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Cover:
In India, the indigenous scientific endeavour in atomic energy has been ameliorating the lot of people by way of electricity
generation, and the signal contributions it has made in the fields of agriculture, medicine, and industry. The cover depicts
Narora Atomic Power Station — the first unit of which has been synchronised with the grid in 1989, slender rice variety
'Hari' developed at BARC, and radiation therapy of cancer.
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Kamini sub-assembly fabricated
Trombay

General
Survey

To meet the target of 10,000 MWe of nuclear power by the year 2000, the Department
continued its efforts towards rapid implementation of the expansion programmes in all the
segments of the nuclear fuel cycle. The first unit of the Narora Atomic Power Station attained
criticality in March 1989 and was successfully synchronised with the grid in July 1989. The unit is
indigenously developed pressurised heavy water reactor (PHWR) of 235 series and is equipped
with additional safety features which have been incorporated for the first time. During the year,
the unusual technical problems, encountered at the Madras Atomic. Power Station CMAPS).
were successfully solved by the Indian experts. One of the units called for ingenious remote
relocation of the damaged parts inside the calandria which demonstrated the high level of
technical expertise available in the country. The safety record of the operating nuclear power
stations was very satisfactory.

Discovery of uranium reserves at Domiasiat (Meghalaya) and Tummalapalle CAndhra
Pradesh), and improved recovery from U02 powder to pellet stage were other significant
developments this year.

The 100 MW high neutron-flux, research reactor DHRUVA continued its full power operation
and was fully used for isotope production and research. BARC also fabricated uranium-233 fuel
plate for a 30kW light water research reactor Kamini which is a significant stride towards the use
of thorium cycle for power generation. For the first time, the Waste Immobilisation Plant at
Tarapur fixed radioactivity in glass matrix.

Work on the construction of two synchrotron radiation sources at Indore CMadhya Pradesh),
was continued.

Nuclear Power

An important event in the area of nuclear power generation this year was the synchronisation of
the first Unit of Narora Atomic Power Station CNAPS-1) to the grid. Meeting the challenges
posed by the unusual technical problems faced in the units of the Madras Atomic Power Station
was another major achievement this year. The second unit of the Rajasthan Atomic Power
Station CRAPS) and the first unit of the Tarapur Atomic Power Station CTAPS) performed very
well. Rs. 36O crores were raised from the capital market for investment in projects. During the
financial year 1988-89, the Nuclear Power Corporation CNPC) made a net profit of Rs. 62.24
crores. Durjrig the period from 1 April to 31 December, 1989, the provisional net profit is
estimated at Rs. 16.53 crores. The decline is due to the technical problems faced by MAPS-1S2,
and TAPS-2. The cumulative generation of electricity from the three operating stations since the
commencement of commercial operation till end December, 1989 amounted to 62573 MUs. The
gross annual electricity generation during the period from 1 April to 31 December 1989 was 3143
MUs.
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Tarapur Atomic Power Station

The station comprising of two boiling water reactor (BWR) units, each rated at 160 MWe,
completed twenty years of successful commercial operation. The cumulative electricity genera-
tion from the station since the date of commencement of commercial operation till end
December, 1989 was about 36,860 MUs. The station generated 1068 MUs during 1 April to 31
December 1989. The Unit-1 achieved an annual capacity factor of over 63% in 1989. The
eleventh refuelling and annual maintenance works of the Unit-1 were successfully completed in
99 days. The Unit-2 had a forced outage fora period of about 3 months when the generator rotor
ground fault appeared in end December, 1988, and was rectified through indigenous efforts.
The unit had to be shutdown again from 6 August, 1989 to 5 January, 1990 due to fault in high
voltage winding of its main generator transformer. The unit restarted in January, 1990 at a
restricted power level of about 80 MWe with a 100 MVA transformer obtained on loan from the
Gujarat Electricity Board. The regular replacement transformer has been shipped to TAPS from
the manufacturer's works and will be installed and commissioned in April/May 199O to restore
normal power level operation of the unit.

Rajasthan Atomic Power Station

The Unit-2 of the station performed well during the year 1989. It generated 820 MUs during 1
April to 31 December 1989. During the calendar year 1989, the unit recorded a capacity factor of
over 71%. The annual planned maintenance works of the unit were completed in a minimum
period of 35 days. The Unit-1 continued operating at a restricted power level of about 90 MWe as
per the limit on power level upto 50% of the full reactor power stipulated by AERB consequent
on the repair of its south end shield. The generation of electricity during 1 April to 31 December
1989 was 375 MUs.

Madras Atomic Power Station

The station (both the units together) generated 880 MUs of electricity during 1 April to 31
December 1989. The performance of both the units remained below the mark due to a very
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unusual problem of failure of the smoothening baffles CManifolds) of moderator inlet flow inside
the calandrias of both its units. On account of this problem, the Unit-1 remained shutdown from
4 April to 24 June 1989. After implementation of interim modifications and clearance from AERB
the unit was initially operated at a restricted power level of 50% of full reactor power from June,
1989 and at 75% of full reactor power from November 1989. The electrical output at this power
level is around 160 MWe. The Unit-2, which experienced a similar problem of moderator inlet
manifold remained shutdown from 9 January to 14 June, 1989. It was started after im-
plementing the interim modifications as for Unit-1 and was initially operated at a power level of
upto 509b of full reactor power. From 28 October 1989, its power level was also raised to around
15O MWe. The clearance of AERB as of now for both the units is for operating upto 75% of full
reactor power. The development activities have been carried out to evolve a scheme for
restoring near normal moderator flow pattern inside calandria which would enable bringing the
unit to full power operation. This work will be taken up during later half of 1990.

Rehabilitation of both the units of MAPS, which had suffered considerable damage to the
moderator inlet manifolds, was a challenging task undertaken by BARC in collaboration with
NPC. With the help of remote micro-video inspection a detailed review of the conditions of the
two reactors was made, and using special remote tool developed for the purpose, the units
were restarted after modifying the moderator inlet piping.

Narora Atomic Power Station

The first unit of Narora Atomic Power Station, a PHWR of 235 MWe capacity, is the first of the
modified and standardised reactor design among the Indian PHWRs. It achieved criticality on 12
March, 1989 and after the initial low power experiments, it was synchronised to the Northern
Grid on 29 July, 1989. The unit is presently in the phase of infirm operation. As the Narora plant is
the first standardised 235 MWe PHWR unit of its kind, additional time between criticality and
regular power operation was taken for conducting low power experiments and collecting plant
data at various power levels. The unit is presently operating at a power level of around 100 MWe
Cupto 50% of full reactor power) and power level will be raised in steps after due clearances from
AERB. Commercial power operation of the unit is expected to commence during early part of
financial year 1990-91.
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Work in progress at Kaiga Site1.

Sanctioned Projects Under Construction

Narora Atomic Power Project — Unit-2
235 MWe PHWR

The erection activities were almost completed. Commissioning of the systems and the leak
testing of reactor building containment continued. The land acquisition and rehabilitation works
for establishing 1.6 km radius exclusion zone were also completed. Ths target date for achieving
criticality is end August 1990.

Kakrapar Atomic Power Project — 1 & 2
2x235 MWe PHWRs

The completed works include the major civil construction of two reactor buildings and of service
building, stack for both the units and the turbine building for the first unit. About 75% of the civil
works of Waste Management plant is also completed. Eight steam generators required for both
the units have been delivered. Installation of calandria tubing, coolant channels arid steam
generators for the Unit-1 was completed and erection of feeders is being continued. The main
generator transformer and the main generator for the Unit-1 were installed. In respect of Unit-2,
installation of end shields, calandria, their alignment and grouting of the end shields were
completed. The overall progress of both the units put together till December 1989 was about
80%. The target dates for achieving criticality for Unit-1 and Unit-2 are December 1990 and
December 1991, respectively.

Rajasthan Atomic Power Project 3S4
25235 MWe PHWRs

The infrastructure required to commence civil works was completed. Additional infrastructural
facilities for further stages are being set up. The excavation for the main plant buildings was
completed during the year and work on concreting of the rafts of the reactor buildings
commenced. Endshields, primary coolant pumps and header for Unit-3 were delivered. The
target dates of achieving criticality for Unit-3 and Unit-4 are May 1995 and November 1995,
respectively.

Kaiga Project 16x2
2x235 MWe PHWRs

The compensatory afforestation programme by the Forest Department of Karnataka Govern-
ment is in progress. Under a programme with Mangalore University, a number of forest tree
species peculiar to Western Ghats will be planted over a period of five years. Land acquisition for
the plant and township, infrastructural works at the site required for commencing main plant
civil works, and the excavation works for main plant buildings were completed. The work on
concreting of reactor building rafts has commenced. Calandria for Unit-1 and primary coolant
pumps for the two units were delivered. Manufacture of Calandria for Unit-2 and one endshield
for Unit-1 has also been completed. Manufacture of the second endshield for the Unit-1 is
nearing completion. The project is progressing well for achieving criticality by June 1995 for
Unit-1 and December 1995 for Unit-2.
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Heavy Water Plant at Rawatbhata near
Kota, Rajasthan. The Plant is using
indigenously developed process for the
product/on of heavy water.

New Projects

Kaiga Project 3to6
4x235 MWe PHWRs

A committee constituted by the Union Ministry of Environment and Forests is appraising the
site environmental data. After obtaining clearances from environmental and safety angles, the
proposal for financial sanction, already endorsed by AEC, will be put up for approval of the
Government. Advance procurement of selected long delivery and critical components is in
progress.

Tarapur Atomic Power Project-3&4
2x500 MWe PHWRs

Site clearance from the AERB was obtained and environmental clearance from the Union
Ministry of Environment and Forests is awaited. The proposal for project financial sanction was
endorsed by AEC. The proposal for project financial sanction will be put up to the Government of
India after environmental clearance. Detailed engineering of nuclear and conventional systems
associated with the 500 MWe PHWR reactors and advance procurement of selected long
delivery and critical equipment and components are in progress.

Rajasthan Atomic Power Project 5to8
4x500 MWe PHWRs

The progress made during the year include the endorsement of the proposal for project financial
sanction by AEC, provisional environmental clearance from the Rajasthan State Pollution Control
Board. A committee constituted by the Union Ministry of Environment and Forests is in the
process of environmental appraisal. The details for clearance of the site from safety angle are
being examined by AERB. The proposal for project financial sanction will be put up for the
approval of the Government of India after obtaining safety and environmental clearances.

Kudankulam Project
2x1000 MWe WERs

In accordance with the Inter-Governmental Agreement, the work on technical assignment and
various appendices to the Detailed Project Report (DPR) contract was completed. The first
meeting of the high level working group on "Nuclear Power" constituted under the Indo-Soviet
Inter Governmental Commission was held in October 1989. During the year. AERB's clearance
of the site from safety angle, and the environmental clearance from the Union Ministry of
Environment and Forests were received and advance action for acquisition of land required for
the plant and township was taken up. Detailed site investigations were in progress.

Heavy Water

While the Heavy Water Plant at Nangal CPunjab) is based on electrolysis of water and low
temperature distillation of hydrogen, the Heavy Water Plants at Baroda, Tuticorin, Thai and
Hazira Cunder construction) are based on ammonia-hydrogen exchange process, the plant at
Kota and Manuguru Cunder construction) are based on water-hydrogen sulphide exchange
process.



Fuel bund/es for the pressurised heavy
water reactor manufactured at Nuclear
Fuel Complex, Hyderabad.

The main problems in the production of heavy water have been the power shortages, reduced
and interrupted availability of synthesis gas and other inputs from fertiliser plants, and interrup-
tions in the supply of steam. With various improvements and innovations, the situation has
considerably improved in the recent past.

During the year operation of the Heavy Water Plant at Nangal remained steady within the
constraints of availability of electricity to the electrolytic plant. The production is expected to
improve after a separate unit for generation of pure hydrogen by naphta reforming and pressure
swing adsorption, being set up by the National Fertiliser Limited, becomes operational next year.

The ammonia-hydrogen exchange based plants at Baroda, Tuticorin, Talcher, Thai and Hazira
(under construction) are dependent on the adjoining fertilizer plants for the supply of ammonia
synthesis gas and other inputs. Their performance is, therefore, linked with the sustained
operation of the fertilizer plants. The Heavy Water Plant at Baroda operated steadily during the
year and the modifications effected are likely to further improve its performance. The perform-
ance of the Heavy Water Plant at Tuticorin remained satisfactory with higher production due to
better stream factor and the improvements carried out. The plant at Talcher however, could not
establish its performance for want of uninterrupted inputs from the fertilizer plant. However,
some of the modifications carried out in 1988 have proved beneficial. Further modifications to
attain reasonable production level will be taken up after improvement in performance of the
fertilizer plant is achieved.

Heavy Water Plant at Thai had unplanned long outages due to washing away of a portion of the
raw water line at Nagothane, damage to tower internals (cable stage) and long shut down of one
of the two ammonia units of the fertilizer plant. The plant is now operating steadily. The Heavy
Water Plant at Hazira is in an advanced stage of completion and is expected to be commissioned
by November 1990, as scheduled.

The Heavy Water Plant at Kota and Manuguru are based on the indigenous process of
water-hydrogen sulphide exchange developed by BARC. During the year, the performance of
the Heavy Water Plant at Kota was satisfactory. However, frequent interruptions in steam
supply affected the plant operation. Higher stream factor of the plant is expected to be achieved
next year when steam supply will also be available from the captive steam generation plant to be
commissioned by mid 1990. In the Heavy Water Plant at Manuguru all the auxiliary units have
been commissioned and pre-commissioning activities have been initiated. The first of the three
steam boilers and generator units has been commissioned and is generating steam and power to
meet commissioning requirements. The other two units are in various stages of completion.

Nuclear Fuel

The Nuclear Fuel Complex (NFC) Hyderabad manufactures and supplies the natural and enriched
uranium dioxide fuel for the Indian nuclear power plants.

Besides meeting the annual reload fuel requirement of country's operating nuclear power
stations, NFC fabricated and supplied various items including additional fuel assemblies for
NAPS-1, calandha tubes for KAPP-2 and RAPP-3 and Zr-Nb-Cu alloy garter springs for KAPP-1. It
also produced components such as zircaloy barrier tubes for DHRUVA reactor, channel fastener
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Pitchblende (U) with syneresis cracHs filled
with chalcopyrites CCuJ Dariba. Rajasthan

assemblies for TAPS, cobalt absorber assembly components, prototype stainless steel hex-
agonal channel for PFBR and prototype PFBR fuel assembly.

In-house fabrication of equipment such as HPTR 8-15 cold pilger mill, rotary calcination
furnace, high temperature UO2 pellet sintering furnace, to name a few, was completed, The
zirconium production exceeded the design capacity. Some design and process improvements
were introduced in the manufacture of zirconium components and zircaloy products. For the
first time, moderator sparger tubes for MAPS were produced. The improved recovery from UO2
powder to pellet stage was another significant achievement.

For the 10,000 MWe nuclear power generation target by the year 2000, NFC has plans to
progressively enhance production of PHWR fuel. Towards this end a Corporate Plan, consisting
of both continuing schemes and new projects, was approved in principle by AEC. The Phase-I
Expansion Scheme is expected to be completed during 1990.

Minerals Exploration

The Atomic Minerals Division (AMD) is responsible for the exploration of nuclear minerals for the
nuclear power programme of the country. Airborne surveys identified 144 radioactive anomalies.
Significant uraniferous anomalies were also located by ground surveys. Over 66,300m of 45
uranium prospects were explored and evaluation drilling was done. The efforts of the Division
have resulted in enhancing the resources of a number of nuclear minerals. Additional reserves of
uranium were proved at Domiasiat (Meghalaya) and Tummalapalle CAndhra Pradesh). The
deposits at Rajgaon, central Keruadungri, Kanyaluka and Mohuldih in Singhbhum Thrust Belt
CBihar) and Jajawal CMadhya Pradesh) contributed to the uranium resources inventory. Eight
significant new uraniferous zones were also delineated in various parts of the country from the
airborne and ground surveys.

Uranium deposits at Turamdih (south), Mohuldih and Garadih in Bihar were handed over to
UCIL for mining.

Heavy mineral resources of 8.2 million tonnes were assessed by the Division and investiga-
tions led to the enhancement of potential resources of xenotime — a source of yttrium. Over
3OOO kg of Nb-Ta and 28 tonnes of heavy mineral concentrate containing 59b xenotime, were
produced at the pilot recovery plants. A new xenotime pilot recovery plant at Kanyaluka CBihar)
was also installed.

Fuel Reprocessing

The Power Reactor Fuel Reprocessing Plant at Tarapur, and the Plutonium Plant at Trombay
operated satisfactorily. The construction of the Reprocessing Plant at Kalpakkam made steady
progress. An engineering scale facility for separating uranium-233 from irradiated thorium fuel
elements is being set up at Trombay.

The Reprocessing Programme at IGCAR almost completed the development work related to
fuel reprocessing of FBTR fuel. The construction of reprocessing plant for regular reprocessing
of FBTR fuel continued.
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•?,oent fuel movement from railway siding
to the fuel reprocessing plant. Tarapur

Waste Management

The Waste Immobilisation Plant at Tarapur fixed for the first time radioactivity from the acidic
waste of the Reprocessing Plant, in a glass form sealed in stainless steel canisters. The
Radioactive Waste Management facilities at Trombay, Tarapur, Rajasthan and Kalpakkam
functioned satisfactorily throughout the year. Activity discharges at different sites were less
than 8%> of the permissible limits and no migration of radioactivity in the surrounding soil was
noticed at any site.

Health Physics

Safety surveillance for the various nuclear fuel cycle operations at all the DAE installations in
the country were provided. Safety related R&D activities were also continued.

The operating power stations and the associated facilities maintained an excellent all round
safety record. The environmental survey laboratories and meteorological stations were oper-
ated at all the nuclear power plant sites.

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

Personnel monitoring service was provided to both DAE and non-DAE institutions. Over
1,54,000 radiaton workers in 2,106 institutions were monitored with film badges and over
19,000 radiation workers in 802 institutions were monitored with TLD badges.

Health physics services and surveillance for the operating nuclear power stations were
provided. Manrem budgeting and planning were provided for the special operations such as
calandria rehabilitation at MAPS, and for the outages at TAPS, RAPS and MAPS, which enabled
the operations to be carried out with minimum possible exposure to workers.

Other notable activities included supply of several specialized dosimeters to cancer hospitals
and institutions in the country, measurement of several pollutants, and countrywide monitoring
of indoor randon. Under the monazite survey project cytogenetic studies on human population
residing in the monazite-bearing high background radiation areas of Kerala and adjoining regions,
were continued as also the prevalence rates for congenital abnormalities and chromosome
aberrations among the new borns. The data do not indicate any noticeable differences between
population groups from normal background radiation and high background radiation areas.
Chromosome aberration frequency estimates for population groups at various DAE units,
occupationally exposed to permissible levels of low level radiations were carried out. Such
studies are being extended to UCIL also. The results do not indicate any abnormalities.

Regulatory Functions

The Atomic Energy Regulator/ Board CAERB) has been promoting safe practices and developing
safety policies since 1983. The programme of preparation of codes, guides and manuals in the
areas relating to nuclear and industrial safety were continued arid radiation protection were
covered. Three codes and four manuals were approved for issue/publishing. AERB carried out
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Occupational Safety: A worker handling
fuel bundle

periodic reviews of operating nuclear power plants in the country to assess their safety status.
During the year AERB constituted a committee to review operational safety of RAPS and MAPS
which concluded that the power stations were being operated safely. The design and construc-
tion of NAPP including adequacy against seismic effects were subjected to a comprehensive
regulatory review before authorisations were accorded for discrete stages such as hot con-
ditioning, fuel loading and first criticality. A Committee of the Board reviewed the collective
doses in various phases of the nuclear fuel cycle and a number of organizational actions such as
management commitment, designer-operator coordination, training in dose reduction methodol-
ogy, design phase safety review etc. were outlined. A centralized manrem management
programme was also proposed. An AERB committee reviewed the radiation protection mea-
sures in DAE facilities and gave plant-specific recommendations for TAPS, RAPS and MAPS.
Analysis of safety related unusual occurrences in the operating nuclear power plants in India for
the year 1988 was carried out. In-depth evaluation of the safety matters was done by the Safety
Committee of the respective Unit. Based on this assessment, Safety Review Committee for
Operating Plants CSARCOP) gave directions appropriate to the situation. An AERB Committee
reviewed the industrial safety status in the R&D units and proposed a model safety policy for
adoption by the units. The Site Evaluation Committee of AERB carried out detailed evaluation of
Kudankulam site for assessing the suitability of locating nuclear power plant comprising of 2 x
1000 MWe WER reactors. Similar evaluation was carried out by another committee for the
location of additional units of 2x500 MWe pressurised heavy water reactors at Tarapur. Site
Evaluation Committee also carried out detailed evaluation of Kaiga and Rawatbhata sites for
location of nuclear power plants. The Board participated in the review and finalisation of the
Technical Assignment CTA) documents, covering the information to be furnished by USSR, for
assessing WER design for safety and performance and in the preparation of Detailed Project
Report. The safety reviews of the gamma radiation facilities at Shriram Institute for Industrial
Research, New Delhi and Sludge Hygienisation Research Irradiator at Baroda were also com-
pleted. The safety review for NAPP was an important activity of AERB in the year 1989. The
Board carried out safety and regulatory functions with respect to the operating units of DAE.
The Boafd ensured that the facilities were operated safely. Safety surveillance of the DAE units,
and the regulatory inspection of all the operating nuclear power stations was carried out twice
during 1969. The reports of the Health Physics Division of BARC on the radiological safo'rv
surveillance at all the operating units of DAE, and assessment of the enrvironmental impact
from these operations, were also reviewed which indicated that the radioactivity releases to the
environment during 1989 from DAE installations were well within the specified limits. A number
of regulatory and administrative procedures for effective enforcement of the regulatory provi-
sions pertaining to the radioactive material transportation in the country were also initiated.

Emergency Preparedness Planning

The Crisis Management Group of DAE provides policy guidelines for emergency preparedness
planning at various nuclear installations of the Department. During the year, the emergency
plans for the installations were put to tests by carrying out various exercises which indicated
Department's full readiness in meeting any emergency. These plans will be reviewed at regular
intervals. A central emergency control room was also set up at the Headquarters to coordinate
activities during exercises/emergency.
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100 MW. high neutron flux Research
Reactor Dhruva operating at rated powe

Research and Development

Research Reactors

During the year, the research reactors at Trombay were used for various research activities and
isotope production. The 100 MW research reactor Dhruva continued to operate satisfactorily at
its rated power. The 40MW research reactor Cirus continued to operate at its designed power
level till mid-August 1989. The operating power level was then lowered to 20 MW to conserve
fuel. Apsara reactor also operated in a safe and efficient manner.

Two other research reactors — 30 kW Kamini at Kalpakkam, and the zero energy reactor
Pumima-lll at Trombay — are nearing start-ups. The control panel and field wiring for Kamini
were completed and functional tests continued. The reactor and control system of Pumima-lll
are undergoing final checks. The instrumentation and control systems both for the research and
power reactors continued to be modernized for better man-machine interface and enhanced
reliability.

Fast Breeder

The direction of the research at the Indira Gandhi Centre for Atomic Research CIGCAR) is
targetted for the development of fast breeder reactor technology. The Centre has successfully
built a 40 MWt C13 MWe) sodium-cooled Fast Breeder Test Reactor CFBTR) which uses mixed
carbide fuel developed at BARC. The reactor attained criticality in October 1985. However, its
operation halted in May 1987 due to a fuel handling incident. Early this year, the problem was
resolved and safety clearance for restart of FBTR was given by AERB in May 1989. The reactor
power during this phase of operation was limited to 500 kWt and the reactor was operated upto
this power level with 509b operating time during May and June 1989. This period was used to
complete some reactor physics experiments. An outage was effected from July 1989 for
improving availability of the plant by removing construction deficiencies/replacement of aged
components. During the period certain important jobs such as completion of the reactor
containment building leak test, to comply with the safety requirements related to mandatory
in-service inspection, were also completed. The commissioning activities on steam water
system were nearly completed and filling of steam generator with sodium was one of the
milestones in commissioning. The operation is expected to start very soon.

Efforts were directed towards building of Prototype Fast Breeder Reactor CPFBR), the
detailed design of which has gained momentum. Parallel to this, manufacture of the key
components such as part of the main vessel and inner vessel, sodium pumps, sodium-to-sodium
heat exchangers, steam generators etc. is being undertaken.

During the year, significant progress was achieved on the creep and fatique evaluation of
stainless steel 316 LN with a view to develop material for FBRs. In the field of research and
development, acoustic emission technique to locate leaks and eddy current test probe for
locating garter spring were developed. Defect standards were prepared by spark erosion
technique.
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Mahabeej : The radiation induced varieties
of pulses developed at Trombay.

During the year a train of inert-atmosphere glove boxes containing various facilities, was
commissioned for development of fuel and other related materials. Hot cell facility for post-
irradiation studies on the carbide fuel is ready to receive irradiated fuel. This facility has many
unique features ensuring high degree of safety.

Basic and Applied Research

India's self-reliance in the nuclear power programme is the result of consistent research and
development endeavour at Trombay. The year witnessed a number of efforts coming to fruition.
The salient research and development work included a low cost welding machine, fabrication of
a gas chromatograph capable of separating hydrogen and tritium isotopes, preparation of several
special and high purity compounds including a thermoluminescent phosphor for use in radiation
dosimetry which resulted in a saving of foreign exchange worth Rs. 15 lakhs, preparation of high
purity alpha alumina powder using sol-gel process and successful development of internal
gelation process for the preparation of thorium oxide based fuel materials in the form of
microspheres which can also be used for the preparation of mixed thorium-uranium oxide
microspheres. Other important developments pertained to hard chrome plating and high temper-
ature yttrium-barium-copper oxide based superconducting ceramic powders. An indigenously
developed, full scope training simulator was installed at the Nuclear Training Centre, Kota. The
equipment manufactured at Trombay included triple stage spectrograph assembly, a PC based
multipurpose front office posting machine, ion target chamber for beam foil spectral studies,
ultra-high vacuum molecular beam scattering chamber and 5-axes robot. Designing of a manipu-
lator for handling uranium ingots, 1 MW underwater plasma cutting torch and designing and
fabrication of variety of laser grade optical devices such as mirrors and beam splitters were
undertaken this year. Advanced shut-off rods were made for KAPP offering on-line monitoring
of the health of the mechanism. This resulted in improved service-life and operational reliability.
The BARC surveillance programme of the TAPS pressure vessel indicated that the life of the
vessel can be safely extended beyond its design life of 40 years. Studies have resulted in the
development of an improved algorithm for use in the robot-motion-planning. Walking and
crawling mechanisms in several forms are being developed. Detection of two episodic emissions
of gamma rays of energy greater than 2 trillion electron volts was an interesting observation
made at the High Altitude Research Laboratory.

The main thrust of research and development in reactor engineering continued to be towards
generation of design information and design details for the 500 MWe PHWR, fuel handling
system of 500 MWe PFBR, technology development for repair and maintenance activities of
operating reactors and ongoing safety research. Construction work of the National Centre for
Compositional Characterisation of Materials has been started at Hyderabad. The decision for
setting up India's first commercial plant to recover uranium from phosphoric acid at Cochin has
been taken.

Research in Frontier Areas

There is a strong international effort being made for the development of high temperature
superconducting materials. BARC, succeeded in synthesising a single phase superconducting
compound of bismuth-lead-calcium strontium and copper oxide with a critical temperature of
12OK. A process was also developed for the synthesis of TI-2223 single phase compound which
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Processing of P-32 labelled biomolecules
at 'Jonaki' Hyderabad.

showed a record high critical temperature of 129K. A point defect model for structural phase
transitions in the high temperature superconductor yttrium-barium-copper-oxygen was prop-
osed. This model has practical importance and could help in increasing the critical current
density. Considerable work is also going on in other units such as 1GCAR and TIFR.

BARC is spearheading research in the field of cold fusion. Several research groups, including
those at IGCAR and TIFR, conducted experiments to verify the phenomenon. It emerged that
the primary product of the deuterium-deuterium reactions was tritium rather than neutrons.
Studies were continued to understand the physical basis of the new discovery.

Pulse power and particle beam technology has applications in fusion research and generation
of intense sources of particles and radiation. Extensive research continued at Trombay in this
area.

The Centre for Advanced Technology, set up at Indore, Madhya Pradesh, is the apex centre
engaged on research and development work in the areas of advanced technologies such as
accelerators and lasers. During the year, CAT continued its efforts notably in the construction of
two dedicated synchrotron radiation sources and development of lasers for industrial, medical
and research applications. The Centre successfully developed a 70 Watt carbondioxide laser,
with an articulated arm, for use in open surgical procedures, and a 400 Watt multibeam
carbondioxide laser beam for heat treatment and cutting and welding of thin metal sheets.

With the commissioning of the Pelletron — the medium heavy ion accelerator in December
1988, heavy ion beams of sufficiently high energy for advance research in nuclear physics
became available for the first time in the country. During the year the four beam lines and
associated equipment were completed and many nuclear physics research programmes utilized
the facility. Research was also carried out with the charged particle beams from the Van de
Graaff accelerator at Trombay and the Variable Energy Cyclotron at Calcutta.

Agriculture

Trombay is one of the leading centres in the country engaged on the use of nuclear energy in
crop improvement, and food preservation including the frontier areas in nuclear research.

During the year, the Maharashtra State Seeds Corporation multiplied seeds of several varieties
of pulses developed at BARC. Over 470 metric tonnes of seed was produced and distributed to
farmers and about 38 metric tonnes seed of rice cultivar 'Han1' was produced by the Andhra
Pradesh Seeds Corporation. The nucleus and breeder's seed was supplied for foundation seed
production programme of the agricultural universities in Maharashtra, Gujarat, Andhra Pradesh,
Kamataka, Assam, and Orissa. The Rashtriya Chemicals and Fertilizers Ltd. and the Indian
Farmers Fertilizer Cooperative Limited included the BARC crop varieties in their lab-to-land
programme. The mungbean variety TAP-7, released and notified for Maharashtra in ig83, was
approved for cultivation in Kamataka by the University of Agricultural Sciences, Dharwad.

Irradiation is now an established technique for preservation of food items. Extensive RSD
programmes conducted in BARC in the past have led to the standardisation of irradiation
technology for food preservation under tropical conditions. This technology is now permitted for
preservation of seafood and spices for export.
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Development of detection methods to identify irradiated foods is a major on-going project and
work on several possibilities is going on.

Some strains of the nitrogen fixing cyanobacteria can tolerate much higher levels of salt and
understanding of this mechanism may provide genes for constructing plants capable of growing
in saline soils. Extensive research work continued in this area. A library of the genome of a salt
tolerant cyanobacterium was constructed.

Technology Transfer

Many of thej-esearch spin-offs at Trombay have already been transferred to industry.

During the year. BARC developed a solar dryer for sun drying of various food products such as
banana and grapes. The transfer of this technology for commercial utilization is in progress.

Transfer of technology for the production of Al-Zr master alloys to a private entrepreneur was
a major development. The technology for the fabrication of TLD badge reader was transferred
to a party in Mysore. Technology transfer is also planned for the canned motors for which
considerable expertise is available. Development of video-frame processor for industrial
radiography, template matching, intruder detection and other applications was completed and
the know-how transferred to industry. Many potential users have shown interest in BARC
developed electron beam welding machines which offer advance technique of welding.

Radiation and Isotope Technology

The Board of Radiation and Isotope Technology (BRIT) administers the radioisotope production,
sale and applications programme, radiochemicals, radiation sources, radiopharmaceuticals, label-
led compounds and irradiators.

Radioisotopes and related services offered by the Board during the year were worth Rs.4.96
crores — an increase of about 25% over the sales of the previous year.

About 9OO institutions were the users of the radioisotope products supplied by BRIT. The
Board also supplied 1600 consignments of radiation sources for use in diverse fields. The 50,000
consignments of radiopharmaceutical products supplied, enabled about 6 lakhs patient-
investigations. The regional centres for radiopharmaceutical production at Bangalore and New
Delhi processed about 2.44 TBq of Tc-99m products for local users. A kit for the production of
Tc-TBI Ca product used in cardiac investigations), preparation of Tc-99m HMPAO (a brain
perfusion imaging agent), a modified kit for radioimmunoassay CRIA) of triiodothyronine and
improved kit for radioimmunoassay of HCG were the notable developments. A shielded plant for
preparation of the column generators for routine supply is under construction. The new
laboratory for synthesis of carbon-14 and tritium labelled compounds at Vashi was commis-
sioned and production work commenced. The JONAKI laboratory at Hyderabad, which meets
90% of the indigenous needs of P-32 labelled biomolecules, increased the range of P-32 labelled
compounds. For use in non-destructive testing in industry, 48 radiographic cameras were
supplied by BRIT.

The I5OMED plant at Trombay has been rendering service for irradiation of medical products
for the last 15 years. During the year, the services of ISOMED were utilised by 269 user
industries. Over 6,300 cu.m of medical products were sterilized at the plant. The cobalt-60
sources of ISOMED were also upgraded. The indigenously developed 'RASHMI' plant commis-
sioned last year at Bangalore, offered irradiation services to the pharmaceutical industry and it
functioned satisfactorily. During 1990, another plant offering sterilization of medical products is
expected to become operational at the Shri Ram Institute of Industrial Research, New Delhi. The
work of upgrading of irradiation facility progressed considerably and 3.7x1015Bq of cobalt-60
sources will be loaded into the plant shortly.

The indigenous irradiation technology for preservation of food products has come of age. A
demonstration plant for irradiation of spices is proposed to be set up at Cochin in collaboration
with the Spices Board. The projects for inclusion in the VIII Five Year Plan cover diverse areas
such as extension of nuclear medicine and teletherapy, setting up of demonstration plant for
irradiation of spices for export, production of radiophamnaceuticals, and testing of radioisotope
equipment.
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Public Sector Undertakings

Uranium Corporation of India Ltd.

Registered in 1967, the Uranium Corporation of India Ltd. CUC1L) operates two mines at
Jaduguda and Bhatin (Bihar), a uranium mill at Jaduguda and plants for uranium by-product
recovery.

1988-89 was a successful year for the Corporation. The production of uranium concentrates
increased further this year. The capacity utilization of the Jaduguda mine increased to 89.6% as
compared to 85.59b last year. The capacity utilization of the Bhatin mine was 76.5%. At the
Jaduguda mill, the production of uranium concentrate was an all time high — it crossed the
target. The capacity utilization of the mill was 95.7% as compared to 96.6% during the previous
year. The capacity of the mill was also raised from last year.

The production at Surda and Mosaboni plants for uranium recovery was also higher as
compared to the last year. At Rakha, even though there was a slight drop in production as
compared to the last year, the production target fixed for the year was crossed. The production
of molybdenum sulphide concentrates and magnetite also exceeded the target.

The income of the Company was Rs.33.58 crores — an increase of 1 9.3% over the previous
year and a net profit of Rs.5.52 crores was registered. The Corporation started work on setting
up new underground mines at Narwapahar and Turamdih, and a mill at Turamdih at an estimated
cost of over Rs.495 crores. Work on sinking of a new shaft also continued. On its completion, ore
from a depth of 555m to 900m would be mined. Ecology and environmental protection
continued to receive the attention of the Company.

Indian Rare Earths Ltd.

