate scientific database from the
tests for designing the types of devices
we need for a credible nuclear deterrent.

Mesearck Resctors
Research reactors Apsara and

Dhruva continued to be operated for pro-
duction of radioisotopes and for provid-
ing facilities for neutron beam experi-
ments and testing of neutron in-pile
detectors. Their performance at required
power levels was satisfactory.

After extensive ageing studies,
reactor CIRUS was taken up for refur-
bishing to extend its useful life.

Reactor Design & Development
Advanced Heavy Water Reactor (AHWR)

Design, development, analytical and
experimental activities were vigorously
pursued. Fuel design and experimental
studies to improve fuel performance
were done. The prototype 52 pin fuel
cluster was installed in the Flow Test
Facility at Engineering Hall 7 for pres-
sure drop and endurance testing.
Vibration measurements on dummy fuel
assembly were carried out to evaluate
performance during high, moderate and
low flows.

Thermal Hydraulic Studies:
Experimental loops for carrying out

tests on steady state thermosyphon and
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stability of two phase natural circula-
tion were commissioned and prelimi-
nary test runs were started. Preliminary
sub-channel analysis of fuel bundle was
carried out. Steady state heat transfer
analysis of the polycarbon blocks of
AHWR moderator system was carried
out. An experimental setup was fabri-
cated to study 2-phase flow pattern tran-
sition using neutron beam radiography
in APSARA reactor.

Component /Systems Design
Design of coolant channel was com-

pleted. A 3D model of AHWR build-
ing was completed. A detailed specifi-
cation for pyrocarbon blocks was pre-
pared. ECCS accumulator with fluidic
device was designed using a specially
developed computer code.

Reactor Engineering
Integrated Garter Spring Reposition-

ing system was assembled and qualified
for reactor work at MAPS-1 site.
Repositioning of the garter springs was
taken up in five coolant channels.

The design of Instrumented fuel pin
for testing of PHWR fuel pin under
Loss of Coolant Accident (LOCA) con-
ditions was finalised.

A diagnostic method for detection of
turbine blade vibration was developed
with data input from the reactor sites.

Development of a passive hydrogen
combiner device was completed and the
system was commissioned.

All the operating facilities/ loops e.g.
Integral Teat Facility, Flow Test Facil-
ity, 3MW boiling water loop, fuelling
machine test facility were satisfactorily
operated for conducting a variety of
experiments, testing of components and
data generation.

Design and procurement related
activities were carried out in respect of
the Instrumentation and Control System
for Containment Studies Facility (CSF).
Quantification of human reliability
based on Operator Action Tree
Sequence and I-IRA Event Tree Model

was done.
Preliminary design of the PHT

model vessel was carried out for the pro-
posed Containment Studies Facility.
Seismic re-qualification analysis for the
identified structures and components of
CIRUS was continued.

The fatigue monitoring system at
HWP, Kota was found to be working
satisfactorily. The data base develop-
ment for implementing the same to
HWP, Tuticorin has been completed.

A facility, 'Nuclear Synergism Simu-
lator' was set up and commissioned at
PANBIT to test components under com-
bined environmental conditions for
studying the interaction effects of tem-
perature, radiation, humidity and oper-
ating electrical stresses. A procedure for
the qualification of components has
been prepared.

For life extension of Heavy Water
Plant, Kota, a preliminary seismic
re-evaluation of process tanks, dump
tanks and their supporting structures
was completed. As a part of the coop-
erative contaminant research pro-
gramme jointly sponsored by the
USNRC and NUPEC, a pre-test analy-
sis of 1:4 Scaled model of an existing
Japanese pressurised water reactor
(PWR) prestressed concrete contain-
ment vessel had begun and a set of
preliminary results were obtained.

The accident analysis of TAPS-
BWRs for the case of recirculation Line
Break and Main Stream Line Break
was completed.

Reactor Control Instrumentation &
Systems

The work on design and develop-
ment of advanced computer / micro-
processor based Instrumentation and
Control (I&C) systems for forthcoming
PHWRsat Kalga-l&2and RAPP-3&4
was continued. Work was also carried
out in other areas such as development
of in-service inspection tools, design
and development of software Verifica-
tion and Validation (V&V) tools, hard-
ware and systems reliability assessment
etc.

An Electrical Supervisory Control
and Data Acquisition (SCADA) System
was developed to monitor and control
electrical equipment for RAPP-3&4.
The complete SCADA system was
integrated and tested for the specified
functions of monitoring, interlocks and
control and the system was installed at
site.

The development of microcomputer
based system for reactor power regula-
tion for use in Kaiga-1&2 and RAPP-
3&4 was completed.

Reliability analysis of microcom-
puter based hardware circuit modules
used in various safety and safety
related I&C systems designed for Kaiga-
1&2 and RAPP-3&4 was completed.

The development of Coolant Chan-
nel Inspection System, BARCIS Mark-
Ill With special features to suit Fueling
Machine vault layout at NAPS was com-
pleted. A four axis drive mechanism
suitable for mounting on Fueling
Machine bridge was developed. A quad
CCTV system for remotised alignment,
remotised calibration checking of
linear and rotary displacements of
inspection heads and surveillance in
Fueling Machine vault was imple-
mented. A facility for on-line calibra-
tion checking of ultrasonic transducers
was incorporated. The successful com-
pletion of this system has resulted in
substantial savings in foreign exchange.

An on-line Fatigue Monitoring Sys-
tem was developed to assess the struc-
tural degradation of components. One
such unit had been installed and com-
missioned at Heavy Water Plant, Kota.

A computerised control system for
a KOMAGE hydraulic press for ura-
nium oxide fuel pellet fabrication was
commissioned at Nuclear Fuel Complex
and the field trials have been satisfac-
tory. This will be a significant import
substitution.

As per MOU signed with IOC,
an Instrumented PIG for oil pipe-
lines, was developed and trial runs
progressed.

The design, development, commis-
sioning and testing of microproces-
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sor based Traction Control System for
25 KV AC, 4200 HP, Locomotives of
Indian Railways was concluded after
successful full-load line trials of a
retrofitted Locomotive at Bhusaval .
This project was a collaborative,
effort among BARC , DOE and
RDSO. The thyristor converters were
manufactured at ECIL as per design
by BARC and RDSO . The hardware
and software for the control system
was jointly developed by BARC and
RDSO . BARC has been actively
involved in the FALCON RPV pro-
gramme of DRDO and had designed
and commissioned three tracking
antenna control systems for the vehi-
cle mounted 6' diameter antenna, in
partnership with ECIL.

Refuelling Technology
In-head calibration plug for

BARCIS Mark-II has been success-
fully used in MAPS for calibration of
ultra- sonic sensors. An automatic
clamping mechanism was designed for
wet INGRES delivery system. It will
reduce time and men-rem consump-
tion during garter spring reposition-
ing in the reactor. Channel Isolating
Plug for maintenance of end fitting seal
face of PHWR has been developed
and delivered to NAPS and success-
fully tested.

Production of fuel pins with Mark II
mixed carbide fuel composition for
FBTR was recommenced. Fuel pins for
sub- assemblies were fabricated and
necessary DHRUVA fuel clusters were
delivered

Fabrication of fuel pins for the I lth
& 12th MOX subassemblies for TAPS
were continued at Advanced Fuels Fab-
rication Facility (AFFF), Tarapur.

As a part of the development work
on annular fuel pellet fabrication for
PFBR a large number of acceptable
quality annular pellets were fabricated
at AFFF using a new tooling developed
in-house.

Work on the commissioning /opera-

tion of Computer Controlled Sol-Gel
Plant was continued at AFFF, Tarapur.

An indigenous microwave furnace
designed and fabricated at the plant was
commissioned for carrying out dry
recycle work on MOX fuel pellet scrap.

Fuel ReprocessiEg
Project KARP (Kalpakkam Reproc-

essing Plant), designed for reprocess-
ing capcity of 100 Te per annum, was
initiated into commissioning runs
involving processing of spent fuel from
MAPS on establishing satisfactory
design safety case for regulatory
authorisation by the Atomic Energy
Regulatory Board. The Reprocessing
Plant was dedicated to the Nation by
the Prime Minister on the September 15,
1998.

The site clearance work for the
on- going Project ROP, Tarapur was
nearing completion. The process
design has been put to peer review.

Design Basis Reports for the primary
containment storage tanks and second-
ary and tertiary barriers in stainless steel
and the RCC vault housing the storage
tanks for the IX Plan Project - AWTF,
Tarapur were prepared.

Investigations were also carried out
on the applicability of dried banana pith
(inner stem) for the sorption of various
radionuclides which are generally
present at trace level in Purex process
waste effluents. Other process develop-
ment studies were also carried out.

BARC is responsible for safe man-
agement of all types and categories
of radioactive liquid and solid wastes
generated at Trombay, Tarapur,
Rajasthan and Kalpakkam. During the
year all the waste management facilities
operated satisfactorily. The low and
intermediate level liquid wastes were
provided suitable treatment and bulk
of the radioactivity was retained in the
form of sludge concentrates. The author-
ised limits for discharge of radioactiv-
ity through liquid route were reduced by
AERB. However activity discharges to

the environment were kept well below
authorised limits. The solid wastes were
collected, segregated, suitably treated
and conditioned before disposal in
engineered facilities. At Trombay, the
organic liquid waste was transferred to
newly augmented storage facility. At
Tarapur, the intermediate level liquid
waste treatment plant was restarted
after carrying out necessary modifica-
tion and maintenance.

Application was submitted to AERB
for licensing the facility at Tarapur for
storage of vitrified high level solid
waste.

Waste Immobilisation Plant at Trom-
bay, was in the last phase of mechani-
cal completion. For the first time in
BARC, an indigenously developed and
manufactured Servo Manipulator in col-
laboration with M/s. HMT Bangalore
was installed inside the vitrification cell
and its performance was being evalu-
ated for design intent. A Multi barrier
design of active trench for safe transfer
of high level liquid waste from source
to the plant had been completed earlier,
execution of this work was underway.
Multi-zone medium frequency induc-
tion furnace for vitrification of high level
waste, developed for the first time in the
country was successfully commis-
sioned. A state-of- the-art Data
Aquisition & Control System (DACS)
was developed in collaboration with Ml
s. ECIL. The system was under installa-
tion at the plant site. Construction of
main process building of Waste Immo-
bilisation Project, Kalpakkam was near-
ing completion.. Procurement of proc-
ess equipment continued. Detailing of
various systems and layouts was under
progress.

Studies on 'Recovery & Recycle of
long lived actinides from high level liq-
uid waste' and 'Vitrification of high
level waste' were carried out as part of
the process development for HLW man-
agement

Management of spent solvent of
reprocessing origin was demonstrated
on a full scale. After successful runs
based on 'alkaline hydrolysis' of TBP,
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KARP : Kalpakkam Reprocessing Plant, dedicated to the nation on September 15, 1998.

an active plant was in advanced stages
of erection & commissioning.

As an alternative to direct fixation
in polymer matrix for spent Ion-
exchange resins, a strategy involving
combination of oxidation process for
complete destruction of spent organic
Ion- exchange resins were evolved and
was under test on laboratory/pilot scale.

Vitrification studies were carried out
on toxic waste streams arising during
processing of beryllium from beryl ore.
Based on these studies, details are
being worked out for setting up of full
scale vitrification facility at Beryllium
Plant, Vashi,

Development and use of specific
sorbents/lon exchangers for removal of
Cs, Sr and other radionuclides from dif-
ferent waste streams were carried out
Repeated loading - elution -regeneration
cycles carried out have established their
successful performance.

Preliminary work on the synthesis of
magnetic sorbents for decontamination
of low and intermediate liquid waste

were initiated.
Investigations were in progress for

selection of suitable site for disposal of
immobilised waste products in geologi-
cal repositories in association with vari-
ous national agencies. Detailed geo-
logical and geophysical studies were
completed at one site and were in
progress at another site.

Services were provided to all the
units of DAE for insitu testing of air
cleaning systems to minimise the
release of gaseous activity to the envi-
ronment. Special air filters for personal
protection and air cleaning systems were
designed, assembled and supplied to
various users of DAE.

Spent radiation sources from hos-
pitals, educational institutes, industries
and DAE units were collected and suit-
ably stored/disposed in the engineered
containment systems.

Protection of plant personnel, pub-
lic in general and environment against
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radiation continued to be the prime
activity of BARC. Following were the
activities:

Radiological Safety and Surveillance:
Radiological safety support for

nuclear power plants, research reactors,
other nuclear fuel cycle facilities, BRIT,
VECC Calcutta and CAT Indore was
provided on a routine basis. Environ-
mental surveillance at nuclear power
plant sites, fuel cycle facilities and at
Trombay was also provided. Personnel
monitoring services were provided to
radiation workers from industrial, medi-
cal, research and DAE institutions.
Whole body counting of plant person-
nel for internal contamination was con-
tinued at the various Environmental
Radiological Laboratories (ERLs) and
other facilities. Fast neutron dosimetry
services were also provided to radia-
tion workers.

Health physics coverage was pro-
vided to in-service Inspection (ISI) of
66 coolant channels in MAPS-2; tur-



bine overhauling work, shutdown MOV
replacement, recirculation loop MOV
stem replacement, core spray loop II and
reactor clean up s ystem return line
replacement work and core shroud
inspection work in TAPS-2; complete
core unloading of CIRUS reactor and
major refurbishing activity at PP, Trom-
bay and PREFRE, Tarapur.

Environmental Radiological Labora-
tory at Kaiga was inaugurated on June
22, 1998 and a manual entitled "Envi-
ronmental Radiological Laboratory Pro-
cedure ManuaP'and a brochure "Envi-
ronmental Radiological Laboratory,
Kaiga" was released. Kakrapar ERL
was identified by the World Associa-
tion of Nuclear Operators (WANO)
Group as an area where good practices
were being carried out and the Group
expressed its desire to share the ERL
experience.

Radiological surveillance was pro-
vided during the nuclear tests carried out
at Pokharan on May 11 and 13, 1998.
No radioactivity release was observed.

Development and Installations of
New Systems:

A low cost Digital Pocket Radiation
Dosimeter (DIGI DOSE) was developed
based on semi conductor detector with
continuous digital read out over a range
of 1 Sv to 999999 Sv. Semi automatic
TLD badge readers were developed and
were put into use for Personnel Moni-
toring Service.

PC add-on cards for ADC and data
acquisition were designed and fabricated
for aerial gamma spectrometer. Eight
such systems are being developed for
DAE and the Defence Services. A com-
pact wall mounted environmental dose
monitor with LCD display and with an
infrared transreceiver based I/O com-
munication facility was developed.

High range gamma dose rate moni-
tor was developed for mapping gamma
radiation fields inside coolant channels
of power reactors and these were used
at RAPS and MAPS.

A software package was developed
for the postal dose intercomparison of

Environmental Survey Laboratory, Kaiga: Inaugurated on June 22, 1998

different radiotherapy centres in the
country. A dose management software
for personnel monitoring programme
was implemented. It was working suc-
cessfully at KAPS, RAPS, MAPS &
Dhruva reactors.

A novel method of internal dose
assessment based on the determination
of thorium in the blood serum of occu-
pational workers of a thorium Plant was
developed and applied to estimate the
internal dose to a few occupational
workers at OSCOM. The analysis of
the samples and subsequent dose cal-
culations showed that the annual com-
mitted effective dose due to thorium,
to these subjects, was below the per-
missible limit.

Individual values of fluence to
ambient dose equivalent conversion fac-
tors were calculated for various radio-
active neutron sources used in calibra-
tion of radiation monitors.

Safety Studies and System Evaluation:
Studies on "Leachability evaluation

of Beryllium" from redmud and that
stabilized with cement in different
proportions using standard leachability
protocols reveal that the effective
diffusion coefficient of Be in the stabi-
lized matrix was 7 to 8 orders of mag-
nitude lower than the molecular diffu-
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sion coefficient of Be in water, indi-
cating the effectiveness of stabilisation.

A probabilistic safety assessment
model was developed for the long-term
safety assessment of near surface
radioactive disposal facilities.

A comprehensive quality assurance
protocol was developed to test various
parameters that affect image quality in
mammography. A dosimetric protocol
was established for the retirement of
melanoma using eye plaque incorporat-
ing 1251 seeds. Dosimetric and safety
studies on stents incorporating 32P /
192Ir / 188Re were carried out for
evaluating their suitability for the treat-
ment of resenosis following angioplasty

Investigations on dosimetry of low
energy electron beams were carried out
thermoluminiscence phosphor was
developed which is useful for environ-
mental monitoring and studies in medi-
cal physics. Computerised glow curve
deconvolution programme was devel-
oped for resolving complex TL glow
curves.

Comparative radiation safety evalu-
ation of medical cyclotrons for selec-
tion of a unit for Radiation Medicine
Centre (RMC), shielding requirement
assessment of 500 keV, 20 mA elec-
tron beam accelerator at Vashi; Shield
augmentation for storage ring Indus-1



and biological shield design and ven-
tilation requirements for the proposed
POTON irradiator were carried out.

A complex model for generating
wind fields was developed for applica-
tion to non-homogenous terrains such as
those in Trombay and Kaiga continued
countrywide radon/thoron mapping.

Studies on the daily human intake of
heavy metals and their retention times
in blood were carried out. Lead levels
in human blood samples formed an
indicator for lead levels in the atmos-
phere.

Services
Authorisations for movement of

industrial radiography sources, no
objection certificates for procurement
and use of radioactive materials for
industrial radiography and advisory
services on safe transport of radioactive
materials were provided on a routine
basis.

Safety analysis and type approval
tests were carried out on colour and
black & white TV monitors, X-ray bag-
gage inspection systems, metal halide
lamps incorporating 85 Kr and thorium
frills, industrial radiography X ray-
machines, models of nucleonic gauges
and a few consumer products incorpo-
rating radioisotopes, medical accelera-
tors, a simulator, cobalt 60radiotherapy
units and remote after loading units.

Asa part of Accident Prevention Pro-
gramme, a comprehensive safety status
report was prepared and this contains
information on accident statistics, spe-
cial safety surveys, training on safety,
first aid, fire fighting, medical exami-
nations and emergency drills carried
out. BARC won AERB safety shield
for the fifth year in succession under
the category of R&D Units.

Analytical services for radiochemi-
cal analysis were provided to pharma-
ceutical companies. Passive monitoring
for thoron and its daughters, in gas man-
tle industries, using SSNDT was car-
ried out. Dosimetric Laboratory for the
Monazite Survey Project of BARC at
Quilon, Kerala was coming up.

Isotope Technology
The R &D activities at BARC were

focused on development of processes
for the production of isotopes, isotopic
radiation sources and applications of
radioisotopes and radiation which are
of relevance to Indian industry and
society. These activities include
development of procedure for the pro-
duction of fission produced molybde-
num, 1251, 153Sm, 186Re, develop-
ment of32P and 1251 radiation sources
for endovascular and eye brachytherapy,
suitable radiopharmaceuticals for
medical diagnosis, development of
radiation process for cable polymer in-
dustry and utilization of isotopes and
radiation sources for better harnessing
of natural resources and as a diagnostic
tool for industrial trouble shooting. The
development of trained professional for
utilizing unique benefits of radioisotope
applications in the industry and medi-
cine forms another important activity.

In the field of nuclear medicine,
development of therapeutic
radiopharmaceuticals continued. A
laboratory for monoclonal against Pros-
trate Specific Antigen (PSA) antibody
production was set up. A polymer based
on grafting of acrylic acid on
carboxymethyl cellulose was prepared
using Co-60 gamma irradiation.
Hydrogels were prepared by grafting
acrylamide on carboxymethyl cellulose
using Co-60 gamma radiation. These
hydrogels are capable of selective
absorption of basic dyes from aqueous
solutions. Studies on radiation shield-
ing integrity of thick multila- yered com-
ponents, made of lead, steel and con-
crete were carried out.

In continuation of the isotope study
in the Purna river basin in Maharashtra
to understand the origin of salinity of
the groundwater, samples collected from
the area were analysed.

A series of radiotracer experiments
were carried out in a trickle bed reactor
with three different types of catalyst to
understand liquid phase hydrodynamics.

Electron Beam (EB) irradiation of
diamonds was carried out at full beam

power on commercial basis. An irra-
diation throughput of 40,000 rings/day
was achieved by employing 17 spin-
dles in the conveyor system.

Radiation crosslinkable PE and PVC
based EPR formulations for wire/cable
insulations in the form of sheets and
cables from Shriram Institute for Indus-
trial Research, Delhi were irradiated for
various electron beam dose ranging
from 25 kGy to 500 kGy.

Twenty nos. of nuclear explosion
detectors used in battle tanks were
gamma trigger tested in PANBIT for
Army based workshop, Pune.

Gamma scanning of Depropaniser
column of M/s. Reliance Industries
Ltd., Hazira, was carried out for trou-
ble shooting

The approval of radiation process-
ing for several additional food items is
expected to provide the necessary
impetus for commercialization of this
preservation process by the food indus-
try.

Water samples from Priyadarshini
and other lakes in Antarctica which were
collected during an earlier Indian expe-
dition, in Jan-Feb. 1997, were analysed
for environmental stable isotopes and
tritium.

Fuel & Us
Fuel Chemistry

Uranium-plutonium mixed oxide
microspheres with 3% plutonium were
prepared by the Sol-gel method. For
the preparation of U02 fuel pellets by
Sol-gel microspheres pelletization in
Auto Sol-gel plant, an auto feeder ves-
sel was designed and was in operation
for the production of U02 micro-
spheres.

In order to study fuel-clad and fuel-
fission products interaction, useful
thermodynamic and X-ray data were
obtained on certain alloys and com-
pounds.

Evaluation of extraction data of
PU(I V) using macroporous bifonctional
phosphinic acid resin has shown the.
feasibility of removal of plutonium
from oxalate waste.
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Gamma ray spectrometric method
was developed for the determination of
plutonium content in the solid matrix
and used routinely. Analytical services
continued to be provided for the deter-
mination of metallic and non-metallic
constituents for the chemical quality
control of Mark IIFBTR fuel.

Radiochemistrv
The work in the area of nuclear

chemistry covered research in the field
of nuclear fission, nuclear reactions,
nuclear spectroscopy, development of
NDA and neutron activation analysis. In
the area of the actinide chemistry sev-
eral new procedures were developed for
the separation actinides and fission
products. A large number of amides and
diamides were studied with a view to
their applications in separation of acti-
nides from irradiated fuels (Th, U) as
well as recovery of actinides from HLW.
In the area of spectroscopic analysis new
methods were developed for determi-
nation of trace level impurities in ThO2
matrix. The routine analysis of a large
number of samples of fresh batch for
FBTR fuel are being carried out. Use
of EPR, PAS and fluorescence technique
was done to understand some of the
interesting solid state properties of acti-
nide doped compounds.

Also, studies on fragment angular
momentum in odd Z fissioning system
241 Am (n,f) were carried out. Calibra-
tion of hull monitor set up at KARP
based on fission product monitoring
using HPGe detector was completed.
Neutron activation analysis was used for
determination of Au & Pd in samples
of atomic minerals. Estimate of uranium
in granite samples were carried out. A
procedure for the decontamination
of alkaline intermediate level liquid
wastes (ILLW) from plutonium and
americium using hydrous iron oxide
(HIO) was standardised. Analytical
spectroscopy work was focussed on the
ongoing efforts to find a suitable chemi-
cal separation procedure for determina-
tion of impurities in U/Pu by ICP-AES.

Chemical Technology
Heavy WaterUpgrading

All the tower internals for 14 sections
of the 1050 mm diameter column of the
upgrading plant for Kaiga-I were fabri-
cated, activated, tested and dispatched
to site. Fabrication of tower internals
for Kaiga-II was completed and testing
progressed.

BARC successfully completed the
analysis & certification work of heavy
water exported to M/S Korean Electric
Power Corporation, South Korea by
Heavy Water Board.

To meet the requirement of Neon-
22 isotope of Defence Organisation, a
thermal diffusion column was set up
and operated. The results obtained were
very encouraging. Based on this data, a
prototype column of suitable capacity
was designed and was under fabrica-
tion. Another test assembly having five
columns was set up to study the
interstage flow parameters.

An advanced electrolyser plant for
oxygen production was set up at BARC
and successfully commissioned.

Desalination
6300 m3/d Combined MSF-RO

Nuclear Desalination Demonstration
Plant (NDDP). Kalpakkam : The
detailed design of the MSF and RO
plants were carried out and the proposal
for taking steam, sea water and power
from MAPS was prepared.

The MSF and RO pilot plants set up
at the BARC were operated to study
the behavior of high temperature
operation of RO plant and the transient
behavior of the MSF plant. This data
will be useful for coupling of the NDDP
with MAPS.

R&D work on synthesis of new poly-
mers and membranes and development
of compact spiral module system were
successfully completed. Efforts are
under way to fabricate large size mod-
ule using the advanced membranes for
commercial scale utilization of RO
process in the country.

Chemical Engineering
BARC has been engaged in devel-

oping specialised materials required for
the Atomic Energy Programme. The
three pilot plants viz., "Processing of
magnesium fluoride lining material",
"Facility for enrichment of Boron-10
by ion exchange" and "Development of
1500 Ampere prototype fluorine cell
and 5 tonnes/year sulphur hexafluoride"
were set up.

Setting up of the two plants under
IX five year plan viz. Development of
nuclear grade thorium oxide and
Lithium metal pilot plant continued and
was vigourously pursued. The design
of the plants was completed and pro-
curement, infrastructure and other
related matters were in progress.

Specialised scintillation chemicals
and were being supplied to TIFR for
their Ooty project for gamma-rays
detection and to other division in BARC
for making scintillation counters. The
other activities include development of
carbon anodes for fluorine cell, fused
salt electrolysis for preparation of alkali
metals and other R & D activities.

Materials Science Si Technology
A process was developed and

optimised to obtain an adherent coating
of boron on aluminium and stainless
steel substrates, required for the fabri-
cation of neutron sensing elements in
ion chambers and counters used in
reactor control.

For hydrogen mitigation during
accidental release of hydrogen gas from
a nuclear power station, a process was
developed to fabricate a suitable cata-
lyst using palladium and platinum
coated alumina powder.

Technology development for YVO4 :
Eu3+ for high pressure metal vapour
lamps and metal halide lamps was com-
pleted.

At the request of IRE, investigations
were carried out on the separation of
better than 99% pure neodymium for
permanent magnet applications and a
process was developed for the produc-
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tion of pure neodymium.
A process was optimised for the

recovery of the heavy rare earths, in par-
ticular yttrium, from the indigenous
xenotime concentrate. Over 99% leach-
ing recovery was obtained by the sul-
phuric acid process. Separation of in-
dividual elements was carried out by
dual cycle solvent extraction.

Production of uranium metal ingots
was adequate to meet the complete
requirements of research reactor fuel
fabrication. Sustained in-house R.&D
efforts have led to the production of
better quality ingots which has resulted
in considerable improvements in fuel
performance.

Setting up of a plant for augmenta-
tion of uranium metal production has
progressed considerably.

The technology for the synthesis of
di ethyl phosphoric acid (D2 EPHA),
an important metal extractant in the
organophosphorus series, was trans-
ferred to Heavy Water Board. Setting
up of a pilot plant reached an advanced
stage and the commercial production
was scheduled to start in May/June,
1999 at HWP, Talcher. The product from
this plant will be able to meet the
requirements for base metal industries,
for uranium extraction from phosphoric
acid and for separation of uranium from
some ore bodies.

A process for the separation and
recovery of cobalt, nickel and other
elements from the leach liquor of oce-
anic polymetallic nodules was devel-
oped at BARC for the Department of
Ocean Development (DOD). Based
on the processes developed at BARC for
separation and at RRL, Bhubaneswar,
for leaching, DOD and Hindustan Zinc
Ltd., Udaipur, have planned to set up a
pilot plant during the ninth plan to proc-
ess about 500 kg of ocean nodules per
day.

A development programme was ini-
tiated to prepare carbon shapes for use
as scatterer in AHWR. Preliminary
studies were carried out to fabricate
carbon spheres in the size range of
10-25 mm diameter, followed by

pyrolytic carbon coating.
Development activities were contin-

ued on the preparation of refractory
metals, alloys and intermetallic com-
pounds. Pure vanadium metal was pre-
pared by fused salt electro-refining
using a vanadium-nitrogen alloy as a
soluble anode.

A corrosion monitoring method,
based on the analysis of electrochemical
noise generated from corroding speci-
mens was developed for laboratory and
field use. The technique was undergo-
ing test for use in monitoring the in-
tegrity of containers during long term
storage of radioactive wastes.

Alloy 718 will find extensive use in
the KAVERI engine of the light combat
aircraft (LCA). Following an under-
standing with Gas Turbine Research
Establishment (GTRE), Bangalore,
studies on some specific problems
related to the fabrication of parts from
this alloy were carried out and reme-
dial measures suggested.

Aeronautical Development Agency
(ADA), Bangalore, plans to use Ni-Ti-
Fe shape memory Alioy clips in the
Agency's aircraft development project.
A R&D programme has been under-
taken to develop a tool for the expan-
sion of the Ni-Ti-Fe clips and for char-
acterization and eusability assessment
of dimensionally recovered clips. An
expansion tool that can carry out the
deformation of the shape memory
alloy component in a liquid nitrogen
environment was designed and fabri-
cated.

A 29- kg ingot of Ni-Ti shape
memory alloy of near equiatomic com-
position and good shape memory char-
acteristics was prepared by double con-
sumable vacuum arc melting at NFC.
Several Ni-Ti-Fe alloys were prepared
by non- consumable vacuum arc melt-
ing.

Kinetics of hydride blister growth
was studied in relation to hydrogen con-
centration, cold spot/bulk specimen
temperature and cold spot geometry.

Specimens of aluminium, copper,
porous nickel and titanium were suc-

cessfully diffusion bonded to stainless
steel.

A variety of advanced materials,
namely, intermetallics and composites,
were synthesized by the self-propagat-
ing high temperature synthesis (SHS)
technique.

Single phase crystalline hematite
(a-Fe2O3) particles of 0.3 mm median
diameter and a narrow size distribution
(100% < 1 mm) were prepared by the
gel crystallization technique. The
resulting powder was found acceptable
for radioimmunoassay applications.

ANTARIKSHA which is a part of
Indian Space Research Organisation
(ISRO), entered into an agreement with
M/s. Hughes Space and communication
Centre, USA to supply 20 sets of
beryllium shafts and flange assemblies
conforming to their design drawings
and specifications. These assemblies
were produced by precision machining
at BARC. The final components were
given a critical finishing touch.

Gadolinium is used as a "burnable"
poison in the nuclear reactors to control
the reactivity of fresh reactor fuel
assembly. Preparation of GdAlO3 was
carried out by citrate gel route. The proc-
ess is simple and recovery, other than
handling losses, is highest.

Rare Earths Development
High purity neodymium oxide is

used for manufacture of neodymium
(Nd) metal, which finds applications in
the making of neodymium/iron/boron
alloy for permanent magnets. The proc-
ess developed by REDS was success-
fully tested at IREL, Alwaye and ton-
nage quantities of product of interna-
tionally competitive quality were pro-
duced. IREL is further planning a joint
venture for large scale neodymium metal
plant.

Pure Nd prepared by the BARC
process was tested by Japanese users and
was found to be of high quality. They
have also expressed their keenness for
collaboration in the field.
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Ore Dressing
Studies were carried out on

Tummalapalle uranium ore using MGS
with rougher tails as feed with the
objective of improving recovery at the
rougher stage.

Mineralogical studies on uranium
and associated metals along SSZ were
continued. Detrital and remobilized
types of uraninite and brannerite formed
by pronto-reaction are identified in
Narwapahar ore samples.Autoradio-
graphic studies were carried out to con-
firm the brarmerite formation.

Experiments were continued on the
multi-metallic preconcentrate sample
from Kyrgyzstan in order to improve
grade and recovery of the tungsten and
tin concentrates.

Alkali roasting followed by leaching
with water of the combined concentrate
is being tried to evolve a generalized
metallurgical flowsheet to process the
combined concentrate.

Beneficiation studies were initiated
on lead-zinc-copper ore samples from
Sikkim.

In the Jaduguda Uranium ore,
occurrence of detrital assemblage of
chromite and uraninite was identified.
Mineral chemistry and structural for-
mula calculations on the tourmalines
from Jaduguda indicated that they are
Ai-poor belongings to Ca-poor
metapeiites and metapsamites with
dravite compistion.

Research and Development pro-
gramme at BARC is oriented towards
development of needbased and custom
designed technologies in the areas of
Intervention Robotics, Advanced
Automation and Remotisation for ben-
eficial substitution of manual labour for
a variety of task in nuclear facilities
characterised by constraints such as hos-
tile environment, limited workspace and
inaccessible work areas limiting direct
human intervention.

The Bilateral Master Slave Servo
manipulators which materialized
through fruitful collaboration between

BARC and HMT, Bangalore are under
installation for field trials and commis-
sioning at WIP, BARC site at Trombay.

With the completion of minor modi-
fications in the mechanical
subassemblies of the Co-60 Teletherapy
unit and reassembly thereof, progres-
sive integration of the control systems
and interlocks was underway.

Design of mechanical, electrical and
control systems for the commercial scale
irradiator (POTON) for sprout inhibi-
tion of onions and potatoes was final-
ised; fabrication of certain components
and subsystems was underway. Devel-
opment of certain custom-made
robotic/remote handling systems for
power reactor maintenance progressed.
Detailed design of the proposed inspec-
tion system for Moderator Heat
Exchanger at NAPS reached the final
stage and the necessary components
are being procured. Design of the
inspection system for RAPS type steam
generator was underway.

Development of certain application
oriented Robot configurations and
mobile mechanisms was in progress.

Based on the performance of the
scaled down version of the Autonomous
Guided Vehicle (AGV) for fuel rod
handling, the basic design was under
improvement to facilitate integration of
the sensors and control system and
direct scale up after final demonstration
of the improved model.

Preliminary design of a Mobile
Robot for inspection of PFBR main
vessel was completed.

Computer Aided Robot Program-
ming (CARP) environment - an inter-
active graphic environment with sev-
eral advanced features through multiple
window GUI - was developed for the 6
DoF Robot and the functional system
was demonstrated. Full 3D simulation
of the robot motion under control was
demonstrated.

Methods were implemented for
intelligent collision avoidance and
robot locus generation from source to
target objects for the 6D0F Robot. Nec-
essary software and hardware were

being developed for intelligent grasp
control for the Robot Gripper.

Other significant programmes cur-
rently under different stages of devel-
opment include the 3 piece Mechanical
Master Slave Manipulator, Power
Manipulator for KARP, Periscope for
FBTR and a comprehensive system for
total automation of transfer package for
BRIT.

Central Workshops
Central Workshops of BARC con-

tinued to contribute towards design,
development and manufacture of
sophisticated equipment for R & D
work as well as Power Reactor Pro-
gramme. Assignments include manufac-
ture of equipment for projects with
international collaboration.