The Indian Rare Earths Ltd. (IRE) has been paying dividends to the Government since its
inception in 1950. During the year, the Company's southern units performed extremely well by
registering three folds increase in their profits. Commissioning of Rs. 14 crore Dredge & Wet
Concentrator and Modernisation Plant at Chavara were the significant achievements. These will
substantially increase the production of minerals at Chavara Plant as well as the profitability. The
Heavy Rare Earths Oxide Plant was also completed. In OSCOM, there was an improvement in
the production of minerals and synthetic rutile. Technical problems of the project were identi-
fied, and remedial measures were taken.

During 1988-89, the Company's turnover rose to Rs. 60.16 crores as compared to Rs.32.59
crores in the previous year. This is expected to go up to Rs.69 crores during 1989-90. The foreign
exchange earning is also expected to increase to Rs.32 crores in 1989-90 from Rs.30 crores
during 1988-89.

The Thorium Factory also showed improved performance. During the year 1989-90, the
production of thorium nitrate reached to about 138 MT/year and a profit of Rs.2.37 lakhs is
expected. The Thorium Plant at Orissa is expected to be completed by 1990.

In view of the good position of the international and domestic markets fc.' rare earths
minerals, opening of new deposits in Tamilnadu and Andhra Pradesh is on the anvil. The areas for
import substitution are also being identified. IRE is also in the process of carrying out a feasibility
study on the modalities of giving encouragement to small scale entrepreneurs to set up ancillary
units. IRE has drawn up a 5-year Corporate Plan for the period 1989-94 under which a number of
new projects are planned for opening of new mineral sand deposits and for making value added
products.

Electronics Corporation of India Ltd.

An off-shoot of the research done at BARC, the Corporation was formed in 1967 with an
authorised capita) of Rs. 10 crores. Today, it is a frontline company in the field of electronics. The
Corporation supports DAE's nuclear programmes by meeting its needs of control and instru-
mentation systems, and caters to the other activities such as thermal power projects and
railways.

ECIL continued its thrust in the areas of control and instrumentation, computers, communica-
tion systems and contributed to the consumer electronics sector. The production, gross
turnover and profit before taxes during 1988-89 were Rs.204 crores, Rs.218 crores and Rs.3.18
crores, respectively. The production and income registered a growth of 21% and 18%, respec-
tively, as compared to the previous year. The targets for the year 1989-90 are set at Rs.250
crores, Rs.298 crores and Rs.5.34 crores, respectively. The Corporation also exported TV sets
worth approximately Rs.5O lakhs.
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During t989-9O, ECIL completed the supplies of control and instrumentation systems to
NAPP-1 &2, and met about 50% of the requirements at KAPP-1 Sc2. The solid-state interlock logic
system for Hazira Ammonia Extension (Heavy Water) project was also supplied during the year.
Other supplies to DAE included nuclear and health physics instruments and CCTV systems. In
the non-nuclear sector, ECIL completed the central supervisory control system for Vizag Steel
Plant's energy networks, remote telemetry units to Nahorkatiya Jorajan Pipe Line (NJPL), Oil &
Natural Gas Commission CONGO, electronic automation equipment for the steam turbines of
thermal power plants at Neyvsii and Raichur and is completing the installation and commission-
ing of tele-supervisory system for Hazira Bijayapur Jagdishpur (HBJ) Pipe Line project. The major
supplies in the area of computers were the indigenously produced SPC-Telex equipment for DoT
and Mahanagar Telephone Nigam Limited, store & forward message switching systems and
data handling systems for defence, and Medha 930/830 Mainframe, Super-32 and Unipower-30
computer systems for various applications. In the field of communications, ECIL supplied TVRO
equipment with antennas to Doordarshan, a wide range of antennas to Defence, AIR, DoT and
others, air-traffic controllers to Civil Aviation and digital facsimile equipment to various users.

In the industrial sector, ECIL supplied security systems such as X-ray baggage inspection
systems and CCTV systems. During the year ECIL received an order for the manufacture of
75,000 nos. of electronic voting machines.

Other Activities

Financial Support to Institutions

DAE is fully funding the Tata Institute of Fundamental Research, Saha Institute of Nuclear
Physics, Tata Memorial Centre, and the Institute of Physics Bhubaneswar. and supports the
activities of the Institute of Mathematical Sciences (Madras), Mehta Research Institute (Allaha-
bad), and the National Board for Higher Mathematics.

The Department also continued to support research in universities and research institutions in
the country in the field related to the interests of DAE. During the year 1989-90, the Board of
Research in Nuclear Sciences (BRNS) recommended 125 renewal projects and 70 new projects
with an estimated expenditure of Rs.236.83 lakhs. The Board also conducted 19 departmental
symposia and provided partial financial assistance to over 100 symposia/conferences/seminars
with a total expenditure of Rs.24 lakhs. The Department awarded Dr.K.S. Krishnan fellowships
to promising students for carrying out research in different disciplines in various institutions in
the country. This fellowship has a career development component.

International Relations

For the 33rd year in succession, India was designated to the Board of Governors of the
International Atomic Energy Agency (IAEA). India continued to offer training facilities, fel-
lowships etc. and made available the services of its experts both through IAEA, and to the
countries with which it has bilateral agreements for cooperation in the field of peaceful uses of
atomic energy. Indian scientists/engineers continued to participate in the international symposia,
workshops, and conferences. India also hosted nine IAEA meetings and symposia during 1989.
The first meeting of the joint lndo-USSR Working Group on Nuclear Power was held during the
year. The Group was set up to facilitate implementation of the Indo-USSR Intergovernmental
Agreement for cooperation in the construction of nuclear power station in India.

Human Resources Development

In view of the country's ambitious nuclear programmes aiming at bringing the benefits of nuclear
science to people at a fast pace, the Department needs highly trained manpower. The Depart-
ment therefore embarked upon its human resources development programme under which
various training courses continued to be arranged for senior officers of scientific/engineering,
and administrative streams.



A panoramic view of the Kakrspar Atomic
Power Station under construction

Nuclear Power Stations in opera-
tion
The gross annual electricity gen-
eration during the calendar year
1989 from the three nuclear pow-
er stations in commercial opera-
tion is about 3984 million kilowatt
hours CMUs). For the period of
nine months in the financial year
1989-90 i.e. from 1 April, 1989 to
31 December, 1989, the total
electricity generation is 3143
MUs. The generation figures have
come down compared to the pre-
vious year mainly due to the unex-
pected failure of main generator
transformer of the second unit of
Tarapur Atomic Power Station
CTAPS-2) and an unusual problem
of failure of the moderator inlet
manifolds in both the units of the
Madras Atomic Power Station
CMAPS) necessitating long out-

ages. The cumulative generation
of electricity from the three oper-
ating stations since the com-
mencement of commercial opera-
tion till end December, 1989
amounts to 62573 MUs.

The liquid and gaseous radioac-
tivity discharges at all the stations
during the year were very low and
well within the permissible limits
and the Environmental Surveill-
ance Laboratory (ESL) carried out
surveys covering atmospheric,
terrestrial and aquatic environ-
ment within a radius of 30 km
from the stations.

Tarapur Atomic Power Station —
1 & 2

The station comprising of two
boiling water reactor CBWR> units
with a capacity of 2 x 160 MWe
has completed twenty years of

TAPS - 1 TAPS - 2

Nuclear Power
Corporation
of India Ltd.

1. Generation
Cin MUs)

2. Capacity
factor C%)

3. Availability
factor C%)

Period
1.1.89

to

Period
1.4.89

to

Period
1.1.89

to

Period
1.4.89
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31.12.89 31.12.89 31.12.89 31.12.89

892 60O

63.65 56.77

70.35 62.51

472 468

33.71 44.32

34.84 45.65
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Tarapur Atomic Power Station

successful commercial operation
logging 4O reactor years as on 1
November, 1989.

The cumulative electricity gen-
eration from the station since the
date of commencement of com-
mercial operation till end Decem-
ber, 1989 is about 36.860 MUs.
The station generated 1364 MUs
during the calender year 1989 and
1068 MUs during the nine months
period from 1 April to 31 Decem-
ber, 1989.

The details of unitwise genera-
tion, capacity and availability fac-
tors, during the year are in Table
on page 2.1.

The unit-1 achieved availability
factors of 100% in February, April,
May, October and November,
1989 and a capacity factor of
100% in November, 1989. The
eleventh refuelling and annual
maintenance works of the unit
were successfully completed in 99
days from 19 June, 1989 to 27
September, 1989.

The unit-2 achieved availability
factor of 100% during April, June
and July, 1989 and registered
capacity factors of 98%, 98% and
96% in April. June and July, 1989
respectively. The unit-2 had a
forced outage for a period of 3
months when the generator rotor
ground fault appeared in end De-
cember, 1988, and was rectified.
The unit had again to be shutdown

from 6 August, 1989 to 5 January,
1990 due to the fault in high vol-
tage winding of its main generator
transformer. A 100 MVA transfor-
mer was obtained on loan from
Gujarat Electricity Board, installa-
tion completed, and unit res-
tarted in January, 1990 at a res-
tricted power level of about 80
MWe. The regular replacement
transformer of full capacity has
been shipped to TAPS. This will be
installed and commissioned in
April/May. 1990 to restore normal
power level operation of the unit.

Construction of storage facility
for long term wet storage of
spent fuel is in an advanced stage
of completion and expected to be
completed by middle of 1990.

Rajasthan Atomic Power Station

The Unit-2 of the station, which is
a pressurised heavy water reac-
tor CPHWR) of capacity of 22O
MWe performed well during the
year 1989 The cumulative genera-
tion of electricity from the unit is

about 9225 MUs since commercial
operation to end December, 1989.
The details of generation of elec-
tricity, capacity and availability fac-
tors during the year 1989 are in
the Table below.

In addition to generation of elec-
tricity as above, steam was sup-
plied to the Heavy Water Plant
CHWP), Kota from this unit equiva-
lent to an electricity generation of
145 MUs during the year 1989 and
with this the annual capacity fac-
tor in 1989 was 71.11%. The unit-2
recorded 100% availability factor
in January and February, 1989 and
99% in March, 1989. The capacity
factors including steam supply to
HWP Kota during January, Febru-
ary, March and November, 1989
were 97%, 88%, 91% and 90%
respectively. Annual maintenance
works of the unit were carried out
in a minimum period of 35 days
between 4 July, 1989 to 8 August,
1989. The annual maintenance
outage of the unit was taken up
after a spell of two years.

The unit-1 owned by DAE and
operated by Nuclear Power Cor-
poration CNPC) on an agreement,
had been operating at a restricted
power level of about 90 MWe
since the year 1987 when it came
on line after repair of the leaks in
its south end shield. The limitation
in power level to 50% of the full
reactor power is stipulated by
Atomic Energy Regulatory Board
CAERB} consequent upon the re-
pair of the south end shield. The
cumulative generation of electric-
ity from the unit since the date of
commencement of commercial
operation to end December, 1989
amounts to 7217 MUs. The unit-
generated 384 MUs of electricity
during the calender year 1989. The
generation of electricity during the
period of nine months from 1
April to 31 December, 1989 is 375
MUs. In addition, steam was sup-

1. Generation in MUs
2. Capacity factor %
3. Availability factor %

RAPS
Period
1.1.89

t o
31.12.89

1225
63.58
79.69

- 2
Period
1.4.89

t o
31.12.89

820
56.45
73.14
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Rajasthan Atomic Power Station

plied to the Heavy Water Plant,
Kota from the unit equivalent to
an electricity generation of 26
MUs during the year 1989.

Madras Atomic Power Station

The station comprising of 2x235
MWe indigenous PHWRs has re-
corded a cumulative electricity
generation of 9271 MUs from the
date of commencement of com-
mercial operation till end Decem-
ber, 1989. The station generated
about 1011 MUs of electricity dur-
ing the calender year 1989. The
generation from the station during
the period of nine months from 1
April to 31 December, 1989 is 880
MUs. TJne details of generation of
electricity, capacity and availability
factors during the year 1989 are
as follows for the individual units
of the station.

due to a very unusual problem of
failure of the smoothening baffles
Cmanifolds) of moderator inlet
flow inside the calandria. The fai-
iure of baffles resulted in damage
to some of the calandria tubes.
Hence fuel was unloaded frorii
neighbouring pressure tubes, the
pressure tubes and calandria
tubes were cut remotely to get
access for inspection of damage.
This necessitated development of
many special engineering solu-
tions such as remote inspection
and handling using radiation resis-
tant video cameras. Alternate
schemes were developed. After
depositing the debris in a pocket
inside calandria using the BARC
developed manipulators, an in-
terim modification has been im-
plemented for supplying modera-
tor heavy water through the out-
let pipe of the calandria and taking

MAPS - 1 MAPS - 2

1. Generation
On MUs)

2. Capacity
factor C%)

3. Availability
factor C%)

Period Period Period Period
1.1.89 1.4.89 1.1.89 1.4.89
to to to to

31.12.89 31.12.89 31.12.89 31.12.89

492 408 519 472

23.88 26.32 25.19 30.42

49.65 58.37 49.66 62.69

The performance of both the
units during the period under re-
ference is below the mark mainly

out the moderator through the
dump ports into the dump tank
(located at the bottom of the
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reactor). Before implementing the
interim solution elaborate compu-
ter calculations and flow tests
were done in BARC. AERB gave
clearance initially to raise power
level upto 50% and later in steps
upto 75%. The main considera-
tions are flow pattern of modera-
tor inside calandria with altered
routing and avoidance of localised
hot water pockets.

The unit-1 which remained shut-
down from 4 April to 24 June,
1989 on account of the above
problem, was initially started and
operated at a restricted power
level of 50% full reactor power
from June, 1989. After assessing
the performance of the unit at this
power level, the reactor power
was raised to 75% of full reactor
power from early November,
1989. The electrical output at this
power level is around 160 MWe.
The unit-1 recorded an availability
of about 100% in July, 1989.

The unit-2 which experienced a
similar problem of moderator inlet
manifold as that of unit-1 re-
mained shutdown from 9 January
to 14 June, 1989 and was started
after implementing the in-
terim modifications as described
for unit-1 and was initially oper-
ated at a power level of upto 50%
of full reactor power and later
from 28 October. 1989. power
level was raised to about 150
MWe. The clearance of AERB as
of now is for operating upto 75%
of full reactor power. The unit-2
recorded an availability of about
100% in August, 1989.

R&D activities have been carried
out to evolve a scheme for restor-
ing near normal flow pattern inside
calandria for the moderator which
would enable to bring the unit to
full power operation. Procurement
of materials and mock-up trials re-
lating to these modifications are in
progress. These modifications are
likely to be taken up during the
later half of 1990.

Narora
Unit-1

Atomic Power Station

The first unit of Narora Atomic
Power Station — a PHWR of 235
MWe capacity, is the first of the



Madras Atomic Power Station

modified and standardised
reactor design among the Indian
PHWRs. It achieved criticality on
12 March, 1989. After the initial
low power experiments, the unit
was synchronised for the first
time to the Northern Grid on 29

luly, 1989. The unit is presently in
the phase of infirm operation.
Modifications and improvements
based on the experience and re-
quirements of AERB during infirm
power operation phase are being
implemented. The unit operated
at a power Ifev/el of about 100 MWe
for a period of about 20 days in

Narora Atomic Power Station

January. 1990. The clearance by
AERB as of now is upto a power
level of about 10O MWe C5O% full
reactor power). Regular commer-
cial power operation of the unit is
expected to commence during
early part of financial year 1990-91
after completion of testing and
clearance from AERB at 75% and
100% full power levels. As the
Narora plant is the first of its kind
of the standardised 235 MWe
PHWR units where considerable
upgradation of the design has
been achieved, additional time be-
tween criticality and commercial

power operation was taken for
conducting low power experi-
ments and collecting plant data at
various power levels.

Projects Under Construction

Narora Atomic Power Project —

Unit-2

The erection activities are com-
pleted excepting small residual
works, and commissioning of the
systems is in progress. During the
year, balance piping, electri'..-jl and
instrumentation works ware car-
ried out. Station power supplies
have been energised. Air held test,
of primary heat transport circuit
has been completed. Testing of
moderator system has been com-
pleted and commissioning of the
systems has commenced. The
leak testing of reactor building
containment is in progress. Tur-
bine generator has been boxed up
and oil flushing is in progress.

The land acquisition and rehabi-
litation works for establishing 1.6
km radius exclusion zone have
been completed. Stringing of addi-
tional 220 KV transmission lines
from NAPP to Simbholi has been
completed by the LJttar Pradesh
State Electricity Board CUPSEB).
The stringing of 220 KV lines from
NAPP to Khurja is nearing comple-
tion by UPSEB:

The current target date for
achieving criticality is end August
199O.

Kakrapar Atomic Power Project
1&2 — 2 x 235 MWe PHWRs

Major civil construction works of
the two reactor buildings and con-
struction of service building and
stack for both the units have
been completed. The turbine
building for the first unit is com-
pleted and induced draft cooling
tower-1 (IDCT-1) for the first unit
is nearing completion. Natural
draft cooling tower-1 (NDCT-1) is
expected to be completed by
October 1990. About 75% of the
civil works of waste management
plant is completed.

Eight steam generators re-
quired for both the units were deli-
vered to site. Installation of calan-
dria tubing, coolant channels and
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Construction activities at Kakrapar Atomic

Power Project

steam generators for the first unit
has been completed and erection
of feeders is in progress. The main
generator transformer and the
main generator for the first unit
have been installed. Alignment of
turbines is in progress. Nuclear
and conventional system piping
works are in full swing.

In respect of unit-2, installation
of end shields, calandria, their
alignment and grouting of the end
shields are completed. Calandria
Cubing and nuclear and conven-
tional piping works are in prog-
ress.

The overall progress of both the
units put together till December
1989 is about 8O%. The target
dates for achieving criticality are
December 1990 for unit-1 and De-
cember 1991 for unit-2.

Rajasthan Atomic Power Project
3&4 — 2x235 MWe PHWRs

Infrastructue required to com-
mence civil works has been com-
pleted. Additional infrastructural
facilities for further stages are in
progress.

The excavation for main plant
buildings has been completed dur-
ing the year. Mud mat concreting
for the raft in Reactor Building
unit-3 has been completed and

work on mud mat concreting has
commenced in Reactor Building
for unit-4 and control & service
buildings.

Apart from calandria for unit-3
delivered earlier during the last
year, end shields, primary coolant
pumps, and reactor headers for
unit-3 have been delivered to site
during the year. Manufacture of
calandria for unit-4 has also been
completed. Steam generators,
turbine generators and boiler feed
pumps are under manufacture.

Tender document for nuclear
piping contract is under prepara-
tion. Specifications for selected
supply-cum-erection packages in
conventional mechanical systems
have been prepared and procure-
ment action has commenced.

The project is progressing to
achieve the target dates for
achieving criticality in May 1995
for unit-3 and November 1995 for
unit-4.

Kaiga Project 1 6c 2
2 x 235 MWe PHWRs

Compensatory afforestation prog-
ramme by the Forest Depart-
ment of the Kamataka Govern-
ment is in progress for which
progressive payment has been
made by NPC. Work on evolving
and implementing a scheme for
protection and improvement of
ecology and environment at Kaiga
site has been taken up by the
Mangalore University. Under this
programme, it is envisaged that a
number of forest tree species
peculiar to western ghats will be
planted over a period of five years.

Land acquisition for the plant
and township has been com-
pleted. Infrastructural works at
site required for commencing
main plant civil works have been
completed. Additional facilities for
further stages are in progress.

Work on main plant civil works
commenced in full swing and ex-
cavation works for main plant
buildings were completed. After
detailed analysis and review, clear-
ance was obtained from AERB, to
proceed with concreting of the
central core of the raft in Reactor
Building-1 and works were com-

pleted. Concreting of raft in the
central core section of Reactor
Building-2 is nearing completion.
Concreting of the Turbine Gener-
ator-1 foundation and column
footings of Turbine Building-1 are
in progress. A geodesic dome was
used during monsoon to proceed
with works during heavy rains.

Calandria for unit-1 is delivered
at site. Manufacture of calandria
for unit-2 and one end shield for
unit-1 is completed. Manufacture
of the second end shield for the
unit-1 is nearing completion. Prim-
ary coolant pumps for two units
have been received. Manufacture
of steam generators, turbine
generators, condensers and feed
water heaters is in progress.
Manufacture of boiler feed pumps
for unit-1 is complete and for unit-
2 is in advanced stages of comple-
tion.

Tender document for nuclear
piping contract is under prepara-
tion. Specifications for selected
supply-cum-erection packages in
conventional mechanical systems
have been prepared and procure-
ment action is in progress. The
project is progressing for achiev-
ing criticality by June 1995 for
unit-1 and December 1995 for
unit-2.

New Projects

Kaiga Project 3 to 6
4 x 235 MWe PHWRs

The Detailed Project Report CDPR)
was prepared and proposal
for project financial sanction was
endorsed by the Atomic Energy
Commission CAEO. No objection
certificate from Karnataka State
Pollution Control Board was re-
ceived and data for environmental
appraisal has been submitted to
the Union Ministry of Environment
and Forests. A Committee consti-
tuted by the Ministry is in the pro-
cess of appraisal and clearance is
awaited. After obtaining clear-
ances from environmental and
safety angles, the proposal for
project financial sanction will be
put up for the approval of the Gov-
ernment of India. Advance pro-
curement of selected long delivery
and critical components is in prog-
ress. Raw materials for calandria,
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Reactor Building-1 of Kaiga Project under construction

end shields, steam generators,
reactor headers etc. are under
manufacture and part shipment.
Orders for fabrication of calandria
and end shields and letter of in-
tent for manufacture of primary
coolant pump motor assemblies
have been released. Letter of in-
tents for fabrication of steam
generators for three units have
been released and for fourth is
under process. Action for place-
ment of order for turbine gener-
ators is in progress.

SOO MWe PHWR

Tarapur Atomic Power Project
3 & 4 — 2 x 5OO MWe PHWRs

Site clearance from the AERB
was obtained in December, 1989.
Details on rehabilitation plan were
discussed with State Government
and Union Ministry of Environ-
ment and Forests, New Delhi. En-
vironmental clearance from the
Union Ministry is awaited. The
proposal for project financial sanc-
tion with cost estimates updated
to March, 1989 price level was en-
dorsed by Atomic Energy Commis-
sion. The proposal for project
financial sanction will be put up for
the approval of Government of In-
dia after obtaining environmental
clearance.

As part of advance actions, pre-
paration of tender documents for
main plant civil works is nearing
completion. Work on setting up of

site infrastructural facilities such
as site construction offices, ware-
houses, access roads, water,
power supply have been taken up
and are in progress.

Action has been initiated on
steps preparatory to acquisition of
land at plant site.

Detailed engineering of nuclear
and conventional systems of 500
MWe PHWR projects is in prog-
ress. Advance procurement of
selected long delivery and critical
equipment and components is in
progress.

Rajasthan Atomic Power Project
5-8 — 4 x SOO MWe PHWRs

Detailed Project Report (DPR)
was prepared and proposal for
project financial sanction was en-
dorsed by Atomic Energy Commis-
sion. Provisional No Objection Cer-
tificate CNOC) from Rajasthan
State Pollution Control Board was
obtained. Formal environmental
clearance from State Government
is awaited. Data on environmental
appraisal was submitted to Union
Ministry of Environment and
Forests. A committee consti-
tuted by Union Ministry of En-
vironment and Forests is in the
process of environmental apprais-
al. The details for clearance of the
site from safety angle have been
submitted to AERB and are under
review. The proposal for project
financial sanction will be put up for
the approval of Government of In-

dia after obtaining safaty and en-
vironmental clearances.

As part of advance actions, pre-
qualification of contractors for
site grading is in progress. Plan-
ning of site infrastructural facili-
ties is in progress.

Detailed engineering activities
of 500 MWe PHWR projects are in
progress. Advance procurement
of selected long delivery and critic-
al equipment and components are
in progress.

Engineering and advance pro-
curement of selected long delivery
and critical components and
equipment for 6 x 500 MWe
PHWRs (TAPP 3 & 4, RAPP 5 - 8)

Site layouts for TAPP 3 & 4 and
RAPP 5 - 8 were finalised. Con-
siderable progress has been
achieved in the design and analysis
of main plant buildings. Design of
reactivity mechanisms, fuelling
machine carriages and convention-
al systems (turbine generator and
electrical systems) has progres-
sed well. Engineering work on
other nuclear systems are in prog-
ress. Engineering work is pro-
ceeding for TAPP 3 & 4. Most of
the engineering of nuclear sys-
tems will be similar for RAPP 5-8.
However, in respect of civil struc-
tures and conventional mechanical
and electrical systems, engineer-
ing work is being initiated in the
areas where changes for RAPP 5-
8 will be necessary.

Fabrication of calandria and end
shields for first two 500 MWe un-
its is in progress, raw materials for
the next four units are # under
manufacture and tendering for
fabrication of the same is in prog-
ress. Letter of Intent for steam
generator forgings has been re-
leased and tendering for fabrica-
tion of the steam generators is in
progress. Primary coolant pump
motor assemblies for the first 5OO
MWe unit have been received.
Subsequent manufacture of
these for the second unit is in
progress -and letter of intent for
four more units have been placed.
Letter of intent for turbine gener-
ators and auxiliaries have been
issued. Procurement actions on
other long delivery items are in
progress.
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Public Awareness

A view of Kudanku/am site

Kudankulam Project (2 x 1O00
MWe capacity WERs)

In accordance with the Inter-
Govemmental Agreement signed
between Government of India and
USSR on co-operation in setting
up of 2 x 1000 MWe capacity
WER type nuclear power reac-
tors, work on technical assign-
ment and various appendices to
the Detailed Project Report CDPR)
contract was completed jointly by
the Indian and Soviet sides. A high
levei working group on 'Nuclear
Power1 has been constituted
under the Indo-Soviet Inter-
Govemmental Commission on
economic, scientific and technical
co-operation to resolve any out-
standing issues relating to the pro-
ject. Issues related to maximum
basic cost of the project and cost
of preparation of DPR were dis-
cussed in the first meeting of the
Working Group held in October,
1989. In addition, it was agreed in
this meeting to review the possi-
bility of preponement of targetted
commissioning dates of Decem-
ber, 1998 CUnit-1) and December,
1999 CUnit-2) by one year or so.
Clearance has been given to

Soviet organisations to take up
work on preparation of DPR upto
March, 1990 as per provisions
agreed upon in the first meeting
of the Working Group.

Clearance of the site from safe-
ty angle has been received from
Atomic Energy Regulatory Board
CAERB). Environmental clearance
from the Union Ministry. of En-
vironment and Forests has also
been received. Advance action for
acquisition of land required for the
plant and township has been
taken up.

Indian scientific institutions
such as the National Geographical
Research Institute CNGRI), Hyder-
abad, National Institute of
Oceanography CN1O), Goa and
other private specialist organisa-
tions have been awarded works
for detailed site investigations to
obtain necessary data to sub-
stantiate site related design in-
puts.

Indian consultants are progres-
sing with engineering of infras-
tructural works such as fresh wa-
ter pipe line, access roads, con-
struction po.wer etc.

A public seminar to explain de-
sign and safety features and oper-
ational record of nuclear power
reactors in India and group discus-
sions with environmentalists were
held at Sirsi, Kamataka during the
year. Lectures were organised for
staff and students of schools in
Ankola, Honavar and Sirsi in Karna-
taka. Exhibitions were also held
along with the seminars. NPC par-
ticipated in the exhibition held at
the International Trade Fair, New
Delhi. A special media supplement
was published giving information
on the Narora Atomic Power Sta-
tion on the occasion of the dedica-
tion of the same to the nation. A
video casette film prepared on
NAPP was telecast from Luck-
now Doordarshan. A video caset-
te on Kaiga project has also been
made for audiences in and around
the local area.

Financial Performance

During the period from 1 April, 1988
to 31 March, 1989, the Company
made a net profit of Rs. 62.24
crores from operating stations
and income from investments, after
providing for appropriations to-
wards contingency, general and
decommissioning reserves and
prior period adjustments. During
the period 1st April, 1989 to 31st
December, 1989 the provisional
net profit is estimated at Rs.
16.53 crores from operating sta-
tions and income from invest-
ments after appropriations. The
decline in profit in the current year
is due to the unusual problem of
failure of moderator inlet man-
ifolds at both the units of MAPS 1
& 2 leading to restricted oper-
ational power levels of these two
units after implementation of in-
terim solution for bringing back
these units on line, and the failure
of main generator transformer of
TAPS-2. During the financial 1989-
90, an amount of Rs.360 crores
was raised by NPC through bor-
rowings from capital market for
investment in its projects.
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Heavy Water Plant at Tuticorin, Tamilnadu

Heavy Water
Projects

Heavy Water Plant (Nangal)

The Heavy Water Plant at Nangal
is based on the production of pre-
enriched hydrogen gas obtained
by electrolytic process from the
National Fertilizers Ltd. CNFD and
low temperature distillation of the
same at the Heavy Water Plant.
The Plant has been operating in a
steady manner commensurate
with the availability of power to
the energy intensive Electrolysis
Plant. The availability of power to
the Electrolysis Plant has been
restricted and continued availabil-
ity of power has been uncertain.
To overcome the heavy de-
pendency on power for the elec-
trolytic process, a separate plant
for generation of pure hydrogen
by Naptha reforming and pressure
swing adsdorption, being set up
by NFL, is nearing completion and
is likely to be operational next
year. Thereafter overall produc-
tion is expected to improve.

Heavy Water Plant (Baroda)

The Heavy Water Plant at Baroda
is based on the mono-thermal
ammonia-hydrogen exchange pro-
cess. Tha Plant operated steadily
during the year. Some more im-
provements have been effected in
the plant by installing six additional
catalyst tubes in the main cracker,
replacing leaky expansion bellows
and heat exchanger in the ammo-

nia converter and installing prtas-
sium amide catalyst pump. These
are likely to improve production
from the Plant.

A facility is being set up for up-
grading non-nuclear grade heavy
water to nuclear grade. Civil and
structural work is in hand. Critical
items have been ordered.

Haavy Water Plant {Tuticorin)

The Tuticorin Heavy Water Plant is
based on the mono-thermal
ammonia-hydrogen exchange pro-
cess. The performance of the
Plant during the year has been
very satisfactory because of high
stream factor and some improve-
ments carried out namely: (i) in-
stallation of additional six catalyst
tubes in the main cracker, and Cii)
commissioning of the recirculating
compressor for improvement of
recovery efficiency of the main ex-
traction tower.

Heavy Water Plant CTalcher)

The Talcher Heavy Water Plant is
based on the bi-thermal ammonia-
hydrogen exchange process. The
performance of the Plant could
not be established for want of in-
puts from the fertilizer plant of
Fertilizer Corporation of India
CFCD. However, as and when in-
puts were available from FCI, re-
sults of some modifications
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already carried out during the long
shut down of the fertilizer plant in
1988, were observed and found to
be beneficial. Further modifica-
tions, if any, required in the Heavy
Water Plant to attain reasonable
production levels would be work-
ed out and undertaken after short
term and long term measures to
be recommended by the Commit-
tee appointed by the Ministry of
Chemicals &. Fertilizers to improve
performance of the FCl fertilizer
plant, have been implemented and
their performance established.

Heavy Water Plant (Thai)

The Plant is based on the mono-
thermal ammonia-hydrogen ex-
change process. The Plant had un-
anticipated long shut downs be-
cause of the damage to tower in-
ternals Ccable stage) during the
plant start-up after its annual turn
around in April 1989 and non-
availability of water due to
washing away of a portion of the
raw water line from Nagothane.
The Plant also had constraint of
reduced supply of synthesis gas
because of long shut down of one
of the two ammonia plants of
Rashtriya Chemicals & Fertilizers
Ltd. CRCF) for maintenance of
their compressors and change of
catalyst. The Plant is now operat-
ing steadily.

An Additional upgrading facility
is being set up for which procure-
ment of equipment and materials
is in progress. Civil and structural
work will commence shortly.

Heavy Water Plant CKota)

During the year, the performance
of the plant, which is based on the
indigenously developed dual
temperature hydrogen sulphide-
water exchange process, was
satisfactory, but for the restraint
imposed by AERB on increasing
its operating pressure and fre-
quent interruptions in supply of
steam from the neighbouring
power station. The restraint im-
posed by AERB is expected to be
removed in the near future. A Cap-
tive Steam Generation Plant is
under construction and is ex-
pected to be operational by mid
1990 thereby improving the steam
availability and ensuring a higher
stream factor of the Plant and pro-
duction of heavy water.

Heavy Water Project (Hazira)

The Heavy Water Project at Hazira
is based on the mono-thermal
ammonia-hydrogen exchange pro-
cess. The project is in advanced
stage of mechanical completion.
Its commissioning is expected to
be achieved on schedule by
November 1990.

An upgrading unit is being set up

for which procurement is in prog-
ress and civil and structural work
will commence shortly.

Heavy Water Project (Manuguru)

The Heavy Water Project at Manu-
guru is based on dual temperature
hydrogen-sulphide-water ex-
change process, as adopted in
Heavy Water Plant at Kota. A Cap-
tive Power Plant is also being set
up to provide power and steam to
the main plant. In the Captive
Power Plant practically all the au-
xiliary units are under operation.
The first of the three steam boil-
ers and generator units has been
commissioned and is generating
steam and power as per require-
ment. The other two units are in
various stages of completion.
In the main Heavy Water Plant all
the auxiliary units have already
been commissioned and are in op-
eration. Pre-commissioning of the
main plant has also commenced in
the second exchange unit of the
plant after completing the cold nit-
rogen-water run, "hold on" test
and hot run. Arrangements are
being made for charging hydrogen
sulphide gas into the system for
formation of the protective film.
Test runs are being conducted on
various machines of the first ex-
change unit. It is expected that
low pressure operation of the
plant would begin by middle of
1990.
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Fuel bundles fabricated at the Nuclear Fuel
Complex for the Indian pressurised
heavy water reactors

Nuclear Fue!
Complex

Fuel

Zircaloy clad fuel bundles for
PHWRs are manufactured from
the yellow cakeCmagnesium
diuranate) received from UCIL,
Jaduguda, by first converting to
uranium dioxide in the Uranium Ox-
ide Plant CUOP) and then to final
bundles at the Ceramic Fuel Fab-
rication Plant CCFFP). Similarly,
two other plants namely the En-
riched Uranium Oxide Plant
CEUOP) and Enriched Fuel Fabrica-
tion Plant CEFFP) work together
to manufacture fuel bundles for
boiling water reactors from the
imported raw material namely en-
riched uranium hexafluoride.

During this year, apart from reg-
ular supply of replacement fuel
assemblies for RAPS and MAPS
additional assemblies were sup-
plied to NAPS-1. BWR bundles
have also been fabricated and sup-
plied to TAPS. These include the
improved design (7 x 7 assembly)
bundles. Besides the normal
work, the following significant
process improvements have been
successfully carried out:

1. Standardization of batch pre-
cipitation route for ADU.

2. High capacity rotary calcination
furnace.

3. Increased batch size produc-
tion of U3Oa in EUOP.

4. Introduction of sintering fur-
nace of improved design.
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7.

Process automation for
pneumatic transfer of ADU,
UO2 powder etc.
Design of a centralised control
system for calcination and re-
duction furnaces in UOP.
Special lubrication process for
UO2 pellet compaction.

A significant achievement this
year is a much improved recovery
from the UOa powder to pellet
stage because of the introduction
of special lubrication.

Zircaloy Products

A chain of three plants namely,
the Zirconium Oxide Plant CZOP),
Zirconium Sponge Plant CZSP) and
Zircaloy Fabrication Plant CZFP)
produce zircaloy tubes and compo-
nents starting from the raw mate-
rial zircon sand received from Indi-
an Rare Earths Ltd. ZOP con-
tinued with the production of zir-
conium oxide and this year also,
the production figures exceeded
the design capacity.

Regular production work was
started in the new chlorination
building of ZSP and the plant is
expected to achieve the targetted
production figures this year.

In ZFP, the work of salvaging
zircaloy scrap was continued. Reg-
ular production of seam welded
calandria tubes for KAPP-II and
RAPP III and BWR fuel tubes were



Indigenously fabricated zircaloy tubes

continued. Technical problems en-
countered in the production of
PHWR fuel tubes are being analy-
sed and are expected to be solved
soon. Other important compo-
nents successfully fabricated in
this plant include thermal barrier
tubes for Dhruva reactor, TAPS
channel fastener assemblies and
components for cobalt absorber
assemblies.

The following design and pro-
cess improvements were intro-
duced in the manufacture of zirco-
nium/zircaloy products:

1. Introduction of high capacity
fusion furnace for zircon sand
fusion in ZOP.

2. Use of liner in the batch reduc-
tion process of zirconium tet-
rachloride to improve the pro-
duction efficiency and re-
covery.

3. Production of homogeneous
Zr-Nb ingots using thin Nb
sheets in the briquettes.

4. Remelting of zircaloy crowns
after steel shot blasting and
pickling treatment.

5. Introduction of a nibbling equip-
ment for converting rejected
fuel tubes to a suitable form
for remelting.

6. Fabrication of Zr-Nb-Cu garter
springs including welding of gir-
dle wire and interlocking the
ends with hook design.

7. On the spot reinforcement
work on flow tube assemblies
at NAPP-ll site as per modified
specifications of NPC.

Special Tubes & Stainless Steel
Tubes

The various production para-
meters for Zr-Nb seamless
coolant tubes were standardised
and a first batch of tubes for
KAPP II have been produced with
a high recovery. Towards produc-
tion procedure for SS 410 liner
tubes was modified by introducing
additional cold reduction step to
improve recoveries. To meet spe-
cial requirement of MAPS, the
moderator sparger tubes in zirca-
loy-2 were produced for the first
time. The inhouse fabricated cold
pilger mill, HPTR 8-15, which in-
corporates an online laser size
measurement system was put
into regular use for the production
of fuel clad tubes for PFBR and
FBTR.

Besides these, the regular fab-
rication work of seamless stain-
less steel tubes was continued.

Development work in this area in-
cludes seamless lncoloy-800 tube
for use in heat exchanger and SS
fuel tubes for PFBR.

Fast Breeder Reactor Component
Facility

A dummy PFBR fuel sub-
assembly was successfully fabri-
cated in the facility. The require-
ment of antimony oxide capsules
and other components for FBTR
at Kaipakkam was continued to be
met.

High Purity Materials

The Special Materials Plant CSMP)
continued the production of high
purity (99.9999b) materials such
as gold, gallium, silver, indium,
POCI3, selenium, tellurium etc, for
electronic industries and institu-
tions. Besides these, the produc-
tion of magnesium granules, zirco-
nium metal powder and Zr-Nb
master alloy were continued.

Process and other Development
Work

The following significant develop-
ment works for implementing in
the new projects were success-
fully carried out during this year:

1. Fabrication of seven-zone UO2
pellet sintering furnace (oper-
ating temperature 17OO° O
with reduced pushing intervals,
automatic charging — discharg-
ing system and accurate
temperature control.

2. Completion of pilot plant stu-
dies for the extraction purifica-
tion of zirconium by amine sul-
phate process.

3. Laboratory scale production of
UOa powder through AUC
route and further conversion of
the powder to pellets without
precompaction and binder addi-
tion.

4. Fabrication of shear strength
testing machine for checking
the individual welds of spacer/
bearing pads on PHWR fuel ele-
ments.

5. Fabrication of semi-automatic
bearing pad welding machine
with improved design.
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Semiautomatic machine fabricated at NFC far welding
bearing pads on PHWR fuel pins

6. Fabrication of a tumbling
machine for deburring of end
plates and bearing pads.

7. Standardization of cold swag-
ing process for size reduction
of Zr-2 rods for end cap manu-
facture.

8. Fabrication of bearing pads
through cold drawn rectangular
wire route.

9. Fabrication of thin walled
C20x1.5 mm) seamless SS
tubes and Ti alloy tubes with
stringent mechanical property
specifications for use as hyd-
raulic piping in light combat air
crafts.

Such indigenous and inhouse de-
velopment work has also resulted
in saving considerable amount of
foreign exchange.

Quality Assurance & Quality Con-
trol

The Centralised Control Labora-
tory and the Inspection Groups
stationed at various plants con-
tinued the quality control activi-
ties. Over 24,000 samples were
analysed by chemical and in-
strumental methods involving
1,75,600 determinations. An eddy
current testing procedure was
standardised for inspecting Zr-Nb
coolant tubes. Necessary dif-
ferential coils were designed and

Inhouse fabricated cold piiger mill which incorporates an online laser
size-measuring system

High temperature UQ2 pellet sintering furnace fabricated at NFC

fabricated for detecting internal
and outer diameter defects.
Analytical/testing procedures
switched over to new instru-
ments after careful standardiza-
tion include:

1. Determination of Gd2O3 in UO2

samples by XRF spectrometry.

2. ICP spectrometric determina-
tion of rare earths and Mo in
UO2 and also Zr and Hf in zirco-
nium pure solution samples.

3. Tensile testing of fuel tube
samples under accurate strain
conditions and high tempera-
ture testing of coolant tubes
by the newly installed prog-
rammable universal testing
machines.

As a part of the Quality Assur-
ance Programme, various measur-
ing instruments used in process
and quality control were calibrated
and certified.
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Human Resources Development

For the third consecutive year,
NFC has bagged the coveted
Shram Veer Award. Sustained en-
thusiasm was shown in the quality
circle programme and several case
studies were presented in orga-
nised forums.

More than 30 training program-
mes were conducted for the be-
nefit of NFC personnel covering
various topics. A National Training
and Certification Course on Ultra-
sonic Testing-Level-3 was con-
ducted in NFC in June-July 1989 in
collaboration with UNDP/IAEA.

Medical, Health physics and
Safety

Independent units functioning for
the purpose of medical, health
physics and safety continued their
work. Special medical check-up
with particular emphasis on car-
diovascular and metabolic dis-
eases for the employees was con-
tinued. Computerisation of health
records and environmental sur-
veillance data were also updated.
A new lung-uranium counting facil-
ity has been added to the Health
Physics Unit which provides regu-
lar internal domestic service to the
Uranium Plant personnel.

Civil Works

Various civil works connected
with the expansion programmes,
water-treatment plant for cooling
water system, residential blocks
etc., were completed during the
year. The Central Industrial Secur-
ity Force CCISF) Unit has been
shifted to newly constructed
permanent buildings.

Energy Conservation Measures

Constant efforts were on to bring
down the energy consumption by
way of introduction of high capac-
ity and high efficiency production
equipment such as the large fu-
sion furnace for zircon and rotary
calcination furnace for ADU.
Material transfer time losses were
minimised by the introduction of
automated conveyor systems. In
some cases, process modifica-
tions were resorted to for mini-
mising power, time and material
consumption. These include liner

batch production of zirconium
sponge and zircaloy bearing pad
production via rectangular wire
route.

Power Restrictions

This year also power cut upto 50%
has been experienced and as on
December 1989 the State Elec-
tricity Board has imposed 4O%
power cut. In view of this, part of
the power requirement is being
met with the help of captive pow-
er generation. Erection of a 132
KVA sub-station is also in prog-
ress.

Revenue Receipts

The estimated revenue receipts
during 1989-9O is Rs. 89 crores.

Expansion of Fuel & Zircaloy for
10,000 MWe Programme

Corporate Plan

To increase the nuclear power
generation to 10,000 MWe by the
year 2000, NFC will have to prog-
ressively enhance the production
of PHWR fuel to about 1800 ton-
nes-UO2/y (1600 tonnes-U/y) and
zircaloy items 250 tonnes per year
by 1997. Towards this, a Perspec-
tive Corporate Plan — consisting
of both Continuing Schemes and
New Projects — has been
approved in principle by the Ato-
mic Energy Commission. The total
outlay for executing the Corporate
Plan is estimated at about Rs.
1400 crores C1989 prices), out of
which about Rs. 1200 crores is
required to be invested during the
8th Plan and the balance during
the early 9th Plan.

Implementation of Continuing
Schemes

Under Phase-I Expansion Scheme,
all the equipment and machinery
for Zirconium Oxide Plant and Zir-
conium Sponge Plant have been
received and installed, and related
civil and utilities works completed.
These plants are now operating at
the expanded capacities. Commis-
sioning of large-scale prototype
reduction and vacuum distillation
equipment for producing reactor
grade zirconium sponge in 750 kg
batches is scheduled for July
199O. In Zircaloy Fabrication Plant,
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most of the equipment and
machinery have been installed and
production enhanced. In Uranium
Oxide Plant, major equipment
such as vacuum filters, turbo-
dryer and calcination furnaces
have been commissioned and re-
maining line equipment are under
commissioning. In Ceramic Fuel
Fabrication Plant, civil, electrical,
ventilation and other utility works
are nearing completion and some
equipment have been received. In
Quality Control Group, all the spe-
cialty analytical equipment have
been received and installed. Based
on the present state of progress,
this scheme is expected to be
completed during 1990.

In the case of the other two
parallel schemes — namely, Aug-
mentation of PHWR Fuel from 225
to 300 tpy and Expansion of Zirca-
loy from 5O to 80 tpy for meeting
the requirement of reactors upto
KAPP-II, procurement of equip-
ment and machinery is in full-
swing. These schemes are ex-
pected to be completed during
1990 on schedule. In view of the
severe constraints in procuring
custom designed special equip-
ment, formation of a group to
take up the indigenous design and
manufacture of these critical
equipment and machinery with
the support of industry is under
consideration. Separate sub-
groups are executing some of
these jobs.

New Projects

The long-term Plan involves the
setting up the following 8 new
projects, in the VIII Plan, out of
which some have to be completed
during the VIII Plan itself and the
remaining by early IX Plan.

Sites for all the projects have
been identified. Detailed project
reports have been got ready for
the New Uranium Oxide Fuel
Plant-1 St 2, New Zirconium
Sponge Plant, ,and New Zircaloy
Fabrication Plant. Land acquisition
for the New Zirconium Sponge
Project at Pa'layakayal, Srivaikun-
tam Taluq, Chidambaranar district,
Tamil Nadu, is in advanced stage
and the lands are expected to be
handed over by 1990. Environ-
mental impact studies at this site
have been completed for two sea-

Continued on page 2.18



Tachaometric survey in the coastal sands of
Newra area. Ratnagih district, Maharashtra

Atomic Minerals
Division

The Atomic Minerals Division
(AMD), through its countrywide
mineral exploration, augmented
the raw material resources of ura-
nium, thorium, zirconium, tita-
nium, niobium, tantalum and
yttrium. Additional uranium re-
serves were mainly contributed by
deposits at Dorniasiat in Megha-
laya and Tummalapalli in Andhra
Pradesh with marginal additions
from five other areas. Uranium de-
posits at Turamdih (South),
Mohuldih and Garadih in Bihar
were handed over to UCIL for ex-
ploitation after AMD-UCIL joint
evaluation. Delineation of few
new uraniferous zones, proving of
heavy minerals resources of about
8.2 million tonnes contained in 3
deposits Con behalf of IRE),
estimation of 48.6 tonnes of xeno-
time in the potential category, and
production of 3145 kg of Nb-Ta
concentrates are some of the.
other highlights.

Uranium Exploration Airborne
Surveys

Airborne gamma ray spec-
trometric and magnetometric sur-
veys over an area of 34,754 sqkm,
in parts of Andhra Pradesh, Oris-
sa, Madhya Pradesh and Mahar-
ashtra helped to identify 144
radioactive anomalies for follow-
up ground surveys. Detailed analy-
sis of the remote sensing data of

some of the above areas was car-
ried out for mineral targetting.

Ground Surveys

Significant uraniferous anomalies
were located through ground
radiometric surveys (reconnaiss-
ance 20656 sqkm, detailed 559
sqkm) carried out over areas
selected on the basis of geological
favourability and airborne
radiometric and remote sensing
data. They are in (i) Chlorite schist,
quartzites around Bana, Seku
etc., Uttarkashi district and near
Kui, Song etc. Almora district,
Uttar Pradesh, (ii) Brecciated felsi-
tic rocks in the extension areas of
Nawatola, Mirzapur district, Uttar
Pradesh, Gii) Cataclasites of frac-
ture/fault zone in basement rocks
(NW of Rayachoti), Cuddapah and
Anantapur districts. Andhra
Pradesh. (iv) Quartz-biotite
schists and calc-silicate rocks in
and around Ladi-Ka-Bas area,
Sikar district, Rajasthan, (v)
Magnetite-quartzites and carbo-
naceous phyllites of Subansiri dis-
trict, Arunachal Pradesh, Cvi)
Mahadek sandstone outliers and
granites in Mawkyrwat area, West
Khasi Hills district, Meghalaya, Cvii)
gritty sandstones in the exten-
sions of Bogan anomaly, Bastar
district, Madhya Pradesh, and (viii)
quartzites near sakra village,
Bhandara district, Maharashtra.
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The various Gondwana basins of
the country are being evaluated
for their uranium potentiality.
Geochemical surveys (over 6800
sqkm) in parts of. Andhra Pradesh,
Orissa, Assam, Meghalaya,
Madhya Pradesh and Uttar
Pradesh resulted in delineating
five uraniferous anomalous zones
in Cuddapah and Kurnool district,
Andhra Pradesh.

Geophysical surveys conducted
at Jamenkhela-Bhalulata, Sunder-
garh district, Orissa' (Induced
Potential and resistivity), Killung
and Tyrkhang blocks, West Khasi
Hills district, Meghalaya (magne-
tic), and Sonrai-Tori tract, Lalitpur
district, Uttar Pradesh (regional

Exploratory drilling in Siwalihs

magnetic, gravity, I. P. and E.M.
Surveys) helped to demarcate the
potential uraniferous zones.

Sub-surface Drilling and Explora-

Intensif ied exploratory and evalua-
tion drilling in 45 uranium pros-
pects aggregated 66,384 m
(48,039 m by AMD rigs and 18,345
m by Public Sector Undertakings),
the highest ever achieved. Evalua-
tion drilling was undertaken at
Domiasiat (Meghalaya), Tummala-
palle-Gadankipalle (Andhra
Pradesh), Mohuldih, Central
Keruadungri, Rajgaon and
Kanyaluka in Singhbhum Thrust
Belt (Bihar) and Jajawal (Madhya

Pradesh). Of these, sizeable re-
serves were proved at Domiasiat
and Tummalapalle with small but
significant contributions from the
remaining areas. Significant sub-
surface mineralisation was inter-
cepted by exploratory drilling at
Kasha-Kaladi, Rajpura (Himachal
Pradesh), Umra (Rajasthan),
Mawkyrwat (Meghalaya), Pakni-
Dumhat (Madhya Pradesh),
Mogarra (Maharashtra).

Exploratory mining for evalua-
tion of deposits at Khya and Anda-
lada (Himachal Pradesh), Bagjata
(Bihar) and Domiasiat (Meghalaya)
totalled 527 m.

Small scale mining is in progress
at Kandi, Simla district, Himachal
Pradesh and the extracted ore is
being treated, at site, in ex-
perimental heap leaching plants.

Beach Sand and Offshore Inves-
tigations

Heavy mineral reserves of 8.2 mil-
lion tonnes were identified in
three deposits, and handed over
to IRE for exploitation; the de-
posits are 1) Nagamayyapalem-
Annavaram, Bhimunipatnam
coast, Andhra Pradesh (2.94 mil-
lion tonnes of heavy minerals), 2)
Newre, Ratnagiri coast, Mahar-
ashtra (0.73 million tonne of heavy
minerals), and 3) Kudiraimoli Teris
— Phase I, Chidambarnar district,
Tamil Nadu (4.53 million tonnes of
heavy minerals). Investigations on
the dredge sands of Vishakhapat-
nam port Andhra Pradesh, were
also completed. Area covered for
heavy mineral investigations total-
led 260 km and 22 sqkm for recon-
naissance and detailed surveys re-
spectively.

AMD collaborated with GSI in
offshore investigations (49,800
sqkm area covered) and partici-
pated in the cruises off the coasts
of Kalingapatnam and Gopalpur on
the east coast and off-Varakla,
Chavara and Anjengo on the west
coast. In the tract surveyed (con-
tinental shelf zone), off the east
coast, 10-16% of heavy minerals
were identified. Deep sea inves-
tigations including magnetic and
bathymetric surveys upto the ex-
clusive economic zone (EEZ),
were also undertaken off Tamilna-
du — Pondichery and off Andhra
Pradesh coasts.
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Rare Metal and Rare Earth Inves-
tigations

Investigations Cover 2151 sqkm)
for rare metals and rare earths led
to enhancement of the potential
resources of xenotirne by 48.6
tonne at Baljhora nalla. Raigarh
district, Madhya Pradesh and Deo
river, Gumla district, Bihar. The
new potential areas identified for
rare earth resources are, the gra-
nites near Sitapalle CLa-Ce), East
Godavari district and the phospho-
rite bands interbedded with the
Owk shales in Kurnool formations
in Andhra Pradesh.

Pilot recovery plants produced
3145 kg of Nb-Ta mineral concen-
trates at Marlagalla, Karnataka
and 28 tonnes of heavy mineral
concentrates containing 5°/o of
xenotime at Siri River, Madhya
Pradesh. A new recovery unit was
installed at Kanyaluka, Singhbhum
district, Bihar and initial tests re-
sulted in production of 7.7 kg of
xenotime concentrates.

Re-evaluation of cassiterite/col-
umbite-tantalite resources in the
three blocks of Katekalyan area,
Bastar district, in collaboration
with the Directorate of Geology &
Mining, Madhya Pradesh and
Madhya Pradesh State Mining Cor-
poration led to proving of 155.5
tonnes of cassiterite/columbite-
tantalite resources.

Geotechnical Investigations

AMD scientists participated in the
site selection of nuclear installa-
tions in the country and in geolo-
gical, geotechnical and seis-
motectonic investigations of reac-
tor sites at Ujani, Jaitapur,
Kudankulam, Kalpakkam, Kaiga
etc. Geological-cum-structural
mapping of reactor sites at Kaiga
and radiological background stu-
dies at Kudankulam were also
taken up.

Laboratory Investigations

The various laboratories provided
support to field investigations be-
sides carrying out research and
development related to explora-
tion. New physics laboratories
were set up in the Regional Cen-
tres at Jaipur, Baroda and Hyder-
abad.

The Physics Group was engaged
in processing of airborne gamma-
ray spectrometric and magne-
tometric survey data using the in-
house computer facility, fabrica-
tion and maintenance of instru-
ments for airborne and ground
radiometric surveys, radiometric
analysis of surface and mine sam-
ples (16427 nos.), gamma ray log-
ging of boreholes/probe holes
C88263 m), radiometric assay of
borehole cores (9,302 m), shielded
probe logging of mine faces/tren-
ches (7,400 m), bulk ore grading
of mine tubs (1,423 nos.), analysis
of monazite samples (149 nos.),
and estimation of trace elements
by neutron and gamma activation
and isotopic X-ray fluorescence
techniques C435 nos.). The Group
developed software packages for
evaluation of performance of the
airborne survey system and for
Fortran-Cobol link.

Age determination of 254 geolo-
gic samples by Rb-Sr and Pb-Pb
dating methods and estimation of
strontium, neodymium, uranium
and sulphur isotopic ratios in 42
samples were carried out in the
Geochronology Laboratory.

Chemical Laboratories carried
out 86,887 determinations for
different radicals in 21,000 sam-
ples of which 339 samples were

analysed for complete chemical
analysis. Two mobile geochemical
laboratories in Andhra Pradesh
and Meghalaya provided quick
feed back of analytical data. Stan-
dardisation of methods of estima-
tion of rare earth elements in ura-
nium and thorium rich geological
materials and thorium in monazite
by ICP-AES, were taken up as re-
search and development prog-
rammes.

The Mineral Technology Labor-
atories processed 265 samples for
uranium leachability and heavy
mineral beneficiation studies be-
sides running test heap leaching
plants at Andalada and Kandi,
Himachal Pradesh. Microbiological
studies on ore samples continued.

The Petrology Laboratories in-
vestigated 1 734 samples for pet-
rographfc and mineragraphic char-
acterisation of atomic minerals
and rocks. The spectrograph, X-
ray fluorescence and X-ray diffrac-
tion laboratories analysed 2265,
1220 and 247 samples respec-
tively.

Human Resource Development

A Training School at Hyderabad
with field training centres at Jubla-
tola CBihar), Hamirpur (Himachal
Pradesh) and Cuddapah (Andhra
Pradesh), was established and 73

Pitchblende CU) with syneresis cracks filled with chalcopyrites CCu) Dariba, Rajasthan
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geo-scientists were imparted
training in different disciplines.

AMD brought out its first pub-
lication, 'Exploration and Research
for Atomic Minerals' in its en-
deavour to share its experiences
with the wider scientific com-
munity.

Over hundred scientists partici-
pated in the national seminars/
symposia/workshop on various
topics for presentation of technic-
al papers, and as delegates. Nine
scientists participated in the va-
rious international symposia/semi-
nars/conferences held at China,
Thailand, Italy, USA and Vienna.

Collaboration

The AMD's collaboration with sis-
ter organisations such as GS1,
NRSA, ONGC, MECL, NMDC,
State Governments and other

agencies in the mineral exploration
field enabled radiometric logging
of the boreholes drilled by some of
these organisations and, identi-
fication of the following fields for
collaborative work namely: with
GSI in Antarctica research; De-
partment of Ocean Development
in the ninth Antarctica expedition;
NRSA in the application of remote
sensing data in mineral targetting;
ONGC in airborne radiometric sur-
veys C9195 sqkm over Cauvery
basin, Tamil Nadu) and geochrono-
logical studies; Directorate of
Geology and Mines, Uttar Pradesh
for copper-uranium investigations
and Directorate of Geology, and
Mining and State Mining Corpora-
tion, Madhya Pradesh for assess-
ment of tin ores in Bastar district.
Analytical facilities at AMD Head
Quarters and regional centres
were extended to the various uni-

versities, central and state gov-
ernment organisations.

Under the UNESCO sponsored
International Geological Correla-
tion Programme CIGCP), AMD con-
tinued its participation in four pro-
jects, namely, (i) Precambrian
events in Gondwana Fragments;
Cii) Metalliferrous black shales; (iii)
Precambrian dyke swarms; and
Civ) International geochemical
mapping.

Two expert teams of AMD sci-
entists visited Vietnam and Syria
under the bilateral co-operation
programme; seven scientists from
Vietnam, Cuba and Syria under-
went training in AMD in the field
of uranium exploration. Under the
co-operation programme between
DAE and COGEMA, France, three
geo-scientists visited AMD.

Continued from page 2.73

sons. Land acquisition for the
New Uranium Oxide Fuel Plant-2,
at Turamdih, Singhbhum district,
Bihar, is in progress. Action has
already been initiated to obtain en-
vironmental clearances from
AERB and the concerned state
and central agencies for the va-
rious project sites. Sanctions for a
total of Rs. 151.99 crores have
also been secured for these four
projects for taking advance ac-
tions such as land acquisition, in-
frastructure development, and
procurement of critical and long
delivery' equipment and machin-
ery, for some of which the quota-
tions are under evaluation. Finan-
cial sanction for the four projects
is expected by April 1990.

Consultants have already been
appointed for taking up detailed
engineering and construction of
New Uranium'Oxide Fuel Plant-1 &
2. With respect to New Zirconium
Sponge Plant and New Zircaloy
Fabrication Plant, tender evalua-
tion is on hand and consultants will
be appointed by March 1990.

For the Uranium Fuel Assembly
Plant-1, the draft DPR received
from the Consultant is under scru-
tiny.

The above projects will need an
additional manpower of around
4,700 in various categories. Prop-
osal for their sanction and plans

for recruitment and induction
training are on hand.

Structural changes in the orga-
nisation is also on the anvil to take
up the execution of these new
projects, commensurate with the
huge investments and tight time
schedule envisaged.

In view of the plans for quantum
jump in the level of production,
efforts are also on hand: CD to up-
date process technology to
achieve higher recoveries and re-
duce energy consumption and Cii)
development of automated and
high-capacity equipment incorpor-
ating mechanised material hand-
ling.
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A panoramic view of Bhabha Atomic Research Centre

Bhabha
Atomic
Research
Centre

Nuclear Physics

With the commissioning of the
Medium Energy Heavy Ion
Accelerator CMEHIA) C14 UD Pel-
Ietron Accelerator) facility in De-
cember 1988, heavy ion beams of
sufficiently high energy suitable
for advance research in nuclear
physics became available for the
first time in the country. During
this year, setting up of the four
beam lines and associated ex-
perimental equipments around the
Pelletron Accelerator Facility were
completed. The experimental faci-
lities included a general purpose
scattering chamber, BGO gamma-
ray detector multiplicity set up,
target irradiation facility for
radiochemical studies, and
CAMAC-based multiparameter
data acquisition system. While
many basic nuclear physics re-
search programmes utilised the
Pelletron Accelerator Facility,
several research programmes
were also carried out with the
charged particle beams from
Trombay Van de Graaff accelera-
tor and the VEC at Calcutta. Neut-
ron beams from Cirus reactor at
Trombay were also utilised for fis-
sion studies.

The field of study of resonances
in heavy ion collisions with the
beam of MEHIA accelerator has
been initiated with the study of
the reaction 12C(16O.4He)24Mg.

The excitation function of this
reaction leading to several excited
states upto 22 MeV in 24Mg were
obtained and the data have given
evidence of three intermediate
structure resonances at excitation
energies of 42 to 47 MeV in 28Si.

In order to -investigate the im-
portance of "threshold anomaly",
the strong energy dependence of
the real part of optical potential
observed at near barrier energies
for the system 16O, 209Bi and
4He + 209Bi, detailed elastic scat-
tering angular distributions for
16O and 4He on 209Bi target have
been measured at several ener-
gies near the barrier.

The fission fragment angular
distributions have been measured
for 9Be, 10B, 12C.. 16O and 19F
ions on 232Th target, with a view
to check the predictions of the
theoretical model proposed earlier
by Trombay scientists to explain
the anamolous fragment anisotro-
pies observed in heavy ion induced
fission. Results of the preliminary
analysis of the data are found to
be in agreement with the above
theoretical prediction that there
should be a transition in anisotropy
values across a critical mass asym-
metry.

Angular momentum distribu-
tions in O + Ag and O + In reac-
tions were deduced for various



channels by measuring the gamma
multiplicity distributions using the
BQO gamma ray multiplicity set-
up.

Energy spectra of prompt neut-
rons emitted in thermal neutron
induced fission of 235U was mea-
sured together with the energies
and angles of the coincident fis-
sion fragments at Cirus reactor.
The data were analysed to obtain
information regarding tempera-
tures of fission fragments emit-
ting thesa neutrons.

Charge exchange reaction of the
type (6Li, 6He) and C7Li. 7Be)
were taken up for study at the
pelletron accelerator and the initial
runs have indicated the feasibility
of studying these low cross sec-
tion reactions.
High energy gamma ray (5 to 40
MeVO measurements were made
on various targets (Co to Au) bom-
barded with alpha beams from
VEC, Calcutta, and heavy ion C7Li,
16O) beams from MEHIA
accelerator. Properties of hot
giant resonances in nuclei and
ultradipole photon cross-sections
were extracted.

Direct reaction1 analyses of the
reactions 13CC3He,4He)12C lead-
ing to ground and first excited
states of 12C studied withTrom-
bay Van de Graaff accelerator
have given significant quantitative
evidences of the direct 9Be clus-
ter transfer at sub-barrier ener-
gies.

•Alpha particle induced fission of
235U was investigated in deep
sub-barrier energy region C2-4
MeV) with the Van de Graaff
accelerator. At these energies,
fission cross sections were found
to be several orders of magnitude
larger than that expected, and
these suggest that the process
contributing is the fission of
Coulomb excited target state nuc-
leus.

Further theoretical work on nuc-
lear level densities were carried
out by analysing the experimental
data on the particle yields and
energy spectra in proton induced
reactions on molybdenum iso-
topes.

Progress in the understanding
of the delta production reaction

depends upon our ability to con-
struct the t-matrix for the descrip-
tion of the pp n + + reaction. Ti us
t-matrix has been constructed and
found to fit all the available data
from threshold to 4 GeV on this
reaction. This work also suggests
that the size of the nucleon in nuc-
lei is less than 0.5 fm, which is
against the currently held belief of
the bloating of the nucleon.

For the analyses of knock-out
reactions, a new symmetric 3-
body Schroedinger equation has
been set up which gives exact
solution when one of the distort-
ing optical potentials vanish. The
solution of the new equation cor-
respond to angular momentum de-
pendent distorting potentials in
the conventional treatment.

A Monte Carlo computer code to
simulate nuclear collisions at
ultrarelativistic energies based on
the coherent tube model has been
developed which predicts .the ex-
perimental results very satisfac-
torily. The code is being modified
to run on a parallel processing
computer to reduce computing
time. The code is now being
adopted to simulate background
events in the Kolar proton decay
experiment.

The multiplicity distribution of
charged particles in hadron colli-
sions at high energies, calculated
on a parton branching model, fits
data well. Predictions of the multi-
plicity distributions expected at
superconducting supercollider
energies have also been made.

Parallel Plate Spectrometer for
detection of electrons produced in
the decay of atoms excited in the
beam foil interaction has been
tested for performance and its
calibration constant has been de-
termined. Similar studies for Cylin-
drical Mirror Analyser are in prog-
ress.

Proton induced X-ray emission
(PIXE) technique was utilised to
study trace element concentra-
tions in cancer tissues and lead
levels in blood samples of children.
The XRF method was applied for
analysis of trace elements in tea,
soil and high Tc superconducting
materials.

3.2

233U breeding optimisation from
232Th bombarded with 14 MeV
neutrons have been studied in
cylindrical geometry with Monte
Carlo calculations. Fast neutron
spectrometric studies have been
carried out in Fusion Blanket
assembly irradiating CR-39 SSNTD
detectors.

Detailed design analysis of a
spallation neutron source for
simulation of radiation damage at
400, 600 and 1 200 MeV has been
carried out for materials like iron,
chromium, manganese, nickel,
stainless steel-316 and DIN-
1.44914. Preliminary studies of
thorium breeding using a spallation
source have been carried out.

Under a contract with IAEA,
Vienna, neutron induced multi-
particle reaction cross-section
data for 58Ni and 60 Ni have been
generated for energy range upto
3O MeX/ using different nuclear
models. 25 group photon interac-
tion cross-sections have been
generated to facilitate investiga-
tive studies pertaining to mineral
exploration.

Accelerator Programme

The Medium Energy Heavy Ion
Accelerator facility set up at the
Tata Institute of Fundamental Re-
search jointly by Bhabha Atomic
Research Centre and Tata Insti-
tute of Fundamental Research be-
came fully operational in October
1988 and was formally inaugu-
rated on 30 December, 1988.
With the commissioning of this
facility, experimental nuclear phy-
sics programmes utilizing energe-
tic heavy ion beams' could be
started for the first time in the
country. During this year, the
accelerator was put into round-
the-clock operation for advanced
research in nuclear sciences utilis-
ing energetic heavy ion beams and
about 50 research experiments
were undertaken. For these, ion
beam species such as 6Li, 10B,
12C, 16O, 19F, 27Al, 28Si, 31P,
32S and 35CI at ion energies rang-
ing from 40 to 130 MeV were
accelerated and delivered to the
experimental stations. The ion
beam currents at the target varied
from 2-300 nanoamperes depend-
ing on experimental requirements.



The experimental programmes in-
cluded studies of sub-barrier fu-
sion, heavy ion induced fission,
high, energy gamma ray emission,
gamma ray multiplicity distribu-
tions, elastic scattering, transfer
reactions, heavy ion molecular re-
sonances and nuclear life times.
Experiments were also carried out
in the area of ion-solid interac-
tions, condensed matter physics
and radiochemical studies.

The major problems relating to
machine operations during the
year were caused by accidental
rupture of charging chains. On
tracing that this problem is prob-
ably due to higher speeds of the
drive motors, steps have been
taken to replace the existing
motors with those having
appropriate speeds. Two addition-
al beamlines were commissioned
during this year, making a total of
four beam lines for different ex-
periments. The remote control
system for the experimental
beamline was also integrated with
the main CAMAC control system.
A number of electronic circuits
were incorporated for remote
measurements of tank pressures,
chain drive motor positions and
testing beam p.rofile monitor
calibration, etc.

Work on fabrication of RF re-
sonators for the superconducting
LINAC made further progress at
the Central Workshops. Technique
of lead plating the RF resonators
was also further improved and a
prototype RF resonator tested for
RF performance produced
accelerating field of 2.4 MV/meter
at a dissipation of about 6 watts.
The design of the cryostat module
to accommodate four RF resona-
tors was completed and the work
of its fabrication was started.
Electronic design of RF controller
card of each resonator was taken
up along with the work of procure-
ment of the required RF electro-
nics.

The RF tank for the 150 keV
deuteron RFQ accelerator has
been machined and tested for
vacuum. The tank has been cop-
per electroplated. The support
structure for the tank is fabri-
cated. The RF coupling loop, RF
test assembly, tuning fixture and

RF pick-up probe assemblies are in
progress. All parts of the Duplas-
matron ion source for RFQ linac
have been fabricated and vacuum
tested. A vacuum of 5x10~6 Ton-
has been achieved in the asserrv
bly. The 30 kV high voltage sup-
plies of the ion source and the gas
supply system have been tested.
First stage of the 30 kW, 45 MHz
power amplifier has been de-
signed and tested.

Reactor Physics

Major reactor physics work was
done in connection with various
power reactor systems like TAPS,
RAPS and MAPS. Analysis of ex-
periments on the first approach to
criticality and phase-B reactor phy-
sics for Unit I of NAPP was com-
pleted. Further investigations
were carried out on the spatial
control and kinetics of proposed
500 MWe PHWR. A new supercell
model for simulating reactivity de-
vices in PHWRs was formulated.
Several IAEA benchmark calcula-
tions on in-core fuel management
of PWR, BWR and VVER were
performed in order to validate the
indigenously developed computer
codes.

Basic reactor safety coeffi-
cients and other parameters have
been computed for the 500 MWe
Prototype Fast Breeder Reactor.

Fusion Research

A number of diagnostics including
X-ray spectrometers to investi-
gate the laser produced plasmas
were developed. X-ray spectros-
copic studies related to XUV and
laser induced fusion were carried
out. Batch production of glass
microballoons to be used as spher-
ical targets for fusion plasma was
continued.

Condensed Matter Research

Neutron diffraction studies at
Dhruva carried over a wide range
of temperature in the disordered
spinel system 2nxCo1-xFeCrO4
revealed the existence of highly
perturbed magnetically ordered
states with uniaxial random ferri-
magnetic phase, the canted ran-
dom ferrimagnetic phase and the
spin glass phase occurring in diffe-
rent ranges of temperature. Small

angle neutron scattering (SANS)
studies were pursued in a variety
of CTAB micellar solutions with a
view to understanding the
mechanism responsible for large
changes in viscosity in these solu-
tions. Electrolytic loading of
deuterium in Pd was observed on
a real time basis using neutron dif-
fraction techniques; under the
loading conditions used in the ex-
periment, loaading proceeds only
upto pdDO.55. Critical scattering
studies on solution of Triton X-100
in D2O revealed the nature of
forces responsible for phase
separation of the solution at 62oC.
Lattice dynamics calculations and
computer simulation studies car-
ried out in the high Tc supercon-
ductor YBa2Cu3O7-x were able to
predict correctly the observed
crystal structures, phonon density
of states, thermal expansion and
the orthorhombic to tetragonal
phase transformation. A pro-
totype spin echo spectrometer
using supermirrors was designed,
fabricated and tested at the Cirus
reactor and several spin echo
oscillations were clearly observed.