Some of the major jobs undertaken
included, AH WR Fuel Spacer Develop-
ment, Replacement Tube Bundles for
CIRUS, Seal & Sheild Plug Assemblies
for DHRUVA, R.F. Cavity for super-
conducting Cyclotron, Steam Genera-
tors for FISBE, Detector frames for
PHENIX, USA, Development of
Roundway Bearing single &'V type for
500 MWe PHWR, CRDM Compo-
nents, Beam line equipment for 6.65
spectrometer, Antenna for Aditya
Tokmak, Inclined Fuel Transfer
Machine, High temperature X-ray
diffractometer, MACE Telescope, Hot
neutron source, Liquid scintillator,
Vacuum furnace for crystal, Universal
calibration machine, Special purpose
winch, Leak before break specimen,
Laser based surface finish measuring
instrument etc.

Electronics Si Instrumentation
Computer

The processing power available on
6-node ANUPAM Alpha Super Com-
puter was further enhanced by adding
another 4-node, thus presently giving a
sustained performance of 1.5 giga flops
for large scientific jobs, with a peak
speed of 8 giga flops .

An exercise was carried out to
ascertain the feasibility of replacing dual
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Using Anupam-Alpha, the Weather Chart developed by the National Centre for
Medium Range Weather Forecasting

CRAY-X/MP supercomputer, being
used for medium range weather fore-
casting at National Centre for Medium
Range Weather Forecasting
(NCMRWF), DST, Delhi, with an
ANUPAM Alpha super computer. It
was observed that an ANUPAM Alpha
(1+4 node) can replace the presently
operational dual CRAY-X/MP which is
an obsolete machine and requires enor-
mous resources for operation and main-
tenance.

A new super computer ANUPAM
PII using Pentium II personal comput-
ers and a fast 100 Mbps Ethernet switch,
was developed. A 4 node ANUPAM
PII, using Pentium II microprocessors
@ 266 MHz gives a user performance
of 248 MFLOPS, with a peak speed of
1 giga flop. ANUPAM PII can be eas-
ily scaled upto 128 nodes, giving a sus-
tained speed of 14-15 giga flops.

The image processing software
being developed was further enhanced
to support Shape Analysis, Adaptive
thresholding and Fame processing.
This software was used for evaluating
hydride plated content in Zircaloy-2
pressure tubes, Analysis of Fracture

Propagation in Materials and high tem-
perature creep studies in Materials.

Electronics
The modernisation of the nuclear

instrumentation of Fast Breeder Test
Reactor at Kalpakkamwas successfully 1 & 2 are developed and supplied to site,
commissioned and reactor attained These units are working satisfactorily.

criticality on June 25, 1998.
As the core gamma at RAPS-2 dur-

ing 1st approach to criticality was
greater than 104 R/hr, elaborate tests
were carried to measure the gamma tol-
erance the Boron-10 lined counters.
Based on the results these detectors were
replaced with Fission counters. The
startup instrumentation was modified
to interface with Fission counters

Prototype detectors were developed
for neutron and gamma measurement in
power reactors. A prototype boron-10
lined proportional counter was devel-
oped for reactor start up instrumenta-
tion.

An ion chamber was developed for
Beam Spill Monitoring application at
the synchrotron facility at CAT, Indore.
Seven neutron flux monitors incorpo-
rating 3He proportional counters were
supplied to VEC, Calcutta for area neu-
tron monitoring.

Eight numbers of "Rod Monitoring
Units" were fabricated and tested by
QS, NPCIL for shipment to RAPS 3 &
4 site. The sample unit was success-
fully subjected to seismic and climatic
tests at ECIL. The on-line Turbine shaft
expansion measurement unit for RAPS

Overview ofSCADA hardware showing panels for RAPP 3&4.
The foreground shows server and operator stations
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Video Alarm Assessment System

A battery operated portable MCA
was designed around CHAMELEON
(credit card PC) based CPU card with
8K nuclear ADC, programmable gain
Pulse amplifier and programmable high
voltage cards with ISA Bus.

Other significant achievements dur-
ing 1998 included: Advanced Ultra-
sonic Imaging Systems (ULTIMA
100+) supplied to BHEL (Hyderabad);
First model of Single Board PC Add-
on 200 MSPS Transient/Repetitive
waveform digitizer was developed.
ADSP 2100 (DSP) based PC Add-on
board was developed for high speed
processing of ID/2D digital data such as
digitized waveforms and images.

ANUGAMI-S because of entire
dependence on host PC had low cost and
hence had been accepted by IAEA for
the Agency's Up-gradatiori program.
Eighty-one ANUGAMI-S cards were
supplied to different countries under
IAEA program. Second version of
interface card ANUAGMI-P with
on-board processor (TRANSPUTER)
and memory is more versatile for ac-
quisition of nuclear medicine imaging
data and was installed at two institutes
at Delhi - All India Institute of Medical
Science (AHMS) and at Institute of Nu-
clear Medicine and Allied Sciences
(INMAS).

MTMPS is a high performance
PC-CAMAC data acquisition system
developed by BARC for Accelerator
based nuclear physics experiments. Two
of these systems were installed at
Pelletron Facility at TIFR and one for
Accelerator based experiments at
VECC, Calcutta.

Electronics Systems
A computer based inspection system

to highlight the internal disorders of
mangoes has been developed and the
installed in BARC.

For fracture mechanics experiments
on piping components to carry out leak-
before-break studies, an image process-
ing system with 4 CCD camera inputs
was developed for simultaneously
monitoring crack growth and crack
mouth opening at specified displace-
ment/load values.

A PC based CCTV System with dig-
ital video storage facility was developed
for video alarm assessment.

A contact condition monitoring sys-
tem to monitor up to sixteen door sen-
sors and a micro-controller based dis-
tress alarm system were developed. A
dual channel acoustic emission analyser
was developed to capture signals from
piezoelectric sensors. The system was
used successfully to detect simulated
leaks in the seal plugs at fuelling
machine test facility at BARC.

A DSP card based Multi Frequency
Eddy Current (MFEC) System hardware
was commissioned at BARC.

A compact pre-amplifier for direct
mounting on the integral assembly of
Nal(TI) scintillation detector coupled to
photomultiplier tube was developed for

Experimental Setup to monitor initiation of crack for tensile sample



use in linear profile scanner at RMC
(BARC), Parel for detecting functional
metastates of the thyroid patients.

Pisysksl Sciences
Nuclear Physics

The 14 MV Pelletron accelerator was
used to carry out a large variety of
experimental studies using the medium
energy heavy ion beams from the
accelerator.

Extensive Theoretical studies were
carried out in Intermediate Energy Phys-
ics and Relativistic Heavy Ion Collision.

Several features of absorptive tunnel-
ling through complex potential barriers
were investigated in relation to the
heavy ion fusion process.

An exact statistical model code for
the calculation of fission fragment
angular distributions with inclusion of
projectile, target spins and K-dependent
transmission coefficients was developed
for the analysis of the data of heavy ion
induced fission reactions.

The installation and commissioning
of Folded Tandem Ion Accelerator
(FOTIA) continued. The gas handling
system designed and fabricated was fully
commissioned. The accelerator column
section was raised to a voltage of 3.4
million volts.

The pelletron machine was operated
round the clock with an efficiency of
75% up-time, and was used by the ex-
perimental groups of BARC (NPD, Met-
allurgy, Radiochemistry), TIFR, SINP,
VECC and IUC.

Superconducting LINAC booster
project was progressing well.

Detector parts for the muon tracking
system of the PHENIX detector were
fabricated in central workshops and
delivered to LANL, USA. Further fab-
rication work was in progress for both
the south and north arms of the muon
detector.

Collaboration experiments continued
at the Legnaro National Laboratory, Italy
and RIKEN, Japan. The experiment at
RIKEN involves the study of giant
dipole resonance in neutron rich nuclei
using the radioactive ion beam facility.

Collective Ion Accelerator Setup ofKALI-1000

Accelerator Pulse & Power Research
A 500 keV industrial electron ac-

celerator developed indigenously by
BARC was commissioned for its first
phase of operation by the Hon'ble Prime
Minister of India Shri Atal Bihari
Vajpayee on August 10, 1998. Collec-
tive acceleration of Fluorine and Carbon
ions to 28.5 MeV and 18 MeV respec-
tively with ion current around 25 A peak
was attained on KALI-200 generator.

The KALI-5000 pulse power system
having die ratings of 1 MV, 80 kA, 60
ns was in the advanced stage of assem-
bly.

NRL-HARL
BARC has a long-term programme

of establishing a new astronomy facil-
ity, GRACE, in the country at Mt. Abu,
Rajasthan, for front-ranking research
activities in the field of gamma-ray

Grading resistance on the column post of Pelletron Accelerator Module



astrophysics. India's first imaging
gamma-ray telescope, the principal
component of the TACTIC telescope ar-
ray, has already been successfully com-
missioned at Mt. Abu and was in use
for regular observation campaigns. This
year, the mechanical structures of three
additional telescopes of the TACTIC
array were installed at Mt. Abu and
their special-design duplex cameras
were fabricated. Observations were car-
ried out recently with an upgraded 169-
pixel Imaging camera on several well-
known gamma-ray sources, including 2
BL-Lac objects and a supernova rem-
nant (the Crab Nebula).

A path-breaking result was that
Cerenkov images, produced by gamma-
ray and cosmic-ray nuclear progenitors,
exhibit a fractal character. This realiza-
tion has resulted in a more robust event
characterization scheme. Another inter-
esting investigation carried out con-
cerns the utilization of the cognitive
power of an Artificial Neural Network
for real-time reconstruction of the
arrival direction of a high energy pri-
mary seen by a wide-angle Cerenkov ar-
ray. This result will have important con-
sequences on the design of the MYS-
TIQUE telescope planned to be built at
Mt. Abu during next few years.

A highlight result in the area of
theoretical astrophysics was the genera-
tion of a catalogue of potentially prom-
ising target sources of galactic and
extragalactic genres for the experiments
being set up at the GRACE facility.

Theoretical Physics
BARC is engaged in the physics

problems of reactor design, safety and
operation. It also carries out research in
many areas of physics and applied math-
ematics, such as transport theory, ra-
diation hydodynamics, non-linear equa-
tions, numerical methods, classical and
quantum chaos, and quantum optics.

A new simulator code was developed
for providing fuel management service
to Boiling Water Reactors at Tarapur.

For PHWRs, studies were conducted
for the first approach to criticality for

RAPS-2 reactor after shut down as a
result of replacement of coolant chan-
nels. For Kaiga-1 & 2 reactors, reac-
tivity devices were simulated for fuel
bum up and cold and hot core condi-
tions. Physics design manual for Kaiga-
1 & 2,preliminary safety analysis report
for RAPP-3 & 4 were reviewed. A core
model based on modal kinetics method
was developed for real time reactor
simulator for 220 MWe PHWRs, to be
used for training purpose. Design of
AHWR/PHWR critical facility was
worked out, especially for studying
physics of 500 MWe PHWR lattices.

Studies on efficient numerical meth-
ods used for the solution of neutron
diffusion and transport equations were
started.

Reasons for the failure of spherical
harmonics expansion method for
solving neutron transport problems in
spherical geometry were identified.

In the field of quantum optics, non-
linear optical properties of atoms in a
laser cooled harmonic trap were stud-
ied. This problem is of interest in phys-
ics of trapped atoms and ions.

Laser & Plasma Technology
A variety of technically superior, cost

effective plasma sprayed duplex struc-
tures consisting of a metallic undercoat
and a top ceramic coat was developed
for in-house nuclear applications.

During the year, air-operated, vortex-
cum magnetically stabilized hollow
electrode plasma torches with power
capacities upto 100 KW were devel-
oped.

An injection seeded, single longitu-
dinal mode Neodymium: YAG laser has
recently been installed.

Laser & Plasma Technology was
working on gamma ray attenuation
method for void fraction measurement
in two phase liquid metal flows.
Recently a seven detector system to
receive gamma rays passing through
various chords of the flow in a 75 mm
circular pipe was installed on a rotating
platform. This unique system was in
use in collaboration with IIT Kanpur to
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Insulating column of the Folded
Tandem Ion Accelerator (FOTIA)

develop and validate several schemes
of tomographic algorithms and void
fraction profiles.

Technical Physics & Prototype
Engineering

Several Ion-implanted Si detectors,
of varying sizes, (with energy resolution
in the range 25-70 keV depending upon
the size for 5.48 MeV alphas) were
developed, and a number of silicon sur-
face barrier detectors for nuclear re-
search were produced. Fabrication of
improved direct reading dosimeters for
the dose range 0-500 mR and showing
natural charge leakage within 1% per
day was another significant indigenous
achievement.

The suitability of Pt/Pd thin films as
catalysts for H2 mitigation facility was
studied and commendable progress was
made on the development of ruggedised
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500 keV Industrial Accelerator
at Vashi, Navi Mumbai (Above) and
Electron Gun of the Accelerator.

FL,S gas sensors, as well as H2 gas sen-
sors covering extended concentration
range (0 - 8%). Development of CdWO4

crystal scintillator was carried out both
for industrial computer tomography as
well as dosimetry applications. BaB2O4

crystals were grown for non-linear
optical applications and a detailed
investigation on the effect of sodium
doping was also performed. For a
variety of applications, crystals of NaCl,
KCI, LiF, Csl, CaF2, BaF2and CdWO4

were supplied in large numbers to users
in BARC, NPC and DRDO.

In the area of glass technology,
preparation of silicate glass powder, ar-
senic chakogenide glass windows was
carried out. Another major activity was
the development of packages for
hybrid micro-circuits in which Depart-
ment of Space was involved. Know-
how for fabricating Na and Hg hollow
cathode lamps was transferred to ECIL.

Development work on building a
compact RF generator capable of giv-
ing upto 2.5KW power at 27.12 MHz
and its integration with inductively cou-
pled plasma torch assembly was com-
pleted and this unit was also integrated
with ICP-AES system developed for
KARP. Precision magnet current regu-
lators for particle accelerators were de-
veloped -viz. 500Amp,75V for Folded
Tandem Ion Accelerator (FOTIA),
being commissioned at Trombay and
100Amp,40V for Beam Line Magnet
being set up at Calicut University. A
special high voltage medium frequency
power supply for electrochemical etch-
ing for CR-39 detector was fabricated.

A variable temperature insert and a
six tesla superconducting magnet were
fabricated for magneto-resistance meas-
urement and short sample test facility
required for evaluating superconduct-
ing NbTi cable.

In-house fabrication of UHV com-
ponents and other mechanical assem-
blies/ sub-systems required for the
development of mass spectrometers,
high resolution electron spectrometer
and total gas analyzers was carried out.
Ascanning Auger electron spectro-
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meter having spatial resolution of 50
mm was developed.

A needle valve based compact sam-
ple introduction system for D/H mass
spectrometer was developed.

In the area of superconductivity,
basic investigations were carried out on
the influence of disorder on the behavior
of flux line lattice under different mag-
netic histories, effect of surface barrier
on magnetization relaxation and vortex
lines in high temperature super conduc-
tors.

Condensed Matter Physics
A molecular dynamic (MD) simula-

tion under pressure was carried out on
MgAl2O4 to clarify about disorder,
amorphisation and phase change.A
modified Michelson interferometer was
set up as VISAR.

Radiation transport calculations for
ICF target designs need accurate opac-
ity tables for a variety of materials over
a wide range of density and tempera-
ture.

Molecular dynamics studies of seis-
mic wave velocities and density varia-
tions involving various phase transitions
of the geophysically important mineral
enstatite Mg2Si2O6 were undertaken.
These are the first calculations of seis-
mic velocity at high pressures and tem-
peratures and have enabled an atomic
level interpretation of phase transitions
of mantle constituents and resultant seis-
mic discontinuities.

Using a lattice dynamical approach,
we have calculated the phonon frequen-
cies and equation of state of CaSiO3

perovskite at Earth's lower mantle pres-
sures. The calculated equation of state
was in good agreement with experimen-
tal data.

Neutron diffraction experiments
were carried out on a number of com-
pounds to study the atomic and mag-
netic ordering.

A new technique of Three
Dimensional Neutron CT scan (3D CT
Scam) has been developed. It is now
possible to obtain not only conventional
CT scan in slices but also to visualise



TACTIC array setup at Mount Abu, Rajasthan

the inner parts of any object in its three
dimensional view by stacking of vari-
ous CT scans one over the other.
Two scientists from BARC were the first
international users of any public beam
line in SPRING-8, the third generation
synchrotron facility in Japan. They col-
lected diffraction data for a number of
protein crystals. A new protein, Saporin
was purified and crystallized recently
in the protein crystallography section,
BARC.

Seismology
All routine monitoring channels at

the Gauribidanur seismic array (GBA)
and Delhi Seismic Unit (DSU) func-
tioned satisfactorily without interrup-
tion.

Enormous efforts were made to set
up at various places including sites in
the Pokhran region a host of on-line
seismic monitoring systems operating
round-the-clock with capability to
acquire high-quality seismic data from
probable underground nuclear test
explosions. Designed and developed
indigenously, the seismic systems
incorporated different types of triaxial
ground motion sensors to provide
digital data in high dynamic range cov-
ering a wide band of signal frequency

from close-in to distant observations
from source. All the above temporary
as well as permanent seismic installa-
tions did indeed successfully record the
Indian nuclear tests at Pokhran (POK-
II) on May 11 and 13,1998.

Among the ongoing R&D activities,
further work on seismicity investigations
in the peninsular Indian shield, artifi-
cial neural network and parametric mod-
elling of microseismic noise in the
array space progressed well. The code-
duration magnitude scale developed
earlier was reexamined and regression
analysis performed on a much larger
data set of regional earthquakes pro-
viding fresh inputs to the shield seismic
study.

Spectrpscopy
Highly efficient broad band anti-

reflection coatings were designed,
developed and optimised for Nd-Yag
laser application. A high reflectivity
intracavity for Ruby laser has been fab-
ricated for ISRO.

Several multilayer beam splatters
were successfully developed for laser
cooling experiment with R/T splitting
ratio of 30/70 and 10/90 over the wave-
length range 650 to 800nm.

To achieve the very best optical and

mechanical properties in thin film
optical coatings, experiments on ion
assisted deposition were conducted.

CibigEjieal Sciences
Analytical Chemistry

Analytical service support to various
s of BARC and other units of DAE were
continued. The number of samples ana-
lysed during the year were about 3000
involving 7200 determinations. Differ-
ent types of samples like metals and
alloys, organic and inorganic com-
pounds, biological and environmental
materials as well as solution samples
were analysed using various techniques
like spectrochemical, electroanalytical,
chromatographic and nuclear analyti-
cal methods.

Basic research in analytical chemis-
try was continued. Ion exchange behav-
iour of Nafion membrane for the
removal of impurities from bulk Ga/Al
solution or for the facilitated transport
of alkali metal ions was investigated.
Cyclic voltammetry of antimony and
palladium was studied. The reduction
behaviour of lanthanum was studied
us in various electro-chemical
techniques.Kinetic and thermo-chemical
parameters for the reaction of lead
oxide and titanium dioxide were inves-
tigated. Thin layer activation technique
was employed for the study of surface
wear in zircaloy.

Analytical procedures were devel-
oped for ,the analysis of palladium,
antimony and selenium by
electrochemical techniques. Trace
impurities in high purity lead and of cad-
mium in uranium were analysed by
electrochemical procedures. A method
for the determination of trace levels of
boron by spectrophotometry using both
batch and flow injection was developed.
Charged particle activation analysis
procedure for the determination of bulk
hydrogen in nuclear materials was
developed. Procedures were also devel-
oped or modified for the analysis of
mercury in zinc concentrates, arsenic in
ground water, high purity arsenic metal
and oxides, high purity reagents and
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various other materials. Separation pro-
cedures were worked out for the deter-
mination of palladium and gold in geo-
logical materials using polyaniline as a
novel ion exchange material. A gas chro-
matographic procedure for the determi-
nation of carbide carbon in inorganic
materials was developed.

Collaboration with CFSL, Hydera-
bad was continued in order to effectively
use nuclear methods for forensic work.
Irradiation facilities were offered to GSI
and other academic institutions. An
Ultra Trace Analysis Facility (UTAF)
was refurbished at HRDCentre for the
analysis of high purity materials like
arsenic and gallium.

Applied Chemistry
Chemical decontamination of C/U

system of TAPS Unit 2 was taken up.
This consists of two phases. Phase-1
involved reaching a system tempera-
ture of 360-365 K and a dissolved oxy-
gen content of < 120 ppb and this was
accomplished. Preliminary experiments
of Phase-2 involving actual decontami-
nation were initiated. A modified fea-
sibility report incorporating both the
phases has been made ready.

Pulse radiolysis technique was used
to find more stable Cr(II) complexes
which have applications in LOMI
decontamination technique.

In connection with the Task Force
constituted to look into thermodynamic
and transport properties of thoria based
fuels to be used in Advanced Heavy
Water Reactors, bulk thermal expan-
sion of pure ThO2, BaThO3 and
SrThO3 were investigated by
Dilatometry from room temperature to
1073 K. The detailed phase relations
in MF2-YF3 (M=Ba, Sr, Ca) were stud-
ied. Several new phases were reported
for the first time. A number of strategic
materials, rare earth oxyfluorides,
superconducting oxide LaBa2Cu2CoO7+<1

were investigated for bulk thermal
expansion and volume thermal expan-
sion by Dilatometry and High Tempera-
ture XRD from room temperature to
1073 K.

Studies on the vaporization behav-
iour of alkaline earth thorates such as
BaThO3, SrThO3, Cs2ThO3, Rb2Th03

were initiated. The work on BaThO3

was completed and there was good
agreement in the thermodynamic prop-
erties of this compound as derived from
both transpiration and Knudsen method.
A new experimental facility for the
study of release behaviour of volatile
and gaseous fission products from
nuclear fuels was set up and will give
useful data on their diffusion coeffi-
cients.

Bio-organic Chemistry
The research activities are directed

towards the border line between organic
chemistry and life sciences. Both
applied and basic aspects of bioorganic
chemistry are undertaken. Antioxidants
have aroused great interest in recent
years because of their chemopreventive
importance in many of the degenerative
diseases and about 40 naturally occur-
ring compounds belonging to different
classes (flavanoids, xanthones, terpenes
etc.) were screened for their
lipoxygenase inhibitory activity. The
anti-lipoxygenase activities of ginger
and garlic were evaluated and a
bioactive compound was isolated from
ginger. Immunomodulators have
aroused recent interest as many of these
are promising anti-cancer and
radioprotecting agents. A new
polysaccharide possessing

immunomodulatory activity has been
isolated from an Indian medicinal plant
and its partial structure was established.
Preliminary results show that it has
radioprotective action as well. A provi-
sional patent has been filed on its
active. Using a low valent titanium
based protocol developed in BARC,
synthesis of several vicinal diamines was
accomplished. The protocol was used
for the preparation of compounds which
may find application in nuclear medi-
cine. A provisional patent has been filed
for this novel low valent titanium
reagent.

Polypeptides are the emerging high-

value chemicals which find applications
as pharmaceuticals, food-additivies as
well as radiopharmaceuticals. Using the
available expertise, polypeptide ligands
were synthesised via a solid phase tech-
nique. The technique was being
extended for the synthesis of
somatostatin and its analogs. The util-
ity of the methodology was under
development in making a combinato-
rial library of biomolecules. In continu-
ation of the ongoing programme on
Integrated Pest Management (IPM),
work was targetted to some cash and
agricultural crops. Using synthetic
pheromones, mass trapping has been
carried out in collaboration with Cen-
tral Cotton Research Institute, Nagpur.
The pheromone treated fields produced
an enhanced yield (30%) of high-value
marketable cotton. As a part of the
MOU signed between BARC and Cen-
tral Tuber Crop Research Institute
(CTCRI), Thiruvananthapuram, field
evaluation of the sweet potato weevil
(SPW) pheromone was continued. In
view of very encouraging results, the
pheromone treatments were incorpo-
rated for the All India Coordinated
trials on SPW.

The potentialities of the biological
processes for the preparation of organic
compounds are being increasingly
realised. Biocatalysts (enzymes), the
cornerstone of modern biotechnology,
are likely to contribute significantly in
the future chemical industry. Towards
this end, efforts were directed to
design novel asymmetric synthesis of
high-value, low- volume bioactive com-
pounds such as pharmaceuticals and
agrochemicals.

As part of our efforts in the devel-
opment of clean technology, efforts
were directed to design novel asym-
metric synthesis of high-value, low-vol-
ume bioactive compounds such as phar-
maceuticals and agrochemicals. A plant-
based biosorption strategy was explored
for the decontamination of some
radionuclides. Encouraging results were
obtained using the plant, Sesuvium
portulacastrum. Good uptake of sev-
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eral metal ions viz. Th, Eu, Cs, U and
Sr present individually and as mixtures
were observed with the biomass. Micro-
bial biomass has also been used for
bioremediation.

Chemistry
The other activities in the field of

Chemistry were primarily in basic sci-
ences in the thrust areas of radiation and
photochemistry, chemical dynamics,
catalysis, solid state chemistry, inter-
facial sciences, high Tc superconduct-
ing materials, nanoclusters of metals,
inorganic and organometallic chemistry.
BARC has also been actively engaged
in R&D work on hydrogels, catalyst
development, thin films, ultrapuri-
fication of materials, etc.Some of the
significant achievements of these inves-
tigations are highlighted below:

Research work was initiated on
femto second transient absorption
studies using the recently developed
Femto Second Laser Spectrometer.
Solvent effects on the relaxation of elec-
tronically excited laser dye LDS-821
and subsequent vibrational cooling,
relaxation of excited benzil molecule,
photoprocesses of fullerenes and their
aggregation in solution phase were
investigated.

The free radical intermediates
resulting from a number of drug and
antioxidant molecules and biomolecules
were characterized by pulse radiolysis
studies, and significant results were
obtained. The reaction of NO and NO2

with organic molecules, a thrust area
in environmental research was being
actively pursued. Metal nanoparticles
species of several systems were syn-
thesized by radiolysis technique and
their physical properties were estab-
lished.

A new process for the preparation of
polyvinyl alcohol-based hydrogel by
irradiation was developed in collabo-
ration between Chemistry and BRIT.
The material was undergoing clinical
trials for wound dressing on patients
with burn injuries in local hospitals.

The commissioning and testing of

Cluster Generation Machine set up
earlier as part of the Vlllth plan project
were completed. Multiphoton ioniza-
tion studies were carried out on ketones.
The clustering behaviour in bimetallic
clusters was correlated with
electronegativities of the constituent
elements.

Transient electric birefringence stud-
ies on micelles, and investigations on
growth of micelles in cationic-anionic
mixtures gave interesting results. Stud-
ies on self-assembled monolayers and
surface activity were initiated. It was
found that the poor selectivity of
Amberlyst-15 ion exchange resin could
be attributed to the state of water in the
resin.

Heated Filament Chemical Vapour
Deposition was scaled up and optimised
for uniform diamond deposition on
substrates covering up to 4.0 inch diam-
eter, both planar as well as three dimen-
sional. Diamond coated tungsten car-
bide tool inserts have shown more than
a 100 fold improvement in high speed
machining of aluminium based alloys,
and a very good surface finish. Meth-
odology was developed for making upto
1.0 inch diameter self- supporting dia-
mond windows.

The metal and polymer-based cata-
lysts developed for removal of hydro-
gen from the containment areas of
nuclear reactors under postulated severe
accident conditions were successfully
tested in an engineering scale test
reactor set up by Reactor Engineering.
Advances were made in the chemistry
of monomeric and binuclear
palladium/platinum complexes with
organochalcogenide ligands.

A mode-coupling theory based
microscopic approach to the dielectric
friction on an ion was developed to
explain conductivity of electrolyte
solutions, and for application to charge
transfer reactions in solutions. A new
perturbative density functional theory
was formulated for the study of
absorption of inhomogeneous complex
fluid mixtures on surfaces, and porous
materials.

Water and Steam Chemistry Labora-
tory

Analytical methods were developed
for monitoring the chemical cleaning
process. Decontamination studies were
carried out on the failed HX of MAPS-
I and cut specimens from HX of
MAPS-II. A new analytical method for
the estimation of MPA and ETA was
developed. Electrochemical corrosion
studies on carbon steel in process cool-
ing water were carried out. It was
observed that >20 ppm N2H4 acceler-
ates corrosion of CS in the presence of
sea water.

Commissioning of high Temperature
high pressure (HTHP) loop has reached
an advanced stage. The carbon steel
surge tank and the primary and second-
ary loops were commissioned and hot
conditioned. The system parameters
functioned as expected during the high
temperature operation.

Investigation on the prevalence of
Balanus reticulatus in the process
water heat exchangers of MAPS was
carried out. The effect of bacterial
exopolysaccharide, alginic acid and
agarose on Balanus reticulatus was stud-
ied. The results of acute thermal shock
on barnacle larvae indicated that the
response of larvae was dependent on the
time and temperature of chlorination.
Based on the results of the studies, a pro-
tocol for larval antifouling bioassay was
developed and standardised.

Bio-Sciences
Nuclear Agriculture And
Biotechnology

Thepigeonpea culture TT97-48 was
promoted to advanced yield trial (AVT)
on the basis of its yield performance in
the Southern zone by the All India
Coordinated Research Project on
Pigeonpea. Trombay groundnut cul-
tures, TG 32, 33, 34 and 35 were pro-
moted to AVT in different zones for
different reasons.

The possibility of using salt
tolerant plants for phytoremediation
of radio- cesium was studied using
callus tissue and seedlings of
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Chenopodium,
The potential of the lactose utilising

yeast Kluyveromyces fragilis biomass
as a biosorbent for Cr (VI) was inves-
tigated. A process for the extraction of
industrially important enzymes viz.
catalase, invertase and alcohol
dehydrogenase from yeast biomass was
scaled up to treat over 10 kg of yeast.

In signa! transduction studies on
potatoes, treatment with low concen-
tration of jasmonic acid has shown
enhanced expression of calmodulin
indicating the importance of jasmonic
acid as a signalling molecule in signal
transduction.

Studies to identify the specific
enzymes involved in the production
of aroma in basmati rice have shown
that the enhancement of protein subunit
having 6 KDa molecular mass could
be responsible for the aroma.

Food Technology
Based on the research and develop-

mental work undertaken at BARC, the
Government of India through a Gazette
Notification in April 6, 1998 have
cleared radiation processing of several
additional food items for domestic mar-
keting and consumption. These include
rice, wheat products (atta, sooji, maida),
dried fruits (raisins, dates, figs), mango,
ginger, garlic, shallots (small Madras
onions), meat, chicken and its products.
Earlier in August 1994 the Government,
had approved irradiation of onions,
potatoes and spices. Additional clear-
ances for irradiation of pulses and sea
foods were recommended by the Cen-
tral Committee for Food Standards,
Ministry of health at its meeting held
on 14th December 1998. Application
of radiation technology for preservation
of food items can benefit both the farmer
and consumer by reducing wastage.

Recent laboratory Studies have
shown that irradiation can extend the
shelf-life of Mushrooms, strawberry,
cakes and ensure microbial safety in tra-
ditional milk based sweet meats like
'Pedha'. Also, irradiation enhanced the
nutritional quality of legumes (pulses)

by rapidly degrading the flatulence caus-
ing oligosaccharides (complex carbohy-
drates) into its constituent simple sug-
ars during germination.

BARC has taken steps to commer-
cialize the technology. A commercial
demonstration irradiator for the treat-
ment of onions was under construction
in Lasalgaon, Nashik district of
Maharashtra. A commercial, demon-
stration irradiator for spices was near-
ing completion in Navi Mumbai.

Molecular Biology & Agriculture
Research in molecular biology and

molecular agriculture emphasizes
elucidation of basic mechanisms
involved in cellular response to radia-
tion and other stresses, genotyping in
plants and humans, and introduction of
the latest concepts and techniques in the
biological research programme of
BARC.

During the current year, a
multienzyme complex which can
repair irradiated DNA in test tube
was purified and characterized; spe-
cific site mutations in the human gene
encoding carbonic anhydrasel were
made with a view to establishing the
identity of the amino acids directly
involved in the activity and folding of
this protein; extensive computer analy-
sis based on software developed in
house led to an elegant Darwinian
explanation of recently reported bac-
terial mutations with apparently
Lamarckian characteristics; several im-
age processing software useful in
agricultural research were developed
in collaboration with the Computer and
Electronic Instrumentations; two bac-
terial proteins involved in regulation of
cellular response to radiation & cold
stress were purified for structural stud-
ies in collaboration with the X-ray
crystallography group of CMPD;DNA-
based techniques were used for diag-
nosis of genetic diseases and
genotyping of human population
groups; several new plant proteins
induced by dessication were identified
and cDNA encoding them was

sequenced, and a new project for devel-
oping DNA markers for genotyping &
genetic analysis of legumes was initi-
ated.

Cell Biology
The presence of oxygen is known to

enhance radiation damage in several
biological systems including cells in
culture in vitro. Using rat liver and brain
mitochondria, calf thymus DNA and
plasmid pBR322 DNA, we have
examined the mechanisms of damage
induced by gamma-radiation in the
presence and absence of oxygen as well
as its modulation by these three com-
pounds. Our results reveal that presence
of oxygen greatly enhances damage in
mitochondria as well as in plasmid DNA
but not in calf thymus DNA and that
caffeine has differential effects in the
presence and absence of oxygen.

Studies were carried out to see the
cytogenetic changes caused by in vitro
treatment of human lymphocytes with
5-Azacytidine in vitro. Studies on the
effect of low dose radiation exposure
(LDR) on immune response were
continued.

Experimental conditions were stand-
ardised for the amplification of cDNA,
representing DCN1(P22), the most ba-
sic protein of all the poiypeptides that
were investigated to be induced under
conditions of prolonged desiccation in
Portulaca grandiflora.

Work on Modulation of clastogenic
activity of Mitomycin C (MMC) by
absorbic acid was continued with
human peripheral blood cultures. The
result further confirmed that clastogenic
effect of MMC in human lymphocytes
was potentiated by Ascorbic acid.

Analysis of chromosomal aberra-
tions in peripheral blood lymphocytes
of adult subjects of high background
radiation areas of Kerala was done and
metaphase spreads were analysed.

Radiation Medicine Centre (RMC)
Radiation Medicine Centre a

involved in three major spheres of
activity i.e. research and development
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in health sciences primarily using
radionuclides, patient related services
involving diagnosis of many a disorder
as well as treatment using
radiopharmaceuticals and human
resource development in nuclear
medicine through formal teaching and
training programmes for students. Dur-
ing the year the following programmes
were pursued.