Position annihilation studies in
the quasicrystalline systems Al-
Mn-Si have been carried out for
the first time. Evidence has been
found in support of the 'glass
model'. Mossbauer spectroscopy
studies on Al-Fe system have
shown that the quasicrystal
A178Fe22 with a stoichiometric
composition very close to the
crystalline phase AI13Fe4 gets
transformed to the crystalline
phase when subjected to thermal
cycling down to liquid nitrogen
temperature. This is believed to
be first such observation.

Resonance Raman scattering
studies of forbidden LO phonon
modes have been carried out in
lnGa0.53As0.47, a technologically
important material. The results in-
dicate that the resonance curve
does not broaden with respect to
GaAs on alloying. Quantum size
effects in small semiconductor
particles are of importance for
realising microdevices; Raman
study of phonon line shapes in CdS
5e small particles C 100A) have re-
vealed features distinct from bulk
samples.
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Measureable hysteresis in mag-
netisation can be seen in only
those superconductor samples
that have a non-zero demagnetisa-
tion correction. The problem of
shielding in such superconductors
has been solved for the first time,
allowing the computation of com-
plex susceptibility and ac losses.
Magnetic hysteresis and transport
measurements have been used to
study critical current in a variety of
high temperature superconduc-
tors.

History-dependent effects in
the magnetization of niobium hu\/e
been established in collaborative
experiments at TIFR.

Based on extensive Mossbauer
spectroscopic studies on YBa2-
Cu3-x FeOx-7 . it was concluded
that the principal reason for the
oxide to be superconducting,
is not the change in the
structure Cfrom tetragonal to
orthorhombic) or the oxygen con-
figuration around the Cul site, but
the change from semiconducting
to metallic nature of the oxide as
changes from 1 to 0.

A number of highly disordered
oxides have been studied; in
Co0.5Zn0.5FeCrO4 and LiTi fer-
rites, the Mossbauer probe Fe ex-
ists in Fe3+ state, whereas in
Feln254, FeGa2O4, ion is in Fe2 +
state. In all cases, characteristics
of spin glass phenomena are
observed in macroscopic AC
suseptibility and magnetization
measurements. It was shown
that these are mainly due to su-
perparamagnetic clustering when
ion is in Fe3+ state but true spin
glass behaviour due to magnetic
frustration occurs in spinels con-
taining Fe2 + ions.

Calorimetric, NMR and X-ray dif-
fraction studies have been carried
out on the structure and proton
mobility in model membranes and
its interaction with antileprosy
drugs.

The protein structure has been
determined for the first time in
India with 2.8oA resolution by pro-
tein crystallography..High activity
carbonic hydrase II from the
erythrocytes of Indian water buf-
falo has been isolated, purified,
crystallised and structure deter-

mined by molecular replacement,
method. Structures of multi en-
zyme complex, and inhibitor/drug
complex have been studied.

A gas gun to generate shock
pressures on samples has been
built and tested, The shock
anamoly present in zirconium at 27
GPa has been analysed by band
theory and attributed to the ome-
ga phase change.

Theoretical Physics

In the area of quantum optics,
new quantum effects in the in-
teraction of light with two-level
Rydberg atoms placed in a high —
Q microwave cavity were studied.
The dynamics of an effective two-
level atom undergoing transition
by simultaneous absorption or
emission of two photons was in-
vestigated. The behaviour of two
and three-level atoms driven by a
coherent field in a broad-band
squeezed vacuum was analysed.
New theoretical results on the
quantum jumps experimentally
observed in coupled transitions in
a single three-level ion localized in
an electromagnetic trap were
obtained. Theoretical studies on
the linear and nonlinear optical
properties of quantum — dots
were carried out.

In the field of quantum chaos,
the spectral properties and nature
of eigenfunctions in some new
pseudointegrable systems were
studied. Application of white-
noise calculus to treat Feynman
path integrals and further develop-
ment of the density functional
methods were pursued.

Laser and Spectroscopy

Most analytical work, like analysis
of Uranium samples (analysed
spectrographically hitherto), is
being carried out on freshly instal-
led ICP spectrometer. Samples
analysed include reactor water for
boron and cadmium, rare earths,
steels, copper alloys, etc. About
1300 samples involving over 7000
determinations were reported.

The 400 mJ Excimer Laser
pumped Dye Laser is being used in
a number of programmes. Stark
effect measurements in Rydberg
states of potassium atoms have
been made. Time evolution and
spectroscopy of laser ablated cop-
per plasma have been studied uti-
lizing emission from both auto-
ionizing and normal states. ,A facil-
ity for laser induced site selection
spectroscopy for the study of rare
earth ions in solids upto liquid
helium temperatures is being set

Laser
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up. Barium metal in a heat-pipe
has been investigated for auto-
ionization studies by observing
both photons and Ba+ ions in a
laser induced multiphoton ioniza-
tion experiment. Utilizing the 571 -
606 nm region of the Rh 6G dye,
la? -»r induced photo-acoustic
spectra has been recorded for
Nd:YAG crystal, cobalt-chloride
and graphite.

Isotope studies have been car-
ried out in a large number of spec-
tral lines of Yb +, Nd, Nd +: Optical
spectroscopic investigations in-
volving plasma diagnostics have
been carried out using the 2kJ
plasma focus device.

lR spectra of the constituents
of high temperature superconduc-
tor materials like YBa2Cu3O7 have
been recorded. Laser optogalvanic
studies in ammonia have been car-
ried out using a carbon dioxide
laser.

Interfacing of a Jarrel Ash mic-
rophotometer with an IBM PC and
development of interface hard-
ware and software to couple
Jobin-Yvon sequential spectro-
meter with an IBM PC has been
accomplished. For signal detec-
tion,, processing and control for
the indigenously built Fourier
Transform Spectrometer, an
amplifier, a phase shifter and a
band pass filter have been fabri-
cated and tested.

Diverse variety of laser grade
optics has been designed and
fabricated, among them being mir-
rors for copper-vapour lasers with
over 99% reflectivity, beam split-
ters for Nd-YAG laser and high re-
flecting ' optics in 330-370 nm re-
gion to be used in formaldehyde
environment.

A remote viewing hot cell
macrograph for viewing post-
irradiated metallographic speci-
mens has been designed atnd fabri-
cated.

An axial fast flow CW CO2 laser
giving an output power of 500
Watts was developed. Develop-
ment of a CO2 laser chain capable
of producing 75 J, 1.5 nS laser
pulses was undertaken. A hybrid
oscillator along with a pulse slicer
was assembled and tested. An
electron beam preionized high

pressure CO2 amplifier was de-
signed, and electron beam source
for the same has been assembled
and tested for vacuum.

In view of the growing import-
ance of dye laser as finely tunable
wavelength sources, efforts were
devoted to enhance output power
of the dye lasers developed indige-
nously.

A mass spect. ometer for on-line
analysis of nuclear fuel has been
built, evaluated and commissioned
at site. An argon extraction sys-
tem for rock samples was made
and supplied to National Atomic
Agency, Indonesia. This system is
meant to be used with the mass
spectrometer supplied earlier for
K-Ar dating of rocks. Two mass
spectrometers for heavy water
analysis were supplied to Heavy
Water Project, Manuguru. De-
velopment of a high resolution
mass spectrometer was con-
tinued and a resolution of nearly
5000 has been obtained in pre-
liminary tests.

Fabrication and testing of the
fifth 600 kW variable d.c. power
supply was completed The instal-
led capacity of the system is now
3MW and the system is being used
for the testing of reactor compo-
nents. The ultraviolet photoelec-
tron spectrometer has been fully
integrated with helium light
source and is undergoing final
tests. Nd: YAG laser rods fabri-
cated from grown crystals
showed effeicient laser emission
at 1.064 m. Clear non-linear optical
crystals of MgO doped and un-
doped LiNbO2, have been grown.
Work on the growth of crystals for
nuclear particle detectors and IR
detectors was pursued, while the
routine production of alkali halide
and KDP crystals and different
types of semiconducting surface
barrier detectors continued.

Work on the production of
Xenon flash lamps for use in lasers
and hollow cathode lamps for use
in atomic absorption spectro-
meters by various DAE units and
outside organizations was con-
tinued. High pressure glass to
metal seals for use in Heavy Water
Projects and seals for canned
motor were fabricated and sup-
plied.

Computer Software
A data communication library has
been developed for FORTRAN us-
ers working on Norsk Data and
HORIZON systems. It is very use-
ful in establishing communication
between two programs running in
two different systems connected
by local network. Execution time
can be considerably saved for
computationally intensive jobs
provided they are partitioned in
modules which may be .executed
parallely in two interconnected
systems. Parallel data communica-
tion library allows transfer of data
between two systems in any
FORTRAN acceptable format
such as real, integer and charac-
ters.

A set of programs were de-
veloped for running in parallel
mode using parallel data com-
munication library. These routines
can be used in FORTRAN prog-
rams and the modules of the para-
llel programs can be initiated
simultaneously in the intercon-
nected systems. Parallel comput-
ing techniques were developed
for Monte Carlo techniques.

Parallel processing environment
has been developed for UNIX-
based HORIZON systems in C lan-
guage. It offers the facility for par-
titioning programs into • indepen-
dent processes, defining parallel
execution of these processes in
interconnected systems, and
establishing communication be-
tween two parallel processes be-
longing to the same job but run-
ning in different systems.

Two computer-intensive FOR-
TRAN programs have been para-
llelized using parallel data-
communication library.

A three dimensional solid mod-
elling package has been developed
on Norsk Data computer systems
for designing and displaying solid
objects on advanced colour
graphics terminals. This package
plays an important role in many
scientific and engineering applica-
tions as a design tool for creating
complex objects and assemblies.
This solid modeller allows genera-
tion of a complex solid from sim-
pler primitive solids such as block,
cylinder, cone, sphere and torus.
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Any geometrically definable object
can be modelled and its informa-
tion can be stored for further
analysis and production of pro-
totype models. This package has
user friendly menu facilities for
variation operations on primitives
and visualization.

Interactive molecular modelling
is being increasingly used for re-
search in frontier areas of molecu-
lar biology and pharmaecology.
Now this facility has been pro-
vided at the Computer Centre by a
software package "ANIMOL"
This program has been developed
and implemented on Norsk Data
Computer System using advanced
Colour Graphics Terminal. The in-
teractive modelling program ANI-
MOL offers Ci) Real-Time rotation,
i.e., rotating the displayed molecu-
lar model about the cartesian axes
by programmed keys, Cii) Bond-
colour, i.e., drawing of any desired
bond in any one of the seven avail-
able colours, and CiiD Atomic-
colour, i.e., controlling the c^'our
of an atom in the space filling
mode or the solid mode of molecu-
lar drawing by either the atom
name or the sequential position of
the atom in the co-ordinate data
set. This program can handle upto
10000 atoms.

A software package has been
developed on Norsk Data Compu-
ter to draw smooth 3-dimensional
ribbon models of proteins on adv-
anced colour graphics terminal.

An Expert System package
which gives advice on the choice
of analytical method to be used
for the separation of an impurity
element from a given pure mate-
rial has been developed. The sys-
tem also suggests suitable
measurement techniques to be
used for the quantitative estima-
tion of the impurity element. Con-
ventional rule-based approach has
been taken for this system. To
start with, the knowledge base
has been built around the ion-
exchange method which is one of
the most popular methods of
separation. The system has been
implemented on an IBM PC using
PROLOG language.

A screen editor called PC-PED
having word processing capability
and equipped with powerful edit-

ing features, developed on IBM
PC, has been implemented on
UNIX based .Horizon computer
system where it makes use of
termcap database library. It has
been implemented on various
kinds of printers that are currently
available for IBM PC and exploits
many of their useful features.

A new integrated voice/data
telephone exchange with a capac-
ity of 1200 voice extensions, 200
public telephone lines and 300
data channels has been installed in
BARC. It has several types of ter-
minal instruments. A vast cabling
network has been laid for im-
plementing the network. To facili-
tate maintenance and manage-
ment of this set-up a network
management database has been
developed on PC. The database is
divided into two record types,
telephone record and user record.
The telephone record gives tech-
nical information such as type of
instrument, physical address of its
interface circuit, cable route and
location. This can produce statis-
tic il information required for the
management of the network. The
us ar record gives information ab-
o i t the personnel associated with
each telephone and is useful for
administration purpose and print-
ing and updating of telephone
directory. The telephone directory
can be obtained with different
types of cross referencing such as
listing under divisions, groups,
locations, names and telephone
numbers.

Motion planning is the first step
towards the realisation of intelli-
gent robots. A motion planner
generates a sequence of states
through which a robot may move
towards its goal without colliding
with any obstacle in its environ-
ment. Typically, a motion planner
operates in the configuration
space spanned by the degrees of
freedom of the robot. The con-
figuration space is formed by map-
ping the objects in the physical
space into the configuration
space. Thus, for a planer robot
moving among polygonal obsta-
cles one needs to determine the
ranges of angles through which a
link polygon may be oriented with-
out intersecting with any obstacle
polygon in its environment. An
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efficient algorithm has been de-
veloped for the determination of
these ranges of angles. It is an
improvement over an existing
algorithm for the same purpose.
The improvement comes from
characterising an edge of a poly-
gon depending on whether it is
exposed to collisions during an
anticlockwise or a clockwise rota-
tion of the polygon about the spe-
cification. The algorithm has been
implemented and tested exten-
sively on an IBM PC. A graphic
editor allows one to define the link
and the obstacle polygons. The
program computes and displays
graphically the configurations at
which the link touches one or the
other obstacle polygons.

Isotope software package has
been developed on IBM PC for iso-
tope sales order processing. At
any point of time it gives the sta-
tus of any order pending and gives
the cause of the delay. It auto-
matically generates reminders to
customers after a given interval
for the return of isotope. It also
helps scheduling the production of
isotope for optimum utilization of
the facilities and to keep the in-
ventories at minimum. Complete
sale profiles and revenue gener-
ated can be obtained at any given
point of time.

A software package for com-
puterised control of receipt and
clearance of materials received by
Central Stores Unit of BARC is de-
veloped for IBM compatible per-
sonal computer system running
under MS-DOS.

Seismology

The field installations for monitor-
ing world-wide seismicity oper-
ated continuously to detect and
identify seismic signals due to
underground nuclear explosions.
The methods developed for discri-
mination of earthquakes and ex-
plosions are extended to other
fields, eg. medical diagnostics and
picture processing.

The AT-386 based system to
monitor safety of underground
mines is in final stage of comple-
tion for being installed at deeper
levels (depth of 2 km) at Bharat
Gold Mines Ltd.



The 12-station radio-
telemetered seismic network
established at Bhatsanagar oper-
ated continuously and the data is
being analysed. It is seen that
seismicity in Bhatsa region is very
weak with a few shallow seismic
sources located in and around the
catchment area upstream of the
dam.

Nuclear Research Laboratory, Sri-
nagar and High Altitude Research
Laboratory, Gulmarg

Gulmarg Gamma-ray Telescope
has detected two episodic emis-
sions of gamma-rays of energy
greater than 2 TeV, from the X-ray
binaries. Herculis x-1 and cas-
sopeia gamma-1.

Further study of the cataclys-
mic variable binary system, AM
Herculis, involving a magnetic
white dwarf instead of a neutron
star, has confirmed the steady
emission of photons of energy
greater than 2 TeV from the
source displaying a' morphological
similarity with the phase depend-
ence of the circularly polarized
light, underlying the crucial role
played by the magnetic field of the
white dwarf in the generation of
gamma rays. Analysis of Cos B
satellite data has led to the detec-
tion of two other similar objects, E
14O5-451 and W* Puppins, at
photon energies of greater than
50 MeV.

Several technical innovations
have been incorporated in the
gamma ray telescope such as
novel method for stabilizing the
threshold of the telescope and a
new majority nanosecond coinci-
dence circuit which identifies the
active input channels.

X-ray fluoroscence CXRF) tech-
nique has been used to study the
elemental composition of 2OOO
year-old.archeological coins disco-
vered in Kashmir valley. A microp-
rocessor-based themnoluminesc-
ence spectrometer has been de-
veloped which stores tempera-
ture and glow curve data in the
RAM and transfers it to PC over a
serial link. The system has been
used for dating of the pottery
samples from an archaelogical site
in Kashmir. The estimated age of
2000 years B.C. of this pottery

agrees well with the accepted
date of the site.

PANBIT source continued to be
used as a regional facility for the
sterilization of medical products
from local hospitals and industrial
units. Study of radiation effects
on Pharmaceuticals like tetracy-
cline and sulpha drugs was con-
tinued using PANBIT gamma
source of 80,000 curie. A' differen-
tial pulse polarographic method
was developed to determine sul-
pha drugs at extremely low con-
centrations which cannot be
otherwise detected by spec-
trophotometry. A similar differen-
tial pulse polarographic method
has been developed to detect low
level toxic nitrate ions in lake or
river water samples.

A PC based multipurpose Front
Office Posting Machine has been
developed for the Indian Postal
Department which can handle va-
rious types of inland and overseas
mail producing a detailed frank
label and a customer receipt: The
field trials of the machine were
successfully conducted at Srina-
gar GPO and the Department of
Posts is presently evaluating it for
introduction in a large number of
post offices in the country.

A microprocessor based digital
meter has been developed for the
measurement of speed and speed
variations in low speed drive sys-
tems. The meter is expected to
have industrial application.

The operation of two seismo-
meters at Srinagar and Gulmarg
has been continued to augment
the data at other installations in
the country.

Plasma Physics

Studies related to the applications
of thermal plasmas Cin the temper-
ature range 2000-20000 degrees)
in engineering technology were
continued. Theoretical studies
connected with plasma properties
and flows, and experimental in-
vestigations on plasma cutting
and spraying have been carried
out.

Based on the experiments car-
ried out on a 100 kW transferred
arc plasma cutting torch, a 1 MW

underwater plasma cutting torch
has been designed and is under
assembly. The dc power supply
has been installed and the torch
head fabricated. The current ex-
perimental programme includes
development of diagnostic instru-
ments. Fluctuation measure-
ments in plasmas in kHz region
have also been carried out. A mic-
ro torch for welding thin foils
which has been developed is
undergoing trials.

Plasma sprayed superconduc-
tors of yttrium based
Y1Ba2Cu3O7 compounds have
been prepared with supercon-
ducting transition temperatures
around 9O K. These coatings have
been tested for electromagnetic
shielding applications over a range
of frequency and field intensities.
Bend tests on stainless steel co-
ated with superconductors have
been carried out at liquid nitrogen
temperatures tq study their
suitablity for various applications.

Variable Energy Cyclotron Centre

The design parameters of the va-
rious subsystems of ISOL, such as
ion-source, dipole and quadrupole
magnets, vacuum system, tape
transport device etc., have been
finalised. Fabrication and installa-
tion of these subsystems are
nearing completion. The LCW and
compressed air lines have been
connected to the respective sub-
systems. A prototype ion-source
has been tested successfully. The
various power supplies needed for
dipole and quadrupole magnets
are being tested. The facility is ex-
pected to be operational by June
1990

Fabrication of all magnet coils
and the vacuum chambers for
ECR ion-source is complete.
Vacuum chambers have been
tested and installed inside the
magnet yoke along with the high
vacuum pumps. A pressure of 1 x
10~7 Torr is achieved. The complex
job of making sextupole magnets
has been' planned for fabrication.
Microwave generators have been
purchased. ECR source is ex-
pected to be tested by the end of
199O.

A Superconducting Switching
Magnet has been designed to
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Variable Energy Cyclotron

bend the beam in experimental
areas of VEC Cyclotron by 15°
The design includes the cryostat
and other cryogenics transfer
lines. Fabrication of various parts
is underway at VECC Workshops.
The magnet has a pill-box design
and the coil will be fabricated out
of Nb-Ti wire made at Trombay.

The CAMAC based data acquisi-
tion system on ND-560 that is
being used since 1985 has been
augmented with many new fea-
tures. Now it provides zero-
suppression at hardware level for
multiparameter data. It is also
equipped with the facility of ac-
quiring multiple singles event very
efficiently mixed with the existing
multiparameter facility. A new
hardware development allows the
use of CANBERRA high resolution
ADCs in CAMAC.

A proposal to study nuclei far
from beta-stability using projectile
fragmentation technique at
RIKEN, Japan was approved by
the Programme Advisory Commit-
tee of RIKEN. The experiment will
be the first collaborative effort be-
tween VECC and RIKEN. The de-
tector systems fabricated and
tested at VECC were sent to
RIKENs and two of our scientists
have gone there for the experi-
ment, scheduled in February
1990.

Magnetohydrodynamics

Experiments have been carried
out on mercury-air two phase li-
quid metal magnetohydrodynamic
CLMMHD) system to investigate
the interaction of liquid metal flow
in magnetic field.

The fabrication and inspection
of the components of the 500 W
prototype LMMHD system is com-
plete. Currently the assembly of
the 6.5 meter high system is in
progress.

Pulse Power and Particle Beam
Technology

The interaction of Relativistic
Electron Beam (REB) with neutral
gas and plasma is an important
area of research and has signifi-
cant applications in the fields of
fusion research and generation of
intense sources of particles and
electromagnetic radiation. An ex-
periment to study the interaction
of an electron beam with neutral
gas at low pressure (4OOm Terr to
2.5 Torr) has been carried out us-
ing KALl-200 system. A specially
designed diagnostics device has
been used for the measurement
of the radial distribution of the
plasma current in REB gas interac-
tion studies.

In order to inject preformed
plasma into the axial mirror
magnetic field for REB-plasma in-

teraction and plasma confinement
studies, a coaxial plasma gun
wliich can generate a plasma in
the density range 10'1-10M cm-3
was assembled on KALl-200
system.

Pulsed high magnetic fields upto
30 Tesla have been generated in
laboratory by sudden release of
energy stored in capacitor bank
into an air-cored electromagnetic
coil. The resultant discharge cur-
rent to the coil is in the form of
damped sine waves lasting tens of
cycles.

The stored energy in the capaci-
tor bank used earlier for garter
spring repositioning in NAPP-1 has
been successfully enhanced from
40 kJ to 85 kJ to handle the stuck
garter springs. It incorporates the
original ideas of double triggered
trigatron gaps and a multiple pulse
generator which generates 16
simultaneous pulses of 15 kV7i5O
ns, the maximum jitter being 20
ns. However, the axial and radial
mechanical stresses on the elec-
tromagnetic coil have increased
enormously. Design modifications
on the coil based on the use of
copper-beryllium in place of cop-
per, and additional mechanical
reinforcement by axial and radial
pre-compression, are being im-
plemented to enable its use in fu-
ture PHWRs.

Electron Beam Technology

The small chamber high vacuum
E.B. Welding machine developed
last year is undergoing initial trials.
This machine has a work chamber
of about 30 litre volume and has a
short pump down time. It is a low
cost machine and is ideal for E.B.
welding of small cylindrical compo-
nents such as gear and assemb-
lies, transducers etc. It can
accommodate components upto
100 mm diameter, 100 mm length
and 1 kg in weight. This low cost
machine will popularise the adv-
anced welding technique in Indian
industry.

During the last few years, a vari-
ety of special components were
welded using indigenously de-
veloped EB welding machine. This
has helped in creating awareness
about the process as well as in-
digenous technology. Because of
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Superconducting wire developed at Trombay

the rise in the international prices
of E.B. welding machines (aver-
age price being Rs. 1OO lakhs or
more), many potential users have
shown interest in acquiring these
machines from BARC. At present
negotiations are going on for build-
ing of 6 machines with the coop-
erative effort of local industry, en-
suring the saving of valuable fore-
ign exchange.

Industrial Design

The set up for the aircraft experi-
ment on gravitation is in the final
stages of assembly.

The R.F. oscillator supplied by
VEC has delivered power upto 1 .2
kW. The power supply and RF
oscillator system are being mod-
ified to achieve power levels upto
3 kW. A new inductance is being
made to bring down frequency
from 1 5.8 MHz to 1 3.6 MHz.

Superconductors

The single-phase superconducting
compound of bismuth, lead, cal-
cium, strontium and copper oxide
with a critical superconducting
temperature of 12O K was suc-
cessfully synthesised, and it was
found to show some unique fea-
tures. The superconducting com-
pounds, Bi2Ca1-xYxSr2Cu2O7 (x =
O to 1). showed a correlation be-
tween Tc and some of their
structural features. Enhancement

of Tc from 80 K to 100 K. was
achieved by suitable substitution
in (Tl/Pb) CaSr2Cu2O8. A process
has been developed for the synth-
esis of TI-2223 single phase com-
pound which showed a record
high Tc of 129 K. An interpretation
of the temperature dependence
of resistivity of the superconduct-
ing compound YBa2Cu3O7- above
its Tc has been proposed.

A point-defect model for
structural phase transitions in the
high temperature superconductor
Y-Ba-Cu-O has been proposed.
This model explains the ferro-
electric response of the material,
which is of practical importance in
increasing the critical current de-
nsity.

Studies on high temperature
ceramic superconductors were
continued. The batch size of pro-
duction of 123 compounds has
been scaled up and high density
sintered discs uptc 40 mm dia-
meter have been fabricated by
cold compaction — sintering
scheme. An alternate fabrication
process involving hot pressing
technique is under investigation.
The influence of several substitu-
tions in Bi-Ca-Sr-Cu-O and 1 23 sys-
tems has been studied and the
beneficial effect of Pb substitu-
tion upto <20°/o for Bi in stabilising
the 2223 phase has been clearly
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established. Work on oxide-metal
composites and explosive bonding
was continued to improve fabrica-
bility and density, and an increase
in current density upto 94% TD
has been obtained in 123 system.

Good quality superconducting
(Tc 84 K) material of
Bi2Sr2CaCu2O (2212) as single
crystal and thick polycrystalline
film has been produced. In situ su-
perconductivity in rf sputtered
films of yttrium, barium and cop-
per oxide compound has been
achieved.

Silver sheathed tapes of 4 mm
width x 0.2 — 0.5 mm thickness
and in lengths of few meters have
been fabricated using 'powder in
tube1 technique. The highest cur-
rent density of 1 70 A/cm2 at 77 K
has been obtained for 0.5 mm
thick tape sample made from 1 -2-
3 powder with 50 wt^b Ag addi-
tion.

Cold hydrostatic extrusion pro-
cess is being investigated for the
fabrication of Nb-Ti superconduct-
ing wires. This process is ex-
pected to prevent the formation
of inter/metallic phase at the Cu/
NbTi interface usually observed in
the Nb-Ti superconductors fabri-
cated by conventional hot extru-
sion process. 0.5 mm diameter
Nb-Ti wire comprising 6 filaments
has been fabricated. The highest
current density value obtained on
short sample is of the order of
1100 A/mm2 at 5 T field and 4 K
temperature. Further trials are
planned at NPL, New Delhi, for
improving the current density by
optimising fabrication parameters.
34.6 kg of 45 filament Nb-Ti super-
conductor wire was drawn from
0,7 to 0.5 mm dia.

Cold Fusion

Several research groups in BARC
have devised and set up experi-
ments to verify the cold fusion
phenomena and all these groups
working independently of each
other have now confirmed the
occurrence of cold fusion reac-
tions. The first neutron burst in-
dicative of such reactions were
detected at Trombay on 21 April
1 989 in two separate electrolytic
cells. A consolidated report sum-
marising the BARC studies in cold



fusion upto end of September
1989 has recently been published
CBARC Report No. 1500 dated 1 st
December 1989).

The most important result to
emerge out of the Trombay
measurements is that the primary
product of d-d reactions- is tritium
rather than neutrons. The yield of
tritium is found to be over a million
times higher than that of neut-
rons. The BARC experiments have
also shown that cold fusion reac-
tions occur in metallic samples of
Pd and titanium in which deuter-
ium is absorbed in the gaseous
phase. Further studies arB con-
tinuing to understand the physical
basis of this new discovery. It may
be noted that in view of its
tremendous potentiality to the fu-
ture of nuclear technology, stu-
dies in cold fusion are being pur-
sued in many countries of the

world. _ .
Experiments on elec-

trochemically induced Cold Fusion
of deuterium were carried out
with heavy water electrolyte and
palladium as cathode and platinum
as anode. Data on heat measure-
ments, neutron emission and tri-
tium production were collected.

Basic Chsmistry

Basic research in front-line areas
of materials science, chemical
dynamics, radiation and photoche-
mistry, molecular beam chemilu-
minescence, isotope effects, in-
terfacial phenomena, orga-
nometallic and metal organic che-
mistry, etc. was carried out.
However, considerable attention
was also devoted to applied re-
search such as development of
high temperature superconduct-
ing materials, catalyst develop-
ment, development of other high
technology materials, cold fusion
studies, nuclear reactor-related
problems, etc.

The first direct evidence for the
formation of uraniumCVO in the
photoreduction of uraniumCVD in
aqueous solution was obtained
and some properties of this ura-
niumCV) species were studied.
Sorption of uranyl ions on hydrous
oxides in presence of sulphate and
other anions has been explained in
terms of surface hydrolysis model
on the basis of the existence of a

hitherto unknown uranyl hydrox-
osulphate complex.

A molecular level theory which
could explain ion exchanger selec-
tivity for alkali metal cations has
been formulated.

Analysis of thermodynamic data
on some ironGI) complexes sug-
gests, for the first time, that con-
tinuous type of spin state transi-
tion occurs when cooperative in-
teraction between molecules is
weak.

Noble metal based catalysts
capable of retaining their activity
in the presence of water have
been developed for the quick re-
moval of hydrogen likely to be re-
leased in nuclear power plants
under accident conditions invojv-
ing loss of coolant.

Infrared laser chemistry was ex-
tended to sensitised reactions of
strained molecules like ethylene
oxide, and surface-catalysed de-
composition of molecules like 1,2-
dichloroethane on barium sul-
phate. It was observed, for the
first time, that absorption of car-
bon dioxide laser radiation by the
catalyst surface induced decom-
position of the adsorbed gas.

The reactions of a number of
laser dyes such as coumarins,
biological molecules like bilirubin,
radiation sensitising drugs like
phenothiazine and vinyl monomers
with radiolytically produced prim-
ary species and other radicals
were investigated on nano and
microsecond time scales by pulse
radiolysis.

Basic research on heter-
ogeneous catalysis in carbon
monoxide oxidation and hyd-
rogenation reactions, studies on
catalysts developed for the re-
combination of carbon monoxide
and oxygen in carbon dioxide las-
ers, radiation damage studies on
metals and alloys, development of
coatings for various applications
such as candidate materials for fu-
sion reactors, superconducting
materials, etc. are being carried
out.

A multistream hydrogen moni-
tor to detect the hydrogen level in
excess of 4% in the air has been
successfully designed and fabri-

cated for Heavy Water Plants. A
gas chromatograph capable of
separating hydrogen and tritium
isotopes has been fabricated for
use in the production of tritium
with high specific activity.

A Scanning Electron Microscope
has been commissioned, which
should go a long way in providing a
vital probe for various surface stu-
dies in materials science program-
me, including radiation damage
studies.

Several special and high purity
compounds were prepared and
supplied to various users for R&D.
This includes a thermolumines-
cent phosphor supplied to Division
of Radiation Protection for use in
radiation dosimetry resulting in a
saving of foreign exchange to the
tune of Rs. 15 lakhs.

Work has been initiated on CD
radiolytically generated metal
atom clusters, C2) radiation dam-
age studies on candidate materials
for the first wall in fusion reactors,
and C3) studies on cold fusion.

Structural elucidation of alkali
metal monouranates with the in-
corporation of small amounts of
alkaline earth elements has been
carried out with a view to under-
standing the chemical state of
irradiated fuels.

The characteristics of molecular
ions formed in a spark ion source
have been investigated using
several matrices including nuclear
fuel materials.

Complexes of Al with several
monocarboxylic acids, viz., glycine,
picolinic acid, triethylene tetra-
mine hexaacetic acid, etc., were
investigated by NMR technique to
understand the stereochemical
aspects.

Applied Chemistry

The sol-gel process used in the
preparation of fuel microspheres
is being exploited to suit the con-
ventional ceramic technology, and
high purity alpha alumina powder
has been prepared. High tempera-
ture yttrium-barium-copper oxide
based superconducting ceramic
powders were also prepared using
sol-gel process.
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Various aspects of macrofoul-
ing, marine biofouling, biofilm
formation and microbiologically in-
duced corrosion were pursued. In-
vestigations were continued on
water quality of cooling water at
both FBTR cooling tower and
MAPP jetty to ensure smooth op-
eration of the system. Effects of
chlorination on sea water at Bom-
bay harbour and at MAPS were
studied to determine kinetics of
chlorine uptake.

A dilute chemical formulation
was developed for removal of
radioactive corrosion and fission
product deposits from surfaces
imposed in the PHT system of
nuclear reactors. The efficency of
this was demonstrated using con-
taminated metal test coupons
withdrawn from the MAPS-II PHT
system.

Investigations were carried out
on the stability of lithium pentabo-
rate decahydrate from the point
of view of its use in NAPP secon-
dary shut down system. The pos-
sibility of radiolytic generation of
deuterium beyond the safe limit
due to air ingress arising because
of changes in operating conditions
in MAPS was evaluated. The che-
mistry control parameters in both
the primary and secondary side of
the proposed 500 MWe unit
were scrutinized. Diffusion of acti-
vated corrosion and erosion pro-
ducts in steam generator tube
materials and release of 133Xe
from sintered uranium dioxide pel-
lets of varying particle sizes were
carried out.

Fuel Chemistry

Laboratory scale studies on the
preparation of advanced fuels
have resulted in the successful
development of internal gelation
process for the preparation of
thorium oxide based fuel materials
in the form of microspheres. This
process can also be used for the
preparation of mixed thorium, ura-
nium oxide microspheres. The
work on carbon dioxide gel parti-
cles has been extended to mixed
uranium-plutonium-carbon gel
particles which could be used in
the preparation of MOX pellets.

Additional quantities of 233U
metal required for Kamini reactor
have been prepared.

Kinetics studies on the oxida-
tion of UN microspheres have
been carried out under non-
isothermal heating conditions. The
formation of uranium nitride as an
intermediate was identified by X-
ray diffraction studies. Reaction
models were suggested to explain
the mechanism.

With a view to widening the
scope of the existing methods for
chemical quality control of nuclear
fuel materials, a new method for
the determination of uranium em-
ploying biamperometry has been
developed. Different experimental
parameters have been investi-
gated for the sequential deter-
mination of thorium and Plutonium
from the same solution. Chemical
analysis of non-metallic impurities
like carbon, hydrogen, oxygen and
nitrogen and total gas content has
been carried out routinely on fuel
materials.

Preliminary investigations con-
firmed the feasibility of using rubi-
dium uranium sulphate as a che-
mical assay standard in nuclear
materials accounting and chemical
quality control programme. A sta-
tistical evaluation of the standard
for assigning a value of the ura-
nium content is underway.

The recently upgraded facility of
thermal ionisation mass spectro-
meter coupled with variable multi-
collector system has been used
for the determination of isotopic
composition and concentration of
a number of elements including B,
Zr. U and Pu. Methods have been
developed for the precise and
accurate determination of trace
amounts of uranium in pure pluto-
nium oxide and also of zirconium in
U-Al-Zr alloy fuel samples. Quan-
titative determination of 233U in
the slag obtained after the fabrica-
tion of 233U fuels has been car-
ried out for material accounting.

The multielemental analysis
facility of spark source mass spec-
trometer has been used for the
determination of trace amounts of
boron in special steel samples
used as reactor materials. Trace
constituents particularly boron in
233U fuel materials have also
been determined usinr; this instru-
ment.

24OPu/239Pu atom ratio is re-
quired for the determination of
Plutonium concentration by iso-
tope dilution alpha spectrometry
CIDAS) and is generally determined
by thermal ionisation mass spec-
trometry CTIMS). With an objective
to obviate the need of TIMS for
240Pu/239Pu atom ratio, experi-
ments have been carried out using
the recently introduced passi-
vated ion implanted detectors
CIPE) for high resolution alpha
spectrometry for resolving the
close lying alpha energies of
239Pu C5.155 MeV) and 24OPu
(5.168 MeV) The preliminary re-
sults obtained are encouraging
and these IPE detectors appear
promising for resolving other close
lying particle energies of 233U,
234U, 238Pu and 241 Am.

Investigations on the uptake of
Plutonium from alkaline carbonate/
bicarbonate media by oragnic/in-
organic ion exchangers have
shown encouraging results in-
dicating the feasibility of removal
of plutonium from aqueous car-
bonate streams of reprocessing
plants.

Plutonium recovered and puri-
fied from fuel fabrication scrap
has been converted to fuel grade
oxide through oxalate route for re-
cycling.

Information on inventory and
distribution of nuclear' materials
like plutonium, uranium and nuc-
lear pure thorium is collected from
various DAE facilities and stored in
a dedicated computer, and month-
ly Inventory Status Reports from
the database are prepared.

A quality control study of the
data pertaining to O.29fo yield
strength and percentage total
elongation for zircaloy cladding
tubes for BWR fuels were carried
out using control chart techniques
and some recommendations were
suggested.

Radiochemistry

Investigations were carried out in
basic nuclear chemistry with
charged particle beams from the
Variable Energy Cyclotron at Cal-
cutta and the Pelletron at
Bombay.
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Isomeric yield ratio of iodine-132
(metastable and ground state) has
been determined radiochemically
in the helium ion induced fission of
uranium-238 at various energies
and the fragment angular momen-
tum has been found to increase
with increasing input excitation
energy and angular momentum.
The fission cross sections of gold-
197 with 40 to 55 MeV helium ions
have been measured using the fis-
sion track technique. In alpha-
particle induced fission of ura-
nium-233, measurement on angu-
lar distribution of fission products
with respect to alpha particle
beam direction has helped in
understanding the stage at which
the mass division of the fissioning
nucleus is decided.

Doppler broadened annihilation
radiation CDBAR) spectra have
been studied as a function of
temperature for several high
temperature superconductors and
they show the involvement of ox-
ygen valence electron in supercon-
ductivity.

Electron paramagnetic reso-
nance and thermally stimulated
luminescence studies of unirradi-
ated and gamma irradiated thor-
ium and plutonium doped calcium
chlorophosphate have been car-
ried out and the results show the
radiolytic formation of certain
radicals containing chlorine and
thermal destruction of hydrogen
and oxygen radicals. The species
formed during the synergistic ex-
traction of uranium and Plutonium
by dialkyl amides and a beta dike-
tone have been identified. The ex-
traction of uranium and plutonium
by bi£(2-ethyl hexyl) sulphoxide in
dodecane from nitric acid solu-
tions has been studied with a view
to using it for reprocessing irradi-
ated fuels. An atomic emission
spectrometric method using in-
ductively coupled plasma has been
developed for the determination
of rare earths in thorium oxide
matrix after separation by solvent
extraction.

Analytical Chemistry

The electrochemically catalysed
fusion of deuteron in metal lat-
tices was intensively investigated
using different materials for the

cathode. Three aspects of the
phenomenon were examined: (i)
generation of excess enthalpy, Cii)
production of tritium and (iiO pro-
duction of neutrons. Controlled
calorimetric measurements indi-
cated a 70-80% excess heat gen-
eration in the Palladium-Platinum
cell as opposed to the Platinum-
Platinum cell, using 0.1M LiOD as
the electrolyte. Extended elec-
trolysis with current pulsing
showed significant tritium genera-
tion in some cells with Pd
cathodes, but no tritium was
found in cells with titanium or tita-
nium-nickel memory alloys.
Measurement of neutron emis-
sion from the cells was monitored
through 6LJ scintillation as well as
3He detectors and through cap-
ture gamma rays of gadolinium,
with the HPGe and NalCTI) detec-
tors. The neutron emission rates
were very low, with occasional
'bursts'. The results indicate that
the tritium channel is favoured
over the neutron channel, with
the tritium to neutron branching
ratio of the order of 1O8. Tritium
production was established in the
same electrode on three succes-
sive occasions after the elec-
trodes were cleaned and recon-
ditioned and the tritium enhance-
ment varied from 10A-10

Characterisation of precursors
of superconducting oxides by
Thermogravimetry and Differen-
tial Thermal Analysis established
the presence of carbonates and
basic carbonates in calcium-
barium-copper-oxygen com-
pounds and yttrium-barium-
copper-oxygen compounds at
levels not detected by X-ray dif-
fraction, through quadrupole mass
spectrometric measurements of
the evolved gases.

Problems that have been refer-
red for investigation and dealt
with include CD determination of
boron in heavy water for NAPP, CiD
measurement of moisture in
steam entering the turbine from
the point of efficiency and corro-
sion, Ciii) analysis of structural
materials for Heavy Water Project,
Hazira, to help establish the cause
of failure, Civ) gas chromatog-
raphic estimation of dissolved
gases in transformer oils, of car-
bide carbon in AIN, He content in

poison rods and hydrocarbons,
helium, carbdn dioxide and carbon
monoxide in natural gas.

Developments in analytical
methodoliges include: Preconcen-
tration and determination of CrtVO
at ppb levels by ion exchange
adsorption and reflectance spec-
troscopy; determination of hyd-
rogen peroxide at 1-100 ppm by
electrochemical method; deter-
mination of ppb levels of zinc, alu-
minium, vanadium in high purity
gallium by spectrochemical
methods and separation methods
for magnesium from high purity
aluminium and fluoride from natu-
ral waters. The work on the con-
struction of the major facilities at
the National Centre for Composi-
tional Characterisation of Mate-
rials, Hyderabad, has been initi-
ated following the demarcation
and isolation of the area and
ground breaking in early Septem-
ber 1989. The experience gained
from the clean laboratory module
set up at Trombay has been in-
corporated into the facilities of
the ultra-clean laboratory-
Heavy Water

Pilot plant for detritiation of reac-
tor heavy water by chemical ex-
change — cryogenic distillation,
being set up at BARC, is nearing
completion. All the critical equip-
ments for this test facility have
been fabricated and performance-
tested.

The multipass absorption cell for
laser isotope separation studies,
designed and fabricated in BARC.
yielded a maximum optical path
length 32 times its fundamental
length. Pulsed UV beam from ex-
cimer laser pumped dye laser was
utilised to conduct laser isotope
separation studies on formaldehy-
de in this cell leading to high en-
richment factors.

The pilot plant for production of
high purity hydrogen sulphide gas
by direct reaction of hydrogen and
molten sulphur over a suitable
catalyst was operated smoothly
over extended periods of time. SS
446 was found to be quite suitable
material of construction for the
reaction vessel.

Reconcentration plant at BARC
has been operating smoothly and
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the downgraded heavy water
from Dhruva and Cirus reactor has
been treated and upgraded to re-
quired concentrations.

Heavy Water Upgrading Plant at
Narora, consisting of two indepen-
dent units, has been successfully
commissioned. Based on vacuum
distillation, this plant has been de-
signed and engineered at BARC
Including this, nine such units have
been commissioned and are under
operation in the country, utilising
the high efficiency tower internals
which have been fabricated, acti-
vated and performance evaluated
in BARC. All these plants are oper-
ating as per design intent.

Preparation and supply of va-
rious chemicals labelled with
deuterium in the required con-
figurations were continued for
different users in the country and
abroad.

Experimental studies to investi-
gate the cold fusion phenomenon,
utilising various electrodes in
different electrolyser cells were
carried out. Studies on the loading
of deuterium on various metals
and alloys in different shapes have
also been conducted. In-depth
studies of the results obtained are
under progress.

Rare Earths and Other Materials

During the year, further progress
has been made on developing
technology for separation of rare
earths by solvent extraction tech-
nique. Process developed for pro-
ducing high grade yttrium, dyspro-
sium and neodymium oxides is
under test at Indian Rare Earths
Ltd., Alwaye.

Based on the solvent extraction
technology - developed earlier,
techno-economic feasibility has
been made and deqision taken for
setting up India's first commercial
plant to recover uranium from
phosphoric acid at FACT, Cochin.
A small pilot plant to study the
process under various conditions
is also being set up at Cochin joint-
ly by BARC and FEDO. A new pro-
cess to recover uranium from nit-
rophos acid produced by RCF Ltd.
at Bombay has been developed in
the laboratory.

BARC is extending its expertise
in the field of metal extraction to
commercial organisations. Under
this programme, processes for re-
covery of nickel values from th
indigenous laterites and of
niobium and tantalum from cutting
tool scrap are under development.
This effort will help reduce the im-
port of these high value metals.

Research on synthesising the
metal extractants, which are cur-
ro' Lly imported, is now in hand.
Method for synthesising DEHPA,
one of the solvents, is now at an
advanced stage of research.

Studies on the recovery and
purification of uranium, lithium and
helium gas. and preparation of
stable isotopes, fluorine gas, label-
led compounds, scintillation che-
micals and carbon specialities
were continued.

Studies on the electrolytic de-
composition of nitric acid em-
ploying lead oxide coated graphite
and titanium anodes were com-
pleted. Work on separation of hyd-
rogen isotopes during decomposi-
tion of sodium amalgam is in prog-
ress. A separation factor of eight
has been achieved. Design and en-
gineering work undertaken for the
new thorium plant of IRE has been
completed. Assistance was given
to IRE in the preparation of tender
sepcif ications and procurement of
various equipment components

and instruments required for the
proposed plant. Work has been in-
itiated for determining the feasibil-
ity of producing uranium oxide
powder with high flowability by
the Ammonium Uranyl Carbonates
(AUO route.

Work on the development of an
electrolytic fluorine cell for the
production of fluorine gas is in
progress. The large fluorine cell
with improved design parameters
was operated satisfactorily and
the fluorine gas produced was util-
ised for the production of metal
fluorides. The operation of the
pilot plant for the production of
scintillation chemicals PPO and
POPOP was continued to meet
the increasing demand of the nuc-
lear power plants and other re-
search organizations. The produc-
tion and supply of plastic scintilla-
tor blocks are also continued. Stu-
dies are in progress to develop va-
rious carbon products for special-
ised applications.

Production of epoxy bonded
samarium-cobalt permanent mag-
nets was continued and a large
number of cylindrical magnets 10
mm diameter x 10 mm height have
been produced to meet the inter-
nal demand. Compaction studies
carried out using small amounts of
binder have demonstrated the
possibility of producing strong
green magnet compacts at con-
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siderably lower pressures. Signifi-
cant progress has been made in
the process development for
yttrium metal, and calcio thermic
reduction of yttrium chloride in
presence of a low melting eutectic
and magnesium followed by pyro-
vacuum treatment has been
found to yield the metal well sepa-
rated from the slag.

Metallurgy

Production of boron carbide was
continued and over 25 kg of
graded powder having a bulk de-
nsity of more than 1.6 gm/cc has
been supplied for fabrication of
TAPS control rod blades. A new
product "polyboron" containing 3-
5% boron in the form of boric acid
in a low density polythene CLDPE)
matrix has been developed em-
ploying the hot pressing techni-
que. There is a large demand for
polyboron for neutron shielding
application. For the preparation of
boron metal powder a new pro-
cess has been developed involving
electrorefining of boron carbide
anode. The metal powder thus
produced has been evaluated at
the Ordnance Factory, Pune, and
found suitable for pyrotechnic ap-
plications. Work has been taken
up on the preparation of cobalt
and vanadium metals required for
the production of magnetic alloy
for use in CANDU type reactors.
The first trial run on the extractive
distillation for separation of zirco-
nium and hafnium from their
mixed chlorides has been success-
fully conducted.

The tin demonstration plant at
Raipur, MP, has been in regular
operation and plans are underway
to scale up the production to 10Tf
y. Work on the preparation of a
detailed project report for the
establishment of a commercial
production plant (100T of tin/year)
is presently in progress. A new
all-metal assembly was fabricated
for the ultrapurif ication of hafnium
metal, and a bright high purity haf-
nium crystal bar of 12 mm dia has
been successfully test produced.
Work on cold rolling of zircaloy
sheets was continued and a large
number of cold rolled sheets in
different dimensions were sup-
plied for use as reflectors in the
Kamini reactor and as spacers for

fuel bundles in TAPS. A major
event during the year has been
the transfer of technology for the
production of Al-Zr master alloys
to a private entrepreneur.

Work on advanced ceramics,
machinable ceramics and their fab-
rication technology has been in-
tensified. Considerable success
has been achieved in the produc-
tion and fabrication of silicon nit-
ride ceramics when reaction
sintering was done in the pre-
sence of preformed -Si3N4. For
the fabrication of ceramics, injec-
tion moulding — a popular forming
technique- employed for thermo-
plastic polymers — has been suc-
cessfully adapted by a proper
choice of plasticizer and powder
characteristics. A composite con-
taining alumina, partially stabilized
zirconia, iron and zinc metals has
been moulded by this, technique.
Basic studies on defect structure
characterisation, defect interac-
tions and their influence on charge
transport and sintering in ceramics
have been continued and good
correlations have been achieved in
yttria-doped cerium oxide.

The corrosion research was
mainly focussed on long term
corrosion and compatibility stu-
dies of zircaloy and Zr-2.5 Nb
alloys, s.s., inconel, nickel and du-
plex stainless steels. An important
observation has been the effec-
tiveness of -quenching in prevent-
ing the nodular corrosion of zirca-
loy-2 in BWRs. An experimental
alloy called 'zerlo' (Zr-1Nb-1Sn-
0.5Fe) has been taken up for
corrosion evaluation because of
its superior properties over zirca-
loy. In addition, a large number of
specification .tests have been car-
ried out on various as-received and
fabricated components used in
reactors, heavy water and other
plants.

In the context of design de-
velopment of 5OO MWe reactors,
information has been generated
on the corrosion behaviour of Zr-
2.5 Nb coolant tubes in CO2 gas
environment. Several techniques
have been investigated for H2-
charging in zircaloy-2 and the data
are being documented. Under the
Indo-US co-operation programme,
studies on thermomechanical

treatment of different s.s. grades
are i'n progress to prevent their
failure due to 5CC. Work on elec-
troless nickel plating has been
continued to produce metallised
ceramic feed-throughs to with-
stand high vacuum of the order of
10~9 torr. A facility has been set
up to produce around 2000 such
components per month. Also,
hard chrome plating has been de-
veloped on s.s. components used
in tray rod assembly for isotope
production in Dhruva.

Materials Science

Welding trials were conducted for
welding of Zr-Nb-Cu and Zr-2 com-
ponents of liquid zonal control
rods. Fabrication trials were car-
ried out for the garter springs of
modified designs.

Considerable progress was
made in the development work on
fabrication of control rods and
welding of ring type spacers on
fuel tubes. .Development work
was also carried on the TIG weld-
ing of end plugs for PHWR fuel
elements and thermo-welds for
PIS, Reactor Group.

For DAE units and outside agen-
cies, various material evaluation
and specialised NDTjobs, machin-
ing, welding, mechanical forming,
pressing, sintering and other heat
treatment jobs were undertaken
against specific requests.

Hot hardness and in turn creep
data for uranium-zirconium alloys
were evaluated upto 700°C with a
vickers diamond indentor. Notice-
able creep was observed beyond
500 °C. The activation energy of
creep for U-Zr alloys was found to
increase with zirconium content.

Hot hardness and creep prop-
erties were also evaluated for
ThO2-UO2, ThO2-PuO2 and (UPu)
N fuels upto 12OO°C.

Fracture toughness and frac-
ture surface energy of UO2, ThO2
and ThO2-UO2 samples were ev-
aluated from the crack length de-
veloped during indentation beyond
a certain critical load. The data
were found to b-3 in close agree-
ment with what has been re-
ported for these materials using
conventional techniques.
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Fatigue properties of sintered
UO2 pellets were evaluated by re-
peated indentation on a metallog-
raphically polished sample until it
resulted in the formation of lateral
chips.

As a part of FBTR and PFBR
fuel development programme,
thermal diffusivity and thermal
conductivity of U-Zr alloys and (U,
Pu)N of both uranium and pluto-
nium rich compositions were ev-
aluated by laser flash technique.

The chemical compatibility be-
tween plutonium rich CU.Pu) N, a
candidate fuel for FBTR, and S.S.
316 C2096 C.W.) cladding was ev-
aluated by making miniature
helium bonded-capsules contain-
ing S.S. 316 discs between sin-
tered mononitride pellets. The
compatibility capsule was heated
to 700°C for 1000 hours. No major
carburisation or nitridation of S.S.
316 cladding was observed, con-
firming excellent fuel-clad com-
patibility.

Four garter springs from chan-
nels D8, E8, E9 and F9 of RAPS-1
were evaluated for dimensional
changes, residual extension during
loading, mechanical strength and
hydriding status. The.se springs
had experience 3.6 effective full
power years (EPY) of reactor op-
eration and were found to have
satisfactory load bearing capacity.

All the springs were physically in-
tact. The hydrogen content was
typically about 30 ppm and the
hydrides were randomly oriented.
In OPS spring, massive hydride blis-
ters penetrating 3% thickness
were observed.

The results of the earlier TAPS
pressure vessel surveillance prog-
ramme were re-evaluated as per
the latest revision of the ASME
Regulatory Guide 1.99. The analy-
sis revealed that the life of the
TAPS pressure vessel can be safe-
ly extended beyond its design life
of 40 years.

Quantitative estimation of neut-
ron induced embrittlement using
fracture toughness method re-
quires irradiation of large sized
specimens. To overcome the diffi-
culty involved in irradiation of large
sized specimens, test procedures
have been developed for estimat-
ing static as well as dynamic frac-
ture toughness using sub-sized
specimens of Charpy V-notch
geometry.

Detailed examination of a num-
ber of samples of small arm
ammunition brass cups and strips
was carried out to identify the
causes of cup-cracking occurring
during drawing. The investigations
revealed presence of internal de-
fects in the form of inclusions in-
side the cup material which, were
responsible for cup-cracking.

Reverse Osmosis equipment developed at BARC

Desalination and Hydrogen Pro-
duction

425 m3/day Multistage Flash
CMSF) Desalination Plant is being
commissioned after satisfactory
subsystem testing. Performance
data of the 30 m3/day shipborne
distillation desalination plant indi-
cated the achievement of design
objectives and the technology has
been made available for transfer.
Technoeconomic evaluations
were carried out for a 1200 m3/hr
dual purpose MSF desalination
plant coupled to the proposed 2 x
1000 MWe nuclear power station
at Kudankulam. Feasibility analy-
sis for a 750 kg/hr thermo-
compression based desalination
system was carried out.

The Reverse Osmosis CRO) pilot
plant for low level radioactive
effluent treatment was success-
fully operated. It was demons-
trated that Reverse Osmosis can
give better decontamination and
volume reduction factors than the
existing processes other than eva-
poration which in any case is ener-
gy intensive. In the quest for high
performance synthetic polymeric
membranes for radioactive waste
treatment and other applications
in nuclear industries, aromatic
polyamide type membranes with
upto 99.4% solute rejection have
been successfully developed.
Large scale production of the po-
lymer is in progress and pilot plant
studies with these membranes
are being planned. These mem-
branes are also good for single
pass sea water desalting and a
shipbome reverse osmosis unit is
under construction. A number of
Reverse Osmosis (RO) demon-
stration units were fabricated and
exhibited at various S & T exhibits
in the country. Work on the de-
velopment of an advanced RO
module and setting up of sea wa-
ter RO plant is in progress. Two
training courses on Water Quality
Testing were conducted for
trainees from State Governments
under the National Drinking Water
Mission Programme.

The 33 Nm3/hr Hydrogen Plant
based on advanced electrolysis
cells has been commissioned after
the satisfactory testing of. subsys-
tems. After performance studies,
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the Technology will be available
for transfer next year.

Beryllium Technology

Along with the development of
beryllium technology, production
of vacuum hot pressed "(VHP) be-
ryllium metal and copper-beryllium
alloy shapes was continued start-
ing from Indian beryl. About 3.--'
tonnes of Indian beryl was con-
verted in the plant into different
products and intermediates. Ab-
out 1.7 tonnes of the major in-
termediate, viz. ammonium beryl-
lium fluoride, was produced main-
taining the stock pile of about 5
tonnes of the material built up in
1988.

A simple cyclone air classifier
system was set up to study and
demonstrate on a laboratory scale
the possibility of separating 10
micron size beryllium powder, suit-
able for making instrument grade
beryllium blocks required for
space applications. VHP-beryllium
samples produced from the pow-
der product of this classifier have
shown average grain size C10 mic-
rons), beryllium oxide content and
the PEL values were within the
acceptable range. Based on this
experience, a cone type classifier
of larger capacity has been de-
signed and fabricated and is cur-
rently being commissioned for the
production of about 1 kg/hr of 10
micron size powder.

Besides continuing the produc-
tion of copper-beryllium alloys in
the cast form, methods have also
been successfully standardized
for the production of extruded
rods of about 20 to 60 mm dia-
meter required by industries in the
country. Billets of copper-
beryllium produced in the plant
were successfully hot extruded to
rods of about 60 mm diameter.
The alloy shapes produced in the
plant were tensile-tested under
various temper states and the
strength values obtained were
comparable to those reported
elsewhere.

3.6 kgs. of VHP-beryllium metal
and 130 kgs. of copper-beryllium
alloys were supplied to the De-
partment of Space, 2 kgs. of be-
ryllium metal and 46 kgs. of cop-
per-beryllium alloys to the Depart-

ment of Atomic Energy and about
380 kgs. of copper-beryllium alloys
to DMRL and other industries-

For better safety, various mod-
ifications were incorporated in the
design and operation of a number
of process equipment.

Radioisotope Production

Radioisotops production in Dhruva
and Cirus reactors were carried
out by regularly loading samples
for irradiation in the reactors. Ab-
out 1OOO sample capsules were
irradiated during the year in the
reactors. Major radioactive mate-
rial produced included 750 Ci of
Molybdenum-99, 375 Ci of lodine-
131, 16.800 Ci of lrridium-192 and
26 Ci of Sulphur-35. A special
source of 1500 Ci Antimony-1 24
was prepared in Dhruva reactor
for incorporation into the start up
neutron source assembly of Fast
Breeder Test Reactor at Kal-
pakkam.

Under the Seventh Five Year
Plan, a special project CDhruva Uti-
lisation for Isotope Technology) is
being completed. The project en-
visages setting up of handling faci-
lities for different isotopes such
as Iodine-125, Carbon-14, Tritium
and Molybdenum-99. Standardisa-
tion of methods for separation of
these isotopes is also being car-
ried out.

Radiopharmaceuticals

A number of immunoassay techni-
ques were developed and standar-
dised. These include Radioimmu-
ncassay, Enzyme irrmunoassay
and Immuno radiometric assay. A
protocol for the purpose of
routine analysis of prolactin using
heterogeneous system has been
standardised. Immuno radiometric
assay methodology has been
worked out employing both
monoclonal antibodies and polyc-
lonal antibodies. A system based
on high specific activity monoclon-
al antibody for HCG and solid
phase separation has been stan-
dardised for routine clinical
assays. Enzyme assays offer an
alternative to RIA. Enzyme
method for thyroid such as T3 and
T4 has been standardised. Steroid
immunoasay technique has also
been developed. The develop-'
ment of RIA for testosterone is
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useful for routine screening for
dope test in sportsmen.

Tracer Applications in Industry
and Hydrology

Bombay- Pune petroleum product
pipeline was tested for blockage,
if any. A section of pipeline from
the refinery in Bombay upto Kho-
poli at a distance of 60 km has
been tested using a cobalt-60
radiotracer.

Sediment movement pattern in
the Madras harbour area was stu-
died with the help of radiotracer
Scandium-46. The investigation
established that the dredged
material from proposed dumping
site would not move towards the
navigation channels in the har-
bour.

To monitor the progress of the
injected water in the Bombay High
Oil field, radiotracer tritium is
mixed with the injected water.
The production wells will be moni-
tored for arrival of tritium tracer
for the next few years.

Radiation Technology

Methods and techniques for the
preparation of radiochemicals,
fabrication of radiation sources
and appliances, and promotion of
their application in vital areas of
industrial, medical and other re-
search activities were developed.
The existing and the potential
areas of development are expand-
ing at a very fast rate with techno-
economic benefits to industry and
society in general. A brief surn-
mary of the work carried out in the
various areas is given below:-

Radiometric examination of
fractioning towers and column for
locating defects/blockages in on-
line systems were carried out for
Indian Oil Corporation Refineries at
Mathura, and Alkyl Amines Che-
micals Limited, Patalganga. The
shielding integrity of 1.0 metre
thick concrete wall which acts as
a primary structure for the new
WMD facility being built at Trom-
bay was checked radiometrically.
A number of Cu-Be alloy ingots
produced in Vashi Beryllium Plant
were inspected radiographically
for cavities, shrinkages, voids and
other discontinuities. An auto-
radiographic technique is being de-



veloped to check the uniformity of
distribution of cesium-137 activity
in a glass matrix developed in
BARC. Developement of com-
puterised radiographic system is
being taken up. Necessary soft-
ware and engineering design para-
meters-are being evaluated.

A process has been developed
for the radiation degradation of
PTFE CTeflon). At an integrated
dose of 50-100 kGy combined
with a short heating cycle, teflon
yields a product which can be
pulverised easily to particles of 10
microns size. These degradation
products are being extensively
used as additives to greases, lubri-
cants and corrosion resistance
coatings.

Design and layout of the multi-
purpose gamma irradiator for De-
fence Laboratory, Jodhpur, and li-
quid proccessing irradiator for the
radiation valcanisation of natural
rubber latex at Kottayam has been
completed.

In the Electron Beam Accelera-
tor, (a) many improvements and
modifications have been carried
out in the accelerator facility
based on the operational experi-
ence gained; Cb) air exhaust sys-
tem has been modified and a con-
veyor with remote control variable
speed drive was designed, fabri-
cated and installed; (c) basic for-
mulation work for the radiation
cross linking of wire and cable in-
sulation has been identified and
trial irradiations using electron
beam has given encouraging re-
sults in the improvement of
physical characteristics like abra-
sion resistance and weight to cut
through property.

The chemical processing of
radioactive products like 95Zr,
103Ru, 91Y, 140Ba were carried
out and several •• consignments
given to user institution for their
use. Development work was com-
pleted for the preparation of
caesium borosilicate glass contain-
ing vermiculite for the absorption
of 137Cs activities. This is being
used for the preparation of
brachytherapy sources in the new
facilities set up. The installation of
the facilities for the fabrication of
cesium-137 brachytherapy source
and other industrial source is com-

pleted. Trial runs are in progress
and regular fabrication and supply
of these sources are slated to
commence soon.

The installation and commission-
ing of the SHR1 project facilities is
nearly complete. The plant is
awaiting clearance of AERB for
operation. Dose distribution stu-
dies in the irradiator and sludge
recirculation system are in prog-
ress.
Reactor Engineering

The main thrust of the R & D prog-
ramme in reactor engineering con-
tinued to be towards generation
of design information and design
details for the 500-MWCe) PHWR
as well as for fuel handling system
of 5OO MWe PFBR, technology de-
velopment for repair and mainte-
nance activities of operating reac-
tors and ongoing safety research.

As a part of programme for in-
digenisation of various equipment
and hardware, a number of com-
ponents were tested under simu-
lated high pressure and high
temperature conditions similar to
power reactors. Notable among
these are the sixth Fuelling
Machine for Narora Atomic Power
Project, high pressure couplings
used in coolant channel feeders,
high pressure and high tempera-
ture nuclear valves, special filters,
etc. Some of the components of
Fuelling Machine have also been
evaluated through specially de-
signed tests. These are modified
balls screw with external circula-
tion, various types of high torque
low speed motors, water lubri-
cated bearings, side stops, fuel
transport shuttle, etc.

A number of new designs of
hardware were evolved and
tested out for checking their per-
formance. The magnetic coupling
which enables position of Fuelling
Machine Ram-C to be measured
without the need to penetrate the
pressure housing was developed
as a replacement for the failure
prone Ram-C potentiometer. A
modified design of Jig-saw panel
which is used as thermal insulation
barrier on the reactor face of
PHWRS has been worked out with
a view to minimise the manrem
required for removal and reinstalla-
tion of these panels while attend-
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ing to any work connected with
coolant channels. A modified de-
sign of garter spring using inconel
x-750 which can be used as tight-
fit garter spring for the coolant
channel has also been evolved.
This design has been optimised to
keep the burnup penalty to
minimum.

In addition to the work on hard-
ware required for reactors, a num-
ber of items for use in other R & D
programmes have also been de-
veloped. Notable among these are
gas gun facility which has been
completed for carrying out studies
under high pressure. The facility
would also be used for study of
high speed impact problems. The
design of vacuum shroud for cold
neutron guide tubes was finalised
based on the feed back obtained
on mock up and final fabrication
drawings were cleared for their
manufacture. A new design for
the scintillation counter drive has
been developed for improved
maintainability on light shutter
module and is being integrated
with the working prototype of this
drive. A pick pellet module has
been designed for nuclear fuel
complex as a part of drive to intro-
duce automation in fuel fabrica-
tion plant. Considerable engineer-
ing support was provided for in-
digenous manufacture of turnstile
gates for access control at nuclear
installations.

The problems faced with the
secondary shut down system at
Narora were investigated in a full
scale mock up. The design data
for the secondary shut down sys-
tem for 5OO MWe PHWR was
generated in terms of discharge
rates, growth of jets and spread
angle in a facility specially built for
the purpose. This data is being
analysed for working out the final
optimum configuration which
would be qualified on a full scale
mock up. The reactivity worth cal-
culations corresponding to the
observed black body growth are
also being done in parallel using a
code which has been specially de-
veloped for this purpose. The de-
sign of fuel handling system for
500MWe PHWR was finalised tak-
ing into account the feed back
from operating stations. The de-
tailing is currently in progress. The



conceptual design of the fuel
handling system for prototype
fast breeder reactor was revised
and finalised. The detailed design
work of components like Ramps
tilting mechanism and transfer pot
have been completed for 500
MWe PFBR.

Work related to design of ship-
ping cask for transportation of
radioactive substances was taken
up and a shipping cask for trans-
portation of irradiated antimony
oxide capsule has been com-
pleted. A drop test facility for im-
pact testing of shipping casks has
been designed for Board of Radia-
tion and Isotope Technology. In
order to augment the capacity for
testing fuelling machine for 235
MWe PHWRs, an additional Fuell-
ing Machine Test Facility has been
constructed at Engineering Hall 3.
Testing of machine on this facility
would be taken up soon. A de-
tailed analysis of Fuelling Machine
mounted on supports along with
coolant channels mounted on
calandria end shield structure has
been initiated for assessment of
safety under earthquake- condi-
tions. This problem is being hand-
led through a number of different
analysis packages. Some initial cal-
culations considering the in-line
movement of coolant channel and
fuelling machine have been com-
pleted. Another area which has
been studied in detail relates to
behaviour of reactor building
under earthquake loading.

Aspects like uplift analysis of reac-
tor building raft, detailed analysis
of internal structures considering
stochastic loading has been com-
pleted. Instability analysis of end
sr lisld diaphragm, seismic analysis
of fuel transfer system, impact
analysis of fuel transfer cask and
racks have also been completed.
Elastoplastic analysis of seal disc
has also been done.

A zero clearance rolled joint has
been developed for joining Zr-
2.5% Nb alloy pressure tubes to
stainless steel fittings. Tooling
and equipment for carrying out
assembly of such zero clearance
rolled joints during site installation
work have been developed. This
procedure will be used at KAPP-2
for the first time. The conceptual
design scheme for a semi-

automatic remote operable
coolant channel replacement
machine has been worked out.
Different subsystems of this
machine are in various stages of
development.

A preliminary physics feasibility
study for an advanced heavy wa-
ter reactor has been carried out.
The motivation for studying this
system is to arrive at a reactor
design which could extend the
thermal reactor phase to well
beyond 10,000 MW programme
utilising minimum plutonium in-
puts. It is envisaged that this reac-
tor would run on thorium and
would have a number of features
for improved economics and safe-
ty. As a part of initiating Plutonium
recycle in some of the PHWR un-
its, a scheme to change over the
existing core to thorium once-
through refuelling mode has been
worked out and is being detailed
further.

irradiation testing of fuel pins
to prove out various new manu-
facturing techniques has been
taken up. A detailed programme
for improved utilisation of inpile
facilities has also been drawn up

One of the most important con-
tribution during this year was to-
wards rehabilitation of both units
of Madras Atomic Power Station
which had suffered considerable
damage to the moderator inlet
manifolds. A detailed review of
the condition of the two reactors
was made using data available
from remote micro-video inspec-
tion which was specially en-
gineered in the shortest possible
time. A special remote tool was
developed which had the capabil-
ity to relocate the debris parts into
region 'away from the main flow.
The units were restarted after
modifying the moderator inlet pip-
ing so as to enable entry of mod-
erator through the old outlet man-
ifold and exit of moderator
through the dump ports. Detailed
investigations were necessary to
understand the thermal hydraulic
behaviour in the new configura-
tion. Investigations were also car-
ried out to assess structural de-
sign of both inlet as well as outlet
manifold with a view to under-
stand the mechanism of failure of
inlet manifold and to regain confi-
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dence on the safety of outlet
manifold. After observing the per-
formance of the units at 50%
power for some time a re-
evaluation of the thermal hydraulic
parameters was carried out with a
view to assess feasiblity of furth-
er increase in power that can be
achieved. As a result of detailed
experimental and analytical stu-
dies it has been possible to in-
crease the reactor power to 75%
full power and both units are
steadily operating at this power at
the, moment. A detailed plan of
action for the permanent rehabi-
litation of these units had been
drawn up. The design of modera-
tor inlet spargers at the lower end
of the calandria has been worked
out in detail alongwith all other
associated development activi-
ties. The actual work at Site
would be taken up depending on
the availability of the units for this
work as it is expected to involve
an outage time of around 3
months.

In the light of the experience at
MAPS, vibration monitoring has
been carried out at RAPS to
assess the condition of moderator
manifold. It is inferred that the
moderator inlet baffles in RAPS
are likely to be in reasonably good
condition.

The 3 MW Boiling Water Loop
which was commissioned earlier
operated well during the year, and
extensive loop characterisation
tests were completed. As a part
of the design support of 5OO MW
reactors, pressure drop studies
for measurement of pressure
drop acrossjunction between two
fuel bundles as well as pressure
drop in the fuel locator with diffe-
rent configurations were com-
pleted. With a view to assess
safety of fuel during fuel transfer
operations steady state tempera-
ture analysis for 500 MWe PHWR
spent fuel during dry transfer was
carried out. A test was carried out
at NAPP-1 to confirm the effec-
tiveness of thermo-syphon cool-
ing mechanism in removing heat
from the core at low powers.