Efforts were initiated to procure a
state-of-the-art in-house medical cyclo-
tron for the production of very short-
lived radionuclides of physiological in-
terest, viz., 1SF, "Cz, 13N, 15O with half
lives of 110, 20, 2 min. respectively
during the IX Five Year Plan period. It
was envisaged that associated compu-
ter-driven, remote-controlled, shielded
and automated chemistry reaction mod-
ules would be installed for the rapid syn-
thesis of large amounts of physiologi-
cal active biomolecules like 18F-2-
Fluorodeoxyglucose. 1 lC-methionine.
13N-NH4+, 15O substrates, etc.
employing the above radionuclides. The
detection of the positronemitting
radionuclides in the human body would
be achieved using Positron Emission
Tomographic (PET) systems. The use
of these was likely to have a far reach-
ing impact on patient management
(diagnosis, prognosis and treatment) in
the field of oncology, neurology, cardi-
ology, infection, etc. The facility would
be first of its kind in the country and
perhaps in S.E. Asia. The 'turn key'
project was in an advanced stage of plan-
ing.

A sophisticated dual-headed, vari-
able angle SPECT gamma camera with
fan beam collimator was acquired. The
instrument has advanced capabilities,
and would help to obtain two views of
patients at one tune and thus speed up
the throughput of patients. Further, it
has a facility fornetworking, and would
be a great boon to patients.

An old General Electric analog cam-
era was upgraded to digital one by
using indigenous P.C. based technology-
single layer acquisition card facility for
on-line energy, linearity and uniform-

ity correction, as well as SPECT acqui-
sition and analysis.

A Nude Mice Housing Facility was
established at RMC. This would
facilitate the development of experi-
mental models of various types of
tumours of human origin and would be
useful for the study of agents that could
be targetted to tissues, and help devel-
opment of diagnostic/therapeutic
agents.

Twelve batches of radiotherapeutic
agent 1311-mIBG was prepared in-
house for the treatment of patients of
neuro- endocrine tumours like
neuroblastoma, pheochromacytoma,
etc. In addition an equal number of
diagnostic batches were also made. Pres-
ently this is the only laboratory in the
country making this expensive, and rela-
tively unstable radiopharmaceuticals.

Aqueous kits of a variety of Sn(II)
ligand and other kits were made indig-
enously using in-house developed tech-
nology, and stored at -45°C. These kits
having superior properties were used
to formulate radiopharma-ceuticals for
patients.

About 90,000 mCi amounts of
99mTc radiopharmaceuticals of various
descriptions - for brain / cardiac / liver
/ hepatobiliary / renal-glomerular filtra-
tion and anatomy / lungs/tyro id/sali-
vary/thyroid etc. were formulated, dis-
pensed and used. Procedures for coat-
ing antibodies to polystyrene tubes was
validated.RIA kit for microal-bumin-
uria especially to detect diabetic
nephropathy was extensively tested. A
RIA kit for T4 using antibody coated
magnetic particle separation has been
formulated for BRIT. A user-friendly
single-step immunological assay for the
diagnosis of tuberculosis has been
developed.

The therapeutic efficacy of Chlorin,
a porphyrin derivative and a
photosensitiserhas been studied in mice
with transplanted fibrosarcoma and
mammary tumours. Following irradia-
tion with Cu vapour + pumped dye
laser (fibre optic needle based tech-
nique) it was found that there was
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necrosis in the respective tumours
(proven by histopathology) - study per-
formed in collaboration with CAT,
Indore.

Different types of tests for the
diagnosis of tuberculosis at small health
care centres/hospital based immunologi-
cal assays/sensitive and specific PCR
assays were validated. An I.A.E.A
sponsored programme on molecular
typing of mycobacterial strain in multi-
drug resistant tuberculosis was under
way.

About 8000 radiodiagnostic investi-
gations involving various organs /
tissues / neoplams were carried out
during the year. In addition, about 700
patients of thyrotoxicosis were treated
at RMC. Another 300 patients were
treated for thyroid cancer during the
year. 7000 RIA assays were performed
during the year.

Apart from providing technical sup-
port and services to the R&D activities,
major work for augmentation and
upgradation of inhouse services for
BARC under IX Plan were taken up.

A major upgradation programme
which involves augmenting the capac-
ity of central airconditioning plant
upgradation of major electrical works
at Central Air-conditioning Plant, elec-
trical substations, centralised supervi-
sory control system (SCADA) for sub-
stations, interconnection of South and
North Site substations, upgradation of
South Site service water lines etc. was
started.

BARC continued with its energy
conservation programme which resulted
in considerable saving of power.

Technology Transfer & Collabora-
tion
Technology Transfer, Sale of Products
& Consultancy Services

The technologies transferred
included 8 K MCA-PCA-95 card,
Video Frame Buffer PC Add-On-Card,
and 100 MSPS Waveform Digitizer
Add-on-Card with associated software.

continued to page 3 7
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the development of sodium
cooled fast breeder reac-

cycfi
Reactor

(FSTM) is its major facility*
Advanced labor stories for
carrying out research and
development work in the
fast breeder reader tech-
nology have been set up.
The Centre is developing a
500 MWe Prototype Fast
Breeder Reactor (PFBR).

: "Reactor Programme
Fast Breeder Test Reactor (FBTR)

The reactor was operated success-
fully during the year, reaching aburnup
level of 45,000 MWd/t The perform-
ance of the carbide fuel was found to
be excellent.

A major refurbishing was done to
improve the plant availability and fire
safety and a programme of irradiation
of zirconium-niobium alloy, used in
PHWRs was initiated.

KAMINI Reactor
Regular operation of the reactor

upto the rated power of 30 kW was
continued. Irradiation of various sam-
ples and activation analysis of various
structural and nuclear materials were
carried out. Neutron radiography, an
important application of this reactor,
was also done. The reactor is ready for
taking up the neutron radiography of
FBTR fuel assembly.

Prototype Fast Breeder Reactor (PFBR)
The Site Evaluation Report was

under review by AERB. Significant
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progress was made in the design of
components and systems of Nuclear
Steam Supply System (NSSS) and the
conventional systems.

Preliminary Safety Analysis Report
on Reactor Assembly, Heat Transport
System and on Component Handling
were prepared and the first phase of
experimental projects in the fields of
core seismic design and main vessel
integrity under hypothetical core disrup-
tive accident were completed.

The document for the material prop-
erties to be used in the design, was com-
piled; the technology development for
the manufacture of the main vessel for
PFBR was completed; activities
towards the technology development
for Inclined Fuel Transfer Machine,
Grid Plate, Sodium Service Valves were
initiated, and material specifications for
tube sheets of heat exchangers were
prepared for initiating production.

FBR R&D and Essgraeensg
Engineering Development

The operation of the Large Compo-
nent Test Rig (LCTR) was continued for
heat transfer experiments.

The fabrication of the full scale
model of the control plug of PFBR was
in an advanced stage of completion.

The piping and the auxiliary systems
for the experimental facility for sodium-
water reaction studies are expected to
be commissioned shortly.

The experimental study on the likely
sodium deposition in the narrow long
annulus of Control and Safety Rod
Drive Mechanism (CSRDM) was taken
up in a small sodium set up.

A contract was concluded with
M/s. KBL for the development of the
new hydraulic design, using 1/3 scale
model, for a compact primary sodium



Sector of Main Vessel of Prototype Fast Breeder Reactor (PFBR)

pump.
The dynamic behaviour of the

primary pump rotor was being studied
experimentally in a full scale test sec-
tion in-house. The initial results of the
tests were satisfactory.

A development contract was in
progress at the Fluid Control Research
Institute, Palghat for validation tests on
slip joints of both primary and second-
ary sodium pumps. The former reached
an advanced stage of fabrication and
testing.

A DC conduction pump was
designed and was under construction for
use in failed fuel identification model
of PFBR.

The dash pot for the CSRDM was
tested in full scale, and based on the
test results, modifications continued.
A high temperature electromagnet was
assembled and its load carrying capac-
ity and response time for the Diverse
Safety Rod Mechanism (DSRDM) were
verified. The results were encouraging.

A project for the development of
Temperature Sensitive Magnetic Switch

was taken up in collaboration with IIT,
Chennai. The design of the same was
completed and the fabrication was in
progress.

A sodium flow measurement sys-
tem using eddy current flow meter was
developed for measuring sodium flow
in FBTR fuel subassemblies.

The models for the study of the
secondary flow distribution in inter-
mediate heat exchanger were installed
inFCRI, Palghat and the experiments
progressed.

The experimental setup, for con-
ducting the flow induced vibration
studies on a prototype instrumented
subassembly, was fabricated.

A i/5th scale model of the core out-
let region of PFBR was constructed for
the study of thermal striping near the
control plug region and tests were in
progress.

The tests were carried out for the
improvement of the performance of
Sodium Ionisation Detectors (SID).
Feasibility of using SID as a sodium
leak detection system in the presence

32

of flue gases from a fired heater was
being explored.

Work on the Steam Generator Test
Facility (SGTF) progressed well.
Detailed design of the sodium loop
components gained momentum and
orders for the components were being
placed. The detailed engineering
design of the buildings was completed,
and the technical bids for the steam
water system of the facility were proc-
essed and recommendations were
finalised.

The installation of the various com-
ponents of the Isotope Separation Plant
made significant progress and the con-
tract for the plant piping works was
awarded. The engineering experiments
on pilot scale progressed. The commis-
sioning of the plant is targeted for mid-
1999.

Reactor Physics
Periodic calibration of control rods,

measurement of temperature
coefficients of reactivity and monitor-
ing of the reactivity loss due to burnup
were carried out for FBTR. The
probabilistic safety analysis for block-
age of flow in FBTR fuel subassemblies
and their detection were completed.

The kinetic experiments for the veri-
fication of delayed neutron parameters
and also the isothermal temperature
coefficient measurements forKAMINI
reactor, were completed. Experiments
to irradiate various samples were con-
ducted to fine tune the system. The
reactor is ready for regular use.

The PFBR core physics design was
approved by the Project Design Safety
Committee (PDSC). The documents
for safety analysis and shielding were
completed for approval of PDSC.

Materials Chemistry
A radionuclide trap made of

Reticulated Vitreous Carbon (RVC) for
removal of radioactive cesium from
sodium was successfully tested and
found suitable for reactor application.

Studies were conducted on the
compatibility of zircaloy with sodium.

A sophisticated direct reading



spectrometer was commissioned for
qualitative determination of the con-
stituents of stainless steels, ferritic
steels and incoloy used in nuclear
applications.

Fundamental studies for under-
standing the role of diluents in the sol-
vent extraction process in fuel reproc-
essing were carried out.

Thermal ionisation mass spectro-
metric studies were conducted on
dissolver solution of the spent fuel pal-
let of FBTR to assess the burnup level

Electrochemcial hydrogen meters
and carbon meters were designed,
developed and installed in FBTR sec-
ondary sodium circuit.

A meter based on diffusion of
hydrogen through nickel coil and
detection by thermal conductivity
detector, was installed and commis-
sioned for monitoring hydrogen in
FBTR cover gas (argon). Various experi-
ments to enhance the sensitivity of SnO2

based sensors for detection of hydrogen
were carried out.

Fuel Chemistry
One of the samples of FBTR fuel

pin was dissolved in nitric acid and the
burnup of the fuel was measured by
determining the concentrations of ura-
nium, plutonium and selected rare-
earths in the dissolver solution.

The feasibility of using the indig-
enously developed bi-functional
phosphinic acid resin for recovei ing
uranium from raffmate streams was
successfully demonstrated, at NFC.
Hyderabad. The synthesis of the resin
on large scale was taken up with a
local manufacturer. The resin was also
found to extract zirconium and hafnium.

Basic studies on solvent extraction
were continued. A commercially avail-
able aminophosphonic type resin was
evaluated for actiniderecovery.ltwas
found to extract uranium from a variety
of acid media.

Studies were undertaken to develop
inorganic sorbents for extraction of
Cesium from high active waste solution.

A new combustion synthesis route
was established for the preparation of

thoria powder, which could be sintered
to theoretical densities more than 95 %
at relatively low temperatures. This
method using citric acid as the fuel
was found to have many advantages
over the conventional route.

Samples from the KAMINI reactor
water tank were analysed for fission gas
content and also for activity ratios of
different fission gas isotopes.

Electronics and Instrumentation
Client-server based Maintenance

Management Information System was
developed for FBTR to take into
account the maintenance schedule, per-
formance history, spares etc., a Mobile
Data Acquisition system for MAPS,
PLC based control system for Structural
Mechanics Laboratory of IGCAR and
Distributed Data Acquisition System
for RAPS-II were developed and
implemented.

Metallurgy and Materials
Tscibijsoogy

Low Cycle Fatigue (LCF) properties
of indigenously developed modified 9
Cr-1 Mo steel was characterised over a
temperature range of 773 to 873 K to
assess its suitability for PFBR Steam
Generator (SG) applications. Detailed
investigations on LCF behaviour of
austenitic steel 316 L(N) weld metal &

Mobile Data Acquisition System

316 L(N)/316 L(N) weld joints and
creep fatigue tests on 15 Cr-15Ni-2.2
Mo titanium modified austenitic stain-
less steel (D9 alloy) with titanium to
carbon ratio of 4 in solution annealed
and cold worked conditions were car-
ried out for PFBR. Alternative tech-
nology was developed for aluminizing
ofincone!718 and its welding for
PFBRSG. 316 L electrodes with con-
trolled nitrogen content was developed
in collaboration with an Indian firm. A
technique based on ultrasonic velocity
measurement was standardised to char-
acterise the annealing behaviour of D9
alloy.

Theoretical and experimental works
were carried out to determine the tem-
perature distribution in plates during
welding by Shielded Metal Arc Weld-
ing process and a correlation was estab-
lished, for predicting the residual
stresses in weldments.

Investigations on stress corrosion
cracking of 316 LN samples in sodium
hydroxide were carried out to assess
the behaviour of the components dur-
ing cleaning, after their exposure to liq-
uid sodium in a fast reactor.

A novel method of "heat correction"
v/as used to develop multiple heat stress
rupture correlations for a large number
of ferritic and austenitic structural
steels.
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Repair welding procedure for type
410 stainless steel for low pressure tur-
bine blades of KAPS was established
using 316L electrodes.

Materials Research
A facility installed for laser treatment

of surfaces was used in the systematic
study of microstructural changes in
2-1/4 Cr -1 Mo steel on laser treatment.

Precise and accurate vapour pres-
sure measurements were made and
enthalpy of sublimation was estimated
in cesium iodide by horizontal thermal
analyser as a transpiration apparatus.

Studies on depth profiling of defects
were conducted in thin film interfaces
and colossal magneto resistance films
by using the indigenously built Low
Energy Positron Beam (LEPB) Facility.

An ultrahigh vacuum compatible
facility commissioned for analysis of
mass spectra of evolved gas at high
temperatures, was used to characterise
the structural and stoichiometric trans-
formation in nuclear fuel cycle mate-
rials.

An integrated flux locked loop
electronics for linearising the output
of the indigenously built SQUID was
designed, fabricated and tested success-
fully.

The PIE was carried out on three
experimental subassemblies irradiated
in FBTR showed that no appreciable
amount ofswelling had taken place and
the reduction in the gap between the fuel
and the clad was only marginal.
Further, no changes in the micro-
structure were observed in the fuel
after irradiation and there was no effect
of fuel-clad interaction.

Experiments on irradiation of pres-
surised capsules made of zircaloy tube
and zirconium - niobium alloy, to study
the in-reactor creep rate, were started
and the first two capsules were
discharged from FBTR and PIE pro-
gressed. This will help in determining
the useful life of the coolant tubes and
planning of their replacement in
PHWRs.

Non-destructive Testing and Evaluation
A MOBile SCANner (MOBSCAN),

having a travel of 15 metres and a stroke
of 500 mm, with a provision for mount-
ing a camera, was designed and devel-
oped for non-destructive examination of
large plates.

A Remotely Operated Power
MANipulator (ROPMAN) provided
with six degrees of freedom and with
a gripper, was designed for hot cell
applications. It is capable of upgradation
to a full-fledged robotic arm.

The design and development of a
walking robot for in-service inspec-
tion of steam generators was com-
pleted. The system can automatically
deploy ultrasonic, eddy current and vi-
sion probes. It is adaptable to various
types of heat exchanger configurations
and can also scan large plates. This can
also be modified to carry a manipula-
tor arm, a closed circuit TV camera
etc., for maintenance / surveillance ap-
plications.

Experimental studies were carried
out to characterise the secondary phases
in cold worked AISI304 SS specimens
using SQUID. These measurements
were successful even with 10 % vol-
ume fraction as compared with 20 to
27 % for other methods.

The technique of laser scattering was
developed and successfully applied for
the study of corrosion pits in stainless
steel, monitoring the roughness of ma-
chined surfaces and the characterisation
of laser induced surface modifica-
tion. A laser based etching technique
was also established for non-contact
etching of metallic and ceramic speci-
mens.

An impact echo test method was
developed for reliable examination of
concrete structures. This method over-
comes the limitations in the non-
destructive examination of thick struc-
tures by using low frequency ultra-
sonics.

IGCAR extended its expertise in the
areas of NDT and failure analysis to
other DAE units and also to a large
number of strategic / core sectors of
Indian industry.

Computing Facilities
Enhancing the computing facilities

at IGCAR continued. Work progressed
for establishing an ATM Optical
Fibre backbone for networking of the
various facilities of IGCAR. Commis-
sioning of the Firewall system was on
hand for improving the network secu-
rity for the internet facility.

Various modules for the computeri-

Indigenously developed low energy positron beam (LEPB) facility for study of
surface defects



Laser scattering apparatus for non-destructive testing of surface

sation of IGCAR administration and
the Hospital Management System were
developed and their testing progressed.

Health asd Safety
A bubble detector was indigenously

developed and calibrated. It was used
for evaluation of neutron shielding
properties of borated compressed wood
and also for evaluation of neutron dose
to patients undergoing high energy
X-ray and electron radiotherapy.

Design of major components of a
Compton profile spectrometer and the
development work on the Intense
Pulsed Neutron Facility had made sig-
nificant progress.

An Electron Cyclotron Resonance
X-ray source was designed and con-
structed for use as a portable medical

Mosaic photograph of the cross
section of an irradiated
experimental FBTRfuel pin
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imaging unit.
A miniature pocket dosimeter, with

audible alarm for every preset cumula-
tive dose increase and overall cumula-
tive dose was designed and fabricated.
A continuous gamma dose logger for
site environmental monitoring was also

developed as an import substitution.
An indigenous modelling code for

the estimation of the activity release,
transport and deposition of corrosion
products as a function of time and dis-
tance in the primary sodium circuit of
FBTR, was developed and validated
successfully.

A 2-dimensional numeric code,
handling the hydrodynamics of a
simulated Core Disruptive Accident was
developed.

Stress-strain correlation under
dynamic pressure loading was studied
at room temperature. Efforts were on
hand to correlate the shock energy and
strain energy of the deformed specimen.

A 100 kJ condenser bank was set up
to generate transient pressures. This will
be used in fast reactor safety studies
related to containment capability.

A programme to model the fuel
behaviour in reactor accidental situa-
tions was initiated.

To assess the consequences of dam-

Afour legged walking robot capable of carrying eddy, ultrasonic and visual
probes for remote inspection of steam generator tubes
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age suffered by concrete in contact with
sodium, experiments were conducted.

Two experimental trials were carried
out to study the air-cleaning of
sodium fire containments. The aerosol
trapping efficiency of the beds was
found to be above 95 %. Fabrication of
some of the components for the
sodium fire test facility was started.

Safety surveillance inspections were
carried out at all the facilities at
Kalpakkam. Safety educational pro-
grammes and first aid training were also
conducted, as apart of industrial safety.
All incidents and occurrences were
investigated in detail and a database soft-
ware for the same was developed.

Coastal Atmospheric dispersion
studies by employing tethered balloon,
tower and mini-sodar were continued at
Kalpakkam.

A new thermo- luminescent phos-
phor, capable of measuring radiation
dose of 5 mR was developed.

Criticality safety evaluation of the
process vessel for RAPS, shielding
calculations for beam port of KAMINI
reactor and testing of the shielding
integrity of blisters, shield doors & hot
cells of KARP were carried out.

A LAN for the safety related activi-
ties was established.

g
FBTR Fuel Reprocessing {Lead Mini
Cell)

The Safety Report for the Lead Mini
Cell (LMC) was cleared by Safety Com-
mittee and is under the scrutiny of
SARCOP. The installation of the facil-
ity reached an advanced stage of com-
pletion. The cold commissioning of
LMC, for reprocessing FBTR fuel on
laboratory scale, is targeted for July
1999.

Fast Reactor Fuel reprocessing Plant
The site works for the air-condition-

ing & ventilation and service piping
were completed. Tender for the fabri-
cation of the process vessel was
issued. Specifications for the cell pip-
ing works were prepared and the draw-
ings for one of the cells were taken up.

Lead Cells and Piping work in progress

Most of the reconversion boxes were
received at site. Preliminary design of
radiation shielding glass frames was
worked out for the radiation shielding
windows received at site.

U-233 Refurbishing of System - for
Recovery from Thorium Rods

Commissioning tests for the
second campaign of uranium-233
recovery from irradiated thorium rods,
were completed. With the clearance
obtained from Safety Committee, the
hot operations were continued.

R&D Activities
A solvent extraction method was

developed from acetic acid medium
was employed in the recovery of
U-233.Methods were also developed
which will replace the use of hazard-
ous formaldehyde, resulting in lesser
waste volume. Extracto-spectro-photo-
metric determination of uranium and
plutonium was developed for fuel
reprocessing application.

Esgineesisg and Technical Services
Civil Engineering

The Civil Engineering Group han-
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died all' aspects of civil engineering
services right from conceptual, struc-
tural, architectural & public health
designs, estimates & contracts, qual-
ity control and construction of all
projects in IGCAR, CWMF, KARP,
WIP and also preliminary design works
connected with PFBR. Design and con-
struction of the housing, other public
buildings etc., in DAE Township were
also carried out. Consultancy services
for architectural and structural designs
were rendered to MAPS, BARC &
some of the aided institutions .

The extension building for the
Fuel Reprocessing Development
Laboratory was completed. Towards
the infrastructure development in
IGCAR, civil works related to the con-
struction of security building, com-
pound wall, widening of roads at
IGCAR entrance etc., were taken up.
The civil works for the IX plan projects
such as mechanical maintenance and
vibration building, substation building
for steam generator test facility, struc-
tural mechanics lab., electronics &
instrumentation laboratory and Quality
assurance building etc., were taken up.

The construction of 112 quarters in



the new township at Anupuram was
progressing well and will be completed
shortly. The IX plan works related to
housing and infrastructure development
were initiated at Aunpurara.

Construction of sixth battery of 49
tile holes for CWMF, inflammable
stores building for KARP and main
process building of WIP were com-
pleted.

Special investigation works to assess
the static & dynamic parameters and
liquefaction potential of PFBR site were
completed. The bore hole studies for
90 metres depth for soil investigation
made progress. The contract on the
studies related to shore line stability
for Kalpakkam was awarded to
National Institute of Oceanography and
the work progressed. Studies towards
the development of special concretes
for PFBR commenced.

Engineering Services
Operation and maintenance of elec-

trical, air-conditioning & ventilation
and communication systems continued.
Various energy saving measures were
implemented for the electrical distri-
bution and lighting systems in the
Township. Specification for procure-
ment of energy efficient 500 TR cen-
trifugal chillers were finalised, and pro-
curement of substation equipment for
SGTF progressed.

Internal electrification works made
progress for various quarters at
Anupuram.

Technical support was provided to
other organisations.

Quality Assurance and NDT services
were provided for various projects such
as FRFRP, Technology Development
works related to PFBR, Boron Enrich-
ment Plant and others, and

Quality surveillance, pre-service and
in-service inspection support were
extended to Heavy Water Plants at
Manuguru and Kota, TAPS, IAF etc.,

A development study to evaluate the
influence of welding parameters on
impact and fatigue properties of weld

joints of boiler materials (9 Cr - 1 Mo)
for PFBR was completed.

Management Services
Significant progress was made in the

implementation of the Phase I of
the Purchase Management System

at Madras Regional Purchase Unit,
Chennai. A system for the feedback
information to the indenters in respect
of various tenders and purchase orders
was developed and introduced.
A sophisticated system for monitoring
the expenditure of all the capital projects
of the Centre was implemented success-
fully. A system for preparation of budget
proposals for capital projects was
designed & developed, and the same
was under release. Procurement of the
servers and client nodes for the LAN for
interconnecting the Project Monitoring
/ Purchase Management Systems pro-
gressed.

Central 'Workshop
Central Workshop caters to the

manufacturing and R&D needs of vari-
ous facilities and projects at Kalpakkam.
It also serves for the technology and
process development for the manufac-
ture of nuclear components, which will
be transferred to the Indian industries
for execution.

The Workshop developed a sleek
miniature TIG welding torch. A mock-
up study for the development of high
temperature brazing for joining copper
conductor with SS 316 LN duct was in
the final stage of adoption for the DC
conduction pump for PFBR. i i

Continued from page 30
The Memoranda of Understanding

(MoUs) for transfer of technologies
signed with various parties covered
Adaptation of a software on Hospital
Information Management System
(HIMS): Manufacture of TLD Badges
for Personnel Monitoring: for setting up
of large sized desalination plants, tech-
nical consultancy and up-gradation of
fluorine cell in a packaging plant, and
development of diamond polishing
scaives (presently being imported).
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Technologies under evaluation for
transfer included Production of
Yttrrium Vanadate (Europium acti-
vated) phosphor for use in mercury
lamps, and technology for Lascan Dia
Gauge. For NPCIL, development of ISI
equipment for Moderator Heat
Exchanger and RAPS type steam gen-
erator continued.
Patenting/Copyright Activity

Three patents were given acceptance
and five patents were filed with the
Patent Office, Mumbai.

Exports
BARC supplied Second lot of 500

Thoria buttons to General Electric,
USA; Bulk reagents for Radio-
immunoassay (RIA) to EGYPT; Liquid
injection system and gas apparatus for
radio-tracer experiments to Bangladesh;
TLD Badges with provision of TLD
badge reader services to Saudi Arabia;
Gamma-Camera-Interface-Cards to
Latin American, Asian & African coun-
tries through IAEA. The Software for
age estimation of ancient samples was
to be supplied to Hong-Kong Univer-
sity.
Management Services

Project Monitoring : The project
co-ordination activities for all projects
for which financial sanction was
received, continued. Databases contain-
ing information on all the projects
under R&D, I&M, and Power Sectors
in BARC were created for project moni-
toring.

Action was initiated for procurement
of a variety of items.

A statistical report on the retirement
profile of scientific and technical staff
for the period 1998-2002 was prepared
to define future recruitment policy. The
manpower requirement profile for IX
Plan new projects was also prepared.

The initial phase of the upgradation
of facilities/services in Training School
Hostel/Guest House was completed.
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Semiconductor laser pumped Laser developed at CAT, Indore

The Centre for Advanced
Technology (CAT) at

rheads the national
efforts in res:
development oj
accelerators, high vacuum
technology, cryogenics and
technology for manufac-
ture of large magnets,
The Centre is setting up
a Synchrotron Radiaftpn

research setup in the

Laser Programme
A semiconductor laser-pumped,

intracavity-doubled, laser giving 300
mW cw power at 532 nm was developed
at CAT. This laser without intracavity
doubler also gives 750 mW of IR power
at 1064 nm. These figures correspond
to 40% conversion efficiency with
intracavity doubling.

An industrial model of high power
transverse flow CW CO2 laser which
gives 3.5 kW laser power in multi-mode
and 2 kW in a lower order mode was
also developed. This is coupled with a
CNC work - table and is being used
regularly for industrial applications such
as material processing applications e.g.
as cutting of metallic and nonmetallic
sheets, welding of various kind of steel,
titanium etc., and surface transformation
hardening, surface re-solidification,
alloying and cladding. Laser cladding of
Stellite-694 over Nickel super alloy was
demonstrated for refurbishing worn-out
gas turbine blade. An engineered ver-
sion of this laser system was also devel-
oped and will be delivered to Jadavpur

University under National Laser
Program.

On excitation by ultraviolet light, e.g.
nitrogen laser, uranyl salts fluoresce with
characteristic emission. A laser
fluorimeter was developed at CAT
earlier, using this principle. This
instrument finds applications for the
Atomic Energy Programme in prospect-
ing & mining of uranium, reactor fuel
fabrication facilities and nuclear waste
management. A new improved version
of this laser flourimeter has now been
developed at CAT.

This has a modular design with a
laser module consisting of sealed off
type Nitrogen laser (lOpps, 10 micro-
joule), an optical module and a proces-
sor module. Its salient features include
PC connectivity, back lit LCD display,
programmability, software on PC for
data acquisition and processing etc.

An unstable Q-switched Nd:YAG
laser using variable reflectivity mirror
(VRM) was developed at CAT. Unsta-
ble laser resonator configuration
supports high mode volume in active
medium while giving diffraction
limited beam, thereby capable of
delivering higher energies. Since, this
configuration has shorter resonator
length, it is also capable of delivering
shorter pulse width.

The main features of this laser is
higher output energy and shorter pulse
width, hence high peak power, compact
laser head and short temporal pulse. One
such system, model RD-YG-300, was
supplied and commissioned at Atomic
Energy Commission Syria, Damascus.

A laser marker system was developed
using a Nd YAG laser. The laser beam
traces a programmed path, with the help
of galvanometric mirror assemblies, to
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Cutting of metal sheet by Laser

mark text, logos and pictures on hard
surfaces. This PC based system consists
of a X-Y galvanometric mirror assem-
bly, a video digitizer, CCD (charged
coupled device) camera, mirror driver
cards and a PC add-on interface card.
The software developed accepts plot
files generated by' Autocad' software or
a picture captured by video camera and
marks it on the target.

One laser marker system for scribing
a set of straight lines on solar cell is sup-
plied to M/s Eco-Solar System, India
Pvt. Ltd., Pune. They have started regu-
lar production of solar cell.

Medical Application of Lasers
In one of the research projects under

the National Laser Programme, effect
of nitrogen laser on burn wounds and
non-healing ulcers was studied using
nitrogen lasers deveioped at CAT. Stud-
ies have shown that it has a bactericidal
effect and can be used in healing of
chronic/ acute infected wounds.

A prospective study has been done
on a variety of indication viz. traumatic
wounds, burns, varicose ulcers, diabetic
foot, pressure sores and skin soft tissue
infections. Particularly, with organism

Surgical carbon dioxide laser with articulated arm

resistant to all antibiotics, it has shown
significant wound sterilization effect
along with improvement in
microvascularity and epitheialisation.
Leading to faster healing and reducing
hospital stay. There is also pain relief in
ischaemic wounds. About 400 cases
with Nitrogen laser with very good
results are already treated. Special laser
scanner is developed by CAT to facili-
tate laser radiation of large wound
areas.

jgeascs
Further improvements were carried

out in the design of the closed cycle
cryocoolers being developed at CAT. A
second model of single stage unit is
giving a cooling power of 3 watts at 50
K, whereas the overall size is smaller
than the first model which had a cool-

ing power of 250 mw at 50 K.

An x-ray crystal spectrometer with
2D-spatial imaging and on-line opera-
tion was set up for studies of x-ray emis-
sion from laser produced plasmas. The
spectrograph was used for measure-
ments of x-ray line intensity enhance-
ment of transitions in highly charged
ions of laser produced plasmas expand-
ing in different background gases.

An experimental study was carried
out on laser driven photoeathode as a
step towards the goal of ultrashort pulse
x-ray generation in multi-keV spectral
region. For a laser pulse of 4 to 5 mJ
(~10pS) at 263nm (hv=4.7eV), -3x10
9 photoelectrons are estimated from the
current pulse monitored through a
series resistance in the diode circuit.
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a hie Energy Cyclotron Centre

Variable Energy Cyclotron

Cyclotron Centre (VECC)
at Calcutta is a national
research centre in nuclear
field. The variable energy
cyclotron at the Centre
delivers beams of nuclear
particles for research in
nuclear physics and

produces radioisotopes for
various applications.
The Centre is setting up a
superconducting cyclotron.

The superconducting cyclotron
project of VECC made significant
progress. Fabrication of major compo-
nents advanced significantly. All major
steel forgings for the main magnet frame
were completed and they were found to
be of excellent quality. The machining
of various parts of the magnet frame will
begin shortly. The fabrication of super-
conducting coil winding made satisfac-
tory progress. All the fabrication draw-
ings were critically examined and
approved. The set up will be assembled
at VECC in the middle of 1999 and the
actual coil winding will begin in August
1999. Formalities for placement of fab-
rication contract for the complex
cryostat assembly, which will house the
superconducting coils, were completed.
Progress was also made at BARC,

towards fabrication of the superconduct-
ing cable for the coil. Purchase order for
the main liquid helium plant was placed
on a French firm. The plant is expected
to start producing liquid helium in July
1999. A 90 litre capacity liquid nitro-
gen plant is already operating satisfac-
torily. After procurement and planning,
fabrication of the radiofrequency (RF)
resonator structure started at BARC.
Several major parts of the RF resona-
tors were also contracted out for fabri-
cation. The electronic part of the RF
system was under fabrication at the cen-
tre. Detailed design work on several
units for the system was completed. A
300 Ampere power supply was fabri-
cated as a prototype for the main mag-
net of the superconducting cyclotron.
Design work was also carried out to
extend the operating current level to
1000 Ampere. Several prototype power
supplies for the RF system of the super-
conducting cyclotron were also fabri-
cated and tested. A number of proto-
types for magnet power supplies were
also fabricated. Design of an advanced
Electron Cyclotron Resonance Ion
source operating at 14.5 GHz was final-
ized. Construction of the building for the
new accelerator was to commence
shortly. All the tendering formalities for
carrying out specialized pile foundation
jobs were completed.

in
Energy Cyclotron

On August 26,1998, a new milestone
was set at VECC when for the first time
115 MeV 0(5+) heavy ion beam was
successfully extracted out of the cyclo-
tron (VEC). This ushered in a new era
of research opportunities for the scien-
tists. Other new beams will also be avail-
able from the cyclotron. In early 1998,
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To enhance the versatility of
the cyclotron to accelerate
heavy ion beams, a 14.5 GHz
ECR source was under installa-
tion. This heavy ion source will
deliver ions of solid species also.
Detailed design and layout of the
injection line for the new source
were worked out.

First beam observed on Alumina in
experimental cave

0(6+) beam was successfully acceler-
ated up to an energy over 200 MeV
within the cyclotron - the highest ion
energy ever achieved in the country.

VEC had been utilized since 1981 for
basic research and applications in the
field of nuclear and allied sciences. So
far, only the proton, deuteron and alpha
beams were accelerated with VEC. With
this success, the VECC now stands at
par with the best cyclotron centres in the
world.

The heavy ion acceleration pro-
gramme was undertaken a few years ago.
In this program the first major milestone
was successful operations of the indig-
enously developed Electron Cyclotron
Resonance (ECR) heavy ion source in
May 1991. This is an advanced heavy
ion source, ideally suited for cyclotron
injection. The change over to heavy ion
injection was delayed due to users' pres-
sure to finish their experiments with light
ion beams. Major modifications in the
cyclotron and its systems had to be car-
ried out for satisfactory acceleration of
heavy ions. The central region of the
cyclotron was considerably altered.
Vacuum level in the cyclotron and beam
lines was improved. Magnet power sup-
plies, radiofrequency and LC W systems
were upgraded. The newly extracted
0(5+) beam was transported to the
experimental area where several tests on
the beam were carried out by a group of
scientists from VECC and SINR

lioactlve los Beam i
The availability of Radioac-

tive Ion Beams (RIBs) will
signal the dawn of a new era in
heavy-ion science. RIBs will not
only provide answers to many
important questions, it would

also open up many basic and applied re-
search topics in the fields of condensed
matter physics, biology, chemistry and
medicine.

VECC has undertaken the task of
building a RIB facility. A significant
amount of progress could be achieved
in terms of completing the design of
various state-of-art accelerators and ac-
celerator subsystems in the last one year.
The design of a low velocity heavy-ion
Radio Frequency Quadrupole (RFQ),
the design of a two ion-source stand, the
design of a high B-mode ECR ion source
and that of a low velocity heavy-ion IH
LINAC were completed. Efforts to ini-
tiate intense R&D programme for the de-
velopment of thick targets were
underway.

Recovery and analysis of Helium from
hot springs

The recovery of helium from the
natural gas available in thermal springs
at Bakreswar commenced and a pilot
plant for helium extraction was set up
there. Set up for final purification of
helium was in progress. Setting up of
raw gas entrapment facilities at Tantloi
(Bihar) also commenced, and gas analy-
sis and survey work to augment sources
around Tantloi were in progress.

Computational facilities
Computer facility was installed and

a powerful server was commissioned to
carry out computational and simulation
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works for the superconducting cyclo-
tron. A major part of the campus-wide
networking was implemented. A PC /
CAMAC based control of vacuum sub-
system on ECR ion source was tested
successfully and CAMAC routines were
developed. Beam profiler system of
cyclotron was updated to work around
MS-Widows. Cyclotron beam view and
property acquisition and distribution
system was developed with image
acquisition hardware and in-house
developed software. An administrative
data base system was being imple-
mented around ORACLE.

Quark -Gluon Plasma
VECC was involved in commission-

ing of photon multiplicity detectors
(PMD) for experiments at the European
Centre for Nuclear Research (CERN) in
Geneva as well as at Brookhaven
National Laboratory (BNL) in New
York. These detectors were designed to
look for signals of the Quark-Gluon
Plasma (QGP) phase transition. First
generation of these detectors using plas-
tic scintillators and CCD camera read
out were installed in WA93 and WA98
experiments at the SPS at CERN. The
data from these experiments produced
interesting results including first indica-
tion of collective flow phenomena. Data
analysis is in progress.

Bask Research in Physics
Phase transition in Nuclear Matter

The equation of state is important for
the studies of nuclei and also objects
of astrophysical interest. The equation
of state of finite nuclei showed some
peculiar properties. Such properties were
studied in a mean field model.

Chaos in Nuclear Dynamics
The one-body dissipative force that

operates in macroscopic nuclear
dynamics arises essentially due to the
random nature of the intrinsic nuclear
motion. A theory for one-body dissipa-
tion was developed. This theory termed
as chaos weighted wall formula
(CWWF) extended the applicability of
one-body theory to a wide range of sys-



terns with nearly regular to strongly cha-
otic intrinsic dynamics. It was also
shown that the chaos weighted wall for-
mula can be applied to the dynamics of
fissioning nuclei.

QCD phase transition in the labora-
tory and in the early universe

A study on the properties of hadrons
at finite temperature and density was
performed. The effects of reduction in
hadronic masses and widths on the elec-
tromagnetic ejectiies (photons and
dileptons) originating from ultra-relativ-
istic heavy-ion collisions were investi-
gated. Unstable particles to play in low
mass dilepton production resulting from
heavy-ion collisions and this has been a
subject of several investigations. These
features were investigated by using the
rho and omega mesons as illustrative
examples.

The temperature and density
dependence of the rho-omega mixing
amplitude was studied from a purely
hadronic model. It was observed that the
mixing amplitude changes substantially
at high temperature and density. This
result may have a strong bearing on the
QGP diagnostics.

The cosmic first order phase transi-
tion from quarks to hadrons, occurring
a few microseconds after the Big Bang,
would lead to the formation of quark
nuggets. Studies done on these quarks
nuggets gave interesting results. Quark
nuggets as possible candidates for
baryonic dark matter are being investi-
gated.

Studies were also conducted relating
to the framework of relativistic Fokker
Planck equation, to dynamical equilibra-
tion of the hot quark gluon matter
formed in ultrarelativistic heavy-ion col-

lisions, and the time evolution of the
system.
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Centre ^ Medical Cydotrosi
A 4 Mev linear electron accelerator

had a successful run for radiation treat-
ment of cancer patients. More than two
thousand five hundred patients received
treatment successfully. Apart from
therapy the work for accurate diagnosis
of cancer tumours were quite success-
ful as well.

With the help of an interest free loan
from the Kingdom of Belgium to Gov-
ernment of India, SINP with VECC,
Government of West Bengal, West Ben-
gal Industrial Development Corporation
and IBA - Belgium continued the set-
ting up of a captive Cyclotron of high
current 30 MeV proton for production
of radio isotopes such as thallium for
heart ailments. Thus allows access to
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AMD renamed as the Atomic Minerals Directorate for Exploration and Research

The Atomic Minerals Division
entered 50th year of its existence on
July 29,1998. On the occasion of its
Golden Jubilee Celebrations the Divi-
sion was renamed as the Atomic Min-
erals Directorate for Exploration and
Research (AMD).

Directorate for Explor

Hyderabad is entrusted
with ike research and

radiometric £
surveys, exploration, pros-
pecting and development of
various mineral resources
needed for the nuclear

Investigations
The airborne gamma-ray

spectrometric system (AGRS) newly
fabricated by AMD was test flown and
was found to perform well.

Satellite data interpretation, digital
image processing, photogeological
studies, data integration and critical stud-
ies on various potential areas were car-
ried out. Noteworthy uranium miner-
alisation was located near Miryalguda
(Andhra Pradesh) as a result of
follow-up ground checking.

Radiometric reconnaissance survey
over 9,780 sq. km and detailed
surveys over 450 sq. km were carried
out which resulted in locating/delineat-
ing new uranium anomalies.

Geophysical surveys were carried out
in selected areas of Madhya Pradesh,
Rajasthan, Meghalaya, Haryana and
Karnataka. These surveys helped in
narrowing down target areas.

Magnetic surveys at Tosham-Nigana,
Haryana indicated presence of anoma-
lies which could be due to metallic
mineralisation. Regional magnetic sur-
veys carried out east of Juba, Raipur
district, Madhya Pradesh indicated pres-
ence of fracture zones. TEM surveys
around Gogi Karnataka indicated a con-
ductor axis coinciding with Basement -
Bhima basin contact.

Geochemical surveys (water, soil and
stream sediments) were carried out over
12,165 sq. km in different parts of the
country. These helped in narrowing
down the target areas and delineating
their trends in parts of Cuddapah,
Kurnool, Guntur and Prakasham dis-
tricts of Andhra Pradesh for under-
taking further detailed surveys.

Exploratory drilling aggregating to
over 30,000 metre was carried out to
probe / delineate the subsurface conti-
nuity of uranium mineralisation in dif-
ferent promising sectors. Correlatable
ore grade uranium mineralised intercepts
of the order of 0.10% U,Oa and above

Jo ,

were obtained at Gogi (Karnataka);
Wahkyn (Meghalaya); Peddagattu and
Koppunuru (Andhra Pradesh) and
Ghateshwar (Rajasthan). Lesser grade
(<0.10% U3O8 ) uranium mineralisa-
tion was also intercepted at some places
in Uttar Pradesh, Andhra Pradesh, Bihar
and Rajasthan.

At Dulapali (Madhya Pradesh)
exploratory drilling confirmed sub sur-
face continuity of mineralisation asso-
ciated with basement fracture zone.
Several such fracture zones were iden-
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Drilling to probe Subsurface
Uranium Mineralisation

tified in Madhya Pradesh and Orissa
for further exploratory' drilling in future.

The boreholes drilled at Gogi
intercepted high grade uranium-min-
eralisation associated with brecciated
limestone of Bhima Basin.

Additional uranium reserves of
1,710 tonnes of U^O. were estimated
at Wahkyn, Meghalaya under inferred
category bringing the total estimated
reserves to 2,900 tonnes.

As a result of infilling core drilling
in different blocks of Peddagattu area
(Andhra Pradesh), additional reserve
of 490 tonnes of U,(X was estimated
and earlier inferred category reserves
of Block I & II were converted to
indicated category.

Rare Metal and Rare Earth
Investigations

Additional occurrences of columbite-
tantalite and spodumene (ore mineral

of lithium) bearing pegmatites were
located in parts of Uttar Pradesh and
Karnataka respectively. Riverine
placers, containing significant concen-
tration of xenotime were delineated
in parts of Ranchi and Lohardaga dis-
tricts, Bihar.

Detailed evaluation of known
pegmatites was carried out and addi-
tional reserves of 7.76 tonnes of
columbite-tantalite were estimated.
Additional reserves of 200 tonnes of
xenotime bearing polymineralic con-
centrate were estimated from riverine
placers of Gumla district, Bihar.

Two units were fabricated and
installed in Jharsuguda district, Orissa
for recovery of columbite-tantalite.
These recovery units along with others
located in Bihar, Madhya Pradesh and
Karnataka produced 38.64 tonnes of
xenotime bearing concentrate, 2.84
tonnes of columbite-tantalite and 3.50
tonnes of Beryl.

Beads S&tal md Offshore

Assessment and evaluation of heavy
mineral deposits along coastal tracts
in Andhra Pradesh, Tamil Nadu and
Kerala was continued.

A new heavy mineral potential zone
was located over an area of 30 km x 2
km along coastal stretch of
N i z a m a p a t n a m - S u r y a l a n k a -
Adavuladevi (Andhra Pradesh).

Reports/executive summaries on dif-
ferent heavy mineral deposits were
prepared and supplied to the Indian Rare
Earths Ltd., Tamil Nadu Minerals Corp.
Ltd. and Hindustan Zinc Ltd..

Export consignments of over 81,000
metric tonnes of garnet sands of pri-
vate agencies and over 1,81,000 met-
ric tonnes of ilmenite pertaining to
IREL, were sampled. Monazite test cer-
tificates were also issued.

Laboratory fevestigatsosss
AMD laboratories rendered analyti-

cal support to field investigations. The
salient activities/achievements were as
follows :
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- Analytical and instrumental support
such as radiometric assay of surface
samples and borehole cores, gamma-
ray logging of boreholes, radiomet-
ric checking by shielded probe, radon
emanometry and repairs/ calibration of
field instruments.
- Design and development of a single
rack notebook PC based AGRS system
which was successfully test flown.
- Upgradation of bulk uranium ore ana-
lyser installed at Narwapahar, UCIL.
- Analysis of over 11,700 samples
involving over 88,000 determinations
related to ongoing activities of the
Directorate.
- Analytical support to IREL, GSI and
other organisations and continuation of
research and development for refine-
ment of analytical techniques were con-
tinued.
- A total of 3,470 mineral analyses
(47,890 elemental determinations).
- A total of 329 samples were stud-
ied for identification of different ura-
nium, rare metal and rare earth bearing
minerals and measurement of unit cell
parameters of a few of them.
- Petromineralogical studies on 2,088
rock samples from of atomic miner-
als. Petrological studies related to
geotechnical studies were also carried
out.
- Analysis of 3,036 samples involving
58,900 determinations for quantitative
measurements of different elements
- Spectrograph studies on 2,800 samples
and standards involving over 76,000
determinations
- Culture of aspergillous fungus in
uraniferous albitite - pyroxinite from
Maonda, Rajasthan and sulphide form-
ing bacterias in the limestone from Gogi,
Karnataka.
- Completion of heap leaching of ura-
nium at Jajawal, Madhya Pradesh as a
technology demonstration.
- As a part of decommissioning, neu-
tralisation of residue and barren liquor
were completed as per AERB guide-
lines. Besides, hydrometallurgical char-
acterisations of host rocks from differ-
ent uranium deposits / occurrences and



Satellite image ofChitrial outlier, Nalgonda District, Andhra Pradesh. Extensive
Uranium Mineralisation was located near the inconformity between basement
granite and the overlying sediments

development of flow sheets for the
recovery of rare metals were continued.

Research and Development
Following R&D activities were car-

ried out:
- On the choice of complexing agents
and conditions of stability of the com-
plexes in achieving tolerence of inter-
fering ions studies.
- Standardisation for estimation of
Indium in Niobate-Tantalate type
samples.
- Solvant extraction of Ga, In and Tl in
geological materials.
- Modified method for the determi-
nation of uranium by Pellet Fluorimetry.

- Standardisation of multi-element (U,
Th, Zr, Hf, Ga, In) estimations.
- Determination of rare earth elements
in Iron rich geological samples.
- A complexometric determination of
Ca & Mg in dolomite, limestone,
magnesite and silicate materials.

Geotechnical Investigations
A report on seismotectonics of the

area around tailings pond (III stage),
Jaduguda (Bihar) was prepared for
UCIL.

A revised Siesmic Zoning Map of
Peninsular India upto 22°N Latitude on
1:2 million scale was prepared.

Mining Plan Approval and Licencing
Scrutiny of mining plans in respect

of atomic minerals was continued as per
the provisions of Mines and Miner-
als (Regulations and Development)
Act, 1957. The mining plan of M/s
Kerala Minerals & Metals Limited
(KMML) was approved.

Certificates were issued to three per-
sons for preparing mining plans of
atomic mineral deposits.

Resource Generation
Revenue amounting to about Rs.91

lakh was earned by providing tech-
nical and professional services to vari-
ous organisations and sale of atomic
minerals.
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Enmasse replacement of coolant channels of RAPS -2 . With the indigenously
developed tools, the work was executed successfully.

POWER GENERATE
There are ten reactor units under

operation with a total installed capacity
of 1840 MWe. During the calendar year
1998 the total gross power generation
from all station was about 1.1,483 MUs,
which included about 709 MUs from
RAPS-1. For the period Apr. 1, 1998
to Jan 31, 1999 the total gross genera-
tion was about 9900 MUs achieving
capacity factor of about 73%. The gross
generation from all the units since com-
mencement of commercial operation till
end of Jan. 1999 was about 131 billion
units. The reactorwise power genera-
tion performance is shown in the table
below:

The Nuclear Power
Corporation of India

nuclear power reactors - 2
EWRs and 8 PHWRs, with
a total installed capacity of
1840 MWe, Four 220 MWe
PHWRs and two SOOMWe
PHWRs are under
construction. ''Supplement'
io the Inter-Government
Agreement (IGA)for setting
up of two MWOMWe
reactors has been s
between the Russia
Federation

Reactor

TAPS-1
TAPS-2
Total

RAPS-11

RAPS-2 $
Total

MAPS-1
MAPS-2
Total

NAPS-1
NAPS-2

Total

KAPS-1
KAPS-2
Total

Generation in
Calendar Year
1998

1284
974

2258

709
599

1308

803
1258
2061

1665
1476
3141

1239
1476
2715

Generation in
Financial Year
1998-99 upto
31.1.1999

1073
767

1840

663
733

1396

884
1018
1902

1258
1192
2450

1088
1223
2311

Capacity
Factor
(%)

Availability
Factor
(%)

1998-99 upto 31.1.99

91
65

60*
64

71
82

78
74

67
76

* The capacity factor has been worked out based on present power
as authorised by AERB .

94
70

65
77

73
82

85
78

73
78

level of 150 MWe

$ RAPS-2 was synchronised to the grid on 6th Jun. 1998 after coolant channel
replacement work. The CF's and AF's have been calculated from 6th June 1998.
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Grass Pmver Generation by Indian Nuclear Power Stations since 1969
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Tarapur Atomic Power Station
(2x160 MWe BWRs)

The station completed 29 years of
successful commercial operation. The
cumulative gross generation of the sta-
tion since the beginning of commercial
operation till the end of Jan. 1999 was
52828 MUs. The station generated 2258
MUs during the calendar year 1998 and
during the period from April 1, 98 to
Jan 31, 99 generated 1840 MUs in the
financial year 1998-99.

Unit-1 of TAPS performed well dur-
ing the calendar year 1998. The unit
achieved 100% availability factor and
capacity factor above 95% in the months
of May and then continuously for six
months period from August 1998 to
January 1999. Unit-2 was shut down
from August to October 1998 for refu-
elling and regulatory inspection of core
shroud. The refuelling outage was com-
pleted in 76 days of record period. This
was the shorter refuelling outage where
in major works like Rx-core shroud
inspection, enhanced inservice inspec-
tion of primary coolant system and tur-
bine overhauling were taken up along
with routine works. The second unit
achieved 100% availability factor in the
months of May ,July, and Dec. 1998 and
Jan 99.

Rajasthan Atomic Power Station
(100 MWe, 200 MWe PHWRs)

The cumulative gross electric
generation of the station since the be-
ginning of commercial operation till the
end of Jan. 1999 was 25,165 MUs. The
station generated 1308 MUs during the
calendar year 1998 and during the
period from April 1, 98 to Jan 31, 99
generated 1396 MUs in the financial
year 1998-99.

The unit-1 of RAPS has been
operating at a maximum power level of

150 MWe. Due to problems of high
vibrations in the turbine, it was shut
down during April-June, 1998 to
attend to LP turbine blade failure and
carry out modification of blades. This
unit was again shut down for about 22
days during August-September, 1998 for
various maintenance jobs. Unit-2 of
RAPS which was under capital mainte-
nance outage since Aug 1,1994 was
recommissioned and resynchronised to
the grid on Jun 6, 1998 after comple-
tion of all jobs related with enmasse
coolant channel replacement and sys-
tems upgradation. Before making an
approach to criticality all regulatory
requirements and stipulations like Emer-
gency Core Cooling System and Reac-
tor Building Leak Rate Test, etc. were
completed successfully.

Madras Atomic Power Station
(2x170 MWe PHWRs)

The cumulative gross generation of
the station since the beginning of com-
mercial operation till the end of Jan.
1999 was 26962 MUs. The station gen-
erated 2061 MUs during the calendar
year 1998 and during the period from
April 1,98 to Jan 31,99 generated 1902
MUs in the financial year 1998-99.

Unit-1 of MAPS was shutdown for
inservice inspection of coolant channels
(ISI)fromNov 15,1997 which was pro-

In Service Inspection of coolant channels in MAPS-1
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Main Air Lock Bellow of6.3mt dia,
made of 2mm thick sheets for Kaiga
1&2 and RAPP 3&4

longed and continued upto May 24,
1998 due to increase in number of chan-
nels planned for inspection. Also, addi-
tional job of scrape sampling of two
channels was taken up for studies as per
regulatory recommendations. Unit-2 of
MAPS performed well and exceeded
generation target in the financial year
1998-99 upto Jan. 31, 1999.

Narora •r Station
(2x220 MWe PHWRs)

The cumulative gross generation of
the station since the beginning of com-
mercial operation till the end of Jan.
1999 was 15,262 MUs. The station gen-

erated 3141 MUs during the calendar
year 1998 and during the period from
April 1,98 to Jan 31,99 generated 2450
MUs in the financial year 1998-99.

Both the units of NAPS performed
well during the period of the report. The
second unit was under annual mainte-
nance shutdown from Aug 29 to Oct
22, 1998.

Kakrapar Atomic Power Stetson
(2x220 MWe PHWRs)

The cumulative gross generation of
the station since the beginning of com-
mercial operation till the end of Jan.
1999 was 10,519 MUs. The station gen-
erated 2715 MUs during the calendar
year 1998 and during the period from
April 1,98 to Jan 31,99 generated 2311
MUs in the financial year 1998-99.

Unit-1 of KAPS shutdown for 66
days from Mar 9 to May 14, 1998 due
to leak in stator water systems inside the
generator casing and annual mainte-
nance shutdown jobs. The unit was
started back after replacement of leaky
generator stator conductors. The sec-
ond unit of KAPS performed well
during the financial year 1998-99.
Annual Maintenance Shutdown of unit-
2 was taken during Nov-Dec-1998.

NUCLEAR POWER PROJECTS
VNDE U G !
Kaiga Atomic Power Project-1&2

The project, located at Kaiga in
district Uttar Kannada of Karnataka, will
feed electrical power to southern grid .
It comprises two Pressurised Heavy
Water Reactors (PHWR), each of 220
MWe installed capacity. Kaiga-1 &2 is
expected to generate 2420 MUs annu-
ally at normative capacity utilisation fac-
tor of 62.8%. The physical progress by
December 1998 was about 93% and an
expenditure of Rs.2189 Cr. (75.6%) has
been incurred on the project upto
November 1998. The units are expected
to achieve criticality in June 1999 (for
Kaiga-2) and June 2000 (for Kaiga-1).

The regulatory clearance for com-
mencement of work for the inner con-
tainment dome of Kaiga-1 was received
in October 1998. The concreting of the
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IC dome has been planned to start in Feb-
ruary 1999. Civil works of internals of
R.B, IC/OC dome upto the ring beam
have already been completed. All other
civil works related to turbine building,
reactor auxiliary building, diesel genera-
tor building, service building and
upgrading plant building have been com-
pleted. The turbine has been put on bar-
ring gear and water fill test of condenser
is in progress. 80% of nuclear piping,
85% of secondary system piping and
95% of conventional piping have been
completed. About 65% of process field
and fuel handling instrumentation works
have been completed. All the common
services such as domestic water,
demineralised water, fire water, chilled
water, compressed air systems etc. have
been commissioned. The 220 KV
switch yard, class 3 and class 4 switch
gears have been energised. All the die-
sel generators have been non-load tested,
90% cabling work has been completed.

At Kaiga-2, concreting of inner
containment dome and its pre-stressing
have been completed. Concreting of
outer containment dome has also been
completed. 97% nuclear piping and 96%
conventional piping have been com-
pleted. All major equipment have been
erected and released for commissioning.
The main primary heat transport circuit
has been hydrotested and the main mod-
erator system has been commissioned.
Primary work of light water commis-
sioning on primary heat transport sys-
tem (hot conditioning) is progressing and
is expected to be completed by March
1999. The main air lock has been
moved to its final position and final
welding is in progress. The main steam
line piping is hydrotested and other
circuits are under testing. The liner
installation in spent fuel bay and spent
fuel inspection bay has been completed.
Fuel transport system equipment erec-
tion has been completed. Water fill test
of condenser has been completed and
90% of turbo generator erection has been
achieved. All diesel generators have
been load tested and the cabling works
have been completed. All common
services system have been commis-



sioned along with the chillers, compres-
sors and auxiliary boiler.

Rajasthan Atomic Power Project -

At Unit-3 completed works include
the following: Concreting of Inner Con-
tainment (IC) dome ,the installation of
feeders, air hold test of main moderator
and PHT circuits, hydrotest of End-
Shield/Calandria Vault cooling systems;
Erection of the main plant equipment;
Erection of feeder/header insulation
cabinets and permanent seal plugs on
coolant channels; Condenser tubing
works, hydrotest of condenser and trial
box-up of LP and HP turbines, the work
on installation of SUT, 6.6 KV and
415V Switchgear, MCCs and
switchyard, and cable tray installation,
and SUT-3 and 415V switchgear.

Pre-stressing of cables progressed
and balance civil work of the IDCT are
expected ro be completed shortly. 97%
Nuclear Piping has been prefabricated
and 84% erected. Out door piping and
secondary cycle piping works are near-
ing completion.

At Unit-4, the completed works
included Reinforcement work for IC
ring beam; Erection of support structures
and form work for IC dome. Laying of
reinforcement steel bars for the dome
have started. The balance civil work of
the IDCT progressed. The completion
status of various Nuclear & Piping
works are : Nuclear piping prefabrica-
tion (78% ) and erection (55%); Erec-
tion of feeders (57% of );Work on
installation of Secondary - Shutdown
System components (50% ) and F/M
bridge & column (90% ). Prefabrica-
tion and erection of APW/APWC and
fuel oil piping are completed. Erection
of Outdoor, Indoor and Secondary
Cycle piping works (85%).

Erection of TG equipment has com-
menced. Erection of compressors and
chillers are completed and the systems
required for PHT hydrotest are commis-
sioned. Filtration & Chlorination and
DM Water plant including domestic wa-
ter tank are commissioned.

The completion status of various

electrical works are Works on SUT and
6.6KV Switchgear (100% ) and Work
on 415V switchgear (97%). Cable tray
installation (65%), and Cable laying and
terminations (23%).

Diesel Generator sets for both the
unit have been test run on 100% load
successfully. 6.6 KV and 415 KV
switchgear and MCCs have been
energised. Recharging of Switch Yard
and SUT#3 has been also completed.
Plant water make up system has been
commissioned and non-active process
water system has been partially com-
missioned. Pre-commissioning checks
of air compressors have been completed
and compressors have been made
operational. RB Exhaust Fans have been
test operated. Electrical fire water pump
has been tested on re-circulation mode
and one of the three diesel fire water
pumps has been also tested on re-circu-
lation mode.

Pre-commissioning checks on vari-
ous equipment is in progress. The PHT
hydro test and hot conditioning of unit-
3 is expected to be completed by March
1999.

Tarapur Atomic Power Project-3&4
(2X500 MWe)

The project is located adjacent to
existing two units of TAPS (2x160
MWe) of BWR type at Tarapur,

District- Thane Maharashtra state and it
will feed electrical power to western
grid. The project comprises twin unit
station of Pressurised Heavy water
Reactor (PHWR) type each of 500 MWe
installed capacity. The schedule
criticality date for Unit-4 and Unit-3 are
October 2005 and July 2006 respec-
tively.

The excavation for construction of
Main Plant Civil Works at TAPP-3&4
site was started on 10th October, 1998.
The top soil from the RB-3&4 area
has been removed and rock excavation
is in progress. In RB-4, excavation upto
the top of the raft (85 M elevation) has
been done and complete excavation of
this building will be over by March
1999. Excavation work for other area
of main plant buildings, heavy duty
roads and site grading is also in
progress. In parallel, work of
geotechnical investigation and construc-
tion of bund wall have also been started.
Tendering works for construction of
package-2 civil work i.e. for Main Plant
Safety related buildings has been com-
pleted and the work order is expected
to be issued by April 1999. The first
pour of concrete is scheduled to take
place during October 1999.

The site infrastructure was already
developed. An additional storage
capacity was created by constructing

Work has commenced on TAPP 3&4 Project Progress
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three more warehouses for providing
covered space for proper storage of
cement and critical equipment being
stored at site. Procurement actions for
machinery for establishment of
Mechanical & Electrical workshops
have been initiated. The first phase of
housing comprising 156 houses have
already been made available. The sec-
ond phase of housing consisting of 148
houses are under construction. The
awards against most of the land acqui-
sition applications for the additional land
needed for the exclusion zone have been
declared by the State Govt. Possession
of the land will be given once the reha-
bilitation plan is finalised by the State
Government.

Procurement activities of machinery
and equipment have been reactivated to
suit the six and half year schedule
requirement (from first pour to commer-
cial operation) of the project. Critical
components like calandria, PHT pump
motors, moderator pumps, reactor head-
ers, pressurisers and TG components had
already been procured for the first unit.
Manufacturing of Moderator heat
exchangers, Endshields, steam genera-
tors etc. are in progress. The order for
shielding plugs has been placed. Orders
for R.B. main structural steel, fuelling
machine bridge and column, condenser
etc. are being finalised and purchase pro-
posals for many other equipment are
being initiated as per the schedule.

Kudankulam Atomic Power
Station Project (2X1000 MWe)

The Kudankulam Project is an Indo-
Russian joint venture for construction of
a nuclear power station consisting of
two units of pressurised water reactors
(VVER-1000) of 1000 MWe capacity
each, to be located at Kudankulam in
Tamil Nadu. The project will be imple-
mented on a technical co-operation
basis between India and the Russian
Federation under the Inter-Governmen-
tal Agreement (IGA) signed in 1988. A
'Supplement' to the IGA incorporating
the revised terms and conditions has
been signed between the Governments
of India and the Russian, during June

1998.
As a first step towards the implemen-

tation of the Kudankulam Project, a con-
tract for preparation of the Detailed
Project Report (DPR) was executed be-
tween Nuclear Power Corporation of
India Limited and Atomstroyexport,
Moscow, during July 1998. The work
on the DPR is expected to start after
completion of the procedural formali-
ties by the two sides.

The mandatory site related clearances
to start the construction work of the
Kudankulam Project have been
obtained and the site investigations have
been completed. Land for the project
has also been acquired. The implemen-
tation of the project at the site shall be
commenced after completion of the
DPR and approval of the same by the
Government of India.

Quality Assurance
Quality Assurance has always

formed the corner stone of all activities
in the different phases of development
of the Nuclear Power Programme.
Evaluation and improvement of systems
and procedures and aligning them with
international practices have been the
constant endeavour of NPCIL. An im-
portant mile stone in this continuing
journey towards excellence was reached
when NPCIL received the ISO 9001
Certification in the area of Quality As-
surance activities during this year. The
benefit of the rich experience and ex-
pertise available in NPC with the QA
groups continued to be made available
to the Indian Industry and other Organi-
sation through QA Consultancy
Services.

Safety, llealtf? & EswiroaRseat
The safety performance of NPCIL

power stations and projects continued to
be excellent during the year. The release
of radioactivity to the environment was
maintained much below the prescribed
limits and the occupational doses to the
plant personnel were kept at "As Low
As Reasonably Achievable" ALARA
level.

The functions relating to Health &
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Safety were continued for ensuring
nuclear and conventional safety in the
operating stations as well as projects
under construction through internal
safety reviews and audits. Corporate
Self Assessment was conducted at all
sites to ensure operational safety in a
pro-active manner.

NPC Safety Review Committee
(NPC-SRC), the apex inhouse safety
body continues to conduct appropriate
inter-disciplinary review of all safety
related events and safety submissions.
So far 79 of such review meetings have
been conducted. The review ensures that
all proposals are comprehensive,
implementable, consistent and conform-
ing to codal requirements, enabling early
resolution of the issues. Safety Audit
was carried out for Industrial Safety, Fire
Safety and Safety Culture at RAPS,
MAPS, NAPS, KAPS and RAPP-3&4
during the year.

Kaiga Project won AERB's Indus-
trial Safety Award and also the NPC
Industrial Safety Award for the 3rd
consecutive time. RAPP-3&4 won
AERB's Fire Safety Award for the year
1997. To celebrate the 50th Anniversary
of India's Independence and as part of
the "Green Site" project, NPCIL has
launched a 3-year programme. During
this period, 50,000 trees will be planted
at each site, nearly 3,00,000 trees in all.

The final report about the TAPS epi-
demiological survey entitled "Effects of
Low Dose Ionization Radiation among
the employee at Tarapur DAE Centre:
A cross sectional study" was released.
The Epidemiological data collection
work at RAPS, NAPS and Kaiga sites
has been completed. The data is under
analysis at Tata Memorial Hospital
Mumbai.
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Mining Operations

The •mi Corporation
'CHJof India Limited (U-

operates three under-
ground mines at Jaduguda,
Bkaiin & Narwapakar, and
a uranium processing plant
at Jaduguda; two uranium
recovery plants at Rakha &.
Wlosahoni, and the uranium
process plant
UCIL produces uranium
concentrates for the manu-
facture of n uciearfueL

During the year 1997-98 the over-
all performance of the company has
improved over the last year. The process-
ing of ore as well as the production of
uranium concentrates were higher than
the previous year.

The performance of the two
uranium recovery plants was better than
the previous year, and the production of
uranium concentrates was about 2%
higher than the previous year. Produc-
tion of magnetite also increased by 27%,
but the production of copper and
molybdenum concentrates were more or
less at the same levels as in the previous
year. The third stage shaft lining and
equipping work at Jaduguda was in
progress. The shaft equipping work is
likely to be completed during the year
1999.

At the Narwapahar mines, the work
on shaft head frame erection was com-
pleted. The trial runs of Cage & Skip
winders commenced during December
1998. Further, mine development work
and production through the Decline was
in progress below 140 metre level.

The expansion work pertaining to the
Jaduguda Mills was completed and com-
missioned during December 1998. This
raised the capacity of the mill to proc-
ess 2090 metric tonnes of ore per day.

To sustain the ore production of
Jaduguda mine with lesser number of
working faces, energy efficient, environ-
ment friendly electrically operated min-
ing equipment for drilling and mucking
operations were successfully used,
achieving an overall output of two
tonnes per man shift. For the mobility
of the trackless equipment the technol-
ogy for layout of ramps etc. was devel-
oped in-house and the same was being
extended to other areas where feasible.

Safety & Environmental
Monitoring

Full fledged Environmental Survey
Laboratories (ESL) are functional at the
Jaduguda and Narwapahar mines. These
laboratories of BARC carry out rou-
tine radiological monitoring and check
for potential of conventional hazards in
the mines and mills. They also main-
tain surveillance on the environment in
and around Jaduguda. Vocational train-
ing & Safety classes were conducted for
workmen in the Vocational Training
Centres of mine and mill. As part of
the awareness programmes, Annual
Safety Weeks were observed to ensure
importance of Safety in work places.
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OSCOM at Chhatrapur

(IRE) mines and processes

and rare earth minerals. The
Company has three mineral sands
separation plants at
Mimavalakurichi, Chavara and
OSCOM at Chhatrapur, which
produce minerals such as
ihnenlie, rutile, monazhe, zircon
and garnet OSCOM also has a
value addition plant 'which
produces synthetic rutite. In
addition to this a Rare Earths
Plant at Alwaye produces rare
earth chlorides.

The Company achieved a record
turnover of about Rs. 176 crore during
1997-98 and earned foreign exchange
to the tune of 72 crore. It also won an
export award during 1998.

At Chavara availability of raw
material continued to the bottleneck for
increasing the production. Efforts were
being taken to obtain additional land for
mining. It is proposed to expand the
Chavara plant capacity to a target of
2,25,000 TPA of ilmenite once the avail-
ability of raw sand is assured. At
Manavalakurichi, collection of raw sand
from beach washings was stopped due
to some local problems. However,
efforts were being made to restart beach
washing collection. At Alwaye, produc-
tion of rare earths and other compounds
could not be maintained at the projected
levels as the processing of monazite had
to be drastically curtailed due to proc-
ess problems. However these opera-
tional difficulties were sorted out and
the plant was back to its requisite scale
of operation.