Analysis of heat removal capa-
bility of steam generators for
NAPP with reduced secondary in-
ventory was carried out using
computer code RELAP4/Mod 6.



Analysis was also carried out for
conditions of station black out for
NAPP reactor. Pump start up tran-
sient analysis was also carried out
for ,NAPP using REL.AP4/Mod 6.
Pretest analysis of loss of feed
water transient test in SPES ex-
perimental facility in Italy was
completed. The predicted results
have been sent for comparison
with the actual test data. The ex-
perimental programme in the area
of thermal hydraulics is being con-
tinuously augmented. Design and
development of directly as well as
indirectly heated fuel rod simula-
tors has been persued.

The probabilistic safety assess-
ment level 1 study of a standar-
dised 235 MWe PHWR has been
carried out. This study has re-
vealed that the core damage fre-
quency of a PHWR is towards the
lower end of the spectrum for
range of these values for various
reactor systems. This -work is
being extended to other reactors
as well as towards development
of systems for improved operator
support. A detailed programme of
development of PSA work has
been identified.

Following special components
were fabricated and supplied : 4
B4C control blades for TAPS, 5
liquid shut off rod assemblies for
NAPP-II, 7 mechanical shutoff rod
assemblies for KAPP-I, 11 Zr-2
guide tubes for mechanical shut
off rods for KAPP-I, replacement
of wire rope assemblies in 9 Initial
Accelerating Spring Assemblies
received back from NAPP-ll and
nitriding of 4353, 17-4 PH SS com-
ponents for NPC.

Dis-assembly of 2 MW inpile loop
at Hall-7 has been completed and
installation of piping system and
equipment at Dhruva has been
started. Design of 2 MW impile
loop auxiliary systems was com-
pleted and their fabrication is in
progress. Loop design manual and
report on out-of-pile commission-
ing of the loop at Hall-7 was pre-
pared and submitted to Reactor
Safety Committee. Safety analy-
sis of the loop at Dhruva is being
done. The causes for higher level
of pump vibrations and its damage
were identified. Necessary mod-
ifications of the pump are being
done.

Loop piping and equipment lay-
out at Dhruva has been prepared.
Fabrication of equipment and pro-
curement of instrumentation is in
progress. Loop design and safety
report is being prepared. Fabrica-
tion of buggy and buggy drive
mechanism for X-ray inspection
facility for Dhruva irradiated fuel is
nearing completion. Preparation of
site for its installation in storage
block at Dhruva is in progress.
Fabrication of shield blocks is in
progress.

Cold/hot commissioning of in-
strumentation controls for High
Temperature Loop was carried
out. Instrumentation and control
for renovation of Fuelling Machine
Test Facility in Hall No. 3 is in an
advanced stage of installation. In-
strumentation and controls for. a
number of small experimental test
facilities used for the develop-
ment, works pertaining to 235 and
500 MWe power reactors were
completed.

Performance evaluation of
XLPE and PVC cables for life time
integrated dose of 70 mega rads
and seismic qualification was car-
ried out.

Reactor Analysis

Thermal hydraulics analysis of
PHWR reactor systems has been
extended to the steady and tran-
sient states for specific applica-
tions. Full-load and part load hyd-
raulic analysis for 500 MWe sys-
tems for different pump combina-
tions have been done. Loss of
Coolant Accidents analysis with
temperature transient states in
the hot channel has been
achieved.

The basic structure of the full
scope Training Simulator de-
veloped completely indigenously
has been installed at the Nuclear
Training Centre, Kota. Models for
full range of operation, start up,
pump operation and shut down
have been demonstrated. A few
more transients such as load re-
jection, reactor trip as well as sta-
tion islanding have been success-
fully implemented.

Taking advantage of the com-
missioning of NAPP Unit-1, low
power, physics experiments have

been planned and successfully
completed. Data obtained will also
help in validation of the codes de-
veloped which can be extended to
500 MWe systems. A new con-
cept of sector symmetric fuel re-
load pattern for Tarapur reactors
has been developed. Core physics
design ror 1000 MWe units with
use of a burnable poison and low
leakage has been evaluated.

Development of seismic analy-
sis techniques have been con-
tinued. Ground motion, response
spectra, response spectra com-
patible time history have been
generated for specific sites. Be-
sides, compatible spectra and
spectral density for strong motion
have been generated for reactor
sites and statistically analysed.

Experimental Reactor Physics

A microprocessor-based system
was developed and used for on-
line surveillance of neutron popula-
tion in the reactor during the appr
oach to criticality and other star-
tups of NAPP-I. The system was
also used for collecting other data
during the measurements and for
direct analysis of some of the
data.

Procedures for physics-related
measurements during commis-
sioning of NAPP-1 as well as their
results after commissioning were
scrutinized in detail. Technical re-
ports on features of the measure-
ment programme, on some of the
observed data during the
measurements, and on error
estimations were also prepared
for Design and Safety review of
the reactor.

Measurements of axial flux dis-
tribtion in an empty channel of
NAPP-1 were made in five con-
figurations of control rods using
copper wires. An automated sys-
tem using microprocessor control
was used for wire movement and
data collection during the scanning
of the wires after irradiation and
removal from the reactor.

Technical aspects were consi-
dered with chemists of NAPP site
for on-line measurements of
boron concentration in moderator
using chemical method and com-
pared with the physics-based
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method using neutron absorp-
tiometry which is also being de-
veloped.

Computations of gamma fluxes
and gamma heating in the core of
500 MWe PHWR were per-
formed and whole-core' computa-
tion has been undertaken.

Participatory work has been in-
itiated for preparing commission-
ing-stage measurements to be
done on 500 MWCe) PHWR.

Methods for measurement of
neutron received by materials in
reactors were further improved
for accounting for spectral effects
and applied to measurements for
pressure vessels of Tarapur reac-
tors.

Study was made on possible use
of noise analysis techniques for
surveillance of PHWR reactors to
detect boiling in channels if it
occurs.

A long crystal of silicon was
irradiated for inducing transmute .
doping and subsequent use by
BHEL for making test devices.

Continuing work was pursued
for evaluation cf nuclear data for
use of thorium in reactors.

Work was continued for de-
veloping improved transport
theory methods for radiation
transport calculations.

Reactor Control

The control panel and field wiring
for the 30 kW 233U Al alloy fuelled
reactor Kamini have been com-
pleted and functional tests are
being conducted. The reactor and
control system of Purnima-IH (zero
energy mock-up reactor of Kamini
) are undergoing final check-ups
for reactor start-up. Kamini would
go into operation shortly after Pur-
nima-lll.

The instrumentation and control
systems in research and power
reactors are being modernized by
exploiting advantages offered by
computer based systems. These
systems enable implementation
of advanced control algorithms
and offer better man-machine in-
terface and enhanced reliability.

Instrumentation and control
system for KAMINI research reac-

tor has been installed at site and
precommissioning tests have
been carried out. These tests in-
clude checking the functioning of
all systems against simulated sig-
nals. Tests have also been carried
out for operation of safety control
plates, reactor coolant heat trans-
port system, waste disposal and
demineralized water systems,
process controls and process in-
formation systems.

Various components for PURNI-
MA III critical facility for testing
and validation of reactor core para-
meters have been fabricated.
Other components such as fuel
support structures, beryllium re-
flector boxes, control rod guide
plates and fuel extraction tools
have also been fabricated.

The Pneumatic Carrier Facility at
Dhruva has been equipped with a
control system which facilitates
loading and irradiating samples in
the reactor as per predefined cy-
cles.

"he computer control of Fuel
Handling System for Integral Ther-
mci Facility at Hall-7 is being used
fo calibration and testing of fuell-
ing machine heads for various
power plants. This facility has

been upgrade i with an advanced
minicomputer system to provide
full auto mode operation and im-
prove its availab lity. In addition, it
provides improved operator inter-
face and on-line diagnostics.

A Digital Recording System was
developed earlier to replace a large
number of electro-mechanical re-
corders. Two such units, with a
capability to record 48 parameters
measured every two seconds for
four days, have been installed at
MAPS. In addition, the system
also computes moderator temper-
ature change during power step
operations.

Channel Temperature Monitor-
ing Systems in PHWRs are being
used to monitor the outlet
temperatures of 306 reactor chan-
nels. Two CTM systems have
been installed at NAPP-2 and pre-
commissioning has been com-
pleted. The operational experi-
ence with CTM systems at MAPS
and NAPP has resulted in adoption
of a system based on a single mic-
rocomputer for the two RTD in-
stallations at KAPP.

The Channel Temperature Moni-
toring System for 500 MWe has
dual functions of monitoring

Indigenous 100MW high flux research rorfctor Dhruva
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coolant outlet temperature for
392 fuel channels and providing a
reactor set back signal. The data
acquisition unit is designed to be
fault tolerant for higher availabil-
ity. The use of PCs with color
graphic monitor makes it possible
to display information to the oper-
ator in the form of history, trend
graphs, etc.

The preliminary analysis of
Reactor Regulating System and
hardware configuration for 500
MWe Reactor Regulating System
have been completed.

A Programmable Digital Compa-
rator System to replace the sys-
tem indicating alarm meters has
been developed and supplied to
KAPP.

The shut-off rod drive mechan-
ism for Dhruva has been upgraded
to extend wire-rope service life
and to improve the level of on-
demand scram functions. A mic-
roprocessor based test console
for automatic testing of adjuster
and shut-off rods with print out
facility for various parameters has
been developed and commis-
sioned.

The design of advanced shut-off
rods for KAPP has been com-
pleted. This design permits on-line
monitoring of health of the
mechanism, higher lubrication of
rotating components for ex-
tended life and modular construc-
tion, resulting in imprpved service
life and operational reliability.

A large number of adjuster rod
drives are required for each of the
power plant. A prototype two
phase servo motor alongwith thyr-
istor control amplifier has been de-
veloped and tested in the lab. A
batch of 20 such motors along-
with drive assemblies are being
supplied to KAPP.

A new test station for the test-
ing of 500 MWe control mechan-
ism has been commissioned with
absorber assembly, head gear and
test facility which will be exten-
sively used for design verification
and to evolve specifications for all
mechanisms used in 500 MWe
PHWRs.

Reactor Operations, Services and
Maintenance

The 100 MW research reactor
Dhruva continued to operate
satisfactorily at its rated power. A
record uinterrupted continuous
operation of 1 9 days at rated pow-
er was established in the month of
March 1989. Some difficulty in
quick identification and location of
failed fuel assemblies was en-
countered. Efforts to improve the
Failed Fuel Detection System are
on hand. An experimental fuel
assembly with the fuel pins manu-
factured by extrusion process
was test irradiated and its per-
formance was found to be satis-
factory. Regular production of
miscellaneous radioisotopes has
been streamlined. Long term irra-
diations for production of cobalt-
60 are being continued.

The 40 MW thermal research
reactor Cirus was operated at its
designed power level till mid-
August 1989. Thereafter, the
operating power level has been lo-
wered to 20 MW towards conserv-
ing fuel. Both Cirus and Apsara
reactors continued to operate in a
safe and efficient manner and pro-
vided facilities for neutron re-
search, neutron radiography, test-
ing of neutron detectors, isotope
production, gem-grade diamond
irradiation, etc. and for staff train-
ing. Over 1500 samples were
irradiated for isotope production in
both the reactors. Silicon crystal
irradiation experiments for uni-
form phosphorus doping were
continued at Cirus.

Over 1800 isotope samples
were evaluated for reactivity
effect, heat production and radia-
tion shielding for irradiation in
Trombay reactors. About 37,000
chemical samples of light water,
heavy water, helium ion exchange
resins, etc. were analysed for che-
mical control of Apsara, Cirus and
Dhruva reactors at Trombay.

Towards better reliability and
operational flexibility, some of the
services such as compressed air,
demineralised water and- chilled
water systems were intercon-
nected between Dhruva and
Cirus. For Dhruva reactor, mod-
ifications and mock-up trials were
in progress with a view to increase

the reliability and improved per-
formance of shut-off rod drive
mechanism. Procurement action
for equipments, values, piping and
pipe fittings of Emergency Core
Cooling System Phase-ll is in prog-
ress. For the on-power handling of
isotope tray rods, design review
for the consequent modifications
to components were carried out
based upon mock-up tests.

To assess the pattern of accu-
mulation of silta near sea water
system caisson, a depth study
was conducted in coordination
with Bombay Port Trust author-
ities. Performance of the main sea
water pumps was improved by
modifying certain critical compo-
nents.

Assistance was provided to
Nuclear Power Corporation for
analysis of raw water samples for
KAPP and Kaiga, for supply of
heavy water standards to NAPP
and for analysis of moderator
heavy water samples for their
boron content during criticality ex-
periments at NAPP.

Certain problems of Dhnjva
reactor Power Regulating System
were successfully solved. To im-
prove the Failed Fuel Detection
System, a flow set-up facility was
made to collect data. To avoid
flooding of operational and other
areas during monsoon, necessary
measures • were carried out at
Cirus and Dhruva.

The performance of the new
microprocessor based system for
Failed Fuel Detection and Loca-
tion System in Dhruva is being
observed. The out-of-pile testing
of a prototype instrumented fuel
assembly with thermocouples
was carried out. A new in-
strumented fuel assembly is
under fabrication for being instal-
led in the Dhruva reactor.
Ore Dressing

Studies on the feasibility of ap-
plication of wet magnetic separa-
tion for beneficiating uranium
values from copper plant tailings
ol" Singhbhum were continued. It
has been shown that about 759b
to 85% of uranium values can be
recovered in the magnetic fraction
in 45% to 50% weight from the
tailings of Rakha, Surda and Mosa-
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bani copper beneficiation plants.
Magnetic separation thus has the
potential of application to reduce
the bulk of tailings to be proces-
sed by acid leaching to recover
uranium from this important re-
source. Preliminary studies carried
out on selective removal of acid
consuming carbonate gangue
minerals from a uranium ore sam-
ple from Tummalepalle in Andhra
Pradesh have given encouraging
results.

A number of beneficiation inves-
tigations have been taken up dur-
ing the year at the request of
other government agencies. A
process flow-sheet for recovering
cassiterite from placer-type de-
posits from Bastar was communi-
cated to Madhya Pradesh State
Mining Corporation Limited. Flow-
sheets were developed for the re-
covery of tin values from two
types of lode-type tin ores from
Tosham, in Haryana. Since the
'cassiterite occurs in varying sizes
down to ultrafine disseminations,
the process developed irtvolves
multistage operations including
gravity separation, reverse flota-
tion, regrinding and magnetic
separation. Studies on the benefi-
ciation of tungsten ore from
Khobna in Maharashtra were com-
pleted, and a process flow-sheet
was developed to recover tung-
sten values occurring in the form
of both scheelite and wolframite.
These studies on Tosham tin ore
and Khobna tungsten ore were
carried out at the request of
Mineral Exploration Corporation Li-
mited, and preliminary project re-
ports have been submitted. De-
velopment of a process flow-
sheet to upgrade chromite ore
from Orissa to market specifica-
tions is nearing completion, the
work having been taken up at the
request of Orissa Mining Corpora-
tion Limited.

Several fundamental studies on
various unit operations of ore
dressing were continued. Impor-
tant among these is studies on
modelling and simulation of dif-
ferential comminution and libera-
tion of minerals during grinding of
ores.

Uranium Fuel Fabrication
The fuel and other components
required for Cirus and Dhruva reac-

tors were fabricated and supplied.
112 U metal fuel rods (x-rods) and
1864 sub-assembly components
were delivered to Cirus. 20 ThO2 J
rods were supplied to Cirus. 199
uranium fuel clusters, 170 Al
shields and 191 seal plugs were
supplied to Dhruva.

Development work was carried
out for improving recovery in fab-
rication by reducing rolled rod dia-
meter and introducing automation
in some of the operations.

The prototype oxide fuel fab-
rication facility was extensively
utilised for production of high de-
nsity sintered UO2 pellets, con-
forming to PHWR fuel specifica-
tions. More than 4 tons of UO2
pellets have been fabricated with
7096 or more recovery and have
been supplied to NFC, Hyderabad,
for encapsulation and use in
PHWRs. From NFC, either re-
jected UO2 powder lots or UO2
powder lots with low recovery
were used for this fabrication
campaign. The modifications in-
corporated in the fabrication flow
sheet for producing high density
pellets meeting all specifications
include sieving and separating
hard UO2 granules, ball-milling,
admixing zincbehenate lubricant,
using WC die-punch set, dewaxing
and sintering UO2 pellets in an
atmosphere of nitrogen and hyd-
rogen.

The Mixed Oxide CMOX) fuel fab-
rication plant at Tarapur has been
given provisional clearance by
AERB for plant operations with
depleted/natural UO2. The im-
mediate programme is the fabrica-
tion of reprocessed UO2 fuel pel-
lets. This material presently being
processed in the plant has about
0.3 ppm of plutonium. This cam-
paign enables the plant to test its
production lines on suitability for
handling bulk quantity of pluto-
nium.

The MOX plant is duplex type :
having two parallel lines of fuel
fabrication — one for thermal
reactors (PHWRs) and the other
for fast reactors. The depleted
UO2 fuel production work is taken
up in the PHWR line. The installa-
tion of the fast reactor fuel fab-
rication line is to be taken up dur-
ing 8th Plan, wherein manufacture
of Prototype Fast Breeder Reac-
tor (PFBR) fuel will be carried out.

Quality Assurance

Quality surveillance jobs on fuel
bundles, zircaloy components,
garter springs, coolant and calan-
dria tubes for PHWRs, fuel bun-
dles for TAPS, and on various S.S.
and other materials and compo-
nents wasregularly carried out.

Kamini Fuel assembly
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Plutonium and 233U Fuel Fabrica-
tion

High density UO2 and UO2-49b
PuO2 fuel pellets conforming to
PHWR fuel specifications were
fabricated by sol-gel-microsphere-
pelletisation (SGMP) process. The
gel microspheres were prepared
by internal gelation process from
uranyl and Plutonium nitrate solu-
tions; Pellets fabricated by SGMP
process were found to have about
109b higher thermal conductivity
compared to pellets of equivalent
density prepared by conventional
"powder-pellet" route.

As part of Plutonium fuels de-
velopment programme for Fast
Breeder Reactors, UN and CU,
Pu)N fuel pellets of relatively low
density C85 + 1% T.D.) and of
both uranium and Plutonium rich
compositions have been fabri-
cated by carbothermic reduction
of oxide-graphite in flowing nit-
rogen. Sol-gel-microsphere-
pelletisation CSGMP) and conven-
tional "powder-pellet" routes
were optimised for preparation of
mononitrides containing minimum
oxygen and carbon impurities. The
high specific surface area of sol-
gel derived oxide-graphite parti-
cles enhanced the kinetics of car-
bothermic reduction process.
Further, SGMP process ensured
excellent microhomogenity, led to
controlled pore structure, mini-

mised fabrication steps, avoided
handling of fine powders and in
turn minimised radiotoxic dust
hazard and fire hazard (associated
with fine MC and MN particles).
Further, dust-free and free-
flowing nature of microspheres
made the SGMP process amen-
able to automation and remotisa-
tion.

Fabrication of aluminium clad Al-
233U fuel for Kamini research
reactor at 1GCAR, Kalpakkam, is
an important milestone in our in-
digenous nuclear fuels technolo-
gy. The Kamini fuels assembly
consists of 8 fuel plates of alumi-
nium clad, Al-209b233U containing
approximately 8 gm of 233U per
plate. Nine fuel assemblies consti-
tute the Kamini core. The feed
materials for Kamini fuel ^re 233U
and A) metals. The major fabrica-
tion steps are master alloy prepa-
ration, melting-casting of fuel
alloy, hot and cold-rolling of fuel
meat, encasing fuel meat in alumi-
nium picture-frame and roll-
bonding. Several innovative non-
destructive testing CNDT) techni-
ques were developed during the
fabrication campaign to meet the
stringent specifications on dimen-
sion, chemical composition and
bond quality of Kamini fuel plates
and sub-assembi.es. X-ray radio-
graphs and their micro-
densitometric scans have been

Spent fuel cask being lowered in the fuelstorage pool

used for location of fuel meat and
for confirming homogeneous dis-
tribution of the fissile species in
the fuel alloy. In this connection, a
continuous motion radiographic
set up has been commissioned for
avoiding beam effect in radiog-
raphic images. The bonding be-
tween the fuel meat plate and the
cover plates were evaluated by
"blister test" and "immersion
ultrasonic" techniques'.

Post Irradiation Examination

DIE of Al clad U metal fuel rods
from Dhruva research reactor and
zircaloy clad UO2 fuel pins from
Madras Atomic Power Station
(MAPS) was carried out. The Hot
Cells Facility was also utilised for
successfully repairing a damaged
Apsara fuel assembly and retriev-
ing 64 capsules of valuable radio-
isotopes.

Detailed examination of two
failed MAPS fuel bundles con-
firmed that their failure was due
to massive hydriding of the end
plug.

The PIE activities also included
analysis of the inside surface of
zircaloy cladding of UO2 fuel ele-
ment from Tarapur Atomic Power
Station (TAPS) by SEM and EPMA
for valuable information on fuel
cladding chemical interaction.

Fuel Reprocessing

The Power Reactor Fuel Repro-
cessing Plant, Tarapur (PREFRE)
and the Plutonium Plant at Trom-
bay operated successfully
throughout the year, the former
processing the spent PHWR oxide
fuel and the latter the research
reactor metallic fuels.

After successfully completing
the reprocessing campaigns,
based on the operating experi-
ence, necessary additions and re-
placements in hardware are being
carried out to bring about further
improvments in process engineer-
ing. This is being done as a part of
the annual mainatenance outage.

The construction of the repro-
cessing plant at Kalpakkam is
making steady progress. En-
gineering design of the process
and utility system is almost com-
plete. Civil construction activities
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Waste Immobilising Plant at Tarapur

are in an advanced stage of com-
pletion. Installation of process
equipments and mechanical and
electrical systems in the main pro-
cess building has been started.
Design reports are being sub-
jected to critical safety analysis in-
ternally before submission to the
regulatory body for obtaining
necessary clearances.

In keeping with the long term
interest in exploiting the potential
of the vast reserves of thorium for
future breeder programme, an en-
gineering scale facility for separat-
ing U-233 from irradiated thorium
fuel elements is being set up at
Trombay. This facility is expected
to firm-up the design concepts to
be adopted in the industrial scale
plants to be built in future. All the
activities of the project such as
engineering design, fabrication of
equipments, procurement of com-
ponents, etc. are in progress.

In order to make available suffi-
cient reprocessing capacity to
treat the spent fuel arisings of the
10,000 MWCe) nuclear power
programme and to create a pluto-
nium base for the future Fast
Breeder Reactor CFBR) program-
me, it is necessary to build addi-
tional reprocessing plants of larger
capacity. Work on their conceptual
design has been taken up. Propos-
al for starting construction of one
such plant has been put up for
inclusion in the 8th Plan.

In the fulfilment of the short and
long term objectives of the spent
fuel reprocessing, R&D activities
are being pursued, as a on-going
programme, in a variety of areas
such as process chemistry and en-
gineering, instrumentation,
measurement techniques and
corrosion. The main thrust of the
R&D efforts is to bring about in-
novations in the general hardware
and process for achieving cost
effectivness. During this year re-
sults of the some successful R&D
ventures were promptly adapted
for plant application. Multidisciplin-
ary collaboration has been initiated
to solve some of the problems.
Notable among these efforts is in
the field of robotics for application
in high radiation fields.

Radioactive Waste Management

An important milestone was
achieved in the mastering of the
entire nuclear fuel cycle technolo-
gy-in this country when the Waste
Immobilisation Plant, Trombay,
fixed for the first time significant
radioactivity from the actual acidic
waste from the reprocessing
plant, in a glass form sealed in
stainless steel canisters.

The first phase of these opera-
tions were carried out with some
dilution of the waste. During the
subsequent phases the feed
activity in the waste will be in-
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creased by concentration to high-
er levels before vitrification.

Radioactive waste mangement
facilities at Trombay, Tarapur, Ra-
jasthan and Kalpakkam functioned
satisfactorily throughout the year.
Different types and categories of
low and intermediate solid and li-
quid wastes were processed prior
to disposal. The treated liquid
effluents were discharged to en-
vironment after satisfying all safe-
ty requirements prescribed by the
concerned regulatory agencies for
individual sites. Activity dis-
charges made at different sites
were less 8°/o of the permissible
limits. The radioactive concen-
trates were conditioned in suit-
able matrices before disposal into
the engineered containment sys-
tems such as RCC trenches and
tile holes at the solid waste man-
gement facility at each site. Activ-
ity thus retained was about Q0°/o
of the activity received for treat-
ment. Surveillance of the disposal
sites was carried out at regular
intervals by monitoring the
radioacativity of the water and soil
samples drawn from nearby hot-
wells. No migration of radioactivitv
in the surrounding soil was noticed
at any site.

The decontamination centres at
different sites received contamin-
ated protective wares and reus-
able components of some critical
machineries. These were decon-
taminated and recycled.

Construction of process building
and ancillary structures of the
Waste Immobilisation Plant, Trom-
bay (WIP-Trombay) is in progress.
This plant will treat the wastes
from the Plutonium Plant, Trom-
bay. Detailed engineering design
of the process and utility systems
is progressing and the procure-
ment activities are proceeding
satisfactorily.

Work on the design of process
and engineering systems for the
Waste Immobilisation Plant at Kal-
pakkam is in progress. This plant
will treat the high and intermedi-
ate level wastes arising from the
Kalpakkam Reprocessing Plant.

The pre-commissioning trial runs
on the first stage of the chemical
treatment systems in the Waste



Management plant, Narora
(WMPN) were carried out.

Augmentation of waste man-
agement facilities as a part of the
away from reactor spent fuel stor-
age facility (AFFO at Tarapur is in
progress.

A proposal for building an in-
terim storage facility at Kalpak-
kam for retrievably storage alpha
bearing high level wastes has
been finalised. A detailed report
on this is under preparation.

Keeping in mind the need to
treat the waste arisings of the
10,000 MWCe) nuclear poower
programme envisaged by the De-
partment of Atomic Energy,
plants are on to set up Waste Man-
agement Centralised Facilities
(WMCF) at different reactor sites
viz., Kota, Kakrapar, Kaiga and
Tarapur. Design basis reports de-
tailing process schematics, ser-
vices and man power require-
ments, cost estimates etc. have
been submitted to NPCIL.

The thrust of laboratory scale
studies is towards development
of new processes and techniques
for the treatment and safe con-
tainment of a variety of solid, li-
quid and gaseous radioactive
wastes generated at different
stages of the Nuclear Fuel Cycle.

Inactive simulation experiments
were continued through-out the
year in the sub-terranian research
chamber about 1000 meters deep
at a mine site to study the long-
term effect of storing solidified
high active wastes in geological
formations. Valuable data on the
behaviour of the host rock are
being collected continuously for
modelling studies. The ex-
perimental activities will be ex-
panded in the second research
chamber under construction now.

The shallow land disposal site at
Kakrapar for low and intermediate
level radioactive solid wastes has
been taken up for detailed inves-
tigations of its geo-hydrological
characateristics.

Health Physics

Safety surveillance for the various
nuclear fuel cycle operations at all
the DAE installations in the coun-

try were provided. Safety related
R&D activities were also under-
taken to support the programme.

In the uranium mining and milling
operations, the exposure to work-
ers is mainly from radon daughter
products which accounted for
80% of the dose. Efforts to re-
duce this exposure by providing
better ventilation is planned for
the new mine projects. Environ-
mental surveillance around UOL at
Jaduguda was continued. Efforts
are being made to further reduce
the radium release to the environ-
ment by introducing additional
treatment. The pilot plant studies
for this were completed. Health
Physics surveillance for the
OSCOM project at Chatrapur, Oris-
sa, was initiated. The improved
design features at the new Rare
Earth Plant, Alwaye (MOHUR),
enabled the exposure to be re-
duced to half that in the present
plant. Health physics coverage for
the decommissioning of the old
Rare Earth plant is being provided.
Design safety at NFC expansion
project was evaluated. A steel
room for the lung counting of ura-
nium in NFC workers was commis-
sioned at NFC, Hyderabad.

Health physics services and sur-
veillance for the operating nuclear
power stations were provided.
Manrem budgeting and planning
for the special operations such as
calendria rehabilitation at MAPS
and for the outages at TAPS,
RAPS and MAPS were provided
which enabled the operations to
be carried out with minimum
possible exposure to workers.
The collective dose for the power
reactors for 1988 decreased by
34% from that for 1987. Health
physics planning enabled manrem
consumption for Dhruva and Cirus
operations to be kept low. The
technical specifications for
effluent discharge limit for the
operating plants were revised to
conform to the latest ICRP recom-
mendations, taking into account
multifacility sites. The apportion-
ment of site dose for each plant
was worked out. Health physics
services were provided at the
Narora Power Station for the
attainment of the first criticality
and synchronisation to the grid.
Probabilistic safety analysis for

the Narora Power Station was car-
ried out. Design safety of the
plants under construction and
safety evaluation of operating
plants were reviewed.

Environmental safety surveill-
ance at the nuclear power plant
sites was undertaken. The en-
vironmental survey laboratories
and meteorological stations were
operated at all NPP sites. On the
basis of the analysis of environ-
mental and food samples, the
dose to the public from the opera-
tion of the PHWRs at the site
boundary during 1989 was esti-
mated to be less than 5 mRem.
ESML lab for KAPP at Kakrapar is
under construction. Pre operation-
al met data are being acquired for
the various new sites — Kaiga and
Kudankulam .

Analysis of marine sediment
core samples at Trombay and
Tarapur is in progress. No effect
of the releases could be detected
at Tarapur beyond 3 km. Work
was initiated on study of distribu-
tion of 210Pb and 210Po in marine
ecosystems. Depth profile of
21 OPb in sediments has been used
for estimation of sedimentation
rates.

At the back end of the fuel cy-
cle, the O & M operations at the
reprocessing plants at Trombay
and at Tarapur continued to be
provided with exposure control
and man-rem planning. The health
physics planning for the Kalpak-
kam reprocessing plant was car-
ried out. Design safety of WiP and
PEP projects at Tarapur was re-
viewed. The health physics activi-
ties for these plants have been
initiated with the starting of the
operations. Design review of
Trombay WIP project was also
done. The Waste Management op-
erations at Tarapur and Trombay
were given health physics
coverage.

A steel room for lung counting
of plutpnium in workers, a shadow
shield counter, radioactive assay
systems and a real time environ-
mental hourly dose logging sys-
tem were made operational at the
Health Physics Laboratory, Tara-
pur. The computer system at the
Laboratory has been provided
with remote terminals at the va-
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BARC developed Dosimeters

rious health physics units on the
site to evolve it as a computer
based emergency preparedness
system.

The Site Emergency Control
Centre at Trombay was equipped
with met and environmental dose
rate logging facilities and real time
display of these on a site map. The
centre is also equipped with in-
struments and protective equip-
ments for use in emergency. Two
mobile monitoring vans were de-
signed and under fabrication.
These will augment emergency
monitoring capabilities consider-
ably.

Studies on atmospheric modell-
ing and aquatic modelling to evalu-
ate the dispersal of radionuclides
released to the environment were
continued. Interactive computer
programme for personal compu-
ters was developed for use in
emergency preparedness. En-
vironmental impact assessment
for the Managuru Heavy Water
Plant was carried out. Computer
code (Mathew-ADPIO for predict-
ing long range C200 kms) disper-
sion of pollutants to assess the
impact of accident scenarios are
being adopted for the computers
available at Trombay.

A GM counter based digital dosi-
meter with PC interfaceability has
been developed and is being field
tested. An image analysis system
for evaluation of track densities in
SSNTDs have been set up for
dosimetric applications. HPD 4K
multi-channel analysers continued
to be set up for radio analytical
work and for on-line applications.
Environmental dosimetry using TI_
dosimeters at the various DAE un-
its were continued. No significant
increases in the dose rate outside
the plant boundaries were
noticed. Cancer mortality data of
DAE employees and their families
located at Bombay and Tarapur
was analysed. Work on the Indian
reference man is being taken up
under an IAEA-RCA coordinated
research program.

The operating power stations
and the associated active facilities
have maintained an excellent all
round safety record throughout
this year. The high safety stan-
dard is reflected by the following:
CO Personnel exposure to radiation
was well within the permissible
levels, Cii) There was not a single
incident of fatal or disabling injury,
CiiD The radioactivity in the liquid
and gaseous effluents discharged
from the plants into the environ-
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ment was far below Cfew percent
of) the authorised limits.

Radiological Protection

Implementation of radiation safe-
ty programme in non-DAE institu-
tions all over the country using
radioisotopes and radiation
sources for medical, industrial and
research applications was con-
tinued. Personnel monitoring ser-
vice was provided to both DAE
and non-DAE institutions. 15,079
radiation workers in 2,106 institu-
tions were monitored with film
badges and 19,279 radiation work-
ers in 802 institutions were moni-
tored with TLD badges. PC based
densitometer developed in BARC
was used for taking readings and
evaluation of doses from film
badges. Since more radiation
workers are being monitored with
TLD badges, effort has been
made to reduce the reading time
for the badge. Three times more
cards can be read on the semi-
automatic and the multiprobe
reader as compared to the manual
reader. During the year, 145 cases
with more than 10 mSv exposure
were detected and 9 cases under-
went chromosome aberration
test. BARC participated in IAEA
coordinated research programme



on intercomparison for individual
monitoring and the results were
satisfactory.

Installation plans were approved
for 27 medical, 1 3 radiography, 60
nucleonic gauge and 34 research
institutions. Authorizations were
issued for procurement of 917
radionuclide consignments, 76
new radiography cameras and re-
placement sources for of 945 old
radiography cameras. 13 tele-
cobalt source replacements and
220 radiological protection sur-
veys were carried out. Unused
905r ophthalmic applicators from
2 hospitals were brought back to
BRIT. 307 radiography cameras
were inspected for radiation safe
ty and type approval of several in-
dustrial radiation devices and their
accessories was given. 3262 mg
of radium from 1 3 hospitals was
collected and disposed off in
BARC as waste.

A treatment planning software
for use in radiation therapy which
calculates 2-dimensional dose dis-
tribution for beam and brachyther-
apy has been developed. This
programme can be run on any IBM
compatible PC/XT/AT and will be
useful for radiation therapy cen-
tres in the country. It is mandatory
that all X-ray units marketed in In-
dia are type approved by Atomic
Energy Regulatory Board CAERB).
In this connection, procedures for
tests of X-ray units were designed
in detail to ensure safety of the
units from the operational and
radiation safety points of view.
Kits for the above tests have been
fabricated. To train medical physi-
cists for carrying out this program-
me, two workshops were con-
ducted in which 86 physicists
from 23 states and union territor-
ies participated.

Several specialized dosimeters
such as secondary standard dosi-
meter, clinical dosimeter, and TLD
dosimeter were supplied to va-
rious cancer hospitals and institu-
tions in the country. The technolo-
gy for the fabrication of TLD
badge reader was transferred to
M/s. L & T Gould, Mysore, to meet
the growing demand. The col-
oured indicator for the identifica-
tion of radiation sterilized medical
products were supplied to more
than 13O user companies:

Calibration services for various
radiation instruments were pro-
vided to the different units of
DAE and otlur users of radiation
sources in industry and radiation
oncoloyy. These included calibra-
tion of therapy level dosimeters,
monitoring of teletherapy units
using mailed thermoluminescent
dosimeters, calibration of protec-
tion level monitors, reactor moni-
tors and detectors, supply of stan-
dard radioactive sources and
calibration of neutron sources and
fluxes. Dose intercomparison of
medical accelerators was carried
out using the FBX chemical dosi-
meter. An electron capture
radionuclide standard was pre-
pared for international intercom-
parison. Characteristics of multis-
phere neutron spectrometer were
studied. A theratron-60 cobalt
machine was installed for calibra-
tion of dosimeters and monitors.