The OSCOM Unit was granted
ISO 9002 certificate in recognition of
adoption of international quality stand-
ards for manufacture and sale of com-
mercial grade ilmenite and other beach
sand minerals. During the year signifi-
cant improvement in the production of
ilmenite and associated minerals was
achieved. Extensive research and
development effort was undertaken at
the Synthetic Rutile.Plant (SRP) to
modify the process with an objective of
improving the yield. The effort culmi-
nated in devising a single stage leach-
ing process which assured significant
improvement in productivity and sim-
plicity of operation. Based on this modi-
fied process, a series of plant scale
research and development trails were
executed to achieve high yields and
process efficiency. Subsequently, nec-
essary modification work was under
progress to take up production trials
with a target of 10,000 Te of synthetic
rutile per annum. The proposal for capi-
tal restructuring of OSCOM as a part of
rehabilitation programme was under-
review. The New Thorium Factory at
OSCOM was operating at 100% capac-
ity. In accordance with the regulatory
directives, the activities at Thorium Fac-
tory, Trombay were stopped with effect
from April I, 1998.

In case of green field deposits in
Kudiraimozhi in Tamil Nadu and
Bhimlipatnam in Andhra Pradesh, pre-
project activities towards forming Joint
Ventures Companies made progress.
Pre-project activities were being
planned at Tutoor, Tamil Nadu.
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Electronics Corporation of India

Tracking Antenna for strategic applications

The Electronics
tion of India Ltd, (ECU)
produces a variety of
sophisticated electronic
systems,, instruments and
equipment to meet ike
requirements of'Atomic
Power Stations, Defence,
Railways, Telecommunica-
tions, etc. The Company is
also a leading producer of
computers and consumer
electronics.

Operating Performance
During the year 1997-98, the

production of the company was about
Rs.311 crore and the gross income was
about Rs.348 crore. The corresponding
figures in the previous year were about
Rs. 296 crore and Rs.356 crore respec-
tively. A total of Rs. 318 crore worth of
orders were booked during the year.

New Products
The important new products intro-

duced during the year 1997-98 were:
Wireless in Local Loop (WLL) system,
SAJ and LPJ for Samyukta Project; Pro-
grammable Tracking Axis Symmetric
VSAT Antenna; Solar Photovoltaic
Refrigerators; Table Top X-ray Inspec-
tion System type ECR-319; VLSI
design services; 1.8M dia Axis Symmet-
ric VSAT Antenna in Ku band, and Dual

Polarised (LP) Feeds for TVRO.

Sales Plan for 1998-99
The Corporation has drawn up a

Sales Plan of Rs.430 crore for the year
1998-99. This includes supply of:
- Instruments and Components, worth

about Rs.56 crore,
- Special Products such as Fuzes,

worth about Rs. 55 crore,
- Communication Equipment and

Antenna Systems, worth Rs.90 crore,
- Telecom Products, worth" Rs.47

crore,
- Computer Systems for Business

Applications valued at Rs.42 crore,
- Control & Instrumentation, Simula-

tors, valued at Rs.87 crore, and
- Industrial Controls & others valued

at Rs.6 crore.

R&D Programme
The R&D programme of ECIL for

the year 1998-99 includes :
- Development of Automatic Vehicle

Counting and Classification System.
- Introduction of Double-beam UV-

VIS Spectrophotometers
- Testing the data links at an interna-

tional airport and obtaining the neces-
sary certification from Airport authori-
ties.

- Augmenting VLSI design capabil-
ity in complimentary areas like physi-
cal design, place & route etc.

- Upgradation of Man-Machine Inter-
face S/W to include multimedia
features.

- Development of High Sensitive
Front-end and existing ATC Receiver for
better reception from farthest aircraft.

- 6.1M dia Mobile Earth Station
Antenna with Stretch formed panels.

- Microstrip Patch Antennas,
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Helicopter Antennas, Slimline MW
Antennas.

- Dual Polarised (circular) feeds for
TVRO with 0.5 dB Axial Ratio
Technical Collaborations

ECIL expects to enter technology col
laboration with:
- M/s. Clex Electronics, Hyderabad for

development of technology for Digital
Loop Carrier.

- C-DOT for Out Door Unit (ODU)
for VSAT Terminal.

- ISTRAC for Programmable Track-
ing Antenna.
Exports

During 1998-99, the Company
expects to export products worth Rs. 1.4
crore. These include X-ray Generators
to USA ; Rate Gyros and Synchros to
Malaysia; Notch Indicators to Hungary
and Software to France.

Future Outlook
ECIL plans to make investments on

several new products / projects com-
mencing from 1998-99. The areas
being focused on include: Outdoor Unit
for VSAT Terminals: Digital Micro-
wave Radio; Distributed Digital Con-
trol Systems: Universal Proximity Fuzes
for Artillery Guns; Future Air Naviga-
tion Systems: Training Simulators for
Indian Army & Navy and Sound Rang-
ing Systems for Army.

Range of VT fuzes manufactured by ECIL
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Heavy Water being shipped to the Republic of Korea

The production capacity of Heavy
Water in the country is sufficient to meet
the domestic demand. In addition, 100
metric tonne of heavy water has been
exported to the Republic of Korea in
May 1998.

The overall performance and the
safety record of Heavy Water Plants
were good. The production of heavy
water during the year of report was close
to the target. The plants at Tuticorin and
Baroda completed more than 7.3 mil-
lion and 8.43 million manhours of con-
tinuous operation respectively. Opera-
tion of the Heavy Water Plant at Talcher
remained suspended due to unsatisfac-
tory operation of the connected plant of
the Fertilizer Corporation of India on
which the Plant depends for feed stock
and other inputs.

HWB continued its efforts towards
reduction in energy consumption and the
cost of production. A scheme for sav-
ing power by recirculating the treated
effluent from the guard pond instead of
using fresh water from Godavari for
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cooling and diluting exchange unit ef-
fluent, prior to its processing in chlo-
rination unit, is expected to be com-
missioned shortly.

A Sour Oil Treatment plant was set
up at HWP - Manuguru to recover seal
oil from compressor seal oil contami-
nated by hydrogen sulphide. This is run-
ning satisfactorily. As a part of the
effort to diversify, a Pilot Plant is under
construction at HWP - Talcher for pro-
duction of solvent Di-2-ethyl, Hexyl
Phosphoric Acid (DEHPA). The proc-
ess is based on the technology devel-
oped in BARC. This plant is likely to
be commissioned in May 1999 and will
also be used for synthesis of other
solvents like Tributyl Phosphate.

Ammonia Injection System is used
for reducing resistivity of fly ash and
facilitates larger collection of fly ash
(dust) by the Electrostatic Precipitators.
The system which was indigenously
developed and.commissioned in
December 1998, is placed at the inlet
of chimney of Captive Power Plant at
HWP - Manuguru. It has yielded
excellent results.

Baroda Ammonia Expansion Project
has been taken up to generate an alter-
native heavy water production technol-
ogy and for sustaining operation of
HWP - Baroda in the face of the
closure of M/s. Gujarat State Fertilizer
Corporation's old ammonia plant.

Efforts for finding non-nuclear
application of heavy water were also
made. In this respect, research done for
the preservation of oral polio vaccine
in heavy water showed very encour-
aging results.

A process for removal of tritium
from heavy water in the operating

continued on page58
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37-element fuel assembly for 500 MWe PHWR

The Nuclear Fuel Complex
(NFC) fabricates and supplies
fuel and core caniponanis for
ike PHWRs und 8WRs*
NFC operates plants for
pt'oiliictiitit of cera^^c ^rtftie

coinponenis^ sintered peltela
and fuel assemblies. Other
facilities at the Complex are ik

In addition to meeting the require-
ments of reload fuel for all operating
power stations namely RAPS, MAPS,
NAPS, KAPS and TAPS, supply of the
first charge of fuel for commissioning
KAIGA-2 project was commenced.

This year, the Unit recorded highest
production of PHWR fuel bundles and
highest production of reactor grade
zirconium sponge. For the first time,
seamless zircaloy square channels for
TAPS were fabricated by initially
pilgering a seamless tube followed by
forming to a square section and the tubes
were supplied. Similarly, prototype blan-
ket, control and safety rod assemblies
involving intricately designed special
stainless steel components for the devel-
opment of 500 MWe Prototype Fast
Breeder Reactor and sub-assemblies for
sodium void coefficient measurement
for FBTR were fabricated for the first
time and supplied to IGCAR. Further,
process flow sheets were optimised for
the manufacture of special 9Cr-1 Mo
seamless stainless steel tubes for steam
generators and special low nitrogen D9
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grade seamless stainless steel tubes for
fuel cladding of PFBR. Trial lots were
manufactured and supplied to IGCAR.

Technology Upgradation
In the Uranium Oxide Plant, the

scrubber of turbo dryer unit was modi-
fied for improving efficiency and per-
formance. Similarly, a new hot vapour-
condensing unit and a modified head
for rotary furnace were also introduced.
In the Enriched Uranium Oxide Plant,
attrition of UO2 powder, increase in
hydrolysis and precipitation capacity of
UF6 and improved feeding system in
the solvent extraction section were
incorporated. As a process modifica-
tion for copper cladding of zircaloy
billets, a new electro-plating method as
well as machine spinning process were
developed by the Tool Room and the
Extrusion Plant respectively. At Natu-
ral Uranium Fuel Assembly Plant, an
on-line automatic unit for helium leak
testing of PHWR fuel bundles in

Seamless Zircaloy-2 Square channels
for TAPS



conjunction with product handling sys-
tems have been put into operation.

Indigenous Equipment D
A fully automated continuous tube

decreasing system for zircaloy tubes has
been designed and commissioned in
NZFP. This system is based on high
pressure, hot alkaline detergent
de-greasing with jets for OD cleaning
and rotating lance for ID cleaning,
rinsing and hot air drying. Two other
major and critical equipment namely, a
pellet feeding system for centreless
grinding machine and an improved ver-
sion of automatic resistance welding
machine for welding the bearing pads
on PHWR fuel elements have also been
built and put into operation. Work is in
progress for fabrication of high vacuum
heat treatment furnace required for Rare
Materials Plant, Mysore as well as a
15-30 size cold pilger mill for seamless
tubes manufacture.

New Projects
The Chairman, AEC formally inau-

gurated the New Zircaloy Fabrication
Plant on June 26, 1998. The Plant has
taken up finishing operations of trial lot
of seamless titanium condenser tubes.

In the New Uranium Oxide Fuel
Project, erection, testing and commis-
sioning trials of equipment and process

sections were carried out. The Plant has
since obtained AERB clearance for
operation and trial production has com-
menced. In the Natural Uranium Fuel
Assembly Plant, tube preparation
section has achieved full capacity.
Further, the plant has fabricated and
supplied the first consignment of thoria
assemblies for restarting RAPS-2 reac-
tor and for Kaiga-2 and carried out
enclosure welding for cobalt absorber
pencils. Now, the plant has commenced
production of PHWR fuel for operating
reactors.

A proposal has been put up to the
Govt. for setting up a 400 tpa Titanium
Sponge Plant at Palayakayal,
Tamilnadu. For the production of this
strategic material, DRDO and Depart-
ment of Space have consented to con-
tribute towards the capital cost. A
500 tpa Zirconium Oxide Plant is
also proposed for co-location at the same
site. Nuclear pure zirconium oxide will
be supplied to NFC for converting to
reactor grade zirconium sponge.

Quality Assurance
As a reflection of the constant

upgradation of technology and stringent
Quality Assurance programme followed
in NFC, the fuel failure rate during the
year, in the operating power stations has
come down drastically and is now on

par with international standards. With a
view to further improving the opera-
tional discipline and explore the export
potential, action has been initiated for
getting ISO 9000 Certificate for NFC.

The Inspection, Quality Control and
Quality Assurance activities were con-
tinued by the various sections stationed
in the production plants. For the first
time in NFC, fracture toughness meas-
urements were carried out in
Zr-2.5%Nb pressure tubes supplied to
RAPS-2 reactor and established that the
tubes manufactured from quadruple
melted ingots have much higher and
improved fracture toughness than those
made from the earlier double melted
route. An ingenious equipment was de-
veloped in-house for measuring Delayed
Hydrogen Cracking parameters on
Zr-2.5%Nb pressure tube samples.
Work has been initiated to switch over
to direct ultrasonic testing of PHWR end
cap welds, instead of the destructive
metallographic testing practised earlier.
Towards the development of Intelligent
Processing of material, work is in
progress for using acoustic emission as
an on-line technique for monitoring the
quality of all resistance-welds in PHWR
fuel pins. In the centralised Control
Laboratory, analysis were carried out in
30,000 samples involving about
2,25,000 determinations. A Computer-

New Zircaloy Fabrication Plant was inaugurated on June 26, 1998 by
Dr. R. Chidambaram, Chairman, AEC
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ised Laboratory Information Manage-
ment System has been installed.

Capacitor banks for power supply
systems were optimised, resulting in
lower line losses and a higher average
power factor. Simultaneous, processing
of three batches instead two, during
high temperature vacuum distillation in
the Zirconium Sponge Plant resulted in
about 10% less energy consumption. A
tie-up with a gas based Power Company,
enabled assured supply as well as
considerable saving in power bill.

Spiss -Off Products
As a nonnuclear spin off, NFC has

fabricated and supplied zircaloy tube
components to M/s Rashtriya Chemicals
and Fertilisers. The Special Materials
Plant has transferred know-how for pro-
duction of semi conductor grade gallium
to M/s. National Aluminium Company.
The plant has also supplied high purity
tantalum pentoxide to outside parties for
special tool manufacture and fabrica-
tion of special shapes and components
of tantalum metal for various chemical
and gem manufacturing industries.

Zircaloy-2 sub-assemblies, pipe and components for Formic Acid Chemical Reactor at
' Rashtriya Chemical Fertilizers, Mumbai.

The Occupational Health Centre car-
ried out routine and periodic medical
check up of all employees and organ-
ised intensive awareness programmes on
occupation health aspects and asso-
ciated medicare. The industrial safety
record of NFC for the year 1998 in terms
of number of accidents and man-days
lost has been the best achieved in the
past 25 years. Specifically, the Fuel
Group plants recorded more than 4 mil-
lion manhours and the Tubes Group
plants more than 2.5 million manhours
without a single accident. Refresher
training programmes were conducted to
all employees in safety aspects, produc-
tion and maintenance activities. Regu-
lar environmental monitoring and
effective treatment of effluents were
continued by the Health Physics Unit
and Effluent and Environment Protec-
tion Section respectively. A huge plan-
tation programme in NFC environs has
been launched in coordination with the
State Forest Department. NFC has won
the AERB Greensite award for 1997.

continued from page 55

nuclear power plants was tried out
at MAPS. This makes use of the distil-
lation facility available at plant sites.

With a view to improve the knowl-
edge base and provide motivation, plant
engineers were deputed to various train-
ing programmes. A one day seminar on
"Heavy Water Programme in India" was
conducted in Mumbai as a part of
Golden Jubilee celebration of India's
independence in which key personnel
from all the plants and the representa-
tives of employees associations partici-
pated.

The plants at Manuguru, Kota and
Nangal performed well, with planned
and a very few unplanned outages. The
plant at Hazira saw an interruption due
to floods in Tapti River. The plant at
Thai had unplanned maintenance of one
of the heat exchangers of cracker unit,
partial replacement of catalyst of the
cracker, exchange tower stage pumps
and because of nonavailability of feed
gas from M/s. Rashtriya Chemicals and
Fertilizers Ltd. The plant at Tuticorin
also had outages due to nonavailability
of feed gas from Southern Petro-Chemi-
cals Industries Ltd. (SPIC). Similarly,
production at Baroda plant suffered due
to the low load operation of GSFC
ammonia plants and some equipment
problems.
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ISOMED Plant at Trombay, the first radiation sterilization plant in the country,
has completed 25 years of its service to health-care sector

About 58 TBq ( 1570 curies ) of a
number of reactor produced radioiso-
topes were processed in over 160
batches for supply to various users and
for formulation of a variety of
radiopharmaceuticals. These include
radioisotopes such as molybdenum-99
phosphorus-32, sulphur-35, iodine-131,
chromium-51,mercury-203 etc. About
20 kgs of phosphorus-32, calcium-45,
and sulphur-35 labelled agrochemicals
were supplied for use in agricultural
research. Nearly 1.2 kg of promethium-
147 self-luminous compound was sup-
plied for illumination of instrument
dials and other devices.

The B&m-ii ofM&diaik

produces? and supplies a
variety of radhisoiope
products in the country
abroad, It operates
regional centres for
Radiopk&rmaceulicals <
Bangalore., 'Delhi and

>ry, &
Cobaii-60 handling facility

Radiation Sources
A total of 18.3 PBq(500 kilocu-

ries ) of radiation sources of low,
medium and high intensity were fabri-
cated and supplied for use in industry,
medicine, agriculture and research.
These include radiation sources of
isotopes such as Cobalt-60, Iridium-192,
and Cesium-137. Over 900 consign-
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ments of Iridium-192, totalling about 1.1
PBq ( 30 kilocuries ) were supplied in
the form of sealed sources for industrial
radiography.

Over 120 consignments of Iridium-
192 in the form of 0.3 mm dia wire were
supplied to radiotherapy centres for use
in brachytherapy. 20 Cs-137 manual
after-loading kits complete with acces-
sories each containing approx. 30 GBq
(800 mCi) of Cs-137 were supplied to
radiotherapy centres for use in
brachytherapy. 14 large output sources
of Cobalt-60 were supplied for treatment
of cancers to various teletherapy centres.

Twelve adjuster rods containing over
63 PBq (1.7 megacuries) of Cobalt-60
were unloaded from NAPS-II. These
rods are being transported to cobalt
handling facility at RAPS site (RAPP-
COF) for processing. About 28 PBq
(800 kilocuries ) of Cobalt-60 were
recovered and transported to BRIT
laboratories at Trombay to fabricate
radiation sources. 150 kilocuries of
Cobalt-60 in the form of composite
source rods were supplied to Shri Ram
Institute for Industrial Research, New
Delhi, for loading in their radiation steri-
lization plant.

2.3 PBq (61 kilocuries) of Cobalt-
60 in the form of six composite source
rods were fabricated and loaded in the
radiation plant at Food Irradiation and
Processing Laboratory, (FIPLY), BARC.

3.7 PBq (100 kilocuries) of
Cobalt-60 in the form of 8 composite
source rods were fabricated and loaded
in the Demonstration Plant for Process-
ing of Spices at BRIT's Vashi Complex,
Navi Mumbai.

35 Cobalt-60 sources with a total
activity of 560 GBq (19 curies) and 23
Cs-137 sources with a total activity of



148 GBq ( 4 curies ) were supplied for
use in various nucleonic gauges. One
consignment of 370 GBq ( 10 curies )
of Sc-46, in the form of scandium glass
was processed and supplied to Isotope
Division, BARC, for silt movement
studies in Calcutta Harbour by BARC.

Over 45,000 consignments of
different radiopharmaceuticals and
radioimmunoassay kits were supplied
for use in nuclear medicine during the
year, enabling an estimated 8,00,000
patient investigations to be carried out
in the country. The regional centres at
Bangalore and Delhi regularly
processed ready-to-use Tc-99m
radiopharmaceuticals for use in the
host nuclear medicine centres in addi-
tion to supplying the product to other
needy hospitals in the region. The Cen-
tres at Dibrugarh and Bangalore con-
tinued to offer radioimmunoassay
service to local hospitals.

A wide variety of raw materiais,
radioactive materials, additives, reagents
etc. used in the production of
radiopharmaceuticals were tested by the
Quality Control Group of
Radiopharmaceuticals Programme in
addition to carrying out regular analysis
of various batches of the radiopharma-
ceutical products as per mandatory
requirements.

A Gel generator system using indig-
enously available low specific activity
Mo-99 was further improved. An
industrial model amenable to mass
production incorporating features like
economy, radiological and pharmaceu-
tical safety is in advanced stage of
development in collaboration with
Industrial Design Centre, Indian Insti-
tute of Technology, Mumbai.

Product Development
A superior agent for palliative treat-

ment of bone metastasis Sm-153
EDTMP was prepared using indig-
enously produced Sm-153. Several
batches of this product were evaluated
in collaboration with Christian Medi-

cal College, Vellore, where BRIT is set-
ting up a facility for testing of new prod-
ucts in higher animal models under a
BRNS project. The findings were satis-
factory and it is now proposed to seek
clearance from Nuclear Medicine Com-
mittee for evaluation on humans (can-
cer patients) for its efficacy for pallia-
tion of metastatic bone pain.

BRIT has standardized the protocol
for Tc-HIG suitable for use in hospital
radiopharmacy. Studies in small
animals were satisfactorily completed
and it is ready for clinical evaluation on
humans.

A modified RIA kit for progesterone
using tracer developed by BARC and
other agents optimized at BRIT were
extensively field tested and is now ready
for regular production.

A newly designed external packag-
ing for radiopharmaceuticais, especially
for Mo-99 was introduced which has
resulted in greater ease and safety in
handling at both packing end and user's
end apart from improving the aesthetics

and has obviated the need for wood for
packing.

Number of batches of MIBG 1311
for diagnostic purposes were produced
and supplied for limited trial. Studies
are underway to establish methods for
stabilizing the product at room tempera-
ture, which will enable the product to
be transported without being packed in
dry ice as is now required to be done.

Work on the development of new
radiopharmaceuticals such as 51 Cr
EDTA injection for GFR measurement,
99m Tc-EC for renal tubular function
imaging, 99m Tc-HMPAO for brain
perfusion studies was undertaken.

As a part of BRITs participation in
IAEA's CRP on "Development of
CNS Receptor Based Radiopharmaceu-
tical", work on standardization of meth-
ods for preparation and evaluation of
radiolabelled peptides was undertaken.
Radioiabelling of serotonin with both
99m Tc and 125 I was carried out. A
RIA Protocol for evaluation of Serotonin
125 I was standardized using antibod-

Radioisotopes &RadIation Processing Services

industry
Rs.2.59 crore
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ies raised in-house.
Regional Centre for Radiopharma-

ceuticals, Bangalore, is working on
development of IRMA kit for Alfa-
Feto-Protein under an IAEA sponsored
coordinated Research Programme

Immunoradiometric assay kits for
assay of T4, serum prolactin, LH, FSH
was standardized based on magnetisable
cellulose and commercial monoclonal
antibodies. These kits are now ready for
regular production and supply after ap-
proval by the Radiopharmaceuticals
Committee.

Over 300 consignments of carbon-
14 and tritium labelled compounds and
1700 consignments of P-32, P-33 and
S-35 labelled biomolecules were
supplied during the year. The JONAKI
laboratory at Hyderabad produced
P-32 labelled nucleotides on a regular
basis, covering almost all the indigenous
requirements of P-32 labelled
biomolecules for studies in molecular
biology. For the first time P-33 labelled
nucleotides were indigenously devel-
oped, productionised and regular
supplies were started from mid-1998.

100 consignments of non-radioactive
(cold ) kits for use in recombinant DNA
technology were supplied. Custom
synthesis of some important products for
use in biomedical research was under-
taken.

Oligonucleotides (DNA primers )
of varying sequences and concentra-
tions, as per researchers requests, were
custom synthesized and supplied.

Realizing the importance of non-
radioactive kits for molecular biology
research, JONAKI laboratory is taking
up R & D work in the areas related to
non-radioactive kits. In order to take up
full scale production, JONAKI labora-
tory at Hyderabad is being expanded by
adding an additional floor, the construc-
tion of which is nearing completion with
the cooperation of Centre for Cellular
and Molecular Biology, Hyderabad.

Radiation Sterilization
ISOMED , the first radiation sterili-

zation plant in the country, completed
25 years of its service to health-care sec-
tor on December 31, 1998. This plant
has enabled acceptance of the "Radia-
tion Processing " as a technique for steri-
lization of medical disposable products.
The plant availability factor was main-
tained at more than 90% and the capac-
ity factor was also above 95%. Approx.
13,000 cu.mtrs (1,50,000 cartons ) of
medical products such as dressings, dis-
posable infusion and transfusion sets,
surgical sutures, gloves and a number of
other medical devices were sterilized at
the plant during the year. Some of these
cartons were radiation sterilized on
behalf of user industries for export.

During the year, ISOMED sterilised
a few million Dai kits (midwifery kits)
and delivery packs for the benefit of
women and child population in rural
areas to help bring down infection of
mothers and help minimize the infant
mortality under a rural programme
funded by WHO.

ISOMED also continued production
and supply of items relevant to gamma
radiation processing and health care
programme such as ceric-cerous
dosimeters, biological indicators,
go-no-go irradiation indicator buttons,
and disposable sterile drapes and trol-
ley covers.

Action is in hand to obtain ISO 9002
certification for ISOMED Services. This
will enable Isomed to provide standard-
ized services to health care sector and
better acceptance in the international
field.

40 remotely operated radiography
cameras Model ROLI-1 were supplied
to industrial users for use in non-destruc-
tive testing. Servicing of ROLI cameras
prior to source replacement and manda-
tory checks, as recommended by Ra-
diological Physics & Advisory Division,
BARC, were carried out on all cameras

Preliminary design of a light weight,

portable, depleted uranium shielded
remotely operated camera was
completed and a fabrication of a proto-
type is being taken up. The camera will
have capacity to hold upto 2.8 TBq (75
curies) of iridium 192.This will go a long
way to meet the long felt demand of the
industry for an indigenous light weight
camera.

Two Gamma Chamber 5000 Units
each loaded with 12,000 curies of
cobalt-60 were supplied to Scientific &
Technical Consultation Office Cairo,
Egypt, and Reactor Control Division,
BARC. One Gamma Chamber 900 Unit
belonging to Anna University, Chennai,
was refurbished and replenished with
fresh cobalt-60 source.

Irradiation of blood and blood prod-
ucts by gamma rays is the best technique
to reduce the risk of transfusion associ-
ated graft verses host disease
(TA-GVHD) . Irradiated blood is
required to be given to patients whose
immunity is suppressed. Preliminary
design of a blood irradiator ( BI 2000 )
using Cobalt-60 source and lead as
shielding material is complete. An ear-
lier model was in use for nearly four
years at CMC Hospital, Vellore, with
very satisfactory performance. An
advanced prototype unit is under fabri-
cation which will provide a dose rate of
11 Gray per minute inside a chamber of
2 litre volume, with a rotating mecha-
nism. The documents are under prepa-
ration for submission to AERB seeking
type approval. The unit will be ideally
suited for use in the blood banks all over
the country.

Specialized NDT services were
offered to BMF for measurement of
coating thickness on beryllium substrate
and for inspection of beryllium shaft
assembly. A number of institutions in-
cluding Madras Atomic Power Station,
Rubber Research Institute, Kakrapar
Atomic Power Station etc were covered.

During the calendar year 1998, over
60,000 consignments of radioisotope
products valued at Rs. 16.67 crorewere
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Gamma Chamber 5000

supplied for use in industry, research,
agriculture and health care. Radioisotope
products and equipment valued about
Rs. 40 lakhs were exported to countries
such as United Kingdom, Sri Lanka,
Syria, Egypt, Indonesia, and Nepal.

Capital Projects and Sci?
BRIT had initiated projects under

VIII Plan for setting up a facility for pro-
duction of radioisotope equipment,
upgradation of radiopharmaceuticals
laboratory at Vashi, setting up a demon-
stration plant for radiation processing of
spices and extension of nuclear medi-
cine facilities in the country.

The first two projects viz. Radiation
Equipment Production Facility, and
Upgradation and Modernization of
Radiopharmaceuticals Laboratory were
completed and regular production activi-
ties are being pursued.

The Demonstration Plant for
Radiation Processing of Spices, contin-

ued into the first year of IX Plan, is now
complete and is awaiting clearance from
AERB and from Maharashtra State
Drug & Food Administration for regu-
lar operation for processing of spices.
Once regular operation commences, the
plant will be able to process about 6000
tons of spices during the first year of its
operation.

Under the Project on Extension of
Nuclear Medicine Facilities, grant-in-aid
was disbursed to P.B. Deshmukh Krishi
Vidyalaya , Akola, to set up an RIA
Centre. Under this project a total of Rs.
6.25 crore were disbursed to set up 16
nuclear medicine centres and 6 RIA cen-
tres. The major objectives of the Project
were met to a large extent.

Under the IX Plan, BRIT has initi-
ated a project for setting up a National
Medical Cyclotron Facility for produc-
tion of positron emitting isotopes which
are not produced in the country.

In order to be able to process larger
quantities of Cobalt-60 which are now
produced from various power reactors,
the RAPPCOF facility at Kota is pro-
posed to be augmented by building
additional hot cells with a sanctioned
financial outlay of Rs. 17.0 crore. The
detailed drawings are under preparation
and machinery is being procured.

BRIT has initiated 3 new additional
projects to strengthen the technical
infrastructure for increasing the produc-
tion of radioisotopes and take up
production of new products. Financial
sanctions for these projects are awaited.

The new projects are:
1. Augmentation of radiochemical

laboratories at Radiological Labs.,
BARC

The project is intended to replace the
existing production plants used for
processing of major radiochemicals like
Mo-99,1-131, P-32 and miscellaneous
isotopes by plants capable of process-
ing larger quantities with lower radia-
tion exposure to the operators. The
project outlay will be Rs. 4.6 crore.

2. Column Type Tc-99m Generator
Production Assembly:
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Under this project, it is proposed to
set up a facility for production of user
friendly Tc-99m column generators .
The project outlay will be Rs. 3.0 crore.

3. Design and development of
radiation equipment:

There is a great demand for
improved versions of radiation equip-
ment such as depleted uranium shielded
light weight radiography camera, blood
irradiator etc. In addition, with the avail-
ability of large quantity of cobalt-60
from power reactors, there is a need to
fabricate transport containers. All these
equipment and containers need to be
tested to demonstrate their compliance
with relevant IAEA/AERB regulations.
Currently, neither BRIT nor any DAE
unit possess a testing facility for equip-
ment/flasks. Hence it is proposed to set
up design, fabrication and a testing
facility under the project for various
radiation equipment. The total financial
outlay for the project is Rs. 8.5 crore.

Relations
Six scientists from Uganda, Algeria,

Malaysia, Iran, Romania, and Indone-
sia were trained in the production of
radiopharmceuticals, radiation sources
and radiation sterilization of medical
products in BRIT under IAEA spon-
sored programme.

One scientist from BRIT provided
expert assistance to IAEA in Iran on pro-
gramme relating to development of RIA
kits. 10 scientists of BRIT took part in
IAEA sponsored workshop/courses/
meetings, in different countries.

Three scientists from BRIT visited
Egypt and Indonesia to install Gamma
Chamber 5000 Unit supplied against
purchase order received from Interna-
tional Atomic Energy Agency, Vienna.



CENTRE FOR
COMPOSITIONAL CHARAC-
TERIZATION FOR
MATERIALS, ( CCCEVI }

The Centre, continued to provide
analytical services to different end
users; in addition, R & D work related
to the development of novel analytical
strategies was carried out, for applica-
tions in semiconductor, environment,
nuclear and material sciences.

Analysis of naphtha samples for
P,V,Ni, As, Pb and Hg at parts per
billion level and lower levels of concen-
trations were carried out using the ICP-
MS as these elements besides acting as
catalytic poisons can also cause environ-
mental burden due to the large volumes
of naphtha consumed in the petro-prod-
uct industry.

The depth profiling of hydrogen on
the surface of Zr-2.5 Nb samples was
carried out for NFC.

Analysis of Cs at ppb levels and mer-
cury in Hepatitis-B vaccine samples has
been carried out for a firm manufactur-
ing this vaccine indigenously.

Stoichiometric assays of Pt-Rh,
Pt-Rh-Pd-Au and many alloy used as
catalysts were carried out for Fertilizer
Corporation of India Ltd., Mumbai.

A host of raw materials like litharge,
feldspar, zircon sand, soda ash and
potassium carbonate, used in the manu-
facture of colour TV tubes were
analysed for major, minor and trace
elements for finding out the suitability
of indigenous raw materials, to meet
the stringent quality demands especially
with respect to chlorine and fluorine.

Raw and purified quartz powder
samples, from an export firm, were ana-
lysed for many elements with a view to
assess the efficacy, the purification steps
adapted and also the pick-up impurities
in the process.

Tantalum powder and capacitors
samples, were analysed to identify the
likely cause of mechanical failure of
tantalum wire used in capacitors.
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Semiconductors
To cater to the analytical require-

ments of semiconductor industry,
procedures for the analysis of VLSI
grade water samples for trace impuri-
ties at parts per trillion levels were
investigated and the ability of the UTAL
to cater to such analysis was established.
A set of samples of 7N pure tellurium
samples was analysed for about 15 trace
elements using ICP-MS and Zeeman
GFAAS at ppb and sub-ppb levels of
concentrations. In addition, using a com-
bination of different analytical tech-
niques, methodologies for the analysis
of high purity Ga, In, As, Sb, Te and Cd
were developed.

A post column derivatisation scheme
was studied for the determination of
trace element impurities in arsenic after
the volatilization of the matrix.

Materials Science
The use of polyaniline, a conducting

polymer, as a standard for hydrogen
estimation using nuclear reactor analy-
sis was established.

Bilayered films of Nickel and alu-
minium were formed using thermal
evaporation of nickel and aluminium.
The composition of these layers was
studied using He-RBS and found to be
in atomic ratio 80:20 . The formation of
different phases of nickel aluminides
using different heat treatments was
being studied.

Compositional analyses of wear
resistant VN and ZrN films formed on
SS using DC magnetron sputtering were
carried out using IBA (Resonance BS )
to correlate the miro-hardness and the
stoichiometry. Similar studies on cor-
rosion resistant CrN films formed on SS
using ion-beam mixing were done. A
comparison of the depth profiles
obtained using GDMS and IBA
(He-RBS and resonance BS ) on these
films showed very good agreement with
respect to the composition of Cr and N
in the surface film and efforts were made
to use IBA to calibrate the depth pro-

files obtained using GDMS and also to
study the homogeneity of such films,
formed by different methods.

Investigations on the chemical com-
position of light emitting silicon layer
formed by anodisation of silicon in dif-
ferent media were carried out using a
combination of IBA and FTIR. The
FTIR study revealed that the layer
mainly consists of SiH and SiH2 while
IBA was used to establish the atomic
composition and thickness of these
films.

The non -destructive determination of
fluorine in many industrial samples
using PIGE was standardized. This will
enable rapid and sensitive determina-
tion of fluorine and other low Z elements
in different solid samples including
ceramics.

GDMS studies for the determination
of chlorine at sub-ppm (<500 ppb ) in
the Zr-2.5Nb samples progressed.

The Centre participated in the
IAEA-RCA study of biomonitoring i.e.
the use of plants as monitors of heavy
metal exposure in the environment. Two
sets of plants were collected from
different locations and analysed for trace
metals. Further studies were planned to
validate this approach to identify envi-
ronmental exposure to toxic heavy met-
als and to relate the trace element con-
centrations on these samples to various
polluting sources through source appor-
tionment approaches.

A rapid slurry atomization GFAAS
method was investigated and its use in
the analysis of biological and environ-
mental samples, without recourse to
chemical dissolution, was established.

Laser based Applications
The study on the isotope selective

excitation of odd Gd isotopes was con-
tinued using a broad band laser. About
20 photoionization schemes were iden-
tified in the Rhodamine 6G dye laser
region.
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c<SERVICE ORGANISATIONS

Animal House for ACTREC at Taloja

Tills Chapter describes the
activities of the Sen/ice
Orga^isadoM of DAE
namdy ih® Directorate of
Purchase & Stores (DPS),
Directorate of Construc-
tion, Services & Estate

The Directorate of Purchase and
Stores (DPS) and its Units provided
material management support to the
Constituent Organisations of DAE by
way of purchases, receipt, issue,
accounting, disposal of stores etc.
Following were the activities of DPS
during the year:

Organisation (GSO).

Indents handled

Purchase Orders
placed

Value of
purchases made

Stores Tranasactions

Quantum of revenue
realised by dispoaing
scrap items

: 34,000 nos.

: 29,000 nos.

: Rs.320 crore

: 10 lakh nos.

:Rs.2.10 crore

(Figures have been rounded off)

Computerisation of Inventory man-
agement was introduced for efficient
transactions.

A number of stores-functions in the
Central Stores Units of BARC as well
as sources of supplies, invitation of
tender, preparation of purchase orders,
follow-up supplies etc. were computer-
ized.

The Technical Liaison Mission, Paris
undertook the quality surveillance and
inspection of items against 15 purchase
contracts. It also carried out verification
of new suppliers, located new sources
of supply for many of the critical nuclear
equipment and components, and
provided scientific and technical
information input to the DAE Units.

DPS also held price negotiations
with the Trade and Industries and helped
in concluding contracts with terms and
conditions more advantageous to the
Department.

The Directorate of Construction,
Services & Estate Management
(DCSEM) is responsible for executing
various construction works for various
organisations of DAE including aided
institutions, and some other government
departments. The Directorate is also
responsible for operation and mainte-
nance of various services, estate man-
agement and security for the housing
colonies of DAE at Mumbai.

During the year of report, the projects
completed included 192 flats of type
I(A) at Anushaktinagar and dispensary
at New Mandala. Schemes worth
Rs. 27.00 crores were completed at vari-
ous sites of DAE establishments includ-
ing projects at Trombay Township worth
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Rs. 5.75 crores.
During 1999-2000, it is proposed to

execute construction schemes worth Rs.
50.00 crores including projects at Trom-
bay Township worth Rs. 24.00 crores.
In addition construction of 432 flats of
various types worth Rs. 47.64 crores
under NPCIL funds were in advanced
stage of construction/to be undertaken
for construction.

Engineering Services:
Engineering Services Division -1 &

II of the Directorate maintain residen-
tial flats (8206 nos.) and public build-

ings in Mumbai including execution of
upgradation works required for the
buildings which are minor capital in na-
ture. The Divisions are also responsi-
ble for the operation and maintenance
of electrical power distribution, lifts,
water supply distribution, sewer lines
and sewage treatment plant in the large
township at Anushakti Nagar.

Estate Management and Security
Service:

The Estate Management continued to
manage the estates of DAE and allot-
ment of residential flats (8206), shops

including public buildings and the
security for the DAE Estate in Mumbai.

5.3 General Service Organisation
During the year the General Service

Organisation (GSO) at Kalpakkam con-
tinued to maintain common services
such as estate management, transport,
civil and electrical services, water sup-
ply, auto garage, hospital and other
amenities in the DAE Township.

Flats constructed at Anushakti Nagar.
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Giant Metrewave Radio Telescope at Narayangaon near Pune

DAE through ike Board of
Research In Nuclear
Sciences (ERNS) and the
'National Board of Higher
Mathematics (NBHM)
promotes R&B activities in
nuclear Si allied sciences
and engineering & technol-
ogy in universities and
institutions, and develop-
ment <rf mathematics in the
country, DAE provides
grants to seven aided insti-
tutions and a society.

6.1 TATA INSTITUTE OF
FUNDAMENTAL RESEARCH

The Institute has a School of Math-
ematics, a School of Natural Sciences
and a School of Technology & Com-
puter Science. The academic
programmes are backed by state-of-art
common research facilities.

School of Mathematics
Even as work in areas like Algebra,

Algebraic Geometry and Ergodic
Theory continued to be pursued with
vigour, the Mathematics Faculty
decided to make special efforts during
the academic year 1998-99 to promote
the area known as Automorphic Forms,
as this is a central and important subject
and there has been intense activity in this
field. As apart of this activity, the school
has organized an International Confer-
ence on Automorphic Forms towards
the end of December, 1998. A National
Conference on Commutative Algebra

and Algebraic Geometry was organized
in collaboration with MRI, Allahabad,
IIT, Mumbai, IMSc, Chennai and SPIC
Math. Inst, Chennai, and was held at
the Indian Institute of Astrophysics,
Kodaikanal during March 23-27, 1998.
Members of the School of Mathematics
received various honours and prizes
including Swarnajayanti Fellowship,
Bhatnagar Prize, Di Georgi Prize of
ICTP, and INSA Medal for Young
Scientists. Two scientists were elected
as the Fellows of the Indian Academy
of Sciences.

School of Natural Sciences
Theoretical Physics & High Energy
Physics

Models of neutrino mass and their
relations with neutrino oscillation data
were worked out. Higgs signatures were
studied for large tan B hadroproduced
bbtt final states. A demonstrated
dimensional reduction of high
temperature QCD (Quantum Colour
Dynamics) disallowed magnetic masses
but showed disoriented chiral
condensate formation with power low
exponents. Deconfinement phase
transitions in the mixed SU(2) and the
SO(3) gauge theories, with suppression
of monopoles and vortices, were shown
to lead to similar self-dual critical
behaviour. Polarized and unpolarized
structure functions and parton densities
for the nucleon were correlated.

String Theory and Mathematical
Physics

Gravity-gauge theory correspon-
dence was used to study local proper-
ties in gravitational fields around
biackholes and to make precise the brane
calculation of Hawking radiation for
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minimal fixed scalars. A duality
anomaly in type TIB string theory was
obtained from T-duality and related
to modular invariance of its 2-D
compactifications. An N=l super-
symmetric field theory living on branes
at a conical singularity was derived from
branes and studied in terms of an M-
theory description. String islands,
without any adjustable modular
parameters other than the coupling
constant and disconnected from known
string theories, were constructed.

Condensed Matter and Statistical
Physics

Drift to no-dirft transition was dem-
onstrated for strong fields in biased
diffusion on percolation networks and
the logarithm of the relaxation time
found to strongly diverge there. Local
conservation laws were found to exclude
local thermal equilibrium in two simple
models of heat conduction. Persistent
exponents in smooth nonequilibrium as
well as in nonsmooth Gaussian
processes could be treated in new
analytical ways. A new nonequilibrium
phase transition was discovered in a
class of aggregation models.
Nonmagnetic impurities in an S-wave
superconductor were studied and the
reduction of superfluid density, the
breakup into superconducting islands
and the eventual drive into a
nonsuperconducting state established.

Foundations of Quantum Theory
A maximally realistic causal Hamil-

tonian quantum mechanics was con-
structed in 2n-dimensional phase space.

Astronomy and Astrophysics
The highlights of the current year in-

cludes study of transient cosmic x-ray
sources with the Indian X-ray
Astronomy Experiment, plan of spec-
troscopic studies of Molecular clouds
using Fabry-Perot spectrometer with lm
TIFR telescope and the strudy of solar
interiors from helioseismic observations
with GONG project.

High Energy Physics
The participation in the international

collaborations in experimental high
energy physics like L3, Dzero and CMS
continued. For the study of p-p
collisions using the CMS detector at
LHC, members of the group partici-
pated in test beam studies at CERN. The
fabrication of the 2nd set of 16
Preproduction prototype trays was
completed. Involvement in CMS soft-
ware & Physics Studies and the data
analysis of DZERO Expt. and LEP
continued. In the area of Experimental
Gravitation, (i) design and fabrication
of the low temperature insert, and
(ii) construction of preliminary version
of servo system for drip transfer of
liquid helium was caried out. Datataking
for the GRAPES (Gamma Ray
Astronomy at PeV Energies)
experiments has started in early 1998
with 217 electron detectors of the air
shower array and the fully operational
muon detector.

Nuclear & Atomic Physics
The heavy ion beams from the

Pelletron accelerator have been used in
a variety of experiments in nuclear,
atomic and condensed matter physics.
Studies of hexa decapole moments have
been initiated for a detailed investiga-
tion of nuclear shape in the rare earth
nuclei. GDR-? rays are also used as a
probe to investigate shape of nuclei at
high excitation energies. A prototype
resonator for superconducting LINAC
booster has been tested successfully.
Subshell resolved L-K electron transfer
cross sections and saturation effect in
single electron excitation in ion atom
collisions have been studied at
intermediate velocities. The laser based
research activities focuses mainly on the
following aspects: (a) the study of
formation of negative ions in intense
laser field excited gases (b) Studies on
dissociative electron attachment of laser
excited molecules (c) Nonlinear optical
characteristics of organic and inorganic
molecules and (d) New methods for
estimating x-ray yields from laser
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produced solid plasmas.

Condensed Matter Physics &
Materials Science

Work has progressed in magnetism
and superconductivity, semiconductors
and nano-materials and thin films.
Investigations on Quaternary
Borocarbide Superconductors, interplay
of superconductivity and long-range
magnetic order in magnetic
borocarbides and search for new
superconducting quaternary phases were
carried out. The investigations on vor-
tex state of superconductors have re-
vealed two new results, namely, the first
observation of Fishtail Effect and Peak
Effect in an isothermal scan and the step
increase in equilibrium magnetization
across the peak effect (PE) in a weakly
pinned crystal 2H-NbSe2. The spin
glass properties of high temperature su-
perconductors have been investigated
and based on that a new model for high
temeprature superconductivity pro-
posed. Detailed investigations on sev-
eral Gd based alloys suggest that the
issues of magnetic precursor effects and
associated magnetoresistance anomalies
are conceptually puzzling even in such
relatively simple systems. In the area of
semiconductors, Optoelectronic
materials and devices several
compositions of InGaAsP lattice
matched to GaAs and InP have been
synthesised. Pulsed laser ablation (PLD)
technique has been extensively used for
the realization of high quality multi
component films of oxides such as high
Tc superconductors, ferroelectrics and
colossal magnetoresistive manganites.

Chemical Sciences
Research in the Department of

Chemical Sciences is focussed on the
areas of Chemical Dymamics, Molecu-
lar Biophysics and Bioinorganic Chem-
istry.

In the area of Chemical Dynamics
Intramolecular and Intermolecular
dynamics of organic molecules in gas-
eous and condensed phases was inves-
tigated using a variety of laser spectro-



scopic techniques in picosecond to
microsecond time scale. In the area of
Molecular Biophysics, high resolution
structures of biological macromolecules
such as multistrand DNAs, proteins
binding to specific DNAs, calcium
binding proteins, halophillic proteins
were investigated by NMR
spectroscopy. In the area of
Bioinorganic Chemistry, structural and
functional aspects of several
metalloproteins, especially those with
important roles in bioenergetics and
biological redox processes were stud-
ied.

Biological Sciences
The main focus of the research

activity at Department of Biological
Sciences is in the fields of Neurobiology
and Molecular and Cellular biology. In.
plants, phytohormone abscisic acid
(ABA) mediates the responses to abi-
otic stresses. How the transduction
mechanisms to various stresses cross-
talk is not known? The studies in moss
protonema suggest that the cells inte-
grate the response at level of
heterotrimeric G-proteins and each
abiotic stress induces only a sub-set of
the ABA induced G-proteins. Biochemi-
cal and genetic approaches are being
employed to understand the transport
and utilization of sugar in yeast. A gene
involved in sugar transport in Sipombe
(fission yeast) has been cloned. The
malaria group is investigating the host-
parasite interactions. Several novel
putative protective malaria proteins have
been identified and are being further
characterized.

National Centre for Radio Astrophys-
ics, Pune

The GMRT, consisting of 30 fully
steerable parabolic dishes of 45-m
diameter each, is being set up as a
national facility for frontline research in
radio astronomy in the frequency range
38 MHz to 1420 MHz. Most of the
subsystems of the GMRT are in an
advanced stage of completion. A major
progress was in installing the 30 antenna

correlator system, a crucial component
for making high resolution radio maps
with GMRT. Preliminary observations
with the telescope to test and debug the
instrument are currently underway.

The research interests of the aca-
demic staff at NCRA cover a wide
range, addressing some of the funda-
mental questions in the frontiers of
several fields in Astronomy and Astro-
physics. These include understanding
the Sun, its activity and the solar wind,
physics of pulsars, the interstellar
medium (ISM) in our galaxy and exter-
nal galaxies, energy generation and
transport in nearby galaxies and in radio
galaxies and quasars, formation and
evolution of galaxies, generation of
magnetic fields, and structure formation
in the universe. NCRA also run a large
radio telescope located at Ootacamund
in the Niligiri Hills, the Ooty Radio
Telescope.

Hotni Bhabha Centre for Science

An important achievement of the
year was the inauguration of the phys-
ics olympiad programme in the coun-
try. The first Indian National Physics
Olympiad (INPhO) (Theory and Experi-
ment) was held in May 1998 at 10
centres in the country. HBCSE orga-
nized a month long training camp in
May June 1998 for the INPhO
awardees. A team of 5 students selected
at the end of the camp represented India
at the 29th International Physics
Olympiad held at Reyjavik, Iceland in
July 1998. HBCSE has initiated through
the support of DST and DAE, similar
olympiad activity in chemistry and
biology also. With its involvement in the
mathematics olympiad programme of
NBHM (DAE), HBCSE has now
emerged as the countrys premier centre
for olympiads in basic sciences.

An Activity-based Foundation Cur-
riculum in Science, Technology and
Society for post school students was
completed and a series of books have
been brought out in this novel curricu-
lum. HBCSE members contributed
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importantly to materials being brought
out by IGNOU and the revised primary
science books of the State of
Maharashtra.

Orientation programmes were car-
ried out for teachers, teacher educators
and science popularizers. HBCSEs
mobile low-cost laboratory and history
of science exhibition displayed at vari-
ous sites evoked much popular
response. HBCSE is organizing an
International Workshop on History of
Science and its implication for Science
Education in February 22-26, 1999.

National Centre for Biological
Sciences, Bangalore

The NCBS has made significant
progress in Structural Biology, Biology
of Disease, Neuroscience and
Developmental Biology. The research
activities are now being carried out in
the newly built campus. It is spread over
an attractive 20-acre plot surrounded by
forests and green fields. In the first phase
of construction a laboratory of about
80,000 square feet and a housing cluster
of 50,000 sq. ft. have been built. Built
up area includes a research block with
twenty well equipped laboratories;
lecture halls of varying capacities;
seminar halls; auditorium; library;
housing for students, post-doctoral
fellows, visiting scientists and faculty;
a dining and recreation block; central
stores and a maintenance building. Most
buildings, including some housing, are
networked.

School of Technology and
Computer Science

A new laboratory for Computational
Mathematics has been set up at Pune
with the active support of several mem-
bers of BARC. One of the main
objectives of the laboratory is to develop
a new paradigm that synthesizes
symbolic and numerical computation.
Work was also carried out in the areas
of theoretical computer science,
embedded systems, networks and
architectures and speech recognition.



6.2 SAHA INSTIT OI

The Institute made impressive strides
in respect of the projects envisaged in
the IXth Five Year Plan period. It
published about 150 papers in
international journals and edited
volumes with some more to add to the
list. Several national and international
collaborative efforts were launched with
the Institute at the nodal centre. With the
addition of state-of-the-art equipments,
informatics and ultrafast computer
networks, a substantial improvement has
obtained in the central facilities.

In nuclear science, a significant
progress has been made towards setting
up of (a) an X-ray fluorescence system
for materials analysis, (b) a Rolling
machine and e-evaporation systems for
the preparation of targets for nuclear and
atomic physics experiments, and (c) two
Detector Doppler Broadening setups in
the Positronium Laboratory. In
addition, design and fabrication of the
following equipments have been
initiated: (a) a multi-gamma detector
array to be used in experiments with
heavy ion beams at VECC, (b) a multi-
detector setup with small Csl ( t l)
scintillators to be employed in the study
of LCP emissions in heavy ion collision
at various accelerator centres, and (c)

various types of gas detectors.
Penetration effects on the internal

conversion processes of the 134 KeV
Gamma-transitions in 131Cs has been
found unambiguously for the first time,
carbon-and silicon-induced L and M X-
ray production cross-sections of Au and
Pb, and the anisotropic parameters of
the carbon ion-induced M X-rays of Au
were measured in the 4 to 12 MeV
energy-range using the 3 MV Pelletron
at IOP, Bhubaneswar.

Fusion enhancement and reaction
dynamics, back-angle quasi-elastic
scattering and excitation functions have
been studied for 12C, 160 + 142Nd
systems around the Coulomb barrier.
Studies on quasi-fission were continued
with pulsed 160 beams on 181Ta with
the fission fragments detected by the
TOF method. Data analysis for
assessing angular distribution and
anisotropies in different mass bins is in
progress. Target and projectile breakup
reaction studies were carried out using
the TIFR-BARC Pelletron as also in
collaboration with the RCNP group in
Japan. A formalism was developed to
evaluate the pre-equilibrium cluster-
emission spectra and angular
distributions in heavy ion-reactions
using a closed form expression free
from empirical parameters.

Fiting of an inhibitor protein model in the electron density map
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Spectroscopic study of 79Br has
been carried out at NSC, Delhi, with
significant new results for lifetimes of
high-spin states and band deformation,
substantiating the Cranked-Shell-and
Particle-Rotor Model calculations. A
new 3-quasi-particle band was
identified in 1251. Traces of heavy
elements in industrial wastes were
quantified by the PIXE method.

Role of substitutional alloying
elements in the recovery processes
pertaining to the proton-induced defects
in zirlo (a new zirconium-based alloy)
was studied. Positron annihilation with
high-momentum inner-shell electrons of
Ag nanoparticles, grown in a polymer
medium, was studied by a 2-detector
coincidence spectroscopic method. The
Bubble Model, with the sharp
boundaries giving way to diffusiveness,
was applied to the study of positronium
in liquids, making rooms for high
surface tension and study of chemical
complex formation with an electron
acceptor in liquids.

In Nuclear and Radiochemistry,
production and separation of several
carrier-free rare-earth radionuclides of
biomedical importance was effected
using the heavy ion beams at BARC-
TIFR Pelletron.

A laboratory is being developed for
hybrid optical information processing
like, photoelastic and birefringence
analysis, using some novel techniques.
The electronic workshop facility is fast
coming up to stand by the research
requirments in various laboratories.

The Condensed Matter Physics
Group has started building up facilities
for materials preparation and
characterisation as envisaged in the IXth
Plan. A Float Zone Crystal Growth
facility has been set up and has become
operational.

Structural studies of several organic
molecules have been carried out by
microwave rotational spectroscopy and
microwave double resonance
techniques. Studies of the acoustic
properties of beta-brass and KSCN near
their order-disorder transition are in
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progress. NMR measurements on
several metal hydrides to study
different features of proton-pairing have
been carried out. In addition, NMR and
susceptibility measurements have been
made in low-dimensional topologically
frustrated systems, as also Hg-based
High-Tc compounds.

Experimental and theoretical
research on several aspects of
superconductivity continues to be a
thrust area. Extensive and precise
measurements of transport properties of
High-Tc compounds are being carried
out. Investigations on the effect of
grains, magneto-crystalline anisotropy
and microstructures on the physical
properties of mechanically milled alloys
Co-Ge, spinel ferrites is continuing.
Studies on several aspects of correlated
electron systems with special reference
to organic superconductors, High-Tc
systems, Quantum Hall Effect and
Hubbard-like models are in progress.
The atomic distribution in some
bimetallic nanostructures have been
studied under different adsorption
conditions to investigate the
effectiveness of nanoparticies in
oxidation of CO, an important pollutant.

In Surface Physics, X-Ray and
diffuse scattering measurements have
demonstrated that nanometer-thick CdS
layers can reside at the metal-organic
interfaces of Langmuir-Blodgett films.
Parallelly, a theoretical scheme based on
the inversion method within the
framework of the Born approximation
has been developed to extract roughness
and interdiffusion profile as a function
of depth in multilayered thin films.

The behaviour of chiral conformal
field theories interacting at a single point
was studied. In the case of quantum
Hall systems interacting at one point a
twisted representation of the Kac-
Moody current algebra was obtained
and novel oscillations of Hall currents
were redicted. A bound on heavy
baryon formfactors was obtained using
dispersion relations and analyticity.

It was shown that near-extremal four
dimensional dyonic black holes can be

described by a model consisting of a
one-dimensional gas of massless
particles. It was demonstrated that
unlike the extremal Reissner -
Nordstrom black hole in ordinary
spacetime, the one in anti-de Sitter
spacetime is a minimum of action and
has zero entropy if quantization is
carried out after extremalization.
However, if extremalization is carried
out after quantization, then the entropy
is still a quarter of the area.

String theory in the long wavelength
limit admits certain kind of states whose
mass, charge etc. are protected from any
perturbative corrections by large
supersymmetry. The non-perturbative
symmetry of string theory as well as
properties of these states which include
black holes, p-branes, D-branes etc.
were studied.

Further consequences of a new sum
rule derived here recently for twist-four
longitudinal structure function in QCD
were explored. A detailed investigation
of the orbital angular momentum
operator in light-front QCD was carried
out in the context of deep inelastic
scattering.

A new mechanism for proton decay
was discovered in supersymmetric
models. In the linearized quantum
theory of gravity, it was shown that
gravitational interactions in a medium
are in general non-universal.

The effect of vacuum neutrino
oscillations on all types of supernova
neutrinos and antineutrinos was
explored and neutrino events detected
at Superkamioka and Sudbury
observatories were explained.

Phenomenological implications of
R-parity violating supersymmetry were
investigated in the context of proton
decay and in the context if recent
neutrino data.

Production of photon, dilepton,
open-charm etc. are being studied with
inclusion of medium effects to use as
signatures for QGP formation in high
energy heavy ion collisions.

Nuclear level densities, were
calculated including thermal and
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quantal fluctuations. The reliability of
isotope thermometry in
multifragmentation and nuclear liquid-
gas phase transition was investigated.

The production of pions and several
strange particles in energetic pp
collisions was studied within an
effective Lagrangian model which
compares well with experimental data.

The astrophysical s-factor for the
solar reaction 7Be(p, ) 8Be was
evaluated in the DWBA formalism.

The enhancement of neutrino
emissivities in presence of a strong
magnetic field resulting in rapid cooling
of neutron stars was studied in a Dirac-
Hartree approach.

In Plasma Physics significant
progress has been made in completion
of Slow Bank System for increasing the
plasma pulse duration, & 2 mm
microwave interferometer for density
measurement. Time-of-flight system
for neutral particle analysis is in an
advanced state of completion. Electron
Cyclotron Emission (ECE) radiometer
has been tested and is ready for
shipment from FOM Institute in
Netherlands. Vertical array of Soft X-
ray detectors has been installed and
tested. The feedback control system for
plasma position is under development.

Several interesting experiments in
the SINP-Tokamak, like anomalous ion
heating, runaway electron studies,
anomalous current penetration,
estimation of electron temperature have
been carried put.

Theoretical studies have been made
in the area of MHD relaxation &. wave
propagation in plasma.

The ECE radiometer is likely to be
installed and put to regular use by
February 99. Hard: X-ray analyser
would also be ready for use around
March 99. The RF power source for
driving lower hybrid current in plasma
is to be procured by March 99.

In Bioscience Group, the previously
determined 3D structure of the protein
WCI at 2.3 resolution revealed a
directional change in the polypeptide
chain near its C-terminus and helped



predict for the first time the location of
the second reactive site. The protein and
its two mutants have been cloned and
expressed in E. Coli and suitable
crystals for diffraction studies have
been obtained. Crystal structures of
several other biologically and pharmac-
ologically important systems have
been determined. Study of confor-
mational response of an important eye-
lens protein to various stimulations
revealed a change at pH below 4.6.
Base sequence dependent structure and
flexibility of DNA double-helix were
investigated by MD simulations and
crystal-based data analysis.
Thermodynamic studies of interactions
between anticancer drugs and other
macromolecules e.g. DNA, a
cytoskeletal protein, spectrin and
phospholipid membranes were made to
understand the molecular mechanism of
drug action. Studies on the process of
transcription initiation by T7 RNA-
polymerase and membrane and miceller
interaction of cytoskeletal proteins are
under way. Relative importance of the
different inisitol phosphate second
messengers in Entamoebia histolytica
was worked out and the role of phytase
on signal transduction pathways in
mung bean seed studied. Conditional
changes in cellular signalling networks
were studied for easy diagnosis of
Huntington disease and myotonic
dystrophy. Fluorophore

microenvironments of biologically
important flavonoids in membrane-
mimetic systems and interaction of
chemical denaturants with different
proteins were spectroscopically
investigated. Genotoxic studies on the
effects of pesticides, toxic metals and
radiations on different plant-, animal-
and bacterial systems were made.
Studies are under way to design a gene-
based vehicle for cancer therapy.

The Post-M.Sc teaching programme,
in its forty-fifth year, continues in its
efforts imparting adequate training to
the freshers selected for the Ph.D work
both in physical and biological sciences.

Like in the past years, the Institute

held regular seminars, weekly colloquia
and workshops on current issues.

Collaboration programmes include,
for example,

1) SINP-VECC projects with
(i) Radioactive Ion Beams and
(ii) Superconducting Cyclotron.

2) CERN-India collaboration on the
Photon Multiplicity Detector Progr-
ammes.

3)The continuing Crystallography,
Molecular Biology and Structural
Biology programmes financed by the
Dept. of Bio-Technology.

6 3 TATA MEMORIAL CENTRE
The Tata Memorial Centre (TMC),

compring of Tata Memorial Hospital
(TMH) and Cancer Research Institute
(CRI), is engaged in research, education
and treatment of cancer. Following were
the activities of the Centre during the
period of this report:

Clinical Activities
The Tata Memorial Hospital contin-

ued its diagnostic, treatment services,
research and educational activities to
maintain the highest standard of patient
care. During the year, 23145 new cases
were registered. In addition, 4745
Referral Cards were issued for certain
investigations like Mammography,
Pathological investigations etc. The
activities of the Hospital relating to pa-
tient services are furnished in the Ta-
ble I below:

Year

No. of patients
registered
No. of admission
Radiological
Investigations
Pathological
Investigations
Radiotherapy
Surgery
Anaesthesia
Bone Marrow
Transplantation
Physiotherapy
Occupational therapy

1997-98

23145
12157
54700

689500

12800
19000
37800

29
4,279
2,852

Cancer Prevention
Department of Preventive Oncology

has arranged lectures and audio visual
shows on the ill effects of tobacco and
Cancer Awareness programmes at
Municipal Schools, Colleges and also
for Genera! Population. Photo and
Poster Exhibitions for the General Pub-
lic were also conducted at 10 different
locations viz. Chatrapati Shivaji Termi-
nus, Churchgate Station, Mumbai Uni-
versity Kalina Campus etc. The Depart-
ment has conducted 14 screening camps
in the community in collaboration with
local organisations. An awareness cam-
paign on breast cancer was conducted
in the month of October, which is inter-
nationally recognised as 'Breast Can-
cer Awareness Month'. A total of 1231
new cases were registered for screen-
ing in the Preventive Oncology Dept.
out of which 350 were pre-cancer cases.

Clinical Research Secretariat
The Clinical Research Secretariat

(CRS) which was started in 1997 con-
tinued to assist clinical researchers in
data management, data analysis and
other aspects of research projects. Dur-
ing this year two new facilities have
been provided. The 'Internet' for those
who visit the CRS and 'an abstract serv-
ice' to all the staff members which
makes information available within
three days of its publication. The CRS
has offered infrastructural support for
three randomised trials, four prospec-
tive studies from various departments.
Data management and analysis have
been carried out for 28 retrospective
studies.

A cademic A ctivities
The Scientific Review Committee

and Hospital Ethics Committee exhaus-
tively reviewed and approved 11 new
research projects in addition to on-
going projects. Researchers of TMH
published 92 scientific papers in inter-
national and national journals of repute.
TMH conducted 19 Conferences/Work-
shops/Seminars during the year. Mem-
bers of staff have attended several
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International/National Conferences/
Workshops /Seminars/Symposia etc.
and have presented 60 scientific papers
and delivered 67 lectures.

TMH is a post-graduate teaching
centre and is affiliated to the University
of Mumbai. During the year, it contin-
ued to conduct various post-graduate
degree and diploma courses. The Hos-
pital is a recognised training Centre for
cancer education and research by
national and international organisations
such as WHO and IAEA. During the
year, it continued to conduct continu-
ing education in Oncology.

Actrec Project
All infrastructural development at

site including 1 st phase tree planting
along the boundary and Project House,
Guard House and 64 flats have been
completed. An agreement has been
signed with MSEB for supply of per-
manent power supply. Permanent con-
nection for water supply is expected
shortly. Civil and electrical works of
Research Centre Building are nearing
completion. Civil and electrical works
of Animal House have been completed.
Service building has been completed.
80% work of the Ward Block is com-
pleted. The tenders for Clinical Re-
search Centre has been invited.

Satellite Extension of TMH at MGM
Hospital

An agreement between TMC and
ESIC has been entered into to set up a
Satellite Extension of TMH at MGM
Hospital, Parel. Modification works in
the Wards, Operation Theatres and ICU
are being taken up in consultation with
MGM authorities and CPWD Engi-
neers.

Project "Upgradation/Modernisation
of Facilitates "

The Planning Commission had ap-
proved a one-time grant of Rs.25.00
crores for the Upgradation/modernisa-
tion of facilities. The amount has been
allocated for procurement of
equipments for Labs/Departments,

Renovation of Wards and Setting up of
new Library Complext. Renovation of
Female Ward and Private Ward have
been completed. 65% work in the Semi
Private Ward has been completed. Struc-
tural work of Library complex is
expected to be completed by end of this
month.

Epidemiological Studies
TMH continued epidemiological

studies in respect of Radiation Occupa-
tional Workers and their families at
nuclear power stations sites in India. The
report of the survey carried out at the
TAPS was officially handed over to
NPC. The survey at the KAPS is com-
pleted and the draft report was handed
over to the NPC. The data collection
at RAPS and NAPS was completed and
the report is under preparation. The data
collection at MAPS is in progress.

Epidemiological studies on cancer
are also being carried out by the Depart-
ment of Medical Records and Statistics.
During the year studies on Colo-Rectal
Cancers and Cervix Cancers were
undertaken and results anyalised

Rural Cancer Centre at Barshi
TMC continued to extend its token

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

Waste Management & Hospital
Infection Control

The Dept. of Microbiology has been
actively involved in setting up a tailor-
made system for handling the hospital's
waste from "cradle to grave". The final
plans of setting up the disposal technol-
ogy are in progress. 'Infection Aware-
ness Week' was organised during the
year.

Computerisation & Hospital Informa-
tion System

During the year 1998, one of the
major activities of the Computer Depart-
ment has been the installation and com-
missioning of the IBM AS/400 Server
which makes use of OS/400 as operat-
ing system, DB2/400 as the RDBMS.
Also, the entire campus was networked
using structured cabling concept.

Patient Rehabilitation
After Completion of Therapy (ACT)

Clinic which was initiated in 1991 con-
tinued psychological support to patients
and rehabilitation after receiving
therapy. The patient clinics for Physi-
otherapy, Occupational Therapy, Speech
Therapy, Psychology etc. extended sup-
port to the patients with the ultimate goal
of improvement in the quality of life of
those unfortunate patients who are
afflicted with disabilities. The Stoma
Clinic provided comprehensive care to
patients with Stomas, Fistulas, Pressure

A family counselling official is helping a patient to use Voice Amplifier



sores, incontinence and would healing
problems.

Medical Social Service Department
provided guidance to 13679 new
patients and chemotherapy drugs at
concessional rate were given to 3604
cases. Rail/Air/ST concession forms
were issued to 71782 patients. Accom-
modation was arranged for 3559 and
transportation was provided to 1819
cases.

Cancer Research institute
The major thrust of research work at

the Cancer Research Institute continues
to be on Head and Neck Cancer,
leukemias and lymphomas. The potent
transforming gene cloned from human
oral cancer has been sequenced to a very
large extent and its potential use for oral
diagnosis is being evaluated. In the stud-
ies on gene therapy of human oral can-
cers, after initial use of Hstk gene, new
strategies for including cytokine, growth
factor genes along with Hstk is being
evaluated for obtaining higher
cytotoxicity. These are being tested in
the human oral cancer model developed
in nude mice.

Immunological studies on augmen-
tation of tumor cell kill by the T cells
have shown the involvement of gamma
delta T ceils in oral and esophageal can-
cers and this has been found to be
dependent on stress protein - HSP-60
and ICE proteins. Work has been
undertaken to identify genetic factors
responsible for susceptibility of oral
cancer.Studies on genetic polymor-
phism at GST-MI and GST-T1 and
CYP-D6 gene loci on 300 patients and
450 controls by PCR RFLP have shown
a significantly higher frequency of GST-
MI null alleles in oral cancer patients.
Combination analysis shows that indi-
viduals with CYP2-D6 wild type and
GST-null alleles were at a higher risk
for oral cancer than other allelic combi-
nation. Similarly, chromosomes 3p and
9p whose rearrangements are seen in
oral cancer patients are being allelotyped
for microsatellite instability and loss of
heterozygosity (LOH) for their poten-

tial use as susceptibility markers. Stud-
ies on workers occupationally exposed
to tobacco have shown that tobacco
exposure impairs xenobiotic detoxifi-
cation mechansm via glutathione con-
jugation pathway and exposes the work-
ers to higher genotoxic risk. Studies on
multi-organ carcinogeneicity of pan
masala in three different mouse models
suggest that pan masala is a risk factor
for cancer. In the studies on
chemoprevention of cancer, circumin
free extract of turmeric has shown
strong chemopreventive activity.

Immunological studies on leukemias
and lymphomas show expression of
TNF receptors ligand superfamily in
patients with Hogkin's Disease. In 68
patients with lung cancer effector cell
function was considerably reduced but
could be partially augmented by treat-
ment with IL-1 and IL-12.

Work has been initiated on develop-
ing retroviral vectors for gene transfer /
gene therapy using HIV-2 viruses iso-
lated at the Cancer Research Institute.
Methods for collection, storage of
umbilical cord stem cells have been
fully standardized and the technology
was transferred through the Department
of Biotechnology to Armed Forces
Medical College, Pune. Isolation of
these cells by elutriation have yielded
around 70% enrichment of pluripotent
stem cells from the umbilical cord.
Work is in progress to establish a Cord
Blood Stem Cell Bank. The Institute has
a larger programme on understanding
the basic mechanism of malignant trans-
formation in CML. These include stud-
ies on chemotactic response, specific
service proteins, modulated during
leukemic transformation and activities
of various tyrosine kinases and phos-
phates in these cells. The anti-metastatic
role of drug pentoxyphyllin and related
compounds is being investigated using
mouse melanoma model.