The analysis and certification of
about 500 samples of imported
milk powder and pulses and cere-
als meant for export, were carried
out. 90Sr content was analysed in
about 30 samples of milk powder,
vegetable and tea using the sol-
vent extraction method based on
Tributyl Phosphate (TBP).

The operation of 1 2 monitoring
stations round the country, includ-
ing a new station at Shillong, for
fallout samples was continued.

The coal mines in Assam were sur-
veyed in detail for radon activity.

Country-wide monitoring of in-
door radon was continued and ab-
out 1AOO dwellings were studied.
The levels varied from about 0.1 to
15.0 mWL, the geometric mean
value being 3.7 mWL. The season-
al variation of radon in homes was
also studied.

RF and ultra sound surveys
were carried out for twenty seven
sources which included inductively
coupled plasma atomic emission
spectrometers, plastic welding
machines and diathermy units.

The measurement of several
pollutants like SO2.NO2, CO,
heavy metals, hydrocarbons, etc.
have been carried out in a number
of samples including atmospheric
air,rain, industrial areas, mines,
and in biological samples including
blood, teeth, etc. Specialisea
techniques like gas chromatogra-
phy, voltammetry, X-ray fluoresc-
ence, etc. are used in these stu-
dies.

Monazite Survey Project

Cytogenetic studies on human
population residing in the mona-
zite-bearing high background
radiation areas of Kerala and ad-
joining regions were undertaken.
The objective of this study was to
compare the incidence of con-

Monitohng instruments
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genital abnormalities, sentinel
phenotypes, morbidity and mortal-
ity rates, fertility indices, etc. of
population groups residing in nor-
mal background radiation with
those living in high background
radiation areas of Kerala coasts.
For this purpose, two surveys
(newborn and epidemiologicaD
were carried out in collaboration
with the State Government involv-
ing participation of Primary Health
Centres and other hospital units
serving this population. For new-
born survey work, six hospital un-
its were identified. Over 14,000
newborns were screened for con-
genital abnormalities. Karyotype
analyses of over 1,116 cord blood
samples of babies born to
mothers residing in the normal
background radiation as well as
high background radiation areas
were completed. The prevalence
rates for congenital abnormalities,
karyotype anomalies as well as
chromosome aberrations among
newborns were estimated. The
demographic data on population
groups covering 6,160 house-
holds, comprising of 7,600 couples
and total population of 38,100 indi-
viduals were covered in two pan-
chayats. The data on abortions,
still births, multiple births, sex
ratio, infertility, consanguinity,
etc. of the study population were
also made. The data do no.t seem
to indicate any significant differ-
ences between population groups
from normal background radiation
and high background radiation
areas.

Chromosome aberration fre-
quency estimates for population
groups at various DAE units, occu-
pationally exposed to permissible
levels of low level radiations, were
carried out. These studies are
being extended to Uranium Cor-
poration of India (limited, Jadugu-
da, where the employees are pre-
dominently exposed to internal ex-
posure from radon and to a limited
extent from external gamma
radiation. During February-March
1989, over 300 samples were pro-
cessed for chromosome aberra-
tion analysis which are in prog-
ress.

Instrumentation

A demonstration of the Optical
Data Link developed in BARC was

arranged for Videsh Samachar
Nigam. The data link has been
modified to extend its range from
1 km to 2 kms.

Electronic circuits for all the
amplifiers of 1 kJ: 1 n5 glass laser
have been developed. A SMP
supply for charging of energy stor-
age capacitor is being developed.

An Explosive Detector was de-
veloped for bulk detection of ex-
plosives for Ministry of Home
Affairs. It uses a radioactive
source for transmission of fast
neutrons from the matter under
observation. It is used for sear-
ching vehicles for explosives hid-
den behind door panels, sills and
other cavities.

A fast optical radiometer incor-
porating a PIN photodiode has
been fabricated for use during
safety surveys of industrial and
laboratory optical sources.

Six numbers of fixed filter beta
gamma continuous air monitors
have been fabricated. Of these,
four are for Waste Management
Facility, Tarapur, and the remain-
ing two for Radiometallurgy Divi-
sion, BARC and IGCAR, Kal-
pakkam.

One NO2/NH3 monitor with
alarm facility was supplied to
Heavy Water Plant, Thai. Studies
were also carried out to determine

the conversion of NH3 to NO in
the cracker units of Heavy Water
Plants.

A variety of nuclear instrument
modules such as the low noise
charge-sensitive pre-amplifiers,
constant-fraction timing analys-
ers, 4K and 8K nuclear spectral
Data Acquisition System based on
Personal Computers, and Scintilla-
tion Counting Systems have been
designed, fabricated and supplied
to users. Some of these units are
also being transferred for produc-
tion at ECIL, in view/ of their con-
tinuous demands in nuclear in-
dustry.

Development of a Video Frame
Processor for visualising differ-
ence — images in industrial
radiography, template matching,
intruder detection and such di-
verse applications has been com-
pleted and the know-how/ trans-
ferred to a private industry for in-
dustrial exploitation. Based on
successful preliminary trials, an
acoustic under-water ambient
noise recording system, housed in
a hydrostatic chamber and oper-
ated by battery power, has been
developed for NIO. Goa. for
oceanographic studies. Elec-
tromyograph useful for neurolo-
gical studies has been successful-
ly evaluated and it is being offered
for industrial exploitation under
transfer of know-how.

Intelligent [Braille Interpreter with voice recognition capacity
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Twenty-five sophisticated elec-
tronics instrumentation systems
for radiation safety and health
assessment, of both environment
and operating personnel, have
been supplied to different DAE
power projects.

Procurement of materials and
installation for the setting up of a
flow calibration facility for a flow
of 0-3500 Ipm was completed and
the actual erection of the facility
was taken up. Evaluation tests
were carried out for tube fittings,
solenoid valves, ultrasonic flow
meters, temperature transmit-
ters, etc. Setting up of various
standard facilities under Central-
ised Process Instrumentation Unit
(CPILO is in progress.

Modification of proces instru-
mentation and controls for the
Acid Regeneration unit, OSCOM,
IRE, Orissa was completed and
the plant was commissioned suc-
cessfully with the newly installed
instruments.

Computer Based Instrumentation

A PC based Data Station for dif-
ferential scanning calorimeter for
the study of thermal properties of
various materials has been de-
veloped. It automates the control
of data acquisition and processing
of the data from differential scan-
ning calorimeter.

A PC/AT 386 based system has
been designed for recording and
analysing induced microseismic
events in the champion reef area
in the Kolar gold mines. The sys-
tem will be installed at a depth of 3
kms in the mine. Event status in-
formation is transmitted to the
earth station online for moni-
toring.

A personal computer based in-
terface for the Scandig photomet-
ric microdensitometer has been
developed. The microdensito-
meter was earlier equipped with
interface to the PDP-11 compu-
ter. This interface has been rede-
signed without changing the inter-
face signal levels.

A personal computer based in-
terface for low resolution organic
mass spectrometer has been de-
veloped for carrying out the
routine analysis of mass spec-
trum.

A PC based data acquisition and
processing system for pulse
radiolysis experiments has been
developed.

The technique of pulse radioly-
sis is a very powerful tool for the
study of mechanisms of fast che-
mical reactions initiated by ionizing
radiations in very short time dura-
tions of the order of nanoseconds.
The manual processing of data
generated in the form of oscillo-
scope trace is cumbersome and
time consuming. A personal com-
puter has been interfaced with
the storage oscilloscope using a
GPIB port to acquire data and
software has been developed to
compute the kinetic parameters
by a linear least fit procedure.

A personal computer based high
speed multiparameter data ac-
quisition system for processing
data at the rate of 10.000 events
per second was deveJoped and in-
stalled at Pelletron Laboratory.
TIFR.

A 50 MHz 11 bit ADC has been
designed, developed and pro-
totype engineered. Two ADCs
have been supplied for the posi-
tion sensitive detector assembly
system and they are already func-
tioning satisfactorily. Two more
ADCs have already been made for
use at the Pelletron. These ADCs
are undergoing final tests.

A nanosecond delay system
which generates very accurate
fast delay for the experiments us-
ing gas gun for studying the be-
haviour of materials under high
pressure has been developed. The
instrument produces three inde-
pendent delays. Delays are select-
able through thumbwheel switch-
es. The delayed outputs are used
to trigger different units situated
at distances upto 20 metres. Pro-
totype model has been fully
tested by user. The final unit con-
sisting of 3 delay modules has
been fabricated and tested and is
ready to be installed at user site.

Physical Protection System con-
sisting of perimeter protection,
access control and CCTV surveill-
ance system was commmissioned
at Narora Atomic Power Station
and Rajasthan Atomic Power Sta-
tion. Indigenisation of Central Con-
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troller of access control system
was completed. An access control
system suitable for OEM card
readers was also developed. A
microcontroller based system for
CCTV camera control with a single
video cable for video signal and
command transmission was de-
veloped.

One IBM-PC based image pro-
cessing and analysis system was
developed for Health Physics Divi-
sion, BARC, for radiation damage
studies. Software was developed
for shading correction and grey
level image processing.

A system was developed and in-
terfaced to Scanning Electron
Microscope at Indira Gandhi Cen-
tre for Atomic Research. It con-
sists of hardware and software
for correlation of electron image
and X-ray image map for chemical
analysis.

A phonetic code based scheme
of issuing multipurpose identity
cards was prepared and submit-
ted to Election Commission. It
was accepted in the All India Con-
ference of Chief Electoral Officers
at Tirupati in June 1989, for intro-
duction as a pilot project in the
State of Goa. Implementation of
this Scheme in the State of Jam-
mu & Kashmir was also under-
taken.

A low cost high security identity
card making machine was de-
veloped for Ministry of Home
Affairs. The system consists of a
video camera, IBM-PC/386 compu-
ter system and laser printer. The
identity card details are composed
for 8 I-Cards for printing on an A-4
size sheet. A photo base is main-
tained along with the personal
data for retrieval and verification.

A non-contact flow measuring
system was developed. Experi-
ments were carried out on a 2"
pipe-section at Engineering Hall-7,
BARC. The actual flow rate is
computed using an IBM-PC/AT
computer. Accuracy of measure-
ment at room temperature was +
3%.

For Heavy Water Projects, on-
lira multichannel hydrogen moni-
toring system was developed. The
system provides signal proces-
sing, data displaying, hard copy



generations, dual alarm level
annotation and operator's interac-
tion facility. Constant detector
block temperature controlled by
digital PID controller reduces
ambient temperature drift effect.

Control Engineering

Manufacturing and testing of 15O
canned motors has been taken up
for Heavy Water Plant at Hazira. A
first batch of 100 motors has been
manufactured and delivered to
site for installation. Since con-
siderable expertise is available on
design and manufacture of can-
ned motors and these machines
find wide application in petroche-
mical and other industries, tech-
nology transfer is planned. De-
velopment of a range of canned
motors for DAE use and also for
technology transfer is under-
taken.

The Giant Meter Radio Tele-
scope Project envisages control of
thirty four numbers of 45 metre
parabolic fully stearable antennas
spread over a distance of 14 kms
from a central control room. A pro-
totype DC servo drive and control
system has been fabricated to
study the controllability from cen-
tral station, interference of the
servo drive from radio star signals
and the capability to position and
track stars within accuracies de-
manded.

A 16-bit microprocessor based
data acquisition and control sys-
tem for six axes neutron spectro-
meter has been designed and
fabricated for use in Dhruva for
Crystrallo-graphic studies. The
system is being used in conjunc-
tion with a PC for data storage and
analysis. A single station can cater
to the control of six spectro-
meters.

Civil Engineering

The main construction activity
during the year was continuation
of superstructure works for the
Waste Immobilisation Plant
CRs.9.58 crores) which were com-
menced in July 1987. The civil
works for service building in the
complex are completed and works
in process building including cells
and ancillary structures are in adv-
anced stage of progress. Con-

struction of 100 metre high RCC
stack (Rs. 30.5 lakhs) is in prog-
ress. These structures come
under the nuclear category and in-
volve heavy RCC works and cells
which demand rigid quality con-
trol, consistency in quality of
materials and high degree of
workmanship.

Construction of CD Underground
water tank of 50 lakh litres capac-
ity for alternate water supply line
to BARC CRs. 78.6 lakhs), Cii) Low
cost covered shed for DPS at
Trombay Village CRs. 26.26 lakhs),
0ii) HT & LT Substation attached
to Prip Shed CRs. 4.52 lakhs). Civ)
RCC trenches in Zone 12 in RSMS
area, Trombay CRs. 2O.72 lakhs)
and other miscellaneous works
were completed during the year.

Financial sanctions for expan-
sion to BARC Hospital at
Anushaktinagar including residen-
tial accommodation to Housemen
CRs. 190.00 lakhs) and construc-
tion of Bank and Post Office build-
ing at Trombay CRs. 22.78 lakhs)
have been received and detailed
planning and tender action are on
hand.

Further schemes under planning
are proposed extension to
Radiometallurgy Division — Hot
Cell Facility CRs. 163.00 lakhs),
Glass House and Service room for
Biology and Agricultural Division
CRs. 8.9O lakhs), and covered
parking for cars and scooters at
North Gate CRs. 8.73 lakhs).

Due to ageing of the structures
over the years, structural repairs
for Ci) RCC jetty for Cirus, Cii) pre-
stressed saucer type water tanks,
and Ciii) Modular laboratory building
face-lift have become necessary
and these works are planned to be
taken up.

The maintenance of reactors,
plants, laboratories, utilities and
other buildings at Trombay, BARC
hospital and old and new Trainees'
Hostels at Anushaktinagar, NRL
and Cosmic Ray Research Lab
buildings in Kashmir was carried
out. A grant of Rs. 84.00 lakhs
was spent during the current year
on maintenance works. Major re-
pairs like renewal bf waterproof-
ing treatments over old terraces,
guniting to RCC members of

structures were carried out as
part of the continuing mainte-
nance activity.

Extension to Beryllium Machin-
ing Facility CRs. 3.88 lakhs) at
Vashi is under construction. Plan-
ning for construction of new dis-
pensary building CRs. 9.37 lakhs)
at Vashi is completed and sanction
awaited to take up construction.

Construction of 230 quarters
CRs. 311 lakhs) and school building
CRs. 58.40 lakhs) at Tarapur was
completed and buildings were
handed over to the users. Detailed
planning for construction of 479
quarters proposed under VIII plan
is on hand. At plant site, a scheme
for augmentation of water supply
to various BARC installations cost-
ing Rs. 246.50 lakhs has been
finalised and necessary estimate
was submitted for sanction. Due
to change in the policy adopted by
Ml DC, efforts for identification of
other sources for water are being
made at higher level. Detailed
planning/proposals for extension
to TAPS Hospital CRs. 16O.OO
lakhs), 8th set of RCC trenches
for Waste Management CRs. 58.38
lakhs) and renewal of waterproof-
ing over PREFRE buildings has
been completed and works will be
taken up after allotment of funds.

Financial sanction for construc-
tion of National Centre for Com-
positional Characterisation of High
Purity Materials at Hyderabad with
a component of Rs. 177.00 lakhs
for civil works has been received.
The Compound wall around allot-
ted area is completed and other
infrastructure works are in prog-
ress. Construction of Bulk Analy-
sis 6c Profile Laboratory, Adminis-
trative Building, A.C. Plant and
substation, costing Rs. 73.00
lakhs, is in progress. Detailed de-
signs for main Ultra Trace Analysis
laboratory are under f inalisation.

After receipt of financial sanc-
tion for expansion to Nuclear Re-
search Laboratory Phase-Ill, Sring-
ar, construction was taken up and
work is in progress.

Detailed proposals for additions
and modifications to the existing
buildings of Seismic Array Centre
CRs. 4.5O lakhs) at Gauribidnur
were finalised and works are
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being taken up as per sanctions
accorded,

The outlay on civil works of
BARC including outstation works
during the current year 1989-90 is
Rs. 745.00 lakhs. The budget out-
lay for the next year 1990-91 is Rs.
863.00 lakhs.

Architects of BARC continued
to render architectural service for
BARC works at Trombay, Vashi.
Tarapur and Srinagar; DAE works
at Anushaktinagar; Heavy Water
Projects at Kota and Baroda; Ato-
mic Minerals Division Projects at
Nagpur, Hyderabad, Shillong, Tata
Nagar and Bangalore; VECC at Cal-
cutta; Guest House at Delhi; NFC
at Hyderabad; Tata Institute of
Fundamental Research works at
Bombay, Bangalore, Ooty and
Gauribidnur; Giant Metrewave
Radio Telescope Station at Pune
and Narayangaon; Tata Memorial
Centre at Bombay; Saha Institute
of Nuclear Physics at Calcutta; lay-
outs and execution of exhibitions
at Delhi and Hyderabad, etc.
Architectural service was also ren-
dered for the completion of
Phase-I of Society for Applied Mic-
rowave Electronics Engineering
and Research, Department of
Electronics, at Powai and New
Bombay; and extension to the In-
stitute of Catering and Hotel Man-
agement, Department of Tourism,
at Bombay.

Common facilities needed by va-
rious plants/facilities of BARC at
Tarapur, like housing, canteens,
communications, maintenance of
the estate and other common ser-
vices including civil, electrical and
mechanical maintenance, land-
scaping and cosmetic mainte-
nance, departmental transport in-
cluding garage facilities, fire ser-
vices, etc. were looked after.

230 quarters have been con-
structed and allotted. The mainte-
nance work of the BARC staff col-
ony has been carried out satisfac-
torily. The cabin for the security
personnel near the main gate of
BARC staff colony was con-
structed.

Electrical & Mechanical Utilities

Infrastructural facilities required
at various stages from conception

to commissioning were provided
in various projects at PREFRE Ex-
pansion, Tarapur; Nuclear Re-
search Laboratory, Srinagar; High
Altitude Research Laboratory.
Gulmarg; National Centre for Char-
acterisation of High Purity Mate-
rials, Hyderabad; and various pro-
jects at Bombay. The major task
included operation and mainte-
nance of electrical power supply
to all the laboratories/offices/
plants at BARC with total con-
sumption of 150 million units; cen-
tral water chilling plants of above
50D0 tons of refrigeration, water
supply system of 10 Mega-litres/
day, fire hydrants, compressed air
plants, cranes, emergency power
supply systems, lifts, etc.

Design assistance, expert
advice, testing facilities, etc. were
provided to units of DAE and
other Government Departments
like Nuclear Power Corporation,
Atomic Energy Regulatory Board,
TIFR, Tata Memorial Hospital. IRE,
Govt. Mint, International Institute
of Population Sciences, etc.

Central Workshops

Central Workshops continued to
design, develop and manufacture
different types of equipments for
various constituent units of
D.A.E. and various Divisions of
B.A.R.C.

Some of the major equipments
which have been designed, fabri-
cated and assembly tested include
Precision Goniometers, Air
Cushion based Neutron Spectro-
meter, Diamond Anvil Cell Assem-
bly for high pressure study,
Monochromator Spectrograph,
Scanning Monochromator, RFQ
Accelerator, a Prototype Radioim-
munoassay Counter for nuclear,
medical and pharmaceutical ap-
plications, etc.

A number of precision equip-
ments like Triple Stage Spectro-
graph Assembly, Full Circle Gonio-
meters, Ion Target Chamber for
Beam Foil Spectral Studies, Ultra
High Vacuum Molecular Beam
Scattering Chamber, 5 Axis Man-
ipulator for handling uranium ing-
ots were designed and taken up
for manufacturing.
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A vacuum chamber for dipole
magnet was fabricated for CAT.
Fabrication of Cold Neutron
Vacuum Shrouds, a large number
of process equipments for FUS,
WIP, KARP and PREFRE have
been taken up and are in an adv-
anced stage of completion. A Pro-
totype Onion Irradiator and Multis-
tage Centrifugal Extractor for pro-
cessing irradiated nuclear fuel are
under manufacture.

Central Workshops has also
manufactured various equipments
for nuclear power reactors. These
include additional support compo-
nents and secondary shutdown
system components for NAPP,
Fuelling Machine Heads for KAPP-
II, 'Z' Motion Guidaways, Fuel
Tubes and Shield Plug Assembly
components for KAPP. Manufac-
turing work on two Fuelling
Machine Heads for RAPP-3 Pro-
ject is in an advanced stage.

Development work for estab-
lishing the manufacturing process
and tooling for inspection of End
Fittings and Liner Tubes and Fuell-
ing Machine Head Ram assembly
components for 500 MWe project
has been completed and produc-
tion of the same has been taken
up. Precision Investment Castings
for Guide Tube Support for TAPS
are being made. A process for fab-
rication of ceramic components by
injection moulding of ceramic
powders has been developed. Pro-
cess for chromium-rare earths ox-
ide cermet coating by aqueous
electrolysis developed at Central
Workshops has been used for pro-
cessing cylinders used in heavy
combat vehicles.

A large number of components
for remote manipulators were also
manufactured for the power reac-
tor maintenance work. A special
purpose remote boring and groov-
ing machine has been designed,
developed and prototype tested.
This machine will be used for nuc-
lear power reactor maintenance
work.

Central Workshops has been
rendering maintenance services
for machine tools and equipments
for various Divisions of B.A.R.C. It
has also rendered metrology and
N.D.T. services to the projects ex-
ecuted by various Divisions.



Special purpose machine

Remote Handling and Robotics

A number of projects under
assembly during the last year have
been completed and tested.

Automation systems for place-
ment of helical spacer pads on
PHWR fuel elements for welding
has been completed and is being
test run for reliability. This system
picks one pad at a time from a
magazine system and places it on
the fuel element for welding. The
welder has only to select the
mode of operation and push a but-
ton. Similarly, the automation sys-
tem for placing bearing pads on
the fuel elements has been com-
pleted and tried out successfully.
This particular system accepts the

two types of bearing pads used,
orients them and place them on
the fuel pin for welding. It is con-
trolled by a small programme logic
control. Both the systems have
been developed to fit equipment
currently in use with a view to
automate the process.

Gathering pellets from the final
compaction press (5 or more in
number) and placing them in
molybdenum boats for sintering
has been a continuing problem at
NFC. A new concept in automat-
ing this process by surrounding
the pellets by a loop which is tight-
ened around them has been
evolved. A 'Pick and Place' robot
with these features is undergoing

trials. This will be integrated with
positioning table for loading the
trays autc-natically, thus relieving
operators of working in an en-
vironment with a great deal of
UO2 dust. All the foregoing de-
velopments will be useful not only

. in other plants which NFC is plan-
ning, but also in the PREFRE ex-
pansion plant at Tarapur. This
plant has been supplied with a
robot for handling and stacking
pellets inside a glove box. The
robot is undergoing trials prior to
being integrated into the fuel fab-
rication train. An upgraded version
of this 4-axis robot has been
manufactured. This machine can
be dismantled and posted into a
glove box for reassembly and op-
eration inside. Delicate operations
like handling green pellets, pouring
out contents of test tubes into
other test tubes, etc. have been
carried out. Currently, some ex-
periments based on the use of
sensors are being done.

Keeping in mind the need to
automate chemical quality control
in radiochemical plants, a fairly
elaborate robotic system LABOT
is being put together. Such in-
volved operations as opening
screwed caps of vials, closing
them, etc. have been successfully
done. Software, ultimately elimi-
nating the need for maintaining
elaborate written records, is in an
advanced stage.

Several experiments in 'feed
forward' dynamic modelling of the
5-axial servo robot have been very
successfully done. The software
is being modified to allow full use
of the htgh trajectory speed of the
machine. This work will be very
helpful in evolving Computer Aided
Telemanipulation (CAT). The AC
servo manipulator, the center of
the CAT system, is in an advanced
stage of assembly. It is hoped
that, early this year, tests can be-
gin on this machine.

Walking and crawling mechan-
isms Cwhich offer excellent plat-
forms for instruments of inspec-
tion and survey) in several forms
are under development. A crawler
for inspecting the space between
the two sodium containment ves-
sels of the PFBR-5OO is being de-
signed. The 18 degree of freedom
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walking mechanism is "nearing a
stage where tests on the soft-
ware as well as the mechanism
can begin.

Pneumatics, both logic and ser-
vo-controlled, will prove to be very
useful in actuating various
mechanisms. Work is progressing
in logic controlled pneumatic sys-
tems and pneumatic servo sys-
tems. The object is to have multi-
position, multispeed control, using
pneumatic motors available in the
country.

Special manipulators for carrying
out repairs to calandria of MAPS
reactors have been taken up on
priority. One mechanical manipula-
tor for handling debris inside the
calandria has been assembled and
successfully tried out on mock-
ups. Two more systems, one for
handling a video camsra and
another for the repair of the dam-
aged inlet manifold, are under
assembly. The latter system is a
servo manipulator with 5 joints,
using pneumatic servo drives de-
veloped entirely in BARC.

FBTR and other reactors need
to have their coolant and other
pipe lines inspected periodically.
Currently, a pneumatically oper-
ated orbital ultrasonic inspection
machine (designed and assembled
in DRHR) is undergoing trials prior
to use in FBTR secondary sodium
loop. This system can be clamped
on to the pipe C8" dia) and oper-
ated on various modes remotely
via a Personal Computer.

The design of the teletherapy
unit has been completed and
manufacture taken up in Central
Workshop.

Transfer of technologies de-
veloped Cthe pneumatic pick and
place robot, A.C. drag cup induc-
tion servo motor and A.C. servo
amplifier) has reached a stage
where several firms have indi-
cated their willingness to buy
each. Several more technologies
C4-axis and 5-axis robots, cheap
Programme logic control, variable
frequency variable voltage servo
drives, 3-phase servo motors and
pneumatic servo drives) are likely
to be available soon.

Molecular Biology

Self cloning in H.influenzae is very
efficient. A number of genes have
been cloned in this system to
understand various different
mechanisms pertaining to DNA re-
pair, recombination and
mutagenesis. A new gene has
been designated uvr-3. Preliminary
experiments on cloning of human
DNA in H. influenzae have been
encouraging. It was possible to
clone a comparatively large seg-
ment of human DNA . in this
system.

Lysogenization with the wide
host range actinophage WHRO5,
earlier isolated and characterized
here, profoundly altered the prop-
erties of a Streptomyces fradiae
strain. The lysogen differs from its
parent in antibacterial action
against several organisms, grows
faster and produces a darker pig-
ment.

Some strains of the nitrogen-
fixing cyanobacteria Oblue-green
bacteria) can tolerate much higher
levels of salt than normal. They
can prove very useful model sys-
tems for elucidating the mechan-
isms of salt-tolerance in bacteria
and plants, and possibly provide
genes for constructing transgenic
plants capable of growing in saline
soils. Strains which accumulated
less salt were found to be more
salt tolerant than those which
accumuls .ed more salt. The inhe-
rent ability of the strains to pre-
vent sodium accumulation could
be further modified by environ-
mental factors and alkaline pH or
by the presence of exogenous
combined nitrogen. Further, salin-
ity stress was found to be much
more deleterious to cyanobacteria
than an equivalent osmotic stress.
Nitrogen fixation was found to be
completely insensitive to osmotic
stress but was very sensitive to
ionic component of salt stress.

Salinity induced the synthesis of
several new peptides in nitrogen-
fixing cyanobacteria. These salin-
ity stress proteins CSSP) were lo-
cated in membranes as well as in
cytoplasm. In salt sens'tive strains
SSPs were observed for a short
time while in salt tolerant strains
they were synthesised con-
tinuously at high rates.
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A library of the genome of a salt
tolerant cyanobacterium was con-
structed. A procedure was de-
veloped to detect DNA whose ex-
pression is selectively induced by
salt. Several cosmids harbouring
such salt inducible genes have
been isolated. These are being
screened for a likely role in osmo-
tic adaptation and salt tolerance.

Bacillus tahuringiensis a gram
+ ve bacterium forms in secticidal
protein crystals during sporula-
tion. The crystal proteins are toxic
to the larvae of a variety of in-
sects. Genes coding for the toxin
were identified in severly strains
of B. thuringiensis. One such gene
was cloned in a multicopy plasmid
vector to obtain transgenic E. coli
cells which produce a large
amount of 130 KDa larvicidal pro-
tein. These E. coli cells several re-
tarded the growth of the larvae of
a polyphagus insect Spodoptera
litura.

Studies reported earlier had indi-
cated that cell death in cyanobac-
teria seen on exposure to far ultra-
violet light is not caused solely by
lethal damage to DNA and that the
photosynthetic apparatus is an
additional lethal target of UV in
these bacteria. Thermoluminesc-
ence studies with chloroplasts
have now identified oxygen evolv-
ing complex of this apparatus as
the. site of sensitivity to UV.

Computer programmes have
been developed to study gene ex-
pression efficiency from DNA
sequence of known genes and
their expression levels.

Single crystals of a multienzyme
complex containing the photo-
synthetic enzyme, ribulose 1,5 bis-
phosphate carboxylase CRubisco)
were analyzed by X-ray diffrac-
tion. Inactivation of this enzyme
by C2-hydroxy-5-nitro) sulfonium
bromide was found to be not due
to any structural changes in the
enzyme molecule. Chemical mod-
ification studies showed that the
arginine residues of NADP malic
enzyme play a role in the binding of
the substrate male. Mechanism of
activation of phosphenol pyruvate
carboxylase by glycine and glucose
6-phosphate was elucidated.

Every phase of plant life is con-
trolled by plant hormones and at



times when their endogenous
supply is diminishing under stress,
exogenous supplementation have
proved ameliorative. Application
of plant growth regulators (®p!ant
hormones) at flag leaf senescence
initiation stage of huskless barley,
not only delayed the leaf ageing
but also increased yield by 15-
20%. Such ameliorative effect
seems to be due to enhanced
chlorophyll retention.

Suppression of immunologica!
reactivity is necessary in organ
transplantation and helps in the
control of allergic disorders. Stu-
dies on the effects of immunosup-
pressive agents showed that the
drug cyclophosphamide was able
to prolong the survival of related
skin grafts in mice when adminis-
tered 3 days before or on 1 or 2
days after transplantation. Treat-
ment of such mice with an anti-
lymphocyte serum prepared
against the graft activated lym-
phocytes further enhanced the
graft survival. In a separate study,
it was observed that a significant
proportion of mice treated at birth
with this drug succumbed to
wasting disease due to failure of
formation of cells responsible for
immunological sufficiency.

Whole body gamma irradiation of
CBA mice affected precursors of
suppressor T lymphocytes. In vitro
irradiation of activated suppressor
T cells inhibited the release of sup-
presser factor for regulation of de-
layed hypersensitivity in a dose-
dependent manner.

The mechanism underlying the
anti-tumour immunity displayed by
allograft sensitized mice are being
investigated. Therapeutic efficien-
cy was displayed by a sub-
population of T lymphocytes from
these mice. In vitro cytotoxicity to
tumour cells displayed by these
cells, however, required exposure
to tumour cells.

Flow cytometry, a versatile
technique that permits rapid
C1OOO cells/sec) analysis of cell
populations with respect to cellu-
lar content of DNA, RNA, protein,
surface receptors etc, is being
used to study effects of toxic che-
micals including mutagens on
marine spermatogenic cells. Flow
cytometric studies based on DNA

profiles showed that benzo-O
pyrene and cyclophosphamide
treatment of mice result in a de-
crease in the spermatozoa 26 days
after the administration of the re-
spective compounds.

A peptide fraction partially puri-
fied from the human ovarian fol-
licular tissue was found to induce
dose related atresia in the mouse
granulosa cells, leading to inhibi-
tion of ovulation. In view of the
possible potential of this fraction
as a contraceptive the dose-
response of granulosa cells was
studied by flow cytometry.
Efforts are being made to carry
out flow cytometric characteriza-
tion of marine ovarian cells and
tumour biopsies preserved in
frozen sections.

The technique of flow
cytometry is also being used to
monitor the distribution of SH
groups in the marine sperma-
togenic cells. Such studies may be
helpful in gaining insight into the
critical role these moieties are
known to play in the protective
mechanisms against damage in-
duced by radiation and/or environ-
mental chemicals.

Inhibition of mutagenic re-
sponse in mammals in vivo has
potential implications in the pre-
vention of cancer and other geno-
toxic damage that may arise due
to exposure to ionizing radiation
and chemical mutagens. A group
of vitamins and trace metals have
been recently shown to be anti-
mutagenic in prokaryotes. Such
agents can be used as prophylac-
tic agents against genotoxic dam-
age provided they are found effec-
tive in vivo in mammalian system.
Cobalt CID chloride given intraperi-
toneally inhibited the chromosom-
al damage induced by methyl
melhanesulfonate (MMS) and
gamma rays in the bone marrow
of Swiss mice. Further experi-
ments showed the inhibitory re-
sponse against MMS to be dose-
related and time dependent.
However, vitamins A and E, failed
to inhibit chromosomal damage in-
duced by MMS and cyclophospha-
mide used as model chemical
mutagens in the bone marrow of
Swiss mice. Selenium increased
the frequency of micronucleated
cells in the bone marrow of mice

and produced an additive
mutagenic response with MMS.
The failure of vitamins and seli-
nium to exhibit any antimutagenic
response in mice may be due to
the inherent differences in bacte-
rial and animal systems or may be
related to the doses/concentra-
tions of these agents achievable in
the two systems.

Biochemistry

Studies on regulatory mechanisms
at molecular and cellular levels,
structure-functions of proteins
and nucleic acids, sequence of
molecular events in animals after
exposure to radiations and che-
micals, and metabolic basis of hu-
man pathological conditions were
continued.

Evidence was obtained from rat
thymus nuclei for the presence of
an endonuclease activity in the
isolated discrete multienzyme
complex of terminal deoxynuc-
leotidyl transferase. The struc-
ture-function relationship of DNA
polymerase in E. coli was ex-
amined.

Studies on DNA primase in
yeast mitochondria were con-
tinued. This enzyme which seems
to participate in the initiation of
replication of one of the strands of
mitochondrial DNA was found to
exist as a single polypeptide.
Other studies suggest that the
enzyme molecule could have an
oligoribonucleotide component, 8-
10 residues long, as its integral
component and essential for en-
zyme activity.

Characterization of some impor-
tant enzymes of microbial species
of Coryneform group of bacteria
was continued.

In vitro studies provided new in-
formation on the conditions re-
quired for the metabolite-induced
modulation of lactate dehyd-
rogenase CLDH) which results in
excess formation of oxalate lead-
ing to kidney stone formation.
Addition of glyoxylate reductase
or glycolic acid oxidase which
share a common substrate, viz.,
glyoxylate, impedes the formation
of oxalate from glyoxylate.

Studies on structure of biomem-
branes revealed that interaction of
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DPPC with the tridecapeptide
neurotensine caused a change in
the mobility of phospholipid head-
groups and, in turn, the phase of
the model membrane.

Studies on biochemical changes
occurring in uterus during im-
plantation have revealed the in
situ synthesis of a new membrane
protein that may have a role in the
differentiation of stromal cells into
decidual cells.

Investigations pertaining to the
imbalance of hormones and their
metabolism were continued.
Maternal transfer of thyroxine and
triiodothyronine was established
in rat fetal brain and other tissues
by determination of their levels in
early gestation using an ultrasensi-
tive radioimmunoassay technique.
Hypothyroidism in rats led to high-
er levels of blood folates akin to
those attained following the admi-
nistration of vitamin B12. Using
pancreatectomised rats, it was
proved that conjugated dietary fo-
lates have to be hydrolysed by a
pancreatic enzyme prior to their
absorption in the jejunum.