The Institute of Physics at
Bhubaneswaris an autonomous research
institution funded jointly by DAE and
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Govt. of Orissa for promotion of
research in frontier areas of physics.

Research Activities
The main areas of basic research

comprise nuclear physics, condensed
matter physics and high energy physics.
However, experimental activities have
also expanded considerably in recent
years.

The Ion Beam Laboratory with a 3
MV Pelletron Accelerator had user
groups from within and outside the
Institute. The Accelerator Mass
Spectrometry (AMS) project, funded
jointly by the DAE, DST, DOS and
CSIR, started augmenting the existing
3 MV accelerator facility for carrying
out 14C and 1 OBe studies. A dedicated
beam line for surface physics studies
was setup using one of the beam ports
of the Pelletron Accelerator.

About 100 papers were published in
referred international journals besides
those presented in conference and
symposia etc.

Collabortions
The ongoing projects include an

Indo-US project on development of ion-
microbeam facility and Indo-French
project on "'Clusters and Cluster
Assembled Materials". The
collaboration with CERN, Geneva on
quark-Gluon Plasma work also
continued.

Workshops, Seminars and Training
To keep scientists abreast with the

frontline areas of research in physics,
the Institute organised workshops,
schools etc. To encourage local college
and university teachers as well as the
Institute alumni, the Institute supports
a short term programme during summer
and other vacation periods. The Institute
runs a regular programme in which
physicists from within the country and
abroad are invited to give talks and
interact with the faculty and scholars.
The Institute also conducts Predoctoral
and Doctoral research programmes.



Awards
The contributions of the physicists

of the Institute have been recognised
amply. The Institute bagged Shanti
Swarup Bhatnagar award for Physical
Sciences for the year 1998. The
scientists of the Institute have also
bagged an International award, an INSA
young scientist award and several other
national and state awards. One of the
faculty members was awarded the
Kamal Kumari National Award for
Science & Technology, for the year
1996.

EHTA li
INSTITUTE OF MATHEMATICS
8z MATHEMATICAL PHYSICS

The Institute conducts investigations
and research on problems in Mathemat-
ics and Mathematical Physics,
Computer Science and related topics.

During the year under report,
research work continued further in Pure
Mathematics including Number Theory,
Algebraic Geometry, Coding Theory
and Analysis as well as in Theoretical
Physics in the areas of Mathematical
Physics, High Energy Physics,
Condensed Matter and Astro-physics.
Lectures and Seminars were organised
during the year to the benefit of
researchers whereby they were exposed
to the latest ideas and achievements in
the field of Mathematics and Theoreti-
cal Physics. Several academicians from
reputed institutions within the country
and abroad visited the Institute and
collaborated in research work with the
members of the Institute. The members
of the staff attended Conferences/
Workshops/Symposia in India and
abroad.

The National Board for Higher
Mathematics (NBHM) has selected the
Institute for imparting training to the
talented young students of Mathematics
drawn through International Mathemat-
ics Olympiad-1995 (INMO-95)
awardees. The second such course was
successfully conducted during 1998.

The Institute will be hosting the
second "National Conference on Com-

mutative Algebra and Algebraic Geom-
etry" from February 1-6, 1999. This is
the second of a regular series of
conferences to be held in India on this
subject. The first such conference was
held in March 98 at Kodaikanal.

One faculty member of MRI was
elected as a Fellow of the Royal Society
and was nominated for R.D. Birla
award.

Computational facilities at the
Institute were further strengthened.

Eight papers in various fields of Pure
Mathematics and 34 papers in various
fields of Theoretical Physics were pub-
lished in the journals of International
repute. Besides this, 15 Reports in
Mathematics and 30 Reports in Physics
were published in the Institute.

6.6 INS1
MATIIE

The Institute of Mathematical Sci-
ences (IMSc), which had its inception
in 1962, is a National Institution of
higher learning whose primary
purpose is to foster high quality funda-
mental research in frontier disciplines
of Mathematical Sciences. The Insti-
tute has programmes for doctoral
degree, post doctoral work and the
visiting scientists scheme.

The Institute is presently in a phase
of rapid growth. The three major groups
of research areas of the Institute are :

Theoretical Physics, Mathematics &
Theoretical Computer Science

The Institute has an excellent library,
state-of-the-art computing facilities,
very good communication systems and
connectivity.

To spot talent and nurture it, the
Institute will conduct with conduct with
Mehta Research Institute, Allahabad,
National Centre for Radio Astrophys-
ics, Pune, Inter-University Centre for
Astronomy and Astrophysics, Pune,
Indian Institute of Astrophysics, Ban-
galore, Institute for Plasma Research,
Gandhinagar and Physical Research
Laboratory, Ahmedabad, a Joint Writ-
ten Screening Test as a part of the
selection process for Junior Research

74

Fellows (JRFs).
The Institute faculty participated in

several symposia and conferences both
inside and outside India. Many
internationally reputed scientists visited
IMSc to collaborate with the scientists
of the Institute and gave series of
lectures, seminars and colloquia etc.
The members of the Institute regularly
published their research papers in
international journals of repute in the
areas of Physics, Mathematics and
Theoretical Computer Science.

During the year, the following Train-
ing Programme, Workshop and Inter-
national Conference were held in which
a large number of academicians from
within the country and abroad
participated.

1. UNESCO-IMSc Regional
Training Programme in Mathematics
(November 9-21, 1998)

2. Quantum Chromo Dynamics
Workshop (November 30 - December
8, 1998)

3. International Conference on Foun-
dations of Software Technology and
Theoretical Computer Science (Decem-
ber 14 - 19, 1998)

4. Third Workshop on Quantum
Field Theory, Quantum Gravity and
String Theory held at Puri. (December
11-20, 1998)

Major achievements during the year
1. Developed and modernised the

library into a definitive reference library
in Mathematical Sciences, so that the
library incorporates all aspects of infor-
mation database (books, journals,
preprints, pedagogic materials, CD-
roms) and information dissemination
(on-line access to libraries world wide).

2. Developed and augmented the
computing environment so that IMSc
become an important node for a
supercomputing network. Developed
both hardware and software so that the
state of art computing as needed for the
frontline research is provided.



ADITYA, Tokamak

6/7 riTUTE OF PLASMA

Aditya Toakamak
It has undergone significant

upgrading during the last year with
strengthening of the Ohmic heating coil
system, integration of a large number
of new diagnostics and introduction of
the ICRF antenna and heating system.

Aditya, a medium size tokamak, is
being operated with the transformer-
converter power system since
September, 1989. 80-100 kA plasma
discharges at toroidal field of 8.0 kG
were studied. RF heating system was
tested seperately and integrated to
Aditya tokamak. In diagnostics, the
installation of Aditya Thomson
scattering system, based on ruby laser
(10J,20 nsec) thermal lithium beam,
laser blow off system were completed.
The spectroscopic diagnostics were on
Aditya augmented.

Steadystate Superconducting Tokamak
Experiment (SST-1)

The SST-1 experiment is moving
closer to fabrication. The engineering
drawings and draft tender document for

the vacuum vessel, cryostat, magnetic
coil fabrication were reviewed by
NPCIL. Order for fabrication and
commissioning were in process. The
contract for thermal and structural stress
analysis of vacuum vessel, cryostat,
magnetic coils and support structure was
awarded.

Efforts were made to resolve some
of the uncertainties in the design of the
first-wall (plasma facing components)
and to advance the design concepts
closer to the engineering design.
Preliminary experiments on heat flux
testing were carried out at CAT, Indore.
A contract to fabricate 15 km of Cable-
in-Conduit conductors (CICC) was also
awarded. Tests on the Model coil was
in progress.

Various numerical codes were
developed and adopted for design of the
SST-1 subsystems. The main baffle
shape was optimised for SST-1 using
DEGAS. The DIVER code is developed
for divertor erosion study.

A closed cycle LHe plant was
finalised. As a part of the technology
development programme, designing 10
kA vapour cooled current leads, SHe/
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LHe transfer line and superconducting
bus line continued. A liquid nitrogen
pump was indigenously designed and
fabricated.

Three different schemes in RF
heating and current drive for SST-1 were
in progress. Engineering of ion
cyclotron heating to heat the plasma as
an extension of the existing system on
Aditya, continued. Feasibility of driving
current using fast wave antennae was
explored. Lower hybrid waves with
asymmetric spectrum would be
launched to drive plasma current during
different operating scenarios. I MW of
CW power would be supplied from two
klystrons to feed a grill. The engineering
design was completed and prototype
testing of various crucial components
was initiated. ECRF system will be used
initially to preionize and startup of SST1
discharges the engineering design of
which was completed.

The engineering of the major
components of the neutral beam
injection system was taken up. The
majority of this engineering activity was
carried out on the cryo panel, heat
transfer element, V-target, and the ion
deflection magnet. The critical design
for the ion deflection magnet was that
of shaping the soft iron profile to ensure
that field within the iron core is
maintained within 1.4 Tesla. Major
engineering efforts in the ion source was
directed towards the fabrication of the
back plate and the extractor grids.

High voltage multimegawatt power
supplies are used for certain
applications. A Prototype (14kV,
500kW) development project for these
steady state power supplies, was started.

Feasibility of setting up of a charge
exchange recombination spectroscopy
CXRS system for SST1 was under
study. A new design for ECE
diagnostics and a suprathermal electron
distribution diagnostics were proposed.

At IPR, efforts continued on
designing a high speed lossless data
acquisition system for SST-1
diagnostics for a shot duration of
lOOOsec.



New 12-pulse converter power
supplies will be installed for various
coils, of the SST1 tokamak. A 10 kA
dc power supply for the
superconducting magnet test facility
was ordered. System design and
analysis of these schemes were
completed and prototyping work
progressed.

Basic Experiments
A Large Volume Plasma Device

(LVPD) was installed for studies related
to high temperature beta plasma. Initial
experiments were focussing on issues
related to excitation, propagation and
linear and non linear interaction of
whistler and helicon waves. Another
major thrust will be on study of surface
waves.

Theoretical and Computational Physics
The primary focus of the theoretical

research programme continued to be on
fundamental problems fusion physics
and nonlinear phenomena in plasmas.
There was also a broad range of work
related to non-neutral plasmas, the
neutrino problem and other exotic
plasmas. Fluid /particle simulations and
numerical modelling of nonlinear
systems constituted the major
component of the computational
programme. The process of magnetic
field generation in laser produced
plasmas was reexamined. A Poynting
like theorem for field generation was
given. These results seemed to agree
with some recent numerical
simulations.

Several nonlinear aspects of the
Electron Magnetohydrodynamic
(EMHD) model for plasma phenomena
were studied. These studies will be
relevant for the description of
experiments on a newly commisioned
large volume plasma device (LVPD )
at IPR.

Using the Violation of equivalence
principle (VEP), the solution to the solar
neutrino problem and the atmospheric
neutrino anomaly were studied. The
VEP effect on laboratory neutrino

oscillation experiment was also
analysed.

Surface Characterisation Laboratory
Surface characterization facilities

were made available to external users
on a commercial basis. A few hundred
Internal Samples were studied for
different coatings and plasma modified
surfaces of different steels alloys and
powders were studied, which gave
valuable inputs for improvement of
plasma processes.

Plasma Processing
The Facilitation Centre for Industrial

Plasma Technologies (FCIPT) bridges
the Institute for Plasma Research and
the Indian industries. To promote the
acceptance of plasma based
technologies and to generate techno-
commercial data relevant to
entrepreneurs, the jobshop of the centre
executes job work for surface and
material treatment on industrial scale.

Work on plasma nitriding was
extended to a variety of alloy steels and
stainless steels. Feasibility of nitriding
17-4 PH SS used in solar array drives
and other low speed mechanisms in
space environment, was established in
collaboration with ISRO Inertial
Systems Unit. A large capacity dual
chamber plasma nitriding system was
built and commissioned. A variety of
components for a number of parties
were successfully plasma nitrided. The
list included major national and multi-
national organisations.

Spherodization of irregular alumina
particles in the 50 to 80 micron range
using high enthalpy inflight thermal
plasma reactor was achieved with an
efficiency of ~98 %. Fully indigenous
plasma ion implantation facility was
setup at FCIPT. To demonstrate
extended operation of the zircon
dissociation process, a 2 - hour run at
50 kW was performed successfully.

Research performed under the IAEA
Coordinated Research Programme
concentrated on the performance of
graphite electrode plasma torches under
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pyrolysis conditions. A compact plasma
torch was designed and fabricated for
experimental study.

6.8 ATOMIC ENERGY

The Atomic Energy Education
Society (AEES) manages 30 schools at
14 different places in the country,
providing education to about 28,000
children of the DAE-employees.

During the year 1998-99 a number
of administrative and academic steps
were taken to consolidate and improve
the functioning of the schools as
follows:

An Academic Unit was set up in the
Central Office. A decision was taken
to teach the use of computers and use
them in teaching of prescribed subjects.
Several measures were adopted to
strengthen teaching of English
language; special coaching in English
and Mathematics was introduced for
children from educationally weak back-
ground, and promotion norms for
students were rationalised.

A horticultural programme, seeking
to instil in students a greater awareness
of environmental concerns was further
expanded; assistance was provided to
students appearing for Board
Examinations; primary schools were
placed in the charge of headmistresses/
headmasters; a beginning was made in
the preparation of special guide books
in Mathematics for primary school
teachers; primary school libraries were
expanded. Vocational education for
weak students (in carpentry and
wireman's course) was started in
Anushaktinagar.

A series of important personnel
policy decisions were taken for better
utilisation of the manpower available;
Parents-Teachers Associations and
School Management Committees were
established. Powers and responsibilities
of the principal were further streamlined
and a more scientific system to evaluate
the performance of teachers was initi-
ated. Special in-service orientation
programmes were organised for about



500 teachers.
The results in the Board examina-

tions conducted in the year 1998
showed a significant improvement over
the results in the previous year. 82% of
the students passed the All India
Secondary School Examination of
CBSE as against 77% last year. A large

number of them passed with distinc-
tions. Similarly, 86% of the 1674 stu-
dents passed the Standard XII exami-
nation. The Atomic Energy Junior
College, Mumbai secured 16 positions
in the merit list in the Maharashtra State
Board of Secondary and Higher
Secondary Examinations. Two girls of

the AEJC, Mumbai shared the first rank.
A number of students and several

teachers of AEES system distinguished
themselves in the academic field as well
as in sports, NCC and co-curricular
activities.

First Rankers of the Higher Secondary Examination: Kum. Shubha Hegde (left) and Kum. Prerna Goel(right) being
felicitated by Dr. R. Chidambaram, Chairman Atomic Energy Commission
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Dr. R Chidambaram, Chairman AEC, addressing the (n )h n i l ( o //< HIHI <>l
IAEA.

INTERNATIONAL RELATIONS
India has been a designated mem-

ber of the Board of Governors of the
International Atomic Energy Agency
(IAEA) since the inception of the
IAEA. The Department continued to
offer training facilities, fellowships, sci-
entific visits etc. and provided services
of its scientists for expert assignments
both through the IAEA and to the coun-
tries with which India has agreements

/ , for cooperation in the field of peaceful
uses of atomic energy.

About 360 scientists/engineers par-
ticipated in international symposia,
workshops and conferences held under
the auspices of various UN and other
international organisations as also the
IAEA. 28 foreign scientists were
trained in India under IAEA fellowships
programme and bilateral agreements

' signed between Government of India
/ ' and other countries. India also hosted

> •> 16 IAEA meetings, symposia and 6
other international meetings during
1997-98. A number of scientists visited
BARC, IGCAR and CAT under the

Indo-German bilateral agreement.
Chairman, Atomic Energy Commis-

sion (AEC) led the Indian delegation to
the 42nd Regular Session of the IAEA
General Conference held in Vienna,
Austria during September 1998. Bilat-
eral discussions were held with a
number of other delegations participat-
ing in the Conference.

On June 21, 1998, the supplement
t6 the Inter-Governmental Agreement
(IGA) was signed between India and the
Russian Federation. IGA was signed
between India and former Soviet
Union in 1988 for the construction of
2 x 1000 MWe nuclear reactors at
Kudankulam, Tamil Nadu. On January
19, a Detailed Cooperation Plan for
1999 was signed between the AEC and
the Vietnam Atomic Energy Commis-
sion (VAEC) under the framework of
the 1986 bilateral agreement between
the two countries, for cooperation in the
peaceful uses of atomic energy. The
plan envisages, inter alia, cooperation
in the field of nuclear power, exchange
of scientists and assistance by AEC to
VAEC in the setting up of a training cen-
tre in Vietnam.

Having achieved a comprehensive
capability in nuclear technology for
many years now, India is in a position
to offer on a commercial basis technol-
ogy as well as equipment to other coun-
tries. Concerted efforts continued to
publicise our expertise for the purpose
of export of technology and equipment
for peaceful applications of nuclear
energy.

As in the previous year, many scien-
tists from DAE units went abroad for
post-doctoral research work.
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FINANCIAL SUPPORT
AND GRANT TO AIDED
INSTITUTIONS

With the objective to promote
research and allied activities relating to
nuclear sciences and mathematics, the
DAE, through its Board of Research in
Nuclear Sciences (BRNS) and the
National Board of Higher Mathematics
(NBHM) has been giving financial
support to Universities and National
Laboratories. The Department has been
providing Grants-in-Aid to seven
national institutes and the Atomic
Energy Education Society. Following
were the activities in this programme
segment:

The Board of Research in Nuclear
Sciences (BRNS) has been promoting
by way of funding the R&D activities
in nuclear and allied sciences, engineer-
ing and technology in the Indian uni-
versities. Collaborative research and
development work enlisting the exper-
tise and super specialities available with
the national laboratories such as the
CSIR, ICMR, Regional Cancer Centres,
etc. are also promoted. BRNS has
grown to become one of the major
research funding agencies, responsible
for providing financial assistance for the
research projects, fellowships such as
DAE-Mumbai University Collaborative
Scheme, Dr. K.S. Krishnan Fellowship,
Young Scientist Project Awards, For-
eign travel assistance to principal
investigators of Research Projects spon-
sored by BRNS and funding confer-
ences and seminars on topics of
relevance DAE.

During the year BRNS recom-
mended financial assistance for 167
ongoing projects and 62 new research
projects consisting of an overall com-
mitment of about Rs.10 crore.

The major Research Projects given
assistance were the Development of
high damage resistant sol-gel coatings
for high power lasers (CGCRJ-Cal-
cutta); Study of fatigue, retcheting and

National Symposium on Development ofMicrobial Pesticides and Insect Pest
Management was organised jointly by the BARC and the Hindustan Antibiot-
ics Ltd., sponsored by BRNS. (Top) and Laboratory equipment for cancer
tissue culture set up at the University of Mysore with the financial support of
BRNS

cyclic tearing of elbows and straight
pipes in Indian PHWRs and AHWRs
(IIT-Mumbai); Design, development
and manufacture of microwave power
tubes and switching devices (CEERI-
Pilani), Lasers Spectroscopy techniques
for chemical applications and low level
therapy (MAHE-Manipal).

Dr K.S. Krishnan Associateship has
been constituted to replace the earlier
fellowship. The Associateship amount
will be enhanced to Rs. 10,500/- to
attract the best talent in the country .
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To give recognition and an opportu-
nity to the outstanding scientists and
engineers to carry out research and
development work in the fields of their
choice, DAE constituted "DAE Homi
Bhabha Chairs" for Distinguished Sci-
entists/ Professors. The Chairs were
awarded to the Inter-University Centre
for Radio Astronomy and Astrophysics,
Pune for the project "Quasi Steady State
Cosmology" and M.S. Swaminathan
Research Foundation (MSSRF),
Chennai for the project "Nuclear and



Bio-technological Tools in Coastal Sys-
tem Research".

The Homi Bhabha Chair carries an
honorarium and other allowances as
admissible to Central Government
employees.

The National Board of Higher
Mathematics (NBHM) was formed by
the DAE, in the year 1983, to foster the
development of higher mathematics in
the country, and help in the establish-
ment and development of mathemati-
cal centres and give financial assistance
to research projects and to doctoral and
post-doctoral scholars.

NBHM was provided with an
annual grant of Rs. 3.60 crore during
the year 1998-99. During the year,
NBHM provided financial assistance to
six Research Projects, awarded 12 Doc-
toral and Post-Doctoral Fellowships,
organised two Instructional Confer-
ences, provided travel grant to young
mathematicians of excellence to attend
conferences in India & abroad, provided
financial assistance to various math-
ematical institutions for holding the
conferences/symposia/workshop, sup-
ported SPIC Science Foundation for
strengthening their Undergraduate Edu-
cational Programmes in Mathematics,
supported 70 Libraries on Department
of Mathematics in various Universities/
Institutions covering an expenditure of
Rs. 1.8 crore. NBHM is also responsi-
ble for holding the Mathematical Olym-
piad. The Board organised Olympiad
Contests and selected the Indian Team
for participating in the International
Mathematical Olympiad. A team of
six students won three Silver and three
Bronze Medals. The annual budget of
Rs. 25.00 lakh was allocated for these
activities.

Graat to Aided Institutions
The Department also provides sub-

stantial amount by way of recurring and
non-recurring grant to its aided institu-
tions as given below:

SI.
No.

1.

2.

3.

4.

5.

6.

7.

8.

Name of the
Institution

Tata Institute of
Fundamental
Research, Mumbai
Tata Memorial
Centre, Mumbai
Saha Institute of
Nuclear Physics,
Calcutta
Institute of Physics,
Bhubaneshwar
Institute of
Mathematical
Sciences, Chennai
Mehta Research
Institute, Allahabad
Institute for Plasma

Budget
Provision

1998-99
(Rs. in crore)

77.10

83.93

21.60

7.22

6.09

5.28

Research, Gandhinagar 20.86
Atomic Energy
Education Society,
Mumbai 10.51

With the objective of improving the
cancer control measures in the country,
the Department has also been provid-
ing financial assistance to some of the
leading cancer centres in the country.
During the year financial assistance was
granted to some cancer research centres/
hospitals as given below:

1.

2.

3.

4.

Cancer Institute,
Chennai
Jawaharlal Nehru
Cancer Hospital,
Bhopal
Karaala Nehru
Memorial Hospital,
Allahabad
Dr.B.Borooah Cancer
Institute, Guwahati

Rs 34 lakh

Rs 16 lakh

Rs 32 lakh

Rs 50 lakh

To improve the teaching standards,
achieving academic excellence and pro-
moting experimentation and innovation
in the schools and to alleviate several
problems, the AEES was sanctioned a
project proposal titled "Infrastructure
Development for achieving Excellence
in AEES schools" at an estimated cost
of Rs.2.43 crore during the IX Plan
period.
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INTERACTION WITH INSTI-
TUTES, UNIVERSITY &
NATIONAL LABORATORY
SYSTEM

By way of research collaborations,
DAE research organisations have been
interacting with educational system in
the country. During the year, following
were the noteworthy activities.

For research collaborations, MoUs
were signed by BARC with National
Institutes, Universities and other organi-
sations. These included:

- Collaborative studies on genetic
variations and DNA polymosphism
(Anthropological Survey of India)

- Scientific collaboration and joint
development of Industry Interface In-
stitution at Belapur, Navi Mumbai
(SAMEER & DoE)

- Breeder groundnut seed production
(A farmer from Kohlapur)

- Collaborative R & D work on plant
breeding, crop protection and bio-tech-
nology (University of Agricultural Sci-
ences, Dharwad)

- Scientific collaboration for devel-
opment of silicon micro-strip detectors
and design of ICs/LSIC (CEERI Pilani)

- Use of Radiation and Radioiso-
topes in agriculture (Mahatma Phule
Krishi Vidyapeeth, Rahuri and Konkan
Krishi Vidyapeeth, Dapoli

- DAE-IIT Kanpur Scheme for
M.Tech. in Nuclear Engineering &
Technology

MoUs to be signed shortly by BARC
included the Development of a modi-
fied process for production of ammo-
nium diuranate cake of acceptable qual-
ity (IRE).

Low energy accelerator facilities at
IGCAR were extensively used by the
various universities under the IUC-DAE
Facility for studies on ion beam analy-
sis of thin films.

Research centres of DAE have been
contributing to the frontiers of science
through a number of international
research collaborations.



DAE has a number of ongoing
projects under the Indo-German col-
laborations. During the year, all follow-
up actions for various projects under
Indo-German and other schemes.

Two scientists from BARC were the
first international users of beam line in
SPRING-8, the third generation
synchrotron facility in Japan.

VECC established a collaboration
with RIKEN Laboratory, Japan, and did
some of the design works.

Under the Coordinated Research
Programme (CRP) of IAEA on
biogenic treatment of uranium effluents,
AMD's work related to treatment of liq-
uid effluents. Also, one scientist of
AMD attended the second meeting of
the CRP at Hungary.

MANAGEMENT SERVICES
During the year, the Local Area Net-

work at the DAE Secretariat was
upgraded by providing a faster File
Server for more efficient operations.
Several nodes were also upgraded to
Pentium based systems with requisite
software. As part of the sanctioned plan
scheme for Office Automation of the
DAE Secretariat, work was taken up to
provide dedicated Internet access serv-
ices to LAN users. Necessary
upgradation of hardware and software
was taken up for this purpose. In addi-
tion, the Group continued to prepare
periodic management information
reports for the Prime Minister and the
Atomic Energy Commission. It also
prepared the Annual Action Plan of the
Department and generated necessary
background papers for the quarterly
performance reviews of Public Sector
Undertakings of DAE. The MSG also
provided Secretariat support to the Cri-
sis Management Group of the Depart-
ment.

The design of nuclear facilities
require that fail-safe systems are adopted
wherever critical safety aspects are
involved and thereby ensure that acci-
dents do not take place in the first

instance. Further, even if an accident
were to take place, features are incor-
porated to minimise its effects. Depend-
ing on the severity of an assumed acci-
dent, the resulting scenarios are defined
as a Plant Emergency or a Site Emer-
gency. Under both these conditions, the
consequences of an accident would be
limited either to the plant facility or to
the site boundary, and therefore would
not spill into the public domain. The
various operating units of the Depart-
ment of Atomic Energy have drawn up
comprehensive Emergency Prepared-
ness and Response Plans to handle pos-
tulated emergency scenarios like a Plant
Emergency and a Site Emergency. Over
and above these, as a measure of ensur-
ing public confidence, the public
authorities of the district where the nu-
clear power stations are located, have
also put in place comprehensive Off Site
Emergency Response Plans. An inde-
pendent Regulatory Authority - the
Atomic Energy Regulatory Board
(AERB) is vested with formal powers
to oversee implementation of the safety
requirements at the nuclear power plants
and other facilities. In addition, the
Department has also established a
Crisis Management Group (CMG) com-
prising of senior officials of the Depart-
ment to function as a nodal and coordi-
nating agency vis-a-vis the Off Site
Emergency Management officials dur-
ing such situations. A reliable commu-
nication infrastructure is available to the
CMG for this purpose. This includes
multiple channels like wireless, tel-
ephone, facsimile and teiex, with direct
links to the nuclear facilities through two
Emergency Control Rooms in Mumbai,
which are manned on a 24 hours / 7 days
/ 52 weeks basis. As a means of ensur-
ing that the Emergency Plans are in a
high state of readiness, the nuclear
facilities carry out a variety of Exercises
for the postulated emergency scenarios.
The exercises conducted during the year
1998 by the major facilities are given in
the table below:
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S.No.

1.

2.

3.

4.

5.

Type of Nos. conducted
Exercise

Communication
Exercises
Fire Emergency
Exercises
Plant Emergency
Exercises
Site Emergency
Exercises
Off Site
Emergency
Exercises

in 1998

137

28

23

4

2

The two Off Site Emergency Exer-
cises were carried out in the public
domain surrounding the Narora and
Kakrapar nuclear power stations. In each
of these, an estimated 100 to 150 state
government officials, 60 police person-
nel and 100 nuclear power station
personnel were involved in conducting
the exercise.

The working of this Department is
mainly scientific and technical in nature.
Though relevant literature in those
areas is not available in Hindi, all
efforts are being to promote the use of
Hindi in the activities of the Department.
The Department and its Units and PSUs
have continued with the organisation of
seminars and talks in Hindi on various
scientific subjects of topical interest.
These give the scientists/engineers a
forum and opportunity to present their
scientific/technical papers in Hindi
which has been helpful in popularizing
the use of Hindi for such purposes.

The Department conducted the Third
All India Rajabhasha Sammelan on
16-17 February, 1999 to which Scien-
tists and other officers from all Units
and PSUs of the Department were in-
vited. BARC organised two Rajbhasha
Vartas on topics like "Rajbhasha Aur
Bhartiya Bhasha Ka Sohard Roop" and
"Hindi Diwas Ek Aupcharik Mahotsav".
BARC also organised a one-day Hindi
workshop on "Apshisht Prabandhan -



Audyogik Vikas Aur Paryavaran
Suraksha Ke Beech Ek Mahatvapoorna
Kadi', a two-day workshop on
"Paryavaraniya Samasyaen Evam
Upkaran Vikas' and a one-day seminar
on "Kishor Varg Ki Samasyaen'.

NFC organised a lecture on 'Yagya
Ka Vaigyanik Mahatva'. RAPS organ-
ised a lecture on 'Vaigyanik Karya
Vyavhar Mein Hindi'. MRI, Allahabad
organised a series of talks on 'Hindi
Saptah K Mahatva', 'Swarna Jayanti
Mein Aapka Anubhav' and 'Desh Ki
Vartman Paristhitiyan'. RAPS organ-
ised third Scientific Seminar in July/
Aug, 1998. AMD, Hyderabad organ-
ised a two-day All India Scientific Semi-
nar on 'Ikeesveen Sadi Mein Vigyan Se
Apekshayen'.

The progress made in the field of
implementation of the Official Lan-
guage Policy of the Union was regularly
monitored through meetings of the Of-
ficial Language Implementation Com-
mittee (OLIC) and Quarterly Progress
Reports of the Units and PSUs. In-serv-
ice training in Hindi, Hindi type writing
and Hindi stenography was imparted to
436 officials, 58typists/LDCs, 8 stenog-
raphers and 22 officials were given com-
puter training in Hindi. A large number
of personnel viz., 32 officials, 60 typ-
ists and 27 stenographers are undergo-
ing training in Hindi, Hindi type writ-
ing and stenography respectively. There
are 258 Devnagari typewriters in use in
the Department and its Units and PSUs.
In addition, there are 85 bilingual elec-
tronic typewriters. The Department has
purchased 33 bilingual computer
softwares for use on PCs raising the
total number of such softwares to 229.
The Department also has 12 bilingual
electronic telex machines. E-mail fa-
cility in Hindi has been started in ECIL
this year. Hindi books worth Rs.
45,331/- were purchased during the year.
All gazette notifications, Cabinet notes,
reports and other documents were sub-
mitted in bilingual form to various Com-
mittee of the Parliament.

The OLICs of Bhabha Atomic
Research Centre, Centre for Advanced

Technology, Heavy Water Board, Heavy
Water Plants at Talcher, Tuticorin,
Baroda, RAPS, KAPS, TAPS, NAPS,
TMC and C&S Group brought out their
house magazines. HWP, Talcher and
AMD published souvenirs. The quar-
terly Hindi bulletin 'Parmanu' which is
brought out by the DAE to disseminate
information on its research and devel-
opment activities, plans and pro-
grammes entered into its twenty-third
year of publication.

To popularise Hindi and encourage
employees to use Hindi in official work,
'Hindi Day/Hindi Week/Fortnight/
Month' were organised in the DAE,
BARC, CAT, NFC, UCIL, AMD-Ban-
galore, AMD-Hyderabad, MRI-
Allahabad, HWP-Talcher, HWP-
Manuguru, IRE, TMC, RAPS, NAPS
and ECIL. On these occasions various
competitions, quiz programmes and
Kavi Sammelans were organised.

Under the Incentive Scheme for writ-
ing original notes and drafts in Hindi,
323 employees were given awards.
Awards were also given to 17 typists
under the incentive scheme for Hindi
Typing and Stenography. Hindi work-
shops were organised at HWP-
Tuticorin, AMD-Hyderabad, IGCAR,
UCIL, BRIT, ECIL, CAT, C&S Group,
NFC and MRI-Allahabad and IREL.

DAE has one Deputy Director (OL),
2 Assistant Directors (OL), one Senior
Hindi Translator and the three Hindi
Translators. Units and PSUs of the DAE
also have one post of Deputy Director
(OL), one post of Senior Hindi Officer,
11 posts of Assistant Director (OL), two
post of Manager (OL), two post of
Assistant Manager (Hindi), two posts of
Hindi Officers, one post of Deputy
Hindi Officer, six posts of Senior Hindi
Translators and 49 posts of Junior Hindi
Translators. Recently, the Department
has created same more Hindi posts also
i.e. one Joint Director (OL), three
Deputy Director (OL), two Assistant
Director (OL), three Senior Hindi Trans-
lators, two Junior Hindi Translators and
two Hindi Typists (LDCs).

PUBLIC AWARENESS
The Department of Atomic Energy

continued promoting awareness of the
peaceful uses of Atomic Energy among
the public and the progress made by
India in this field. It organised and par-
ticipated in more than a dozen public
awareness programmes, which
included workshops, exhibitions,
Essay Contests, Quiz competitions and
seminars.

With the growing importance of the
activities at Kudankulam in Tamil Nadu,
the public awareness programme laid
stress on the Southern States with
exhibitions at Cuddapah and Anantapur.
It organised two regional essay and quiz
contests for students of Tamil Nadu, at
Chennai, and Kottayam, Kerala. It was
a follow up of an exhibition organised
earlier. DAE, also participated in the
exhibition held in conjunction with the
Indian Science Congress Session at
Chennai.

A public awareness package consist-
ing of seminar, exhibition, essay & quiz
competition was held at Manonmaniam
Sunderanar University, Tirunelveli
(Tamil Nadu) in January 1999. The
exhibition was visited by more than
5000 persons.

The 86th Indian Science Congress
Exhibition organised by Anna Univer-
sity, Chennai in January 1999 was
another event where an exhibition was
set up by DAE in association with
IGCAR. The focus of the exhibition was
mainly on the local units. More than
25,000 persons visited the exhibition.

Exhibitions held at Cuddapah and
Anantapur (Andhra Pradesh), attracted
by over 11000 visitors. A workshop was
held at Cudappah in conjunction with
the exhibition.

To signal the finale of celebration
in connection with 50th anniversary of
our Independence, DAE participated in
the exhibition organised by Department
of Culture, Ministry of Human
Resource Development. The exhibition
was visited by around 2.5 lakhs
people. A special event was also or-
ganised at BARC on August 10, 1998
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D/: ft Chidambaram, Chairman, Atomic Energy Commission, with the final
round winners of Essay Competition

participation in the R&D-98 exposition
at Calcutta. A workshop for journal-
ists was organised during in April 1998
and the participants were taken to vari-
ous DAE facilities.

To create awareness amongst the
student community, the 10th All India
Essay Contest in Nuclear Science &
Technology was organised in 12 lan-
guages. To mark the completion of 10
years of the Essay Contests, a two-day
symposium was organised on "Public
Perceptions and Awareness in Nuclear
Science and Technology".

The DAE units also conducted the
public awareness programmes which in-

as a part of the Golden Jubilee Celebra-
tion of Atomic Energy Commission.

DAE participated in the Fifth Asian
Regional Seminar on Peaceful Uses of
Atomic Energy organised by the United
Schools International at New Delhi. The
Department also participated in another
exhibition "ECO-LOGIC" held in
January 1999 in Mumbai. The exhibi-
tion was visited by more than 5000 stu-
dents.

The year under review saw a con-
certed effort to reinforce the useful
partnerships already established. A
seminar for college teachers was con-
ducted at the Indira Gandhi Science
Complex - Planetarium at Patna to keep
up the momentum of our activities
there. About 2.5 to 3 lakh persons visit
the exhibition.

Some upgradation of Tamil Nadu
Science & Technology Centre, Chennai
was undertaken this year and a regular
film show based on film made by DAE
was established. An average of 3 lakh
people are reported to be benefited from
the exhibition per year. DAE also con-
ducted an essay competition for the un-
dergraduate level college students and
a quiz competition for the school
students both in English & Tamil. Prizes
were given away on the National Sci-
ence Day.

Exposure of industrialists and the
scientific community to the DAE's
activities was maintained through

Villagers from the neighbourhood visited MAPS and its surroundings



eluded popular talks, open houses,
exhibitions and competitions. A multi-
media presentation on "Atomic Energy
for Societal Development" was made
for decision makers and academic
world. Substantial efforts were devoted
to provide protocol services to the del-
egations and important visitors to the
Department.

Information on the policies, pro-
grammes and activities of the Depart-
ment was disseminated to public and
media through journals both in English
and Hindi. The leaflets on specific top-
ics were also brought out.

NPCIL continued to take assistance
of educational institutions as a media
of communication to educate the teach-
ers and students and public in general
on the production of electricity through
the atom.

Activities like laparoscopy camp,
pulse polio campaign, paediatric camp,
eye camp, blood donation camp, aware-
ness programme on AIDS, heart camp
etc. were organised by NPCIL around
its plants and projects. Besides these,
medical facilities were also provided
regularly through voluntary schemes.
NPCIL cooperated with the local
schools and provided assistance the
schools in the vicinity of nuclear plants
were given aid for furniture, equipment,
educational aids, musical instruments,
etc.

Public awareness efforts of BARC
covered technology exhibitions at
Trombay, setting up of an exhibition
pavilion at New Delhi, and conducting
tours of students to BARC. Major arti-
cles on BARC in newspapers and spe-
ciality journals were commissioned.
Scientific inputs were provided to the
media and media management policy
was undertaken. BARC web-site was

created.

LIBRARY & INFORMATION
The DAE and its organisations such

as NPCIL, BARC, IGCAR, CAT and
others, have modern library and infor-
mation structure. Their salient activities

were as under:
To meet the information require-

ments the Central Library at Trombay
has the necessary infrastructure and
facilities including electronic informa-
tion resources of BARC and other
institutions of DAE. The library has
a total collection of more than 10 lakh
documents including more than one
lakh books. It subscribes to more than
1,100 journals mainly in the advanced
areas of science and technology.

The electronic information facilities
were augmented during this year, A
number of scientific and engineering
database including the archives in
CD-ROMs, were installed and made
available to users. A LAN and Internet
facility were operating in the Central
Library.

The CD-ROM facilities were in use
by some of the DAE's Units at Mumbai.
Preliminary work was initiated to con-
nect through Wide Area Network, other
DAE organisations to CD-ROM facili-
ties at Trombay.

Selective Dissemination of Informa-
tion (SDI) services were provided to a
number of users. BARC Library also
provided SDI services on a regular
basis on the latest R&D in any specific
area chosen by the user.

Services related to reprography,
printing, binding, photography,
videography and publication were ren-
dered. Publication of BARC Newslet-
ter and Nuclear Digest was continued.
Scientific and technical articles were
regularly translated into English from
foreign languages and interpretation
services were also provided on demand.
Library & Information Services con-
tinued to cooperate with various inter-
national agencies.

During the year the national Inter-
national Nuclear Information Services
(INIS) Centre communicated nearly
1,800 records related to literature in
nuclear science and technology and
energy published in India for incorpo-
ration in the INIS database. The distri-
bution of INIS products to users in
India were continued. BARC also par-
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ticipated in a Joint Technical Commit-
tee convened by INIS and Energy Tech-
nology Data Exchange (ETDE).

IGCAR Library was connected
through Internet for their retrieval of
information on library services, books,
reports, journals etc.. Multimedia
authoring system was implemented for
the preparation of in-house presenta-
tions. Efforts continued to install a
CD-Net Server to store resource CDs
on International Nuclear Information
System (INIS), INSPEC-Physics,
ASTM standards etc. Towards the
modernisation of library and informa-
tion services, a proposal for the digital
library at IGCAR was initiated.

To disseminate information on pro-
grammes, activities and events, reports,
house journals and other information
material in English and Hindi, have
been regularly brought.

DAE publications brought out dur-
ing the year, included documents such
as Annual Report, Performance Budget
and Official Reports for Parliament;
journals and information material for
media and public, and manuals, com-
pilations and booklets for captive use.
Various databases were also managed.

The Library of DAE provided infor-
mation support to senior management
of DAE.

HUMAN RESOURCE DEVELOP-
MENT

As part of human resources devel-
opment efforts, a number of training
courses, seminars, symposia and work-
shops were conducted during the year
by BARC and other units.

The 129 trainees from the 41st
Batch of the Training School, Trombay,
graduated, and 22 trainees completed
the Postgraduate Engineering Pro-
gramme of BARC.

The 35th training course on 'Radio-
immunoassay and its clinical applica-
tions' was jointly organised at Surat by
BARC and the Institute of Medical
Technology, Surat. This training course
has benefited so far about 750 candi-
dates including 20 IAEA fellows from



different developing countries from
Asia and Africa region.

Other activities included:
The 25th postgraduate courses of

DRM & DMRT (University of
Mumbai) was successfully completed.

Training course in waste manage-
ment for the operating personnel to
carry out regular insitu testing of filter
banks at NPCIL sites.

Training courses in radiation safety,
handling and transport or radioactive
materials, emergency preparedness and
Industrial hygiene.

The sixth batch of the Stipendiary
Training Course in Health Physics was
successfully completed.

Nine officials from various institutes
underwent 2-week hands-on training
programme on the treatment of thyroid/
neuro endocrine cancer + palliative
treatment of bone metastases.

An 8-week IAEA Regional Basic
Professional training course on Radia-
tion Protection was organised in which
28 participants from South-East Asian
countries, underwent training.

Under the IAEA Model Technical
Cooperation Project, an Inter-Regionai
Group Training Programme on Radia-
tion Protection and Safety in Medicine
was organised.

15 foreign fellows from Vietnam,
Bangladesh, Mynmar, Romania, Sudan,
Ethiopia, Kazakhastan participated in
IAEA Fellowship training programme
in various fields.

An Inter-regional Training Course on
Establishment of Nuclear Information
Services under the aegis of IAEA was
organised by BARC.

A Regional Training Course was
organised on Application of Isotope and
Chemical Techniques to Ground water
problems under the UNDP/RCA/IAEA
sub-projects "Access to Clean Drinking
Water".

At Trombay, 880 college students
undertook project work and practical
training in various disciplines of engi-
neering and basic sciences.

The Indian Association of Nuclear

Dr. R Chidambaram, receiving the Best Tamil Nadu Scientist Award instituted
by Tamil Nadu Science Congress from Dr. K P Aravanan, Vice Chancellor.
Manomaniam Sundarnar University, Tirunelveli

Chemists and Allied Scientists
(IANCAS) had organised the 50th
School/College Workshop on Introduc-
tion to Radiochemistry.

Training for computer usage was
imparted to Administrative staff at vari-
ous levels.

AMD conducted in-house training
courses on Survey and Exploration for
Atomic Minerals at Hyderabad and
Gogi, and imparted training on various
aspects of Mineral Exploration to uni-
versity students.

The training courses attended by the
scientists of AMD included Manage-
ment Training organised by national
institutions, Advanced Computer
Training at Hyderabad, and Training
Programme on Structural Mapping
conducted by Geological Survey of
India.

AMD participated in the Second
Australian Uranium Summit at
Adelaide, Australia, and the Technical
Committee Meeting of the Joint NEA-
IAEA uranium group on Resources,
Production and Demand at Vienna,
Austria.

A workshop on Investigations for
Uranium and other Atomic Minerals
in the areas of Western Region was
organised at Hyderabad on May 28,
1998.

SEMINARS/SYMPOSIA
Twelve Seminars / Symposia were

conducted during the year. Training
classes were conducted for the benefit
of the candidates appearing for the
Departmental examinations.

The seminars/symposia organised by
AMD included: A meet on X-ray tech-
niques - Problems and Perspectives
(Hyderabad), Seminars on Absorption
and Emission Spectroscopy for char-
acterisation of Materials (New Delhi),
and Characterisation of Geological and
Industrial Materials (Nagpur).

Four nuclear scientists of DAE
received the Padma Awards - the cov-
eted civilian awards of the country.

Dr. R. Chidambaram, Chairman,
Atomic Energy Commission was
awarded the Padtna Vibhushan - the
second highest civilian award of the
country, and Dr. Anil Kakodkar,
Director, BARC, received Padma
Bhushan Award. Dr. M S Ramkumar
and Dr. Satinder Kumar Sikka of
BARC, got the Padtna Shri Award.

Two scientists of AMD received
the S. Narayanswamy Award - 1998
by the Council of Geological Society
of India in recognition of their valu-
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able contribution to the economic
geology of India.

The Industrial Relations in the
Department continued to be smooth.
The JCM meetings were regularly held
with the recognised service associations.
Recognition to some more service
associations was under contemplation.

The Contributory Health Service
Scheme (CHSS), BARC caters to over
72,000 beneficiaries distributed in 11
peripheral dispensaries. A revised
CHSS was introduced with effect from
February 1, 1998. The database cover-
ing the CHSS population was regu-
larly updated and various morbidity
indices arrived at. Family welfare pro-
gramme and occupational health activi-
ties were continued. BARC transferred
to Mathadi Hospital, Navi Mumbai, the

technical know how for Hospital
Information Management Systems.

Sports & Cultural Council
The Sports and Cultural activities for

the DAE employees of various units and
their family members were organised
and coordinated by DAE Sports & Cul-
tural Council set up by the Department
for promotion of such activities. The
XIV DAE Sports & Cultural Meet was
organised in ten events at eight differ-
ent locations in which more than 1000
employees participated.

Annual Summer Camps for the
school children were conducted at vari-
ous places in association with the
Atomic Energy Education Society to
spot and nurture their talents. On the
basis of these camps, around 120 chil-
dren were undergoing advanced coach-
ing in various games. Many of these
children participated at the State
National Level Tournaments. DAE
Ball-Badminton Team participated in

the 44th Senior National Ball-Badmin-
ton Championship held at Khamiram
and one of the players was among the
probables to represent Indian Ball-Bad-
minton Team in the exhibition matches
to be played in Bangladesh and Nepal.
One of the Table-Tennis players also
participated in the World Veterans'
Table-Tennis Championship held in
England.

Under its Health & Fitness pro-
grammes, twenty people attended the
3rd International Yoga Conference at
Lonavla. Two more fitness centres with
modern equipment were set up at
Tarapur and Kalpakkam. For school
children, a painting competition was
also held at different locations under its
Fine Arts programmes. In the Nature
& Adventure section, DAE Mountain-
eering Federation, was organised in
which around 200 employees from
DAE units participated.
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Annex-1

The Department of Atomic Energy (DAE) aims at harnessing atomic energy for peaceful applications with emphasis on
self-reliance.

DAE's main mandate is the production of safe and economical nuclear power, using indigenous uranium and thorium
resources. Towards this end, it is involved in developing, in stages, pressurized heavy water reactors, fast breeder reactors,
advanced thorium reactors with associated fuel cycle systems.

It builds research reactors for production of radioisotopes and carries out programmes on isotope and radiation technol-
ogy applications in medicine, agriculture and industry. It develops high technologies such as accelerators, lasers, control and
instrumentation, computers, biotechnology and materials technology and also encourages technology transfers to other users
and industry.

It supports basic research in nuclear energy and related frontier areas of science. It interacts with universities and academic
institutions, and supports research and development projects having a bearing on DAE's programmes for mutual benefit.

It contribute to national security.
It encourages international cooperation in related advanced areas of research and in mega science projects to enable Indian

presence in the cutting edge of scientific developments.

A) POWER SECTOR
The Power Sector comprises mainly the activities relating to power reactors, and allied R&D such as reactor engineer-

ing.
Contributing to this Sector are the Nuclear Power Corporation of India Ltd (NPCIL), a public sector undertaking of

DAE, which is responsible for design, construction and operation of nuclear power reactors, and the Indira Gandhi Centre
for Atomic Research (IGCAR) which is engaged in the development of fast reactors. The R&D support to the Power Sector
comes from Bhabha Atomic Research Centre (BARC), IGCAR and the Atomic Minerals Directorate for Exploration and
Research (AMD).

NPCIL has 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. The Tarapur reactors
are boiling water reactors (BWRs) and the rest are pressurised heavy water reactors (PHWRs).

Four PHWRs each of 220 MWe, are at advanced stages of construction at Kaiga (Karnataka) and Rawatbhatta (Rajasthan).
Work has commenced on the construction of Tarapur Atomic Power Project-3&4 which will have two reactors of 500
megawatt capacity each. 'Supplement' to the Inter-Government Agreement (IGA) for setting up of two WERtype reactors
of 1000 megawatt each at Kudankulam (Tamil Nadu), has also been signed between the Russian Federation and India.

Industry & Minerals Sector comprises the industrial programmes of Nuclear Fuel Cycle supporting the nuclear power
generation, and those relating to radiation & isotope technologies. The programmes under Nuclear Fuel Cycle cover Heavy
Water Production, Nuclear Fuel Fabrication, Mining & Processing, Fuel Reprocessing, and Waste management. Contribut-
ing to the programme are —

- Industrial Organisations: Heavy Water Board (HWB) for production of heavy water, and Nuclear Fuel Complex
(NFC) for nuclear fuel fabrication and zircaloy products;

- Public Sector Undertakings: Uranium Corporation of India Ltd (UCIL) for mining and processing of uranium, Indian
Rare Earths Ltd for mining and processing of mineral sand, and Electronics Corporation of India Ltd. (ECIL) for control &
instrumentation equipment, and

- Research Organisations : BARC and IGCAR for Fuel Reprocessing and Waste Management, and R&D support.

The Board of Radiation & Isotope Technology (BRIT) is responsible for promotion of Radiation and Isotope tech-



nologies relating to radiopharmaceuticals, radiochemicals, radiosterilisation services for medical products, radiography
equipment, radiosources and others.

The Heavy Water Board (HWB) 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), Rawatbhatta (Rajasthan), Baroda (Gujarat), Thai (Maharashtra), Talcher (Orissa), Manuguru (Andhra Pradesh)
and Hazira (Gujarat). The plants at Rawatbhatta and Manuguru use hydrogen sulphide and water exchange process devel-
oped at Trombay; the Nangal Plant uses low temperature hydrogen distillation process, and the other plants are based on
ammonia-hydrogen exchange process for heavy water production.

The Ntictear Fuel Complex (NFC) at Hyderabad fabricates and supplies fuel for 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 which cater to the needs of the Nuclear Energy Programme and the Industry.

The Uranium Corporation of India Ltd. (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.

The Indian Rare Earths Ltd. (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 at Chhatrapur, which pro-
duce minerals such as ilmenite, rutile, monazite, zircon and garnet. OSCOM also has a value addition plant which produces
synthetic rutile. In addition to this a Rare Earths Plant at Alwaye produces rare earth chlorides.

The Electronics Corporation of India Ltd. (ECIL) 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 producer of computers and consumer electronics.

BARC operates Fuel Reprocessing Plants at Tarapur, Trombay and Kalpakkam and various waste management facilities
and waste immobilisation plants (WIP) at Tarapur and Kalpakkam. IGCAR is also engaged in developing reprocessing
technology in the field of fast reactors.

BRIT at Mumbai 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.

Contributing to the R&D Programme of DAE are its five research organisations. The Department also fully supports
seven leading research institutes in the country, gives financial assistance to prominent cancer centres in the country, and
promotes research in nuclear and allied fields in universities and institutes of higher learning, and mathematics.

DAS Research Centres : The five research organisations of the DAE viz., 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 Directorate for Exploration and Research (AMD) are engaged in multidisciplinary
research in the application of nuclear energy in power generation, production of radioisotopes and their applications 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. As mentioned earlier, BARC and IGCAR also give R&D
support to the Nuclear Power and Nuclear Fuel Cycle Programmes. AMD contributes to 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) and APSARA (lMWt) at Trombay
for research and radioisotope production; Kamini (30 kWt) research reactor at Kalpakkam for neutron radiography, and
plants for manufacture of uranium metal, nuclear fuels, fuel reprocessing and waste immobilisation, and seismic stations.

The Fuel Reprocessing Plants set up by BARC are operating at Tarapur, Trombay and Kalpakkam. 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 collabo-
ration with TIFR, is a national research facility.

The Iffldira Gandhi Centre for Atomic Research (IGCAR) at Kalpakkam, Tamil Nadu, is engaged in the develop-
ment of sodium cooled fast breeder reactor technology, related fuel cycle and safety. The Fast Breeder Test Reactor
(FBTR) is its major facility. IGCAR has also set up advanced laboratories for carrying out research and development work
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in the fast breeder reactor technologies such as metallurgy, reactor engineering, sodium technology, radiochemistry, reproc-
essing and safety. The Centre is developing a 500 MWe Prototype Fast Breeder Reactor (PFBR).

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 mag-
nets. CAT is setting up a Synchrotron Radiation Sources (SRS) Facility which will be an unique research setup in the
country.

The Variable Energy Cyclotron Centre (VECC) at Calcutta is a national research centre in nuclear field. The variable
energy cyclotron (VEC) delivers beams of nuclear particles for research in nuclear physics and nuclear chemistry, and
produces radioisotopes for various applications. The Centre is setting up a superconducting cyclotron.

The Atomic Minerals Directorate for Exploration and Research (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.

Aided Research I&gtifcsstes
The Tata Institute of Fundamental Research (TIFR) at Mumbai is the national centre for research in nuclear sciences

and mathematics. It is engaged in frontline research in astrophysics, astronomy, computer science and molecular biology.
The Institute's research facilities include a 14 MV Pelletron Accelerator and an NMR Facility at Mumbai; Balloon Research
Facility at Hyderabad; Radiotelescope Array and National Image Processing Facility for Astronomy at Ooty, and National
Centre for Biological Sciences at Bangalore. In addition, it manages the Homi Bhabha Centre for Science Education (HBCSE)
at Mumbai. TIFR has set up at Narayangaon near Pune, a Giant Metrewave Radio Telescope (GMRT) with 30 gigantic
parabolic dishes for frontline research in radioastronomy.

The Safaa 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, comprises the Tata Memorial Hospital (TMH) and the Cancer Research
Institute (CRT). It is a major centre for cancer therapy, research and education in the country. 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) at Bhubaneswar (Orissa) is engaged in advanced research in theoretical and experimen-
tal 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) at Allahabad (Uttar Pradesh),
carries out research in operation theory, consumability theory, particle physics and field theory.

The Institute of Mathematical Sciences, (IMSc) at Chennai (Tamil Nadu), is engaged in research in physics, math-
ematics and computer sciences.

The Institute for Plasma Research (IPR) at Gandhinagar (Gujarat) carries out research in plasma physics.
The Board of Research and Nuclear Sciences (BRNS) and the National Board of Higher Mathematics (NBHM)

both at Mumbai, under the aegis of DAE promote activities including research in nuclear sciences and mathematics
respectively at universities and other academic institutions. NBHM also participates in the International Mathematical Ol-
ympiad.

SERVICE ORGANISATIONS
The Directorates of Purchase & Stores (DPS), and Constructions, Services & Estate Management Group (CS&EMG)

both at Mumbai, and the 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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Annex-

The DAE aims at harnessing nuclear energy for electricity generation; use of radioisotopes in agriculture, medicine and
industry; develop high technologies such as accelerators, lasers, information technology and others; promote R&D in
nuclear science and allied areas, and develop human resource.

DAE is pursuing a three-stage Nuclear Power Programme as follows, to maximise the use of uranium and thorium
resources of the country :

Use of natural uranium fuel in pressurised heavy water reactors (PHWRs) for electricity generation and production of
plutonium in Stage I; use of plutonium produced in PHWRs, in fast breeder reactors (FBRs) and production of additional
plutonium/uranium-233 fuel for electricity generation in Stage II, and use of thorium-uranium-233 in advanced reactor
system in Stage III.

The Department has achieved comprehensive capability in the design, construction and operation of PHWRs. There are
2 boiling water reactors and 8 PHWRs operating nuclear power reactors in the country with a total installed capacity of 1840
MWe. Four reactors, each of 220 MWe capacity are in advanced stages of construction. The design of 220 MWe PHWR has
been standardised, and a high level of indigenisation in the nuclear fuel cycle has been achieved.

The design of the 500 MWe PHWR has been completed. NPCIL will be setting up two such reactors at Tarapur where
infrastructure has already been developed and the main plant civil works have commenced.

The 'Supplement' to the Inter-Governmental Agreement (IGA) for setting up of two pressurised water reactors of 1000
MWe capacity each, has been signed between the Russian Federation and India.

With the successful commissioning and operation of the Fast Breeder Test Reactor (FBTR) at Kalpakkam, India is in the
second stage of its Nuclear Power Programme. The Fast Breeder Test Reactor (FBTR) was operated at power levels upto
11.5 MWtand electricity was generated. Also, maximum burnup of 45,000 MWd/t for indigenously developed fuel has
been achieved. Technology development of 500 MWe prototype fast breeder reactor (PFBR) is progressing at Kalpakkam
and its design was reviewed from economic considerations.

Under the thorium utilisation programme, uranium-233 separated from irradiated thorium and fabricated into fuel ele-
ments, has been successfully used in a research reactor KAMINI at Kalpakkam. Thorium has also been used for flux flatten-
ing in the initial cores of the Kakrapar reactors. Work is progressing on the design of an Advanced Heavy Water Reactor
(AHWR) which will make use of thorium as fuel.

The nuclear fuel cycle comprises activities supporting the nuclear power programme covering mineral exploration,
mining, heavy water production and fuel fabrication to fuel reprocessing and waste management. The Department has
attained self-reliance over the entire cycle.

Minerals Exploration and Mining
The exploratory efforts of the Atomic Minerals Directorate for Exploration and Research (AMD) have led to the opening

of uranium mines at Jaduguda, Bhatin and Narwapahar in Bihar, which are now operated by Uranium Corporation of India
Ltd. (UCIL). Discovery of Domiasiat reserves in Meghalaya is an important success of AMD. The Directorate has located
sizable uranium deposits at Lambapur-Yellapur and Tummalapalle in Andhra Pradesh.

Large reserves of thorium and zirconium have been identified by AMD in beach placers along the coastal tracts and
other parts of the country.

Jaduguda, Bhatin and Narwapahar mines are meeting the uranium needs of the Nuclear Power Programme. The natural
uranium from these mines is processed as yellow cake and sent to the Nuclear Fuel Complex (NFC) at Hyderabad for
PHWR fuel fabrication.

Some of the placer deposits are being commercially exploited by the Indian Rare Earths Ltd. (IRE) which supplies
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thorium containing ores to the Thorium Plant at Trombay, and zircon to NFC for production of zircaloy components.

Heavy Water Production
In PHWRs, heavy water is used as moderator and coolant. Eight heavy water plants have been installed in the country

and domestic demands are fully met.
DAE has exported 100 tonnes of heavy water to the Korean Republic, which was found to be at par with the international

quality. This success has established the Indian capability in the production of high quality heavy water for International
market.

Nuclear Fuel Fabrication
Nuclear fuel assemblies for PHWRs and BWRs, along with zirconium components are manufactured indigenously at

NFC. The Complex is also geared towards the development of components needed for advanced reactors such as PFBR.
Fuel for research reactors is fabricated at BARC.

Development of new fuels is a thrust area of R&D at BARC. The Mixed Oxide (MOX) fuel bundles for Tarapur reactors
have been fabricated successfully at the Advanced Fuel Fabrication Facility, Tarapur. MOX fuel has given good perform-
ance when loaded in Tarapur reactors. For PFBR annular uranium oxide fuel pellets were fabricated.

The fuel made of mixed uranium-plutonium carbide for fast breeder test reactor (FBTR) developed successfully at
Trombay, has performed well. Carbide fuel core has been used in a fast reactor for the first time in the world.

Fuel Reprocessing and Waste Management
Fuel reprocessing and nuclear waste management constitute the back-end of the nuclear power programme. These

technologies are now fully established in the country and industrial plants are in operation. Fuel reprocessing plants are
operating at Tarapur and Trombay, and the reprocessing plant KARP at Kalpakkam has been commissioned. A Lead Mini
Plant for reprocessing of FBTR fuel will shortly go for cold commissioning. 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, a complex technology, has been successfully 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 radioactive wastes, a programme of siting a repository in suitable deep geological
formations is going on.

The Research and Development Programme of DAE is multidisciplinary and forms infrastructure for the power pro-
gramme and nuclear fuel cycle and associated technologies. The programme also covers areas relating to medical, agricul-
ture and industry. The R&D programme is also geared towards the development of high-technologies in the areas of
accelerators, computers, lasers, robotics, superconductivity and others.

R&D Support to Nuclear Power Programme
The R&D support to the Nuclear Power Programme comes from BARC and IGCAR.
BARC, in close coordination with NPCIL carries out research in areas of reactor engineering, reactor physics, nuclear

chemistry, materials, advanced instrumentation, computer technology, electronics, safety and related basic sciences. The
R&D programmes of BARC in reactor engineering have led to the development of number of technologies for power
reactors.

The R&D at IGCAR relates to fast breeder reactor (FBR) programme in the areas of materials development, fuel reproc-
essing, safety of FBRs, fuel chemistry, sodium technology and others.

Research Reactors
The Department has acquired rich experience of over four decades in design, construction and operation of research

reactors, and radioisotope production. Beginning with the commissioning of Apsara reactor in 1956, BARC set up four
more research reactors. The latest, the 100 MWt high flux reactor Dhruva, is a fully indigenous effort. Dhruva and Cirus are
the main reactors which produce radioisotopes and are used in research. The Centre has successfully commissioned the 30
MWt neutron source reactor Kamini at Kalpakkam. Towards thorium utilisation, work is progressing on the design &
development of AHWR.



Radioisotope Applications
The radiation technology and radioisotope applications constitute an important technology mission of DAE. BARC is

a major producer of radioisotopes for use in industry, medicine, agriculture and research and the Board of Radiation and
Isotope Technology (BRIT) offers various products and services in the field of radiation and isotopes.

Radioisotopes in Industry : The radioisotopes produced at Trombay are widely used by industry for non-destructive
testing, measurements, radiography and tracer applications. Medical industry is a major beneficiary of BRIT's radiation
sterilization facilities. Isomed Plant at Trombay for sterilization of medical products, has serviced the industry for over two
decades. Similar plants have been working at Bangalore, New Delhi and Jodhpur.

Radioisotopes in Medicine : In the field of medicine, the radioisotopes are used for diagnostic and therapeutic purposes.
Radioisotopes from BARC are processed by BRIT for production of radiopharmaceuticals, radioisotope based products
and equipment. The radiopharmaceuticals supplied by BRIT are used in about 7 lakh patient investigations per year. BRIT
is also a major supplier of radioactive sources which are used in radiodiagnosis and radiotherapy in hospitals throughout the
country.

Radioisotopes in Agriculture : Radioisotopes produced in BARC have been used in crop improvement, food preserva-
tion and other agricultural applications. BARC's mutation breeding programme has resulted in evolution of high yielding
varieties 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 technology for preservation of food. Irradiation of sea food, spices,
potatoes and onions has been approved by the Government of India for export purposes. In April 1998, some more food
items have been cleared for irradiation. In agriculture, radioisotopes have helped in monitoring the persistence of pesticides
in soil and ground water. BRIT is setting up a Spice Irradiator at Navi Mumbai which is nearing completion.

Safety has been an integral part of DAE activities. NPCIL has completed over 140 reactor years of operation with good
record of safety which encompasses facets such as radiological safety, industrial safety, fire safety and environment
protection. In all the nuclear installations, care is taken to protect operating personnel, public and the environment, Safety is
monitored by an independent body, the Atomic Energy Regulatory Board (AERB).

Setup at different sites, The Environment Survey Labs (ESLs) equipped with sophisticated equipment, constantly moni-
tor environment, and advanced systems collect site related meteorological data.

A national network of environmental radiation monitoring stations is being established for detection of radiation releases
as a part of a global environmental radiation monitoring (GERMON) network.

BARC's personnel radiation monitoring services benefit about 40,000 radiation workers every year.

Besides developing technologies for the nuclear power and associated programmes, including non-electricity areas, the
DAE's research centres have been engaged in basic and applied research in frontier domains of sciences covering physical,
chemical and materials sciences, molecular biology and astrophysics.

Basic research is also carried out in nuclear energy and frontline areas of science and technology at seven national
institutes under the aegis of DAE, covering areas such as mathematics, physics, biosciences and astronomy at the Tata
Institute of Fundamental Research, Mumbai; physics of condensed matter and plasmas at the Saha Institute of Nuclear
Physics, Calcutta; cancer research at the Tata Memorial Centre, Mumbai; condensed matter physics, high energy particle
physics and nuclear physics at the Institute of Physics, Bhubaneshwar; frontier disciplines of mathematical sciences at the
Institute of Mathematical Sciences, Chennai; operations theory, consumability theory and other advanced areas of math-
ematics and mathematical physics at the Mehta Research Institute of Mathematics and Mathematical Physics, Allahabad and
plasma physics at the Institute for Plasma Research, Ahmedabad.

The research organisations of DAE have generated a number of high technologies. These include supercomputer
system using parallel processing techniques; advanced remote handling and robotic devices and servo-manipulators for
applications in industry; scintigraphic techniques used in organ imaging in medical diagnosis; surgical and industrial appli-
cations of lasers; accelerators for nuclear research and isotope production; Giant Metrewave Radio Telescope (GMRT) set
up at Pune; radiation and isotope technologies; and the specialised services for analysis and characterisation of ultra-pure
materials at the National Centre for Compositional Characterisation of Materials, Hyderabad.
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The multidisciplinary research carried out in frontier and hitech areas in its different research centres, has helped DAE
in achieving self-reliance in Nuclear Fuel Cycle. Success has been achieved in transferring technology based on in-house
R&D to the organisations within DAE engaged in mineral processing, heavy water production, fuel fabrication and
reprocessing plants, and public sector undertakings.

Also, the spin-offs of the research and development work carried out under the aegis of DAE, has generated several
technologies that have benefited a number of industries. These technologies include material and alloys, radioisotope
based tools and techniques, tissue culture technology, lasers for surgery and industrial applications, electronic instruments
and devices, and others.

iMlMziiMMMEMJ.&MfJI'/Jiiiill
A number of Indian industries have been the partners of DAE in its progress. This interaction has doubly benefited the

nation, which has resulted in indigenisation of the Indian Nuclear Power Programme, and developing capabilities of the
Indian industry in meeting the stringent demands of the present hitech age.

With the creation of the Indian Atomic Industrial Forum, the Department has intensified efforts to strengthen its indus-
trial interface.

£MlSlM!LS£
Besides fully funding the seven national institutes, financial support is also extended by DAE to cancer research

centres/hospitals for improving cancer control measures in the country. The Department, through its Board of Research in
Nuclear Sciences (BRNS) — a major research funding agency in the country — promotes research and development in
nuclear fields in universities and institutions of higher learning. Also, through the National Board of Higher Mathematics
(NBHM) financial assistance is provided to activities relating to mathematics.

The R&D Centres of DAE have been participating in a number of International research collaborations. BARC fabri-
cated and supplied shutter guide to the Rutherford Appleton Lab., UK; designed and developed Compact Muon Solenoid-
Detector for CERN and a prototype detector frame for muon tracking for Brookhaven National Laboratory, USA.

BARC also carried out collaborative experiments with Legnaro, Italy and collaborated with Berlin Neutron Scattering
Centre.

VECC's simulation and design studies on ALICE-PMD (Photon Multiplicity Detector) reached completion.

The Training School at Trombay and National Training Centre at Rawatbhata are the premier training centres of the
Department. These provide specialised training to undertake multidisciplinary activities of DAE. A number of specialised
courses in the fields of radiation and isotope technology, radiation medicine, health & safety and others are run by various
DAE organisations.

DAE has also extended its training facilities to organisations at national and international levels in various areas which
cover nuclear agriculture, nuclear medicine, radioisotope technology and many specialised services. DAE also offers
training facilities, fellowships, visits and services of experts through the International Atomic Energy Agency (IAEA) or
bilateral agreements for cooperation in peaceful uses of atomic energy.

Through the Inter-University Consortium for DAE Facilities (IUC-DAEF), research facilities at various centres of the
Department are used by researchers of universities and academic institutions. Dhruva reactor at BARC has been in
regular use by university scientists. Research projects are regularly pursued by the university scientists at Trombay.
BARC has also entered into MoU with Mangalore University for training and technical guidance. At IGCAR, low energy
accelerator facilities have been used in this programme.

Research projects in universities and institutes, in the fields of nuclear sciences and allied areas, are funded by the DAE's
Board of Research in Nuclear Sciences (BRNS) and the National Board for Higher Mathematics (NBHM).

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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Training facilities, fellowships, scientific visits and services of scientists for expert assignments are offered, both
through the IAEA and to the countries with which India has entered into bilateral agreements for cooperation in the field of
peaceful uses of atomic energy.

As an active member of WANO, Indian experts participated in Peer Reviews in many countries including the USA, Japan
and South Korea. A Peer Review of the Kakrapar Atomic Power Station was earlier conducted by the World Association of
Nuclear Operators (WANO).

Concerted efforts have been continued to publicise Indian expertise for the purpose of export of technology and equip-
ment for peaceful applications of nuclear energy.
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ABBREVIATIONS

ORGANISATIONS/FACILITIES

AFFF
APSEB
CWMF
DOE
DRDO
ESL
FBTR
GOALS
GSFC
HMT
HOC
HPU
IAEA
ICRP

nsc
nT
IMSc
KAPS
KARP
MAPS .
NAPS
NCCCM
Materials
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

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
GIS
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/Compabiliry
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
LMAC
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-O
UATi-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 Quadrupoie
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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