Streptozotocin-induced diabetic
condition caused accumulation of
simple folates from the more ac-
tive conjugated folates in the rat
liver. The levels of folate in bone
marrow remain unaffected even
one month after administration of
the antiepileptic drug phenobarbi-
tone. Impairments in the rat liver
mitochondrial respiration rates,
ADP-phosphorylation rates and
levels of cytochrome were
observed in response to over-
doses of paracetamol indicating
dysfunctions in the energy meta-
bolism.

Studies relating to the role of
dietary factors in relation to the
cardiovascular implications were
pursued. In rats, heated or ther-
mally oxidised edible oils, namely,
coconut, groundnut and safflower
oils did not show a pronounced
effect on the plasma lipid para-
meters when fed in acute and
short term studies.

In hypertensive patients, gener-
ating potential of endogeneous
vasoconstrictor (thrornboxane)
and vasodilator Cprostacyclin) was
at variance. The plasminogen acti-

vator was also found in lymphosar-
coma of mice and its activity was
comparable to that from Yoshida
sarcoma, particularly for dissolving
the fibrin clot bound to plasmi-
nogen.

Programmes on biochemical
mechanisms underlying malignant
transformations are being con-
tinued. Studies on inhibitory
effect of nicotinamide on diethyl
nitrosamine-induced hepatocarci-
nogenesis in rats was found to be
at multiple levels of cellular consti-
tuents. Glutathione-related en-
zymes did not have any protective
role in this malignant transforma-
tion.

Experiments with aflatoxin B1
and N-nitrosodiethylamine sug-
gest that hepatic flavin coen-
zymes are modulated by the carci-
nogen treatment, and riboflavin is
found to suppress molecular reac-
tivity of carcinogens. The molecu-
lar changes induced by aflatoxin
B1 appear to be single^strand
breaks in DNA followed by the al-
terations of nuclear transcription
and induction of poly (ADP-ribose)
synthetase activity in nuclei which
levels off with the ultimate repair
of damaged DNA. The N-nitroso
group of carcinogens, however
elicits different molecular action in
the target tissues such that alkyl-
nitrosamide modifies mucosal
polysomes. This may probably
have a relevance to carcinogenec-
ity of N-'nitroso group chemicals in
stomach.

Using in vivo and in vitro model
studies, it has been observed that
several factors including novel re-
tinoids, riboflavin, -carotenoids,
natural coumarins, synthetic fla-
vones, natural phenolic f lavonoids
and the trace metal copper have
the capacity to antagonize the
molecular reactivity and biological
activity of several carcinogens.
Most of these factors have been
found to act through interactions
with cytochrome P-450.

Evidence has been obtained for
the presence of a monoxygenase
system in liver mitochondria which
contains an active flavin-
containing oxygenase, and partici-
pates in electron transfer through
cytochrome, P-45O and NADPH
thereby oxidising the substrate.
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Studies have shown that oxidised
metabolite could form covalent
adduct with DNA which empha-
sizes the importance of
mitochondrial DNA in carcinogene-
sis. Antitumour activity of heat in-
activated lactic acid bacterial cul-
tures against f ibrosarcoma, sarco-
ma 180 and Ehrlich ascites carci-
noma in mice was correlated with
the mechanisms through immune
response possibly with the parti-
cipation of T-cells in developing
tumour immunity. Urinary pter-
idine levels were found to be an
accurate index for monitoring the
severity of cancer of the cervix in
humans. A promising potential in
the prognosis of cancer at various
stages of development in oncolo-
gy clinics is suggested by examina-
tion of isoenzyme pattern of sialyl-
transferase isolated from blood
plasma of neoplastic subjects by
gel electrofocussing. Efficacy of
estrogen and progesterone recep-
tor treatment given to breast-
cancer patients was found to be
about 609b.

The effect of whole body radia-
tion exposure (25-1000F0 on DNA
synthesis was examined in rats
whose heads were protected by
lead shielding. Whole-body radia-
tion exposure resulted in graded
inhibition of DNA synthesis in
spleen and thymus. In the partially
protected rats, the DNA synthesis
was not arrested. Lead shielding
of the spleen during irradiation
could not afford any protectfon of
DNA synthesis while a partial pro-
tection could be seen if'the thy-
mus was protected during irradia-
tion. The radiation induced
changes in DNA synthesis could
be attributed to indirect effects of
radiation mediated through
neuroendocrine mechanisms. Pre-
treatment of rats with nicotina-
mide was shown to prevent gam-
ma-radiation induced degradation
of liver microsomal cytochrome P-
450 and membrane damage.

The incidence of dominant
lethality of mice tended to rise in
the week 3 with increase in dose
of gamma rays prior to mating, in-
dicating increased radiosensitivity
in less mature oocytes. The inci-
dence of congenital malforma-
tions following irradiation was
time-dependent. Dwarfism was



found to be the commonly
observed congenital abnormality
irrespective of radiation exposure
in different stages of estrous cy-
cle of mice. Metabolism of Sr and
Ca was examined in rat using
89,90Sr and 45Ca and compared
with that in human by determining
their levels and the ratio in the diet
and excretion (24 h).

Bio-Organic Chemistry

Both applied and basic researches
were carried out in different areas
of bio-organic chemistry. Sys-
tematic screening of plants for
bioactive compounds was con-
tinued with the aim to explore the
biotechnical potential of Indian
flora. As a result, several natural
products such as coumarins,
acetylenic compounds, complex
prenylated xanthones, lignans,
furopyrones and alkaloids were
isolated. Their structural elucida-
tion was greatly facilitated with
installation of a 200 MHz super- •
conducting FT-NMR spectro-
meter. A novel non-destructive
technique involving 2D-NMR spec-
troscopy for elucidation of struc-
tures of organic compounds has
been developed. Structural and
binding interactions of oligonuc-
leotides and oligopeptides are
under study using NMR and
fluoresence spectroscopy.

An insecticidal principle, capillin,
has been isolated from the plant,
Artemesia nilagirica. It showed a
wide spectrum of toxicity to diffe-
rent stages of development of
mosquito and red cotton bug. A
bioassay directed fractionation of
the extracts from the common
garden plant, lady's lace, led to the
isolation of insect antifeedant
principles which were characte-
rised as khellin, visnagin and re-
lated compounds. Several analogs
of the active principles have been
prepared and a detailed evaluation
of their feeding deterrency contri-
buted towards the knowledge of
structure-activity relationships.
Studies on novel antimoulting
activity of the plant product, plum-
bagin, have been extended to re-
lated compounds and several in-
sects.

Extensive work has been car-
ried out in the area of biosynthesis
using stable as well as radfoactive

isotopes. Detailed pathway lead-
ing to biosynthesis of khellin and
related compounds has been
elaborated. Unusual incorpora-
tions of common amino acids into
furopyrones, khellin and
meroterpene, bakuchiol have
been observed.

Insect pheromones are gaining
special imporatance in the modern
insect control technologies. In
continuation of efforts towards
synthesis of agrochemicals, new
syntheses of pheromones of cot-
ton pests have been developed.
Synthetic pheromene of sugar-
cane pest is under field trials. Stu-
dies in these areas have been ex-
tended to the synthesis of chiral
compounds. Asymmetric synth-
esis of (S)-4-hexanolide, a chiral
pheromone of stored grain beetle,
Trogoderma glabrum has been
accomplished. Synthesis of biolo-
gically active sesquiterpenoid, C+ )
hirsutene has been achieved by
stereoselective intramolecular
ene-reaction of 1,6 dienes.

A new methodology for the pre-
paration of ' isotopically labelled
compounds has been developed
and used for the synthesis of
labelled Cwith 3H or 2H> khellin and
visnagin which are of medicinal im-
portance. A convenient method
for the preparation of important
radiopharmaceutical, namely hex-
amethylenepropylene amine ox-
ime (HM-PACO, which has exten-
sive use in cerebral perfusion im-
aging hds been developed. Nitroso
compounds have recently ac-
quired importance because of
their mutagenic and carcinogenic
properties. An excellent method
for preparation of nitroso com-
pounds has made these com-
pounds available for laboratory
studies. In the area of biocatalysis,
microbial systems have been util-
ised for the regio- and stereospe-
cif ic reductions of carbonyl groups
to chiral alcohols which served as
chirons for the asymmetric synth-

As a spin-off from the resear-
ches in the above mentioned
areas, several new synthetically
important methodologies such as
short-synthesis of heterocycles,
inversion of chirality and a mild
prenylation procedure have been
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developed which would be useful
for the preparation of large num-
ber of compounds.

Nuclear Agriculture

Certified seed production prog-
ramme of the BARC varieties of
pulses was enhanced by the
Maharashtra State Seeds Corpora-
tion. During the year, over 470
metric tonnes of seed was pro-
duced and distributed to the far-
mers. About 38 metric tonnes
seed of rice cultivar Han was pro-
duced by Andhra Pradesh Seeds
Corporation. Nucleus and breed-
er's seed was supplied for founda-
tion seed production programme
of the Agricultural Universities in
the States of Maharshtra, Gujarat,
Andhra Pradesh, Karnataka,
Assam and Orissa. Rashtriya Che-
micals and Fertilizers, Bombay,
and Indian Farmers Fertilizer Coop-
erative Limited included the BARC
crop varieties in their lab-to-land
programme.

During the year, several crop
varieties developed at BARC were
approved for release, or pre-
release adaptive trials. Mungbean
variety TAP-7 which was released
and notified for Maharashtra in
1983 was approved for cultivation
in Karnataka State by the Uni-
versity of Agricultural Sciences,
Dharwad. Blackgram varieties
TAU-2 and TPU-4 were recom-
mended for pre-release in Vidhar-
bha and Western Maharashtra re-
gions respectively by the Agri-
cultural Universities at Akola and
Rahuri. Punjabrao Agricultural Uni-
versity also recommended
groundnut variety TAG-24 for re-
lease, and rice variety TSSR-12 for
pre-release in the Vidharbha re-
gion. Konkan Agricultural Universi-
ty, Dapoli, recommended ground-
nut variety TG-19A for adaptive
trials in the Konkan region.
Another groundnut variety TGS-1
was recommended for release
and adaptive trials in Gujarat by
Gujarat Agricultural University
under the name 'Somnath'

Powdery mildew is a serious fol-
iar disease of mungbean causing
about 40-70% losses in yield. Ear-
lier, a simple, reliable method for
assessing disease response on ex-
cised mungbean leaves under con-
trolled conditions was developed.



MIJIHJ

This method was used for screen-
ing mungbean germplasm for iden-
tifying resistant sources to local
isolate of powdery mildew fungus
and in breeding experiments.
Some of the local strains grown in
Raipur region of MP showed resis-
tant reaction to powdery mildew
disease. These resistant stocks
were hybridized with the im-
proved strains developed at
BARC. One of the selections de-
rived from these studies, TPRM-2,
gave trials higher yield in multiloca-
tion trails over recommended
mungbean variety TAP-7 in rabi
season in powdery mildew ende-
mic region of Maharashtra.

A strong correlation between
the tryspin inhibitor activity (TIA)
and resistance to pod borer, a se-
rious pest of pigeonpea, was
found in the stocks obtained from
the International Crops Research
Institute, Hyderabad. This has
opened possibilities of developing
pod borer resistant cultivars by
selecting for higher TIA.

The nitrogen contribution of
stem nodulating Sesbania rostrata
and S. aculeata green manure
crops to the succeeding rice crop
was compared. Rice yield from
plots having S. rostrata as green
manure was statistically equal to

that from 5. aculeata. S. rostrata
plants which produced stem
nodules had very few or no root
nodules. Both species contributed
about 6O kg n/ha for the succeed-
ing rice crop. Though S. rostrata
had the highest nitrogen content
in the aerial plant parts, it did not
contribute to higher yield of rice
crop as compared to rice plots

green manured with S. aculeata
having only root nodules.

The structural gene Adh-A1 for
the enzyme alcohol dehydroga-
nase was mapped by crossing a
semidwarf hexaploid wheat de-
rivative carrying the variant allele
Adh-A1b to Chinese Spring ditelo-
4A(alpha). Cytological and elec-
trophoretic analysis of test-cross
plant indicated that the Adh-A1
gene is located 20.0 + 3.5 cros-
sover units from the -centromere
on the alpha arm of chromosome
4A. Gibberellic acid response of
test-cross progeny showed that
the major dwarfing gene in the
variant line is independent of the
4A centromere as well as the Adh-
A1 gene.

Field trials with ammonium
polyphosphate (APP) fertilizer
continued in different soil crop
combinations at several locations.
Trials conducted by the Directo-
rate of Pulses Research (ICAR)
showed that APP was superior to
diammonium phosphate (DAP) for
chickpea at Khargone. while at
eight other locations and for
pigeonpea, mungbean, blackgram
and cowpea crops, it was equal to
DAP. These and previous results
of the Directorate of Rice Re-
search have established that the
high nutrient, complex fertilizer
APP is superior or equal to DAP.

Research on powdery mildew fungus
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Based on a semi-commercial pro-
duction plant set up by Rashtriya
Chemicals and Fertilizers, Bom-
bay, APP is expected to be 1O-
15% lower in cost than DAP. APP
is also an effective carrier for mic-.
ronutirents like zinc and iron.

Dicofol, a miticide applied at nor-
mal field application rate or at ten
times of this rate, had no effect
on the various stages of the four
major biogeochemical cycles of
the soil. Carbon, nitrogen, sulphur
and phosphorus cycles and the soil
microbial activities in two soil
types — Vertisol and Alfisol were
not affected. The miticide biodeg-
raded in soils with the formation
of the metabolite dichloroben-
zophenone CDBP).

Influence of an egg parasite
Trichogramma brasiliensis on
population build-up of potato tu-
ber moth (PTM) was evaluated in
an artificially infested potato crop.
Inundative release of parasites to
coincide with the host egg laying,
and release of sterile females of
tuber moth at appropriate time to
augment parasite sustenance re-
sulted in reduction of tuber moth
population. Using genetically
marked PTM established in our
laboratory and employing release-
recapture method, differences in
moth populations could be mea-
sured. A dry pheromone bait trap
has been developed for monitor-
ing tuber moth activity in the field.

Bacillus sphaericus (ISPC-8), a
highly virulant strain effective
against Culex and Anopheles mos-
quito larvae reported earlier, was
also found to be effective against
larvae of two more mosquito spe-
cies, viz. Aedes aegypti which is
the vector of yellow fever and
Culex tritaeniorhynchus, vector of
Japanese encephaliatis. The bacil-
lus also exhibited recycling poten-
tial. Instability for mosquito larvi-
cidal activity, however, was
observed in all B. sphaericus
strains isolated so far, and this
was attributed to the appearance
of reversible non-toxic variants.

Bio-Technology

Somatic embryogenesis followed
by plant regeneration was
achieved using embryo explants of
several grain legumes such as

Arachis hypogaea Cgroundnut),
Glycine max Csoyabean), Cicer
arietinum (chick pea), Cajanus ca-
jan Cpigeon pea), Psophocarpus
tetragonolobus Cwinged bean),
Vigna mungo (urad bean) and Vig-
na radiata (mung bean). The re-
generated plants of Arachis hypo-
gaea were transferred to field for
evaluation.

Tissues cultures of Eleusine
coracana (Ragi) and Pennisetum
americanum (Finger millet) which
showed a high potential for soma-
tic embryo formation were tre-
ated with gamma rays or EMS.
The regenerated plants were
transplanted to field for evalua-
tion.

Somatic embryos of sandal-
wood were encapsulated in a suit-
able gel to develop synthetic
seeds. Sodium alginate (3%)
proved beneficial for encapsula-
tion. Incorporation of silica gel into
alginate provided a better support
and protection for encapsulated
embryos. Auxiliary mulberry buds
were also encapsulated using
sodium alginate. Encapsulated
buds of mulberry could be stored
at 4°C for 45 days without loss of
viability. Parameters for efficient
conversion of synthetic seeds into
plants were investigated. Addition
of proper fungicide to encapulat-
ing matrix helped the synthetic
seeds to establish in non-sterile
soil.

Kanamycin resistance and hyg-
romycin resistance were used as
markers for studies on somatic
cell hybridization between two
different species of Vigna. Hybrid
cells colonies were obtained and
attempts are being made to diffe-
rentiate plants from the somatic
hybrid colonies.

Biochemical studies were car-
ried out using SDS-PAGE to study
the differences in the protein pro-
files between seed embryo and in
vit^o obtained somatic embryos.
Similarities in the protein profile of
somatic' embryos in Santalum
album (sandalwood) and oilpalm
were observed indicating that
they were comparable to a seed
embryo.

Cell cultures of Artemesia annua
were found to contain artemisinin
(Qinghaousu, a plant drug used
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against acute cerebral malaria.
Artemisinin (0.950 mg 9b f. wt.)
and artiannuin-B (6.57 mg 9b
f.wt.) were detected in dif-
ferentiating callus tissue cultures
of Artemesia. Hairy root cultures
were induced from Coleus foss-
kohlii, R. serpentina, Withania
somnifera and Catharanthus
roseus by Agrobacterium rhi-
zogenes with a view to studying
the alkaloid patterns.

Food Technology

Extensive R&D programmes con-
ducted in BARC in the past have
led to the standardization of irra-
diation technology for food pre-
servation under tropical conditions
existing in India. As a part of the
endeavour, plans for augmenting
public awareness for the accept-
ance of this technology have been
put forth.

Apart from the ongoing re-
search projects, collaborative stu-
dies to assess commercial feasibil-
ity and market acceptability of
irradiated foods were undertaken.
Thus, a storage trial, to evaluate
the techno-economic feasibility of
gamma irradiation for shelf-life en-
hancement of onions, is in prog-
ress in collaboration with the Gu-
jarat Agro-Industrial Corporation
Ltd. near Ahmedabad. Examina-
tion of the stored onions over a
period of 7 months showed that
irradiation effectively prevented
sprouting in the onions under local
storage conditions without any al-
terations in the quality. Shelf-life
of rawa, pre-packed in BOPP/LDP
pouches could be extended upto 6
months by gamma irradiation at an
optimum dose of 0.25 kGy with-
out any alteration in its overall
acceptability. Similarly, elimination
of insect infestation in some
brands of food mixes was
achieved by irradiation at doses of
0.3 to 0.5kGy. No change in the
profiles of volatile and non-volatile
components of irradiated (10 kGy)
and unirradiated pre-packed whole
spices was observed during 12-
month storage at ambient
temperature. Irradiation, followed
by ice storage for 14 days, did not
significantly affect lipid peroxida-
tion in the meat of the fishes such
as pomfret, seer and mackerel.



BARC developed irradiation techniques have been found useful in the preservation of food items

although enhancement of lipid
peroxidation was observed in
pomfret skin. Methods are being
developed to completely eradicate
enteropathogenic bacteria such as
E. coli and Salmonella from frozen
chicken and eggs.

Development of detection
methods to identify irradiated
foods is a major on-going project.
A time dependent decrease in
electrical conductivity after insert-
ing a suitable electrode in a potato
tuber could be used to detect
irradiated potatoes. A method de-
veloped to detect irradiated spices
and spice mixes using the thermo-
luminiscent (TL) properties of
irradiated common salt could be
gainfully employed by introducing
sachets of salt in packs of spices.
When irradiated at 10 kGy, the salt
gave a TL glow which could be
detected, even after storage, on a
TL glow reader. The low levels of
TVA and TVBN produced by mic-
roflora, obtained from unirradiated
mackerel, pomfret and seer fish,
after seeding in the respective
irradiated fishes, could be used as
a method to detect fish irradiated
even at a low dose of O.5 kGy.

The suitability of a solar dryer,
designed and fabricated at BARC
for sun drying of various food pro-
ducts like banana and grapes was
demonstrated. After 5.5 months
of storage at room temperature
the solar dried raisins were free of
mould growth and were accept-
able. The transfer of this technol-
ogy for commercial utilization

through the Technology Transfer
Cell is in progress. A process to
make partially deodourized fish
powder from doma consisting of
deboning, cooking at low pH, de-
hydration at 56°C followed by pul-
verization is being developed.

m-RNA isolated from wounded
potato tuber tissue was used to
construct a c-DNA library of 106
clones in Lambda gt10 vector.
Concentration dependent appear-
ance of multiple molecular forms
of potato tuber cinnamate-4 hyd-
roxylase during gel filtration was
demonstrated. A natural cofactor
of this enzyme was identified as a
pteridine derivative. An alkaline
proteinase from Bombay duck
having maximum activity at pH 8.0
and 60°C showed preference to-
wards casein, azocasein and azo-
coll but not serum albumin. The
back muscle of crab was also
found to be a rich source of azocoll
splitting proteinase exhibiting
similar substrate requirements.
An alkaline proteinase from puri-
fied buffalo kidney lysosomes,
when purfied by affinity chroma-
tography resolved into two peaks
out of which the first peak
accounted for 80% of the activity
with a purification of 90-fold
whereas the second peak was
purified 30 fold and constituted
20% of the activity.

Adherence of thioglycolate (TG)
elicited microphages obtained
from rats fed with 4% protein was
significantly lower than that of the
TG-elicited and even the resident

cells from control group fed with
2O% casein, indicating that protein
malnutrition adversely affected
membrane-related macrophage
functions. The food dye, erythro-
sine, induced an extremely lytic
effect on the Tetrahymena pyri-
formis cells in stationary phase
within 9 to 15 hours of exposure
to the dye. The insecticides, en-
dosulfan, malathion and per-
methrin, were found to be nonge-
notoxic, by both the Ames/Sal-
monella assay and the B. subtilis
multigen sporulation assay.

Total phenolic content in cinna-
mon was highest in the bark and
lowest in the bud; cyanidine was
identified as a major flavonoid con-
stituent of the phenolics. The top
odour note in the essential oil of
bark and twig of cinnamon was
associated with cinnamaldehyde
superimposed with cinnamyl alco-
hol and cinnamyl acetate whereas
the leaf oil had clove-like odour
note with euganol as the predomi-
nant constituent.

A method, developed for the im-
mobilization of yeast cells, con-
taining invertase through adhesion
using polyethylenimine CPEO co-
ated cotton threads, could be
used for the continuous hydrolysis
of 6O% sucrose syrups in a thf»r-
mocontroller packed bed reactor.
Studies on the removal of lactose
from milk by heterogeneous fer-
mentation using Klyveromyces
fragilis, immobilized "in Ca-alginate,
showed that cells grown for 12
hours were very efficient com-
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pared to those grown for 24 hours
or 36 hours. Pectinolytic activity of
fungi, immobilized on sponge
could be used in a specially de-
signed bioreactor for the produc-
tion of extracellular pectinase.

Radiation Medicine

Gastrointestinal studies of
radionuclide applications including
the study of gastroesophageal re-
flux, oesophageal tansit time stu-
dies to detect abnormal function
of the process of swallowing and
transit to the stomach were con-
ducted. 99mTc-sucraifate, a new
radiotracer, is being evaluated for
the detection and localisation of
peptic ulcers. 14CO2 is collected
by a simple tube placed in the
mouth and the exhaled breath is
collected into a liquid scintillator
for measurement of the CO2 liber-
ated by abnormal bacteria from
14C urea given orally in patients
with duodenal ulcers. This test
has been shown to be simple, safe
and sensitive and takes only 20
minutes to perform.

"Nuclear cardiology package"
study is offered which includes
rest and stress multigated blood
pool imaging studies to quantify
the contractile function of the left
ventricle of the heart and to
assess the abnormalities in wall
motions. This information is
needed to study the heart func-
tion. Rest and stress 99mTc iso-
nitrile CTBD studies are also per-
formed on the same patient on
several occasions to study the de-
fects in blood supply to the heart
and is especially useful in patients
with coronary insufficiency and in
the follow up of patients under-
going coronary by-pass surgery.
These studies are also useful in
monitoring patients who are on
cardiotoxic drugs and can indicate
the necessity to discontinue the
drugs. The effect of continuous
haemodialysis on the heart of pa-
tients with chronic renal failure is
under evaluation. Patients with
hypertension are evaluated by
studying the kidney function be-
fore and after administering a drug
called Captopril, which is able to
distinguish patients with hyper-
tension due to narrowing of the
renal arteries. As this is a surgical-
ly correctable disease, it needs to

be diagnosed quickly and accur-
ately.

99mTc-DMSA as a tumour loca-
lising agent is studied for the loca-
tion of metastases from medullary
carcinoma of the thyroid and in
patients suffering from head and
neck cancers and cancers of
breast and prostate. 99mTc-
HMPAO is being evaluate d in anim-
als for its biological characteris-
tics, toxicity and behaviour before
application to human subjects for
brain imaging. 1311 labelled MIBG
is being studied in rats, rabbits and
dogs . as an adrenal scanning
agent. This compound is useful in
the study of neuroblastomas, a
childhood malignancy.

Labelling of blood cells like
leucocytes and platelets is being
standardised for use in the loca-
tion of inflammatory lesions like
abscesses, bone infections and
abdominal abscesses which are
difficult to locate by other inves-
tigations. Platelets will be useful in
the study of thrombotic episodes
in the blood vessels.

Study of lung membrane pre-
meability using 99mTc-DTPA aero-
sols and the time taken for the
clearance from the lungs was stu-
died in chronic smokers and nons-
mokers. This test helps to detect
the early damage to the lungs
from smoke before the patient
has any symptoms. Another test

which also indicates damage to
the air passages is the study of
mucociliary clearance. These tests
are helpful to evaluate damage
due to various disease states also.

Animal models of vitamin D de-
ficiency have been developed and
a number of biochemical changes
were observed on the membrane
metabolism in the liver as a result
of changes in various enzymes of
their functions related to vitamin
D deficiency. The interrelationshp
of vitamin D and calcium was also
studied.

Stringent quality control proce-
dures were evaluated regularly for
the production of ultrapure
'99mTcO4 for radiolabelling of va-
rious compounds used for patient
investigations. As a part of quality
control, the various binding prop-
erties of blood components to
different compounds like 99mTc-
Phytate and 99mTc-D!PIDA were
also studied. These findings help
in understanding the biological
properties and distribution charac-
teristics of the compounds used in
patients.

The effect of disease states on
the thyroid hormones was evalu-
ated in patients on haemodialysis
and in those who had a renal trans-
plant and those suffering from a
variety of liver disease.

The presently used radioimmu-
noassay techniques are being up-

Radiation is used in the treatment of breast cancer
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dated and modified so as to im-
prove their sensitivity, specificity
and time taken to complete the
test results. This modified techni-
que has been used in the detec-
tion of serum thyroglobulin which
is an important marker for metas-'
tases of thyroid cancer.

Monoclonal antithyroglobulin
antibodies are used to help in the
diagnosis of histopathological sec-
tions of patients with an unknown
primary malignancy. This positivity
obtained by using a enzyme label-
led monoclonal antibody has
helped in the diagnosis of many
difficult cases.

Animal models of hypothyroid
rats have been studied with spe-
cial reference to the evaluation of
malic enzyme which is an impor-
tant marker for brain development
and maturation. This study will
help to identify the defects pro-
duced in the brain of hypothyroid
children who later develop severe
degrees of mental retardation.

Study of abnormal antibodies to
various thyroid fractions are being
evaluated to help understand the
pathological changes observed in
various thyroid disorders.

An ELIZA test developed as a
dot of colour on cellulose nitrate
paper was evaluated for the di-
agnosis of leprosy and tuberculo-
sis. This test was simple, quick
and could be read by the eye with-
out the aid of laboratory instru-
ments. A drop of blood was re-
quired for diagnosis of leprosy and
a sample of sputum was needed
for the screening of tuberculosis.
These tests are being evaluated
for their efficacy at the field level
in the screening of patients of
epidemiological studies. In addi-
tion, more intensive and accurate
tests are being developed for
radioimmunosassay and ELIZA
methods to test various man-
ifestations of tuberculosis like
meningitis, lymph node involve-
ment, etc. In addition, detailed
studies on the abnormalities pro-
duced in the patient with respect
to the immunological status or
host defence is evaluated in order
to understand the interplay be-
tween the patient and the organ-
ism and to understand how and
why the severity of the disease is

associated with the body defence
processes.

Radiobiology

Female Swiss mice maintained
under standard laboratory condi-
tions hardly show any thymic lym-
phoma during their life span.
However, whole body exposure of
42-45 days old animals with 100,
200 and 400 GY of X-rays caused
thymic lymphoma in 69b, 269b and
489b animals respectively when
these were in their 26th genera-
tion of inbreeding. At the same
age in the 51st generation of in-
breeding when animals were given
10O Gy of whole body exposure
with X-rays, the incident of thymic
lymphoma increased to 88%.
Although the experiment is only
partly completed, a marked in-
crease in radiosensitivity to neo-
plasm induction as a consequence
of continuous inbreeding has been
observed.

Animals irradiated with 100 Gy
of X-rays at 24, 48, 72 and 96
hours after ovulation showed 52,
57, 47 and 29% incidence of thy-
mic lymphoma respectively, sug-
gesting lower radiosensitivity at
pre-oestrus stage as compared to
the post-oestrus stages. It is
therefore, inferred that the hor-
monal status of animals during ex-
posure to radiations plays a signifi-
cant role in cancer induction.

The development of thermo-
tolerance noticed during hyper-
thermic treatment of malignan-
cies could be inhibited by phe-
nothiazine drugs like chlorproma-
zine and trifluoperazine. In addi-
tion, these drugs also enhanced
heat induced regression of a f ibro-
sarcoma transplanted on Swiss
mice. In sarcoma 180, another
tumour transplanted on this strain
of mice, no significant changes
have been noticed in cholesterol,
phospholipid and fatty acid pro-
files during the development of
thermotolerance on exposure to
43°C for 15 minutes. Animals
maintained on high fat diets
showed incorporation of diet
associated fatty acids in this
tumour. In such animals, however,
cholesterol and phospholipid levels
in tumours changed significantly
during the development of ther-
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motolerance. Maintaining animals
on diets with 20% sesame oil,
which contains highly unsaturated
fatty acids, increased cholesterol
levels in tumours, while the phos-
pholipids remained unchanged.
Levels of long chain fatty acid like
oleic (18:1), linoleic C18.-2) and be-
henic (22:0) were also increased.
On the contrary, when animal diet
contained 20% coconut oil, an in-
crease in the contents of low
chain fatty acids like lauric (.12:0),
myristic (14:0) and myristoleic
(14:1) was also observed. Since
coconut oil contains over 60% of
such fatty acids, diet fats seem to
have been incorporated in to the
transplanted tumour. The role of
diet fats in the hyperthermic re-
sponse and thermotolerance in
tumours is being investigated.

A single subcutaneous injection
of heat inactivated S.thermophilus
(20 mg/kg) caused a significant in-
crease in the delay of tumour
growth and life span of tumour-
bearing animals as well as 16-17%
complete cures when adminis-
tered prior to single gamma-ray
dose of 20 Gy. A similar effect
was obtained when bacteria were
injected directly into the tumour
immediately after radiation expo-
sure. Post-irradiation sub-
cutaneous administration of bac-
teria, however, proved ineffec-
tive. Subcutaneous or intra-
tumour injection of bacteria,
whether prior to or after heat
treatment of the tumour, did not
modify its growth characteristics.

During characterisation of malig-
nant tissues by NMR, T1 values of
water protons have been found to
be higher for necrotic than non-
necrotic regions in a transplanted
fibrosarcoma. Lower water con-
tent, higher iron concentrations or
lower number of malignant cells in
the necrotic region may account
for this observation.

Technical Information

The BARC Central Library at pre-
sent has a collection of about 8.25
lakhs documents pertaining to
nuclear science and technology.
The collection is consisting of ab-
out 81 ,000 books. 61,000 volumes
of bound periodicals, more than
23,000 patents and standards and



about 6,60,000 technical reports.
During this year, about 1,650
books, 2,220 bound volumes, 80
patents and 23,100 technical re-
ports were added. Currently
BARC Library subscribes to 1,670
scientific and technical journals
published from India and abroad.
Subscription for 7O journals were
discontinued on the basis of a re-
cent readership survey.

A bibliographic database of all
the books available in the library
has been created in the PRIME-
450 computer. Efforts are under
way to incorporate keywords or
descriptors for the books in the
database to facilitate subjects-
wise" search. The complete bibliog-
raphic description and other de-
tails about all the journals available
in the library have been incorpo-
rated into a database in the
PRlME-450 Computer and this
database is being regulary up-
dated. All the regular and routine
operations of the book circulation,
periodical and acquisition units of
the library are now computerised,
and are managed using either the
mainframe PRIME computer or
personal computers.

Active participation in the Inter-
national Nuclear Information Sys-
tem CINIS), managed by the Inter-
national Atomic Energy Agency
(IAEA) at Vienna, was continued.
More than 1,000 records were
prepared, based on items of litera-
ture on nuclear science and tech-
nology published in India. They
were sent to INIS for incorporat-
ing in the database. Processing of
the magnetic tape containing the
monthly additions to INIS data-
base obtained regularly from Vien-
na, and providing Selective Dis-
semination of Information CSDD to
about 150 scientists and en-
gineers of DAE and other orga-
nisations were continued on a reg-
ular basis using the ND computer
The latest month's INIS output
continued to be made available on
the ND computer for retrieval by
users at Trombay.

Facilities were also provided for
on-line retrospective search of the
INIS database at Vienna available
for the period from 1976 onwards.

The CD-ROM equipment com-
missioned last year was exten-

sively used for evaluating various
trial CD-ROMs sent to BARC for
assessment and for retrieval of in-
formation from INIS trial CD-ROM
which contains INIS database for a
period of 2 1/2 years. The Powder
Diffraction File (PDF-2) CD-ROM
produced by JCPDS has been re-
cently procured by BARC. It was
demonstrated and made available
to the participants in the XXI
National Seminar on Crystallogra-
phy. With the retrieval software, it
is possible to get the desired in-
formation in printed form or on a
floppy disc. BARC is in the pro-
cess of building up a CD-ROM lib-
rary of various numerical and bib-
liographic databases as we'll as of
reference books in the form of
CD-ROMs.

A total of 80 reports, 53 exter-
nal and 27 internal, on the R&D
activities of BARC were pub-
lished. Library continued to pro-
vide photographic, xeroxing and
printing services to various divi-
sions and constituent units of
DAE. Photocopy services were
also provided to outside users on
specific requests.

A number of technical and scien-
tific brochures and booklets were
brought out, which included "The
Promise of Superconductivity"
and "Pandit Jawaharlal Nehru on
Atomic Energy". Besides the reg-
ular publications, 'BARC Newslet-
ter', 'Nuclear Newsletter', and
'BARC Highlights' were also pub-
lished. A few articles highlighting
some of the major R&D work
done by BARC were prepared and
published in reputed Indian and
foreign journals. Some of the arti-
cles were on solving Dhruva fuel
fabrication problem, the neutron
source reactor "Kamini" that is
being built by BARC at IGCAR, Kal-
pakkam, and the recommissioning
of the Madras Atomic Power Sta-
tion after the moderator inlet
manifold was damaged.

About 200 articles in different
foreign languages such as French,
German, Italian, Japanese, Rus-
sian and Spanish were translated
at the request of scientists and
engineers of DAE units. Copies of
the translated articles were depo-
sited in the national repository of
translated articles at the National
Science Library, New Delhi. Inter-
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pretation services were also pro-
vided on request.

A thorough revision of Atomic
Energy CFactories) Rules, 1984
was undertaken to update them in
the light of the 1987 amendment
to the Factories Act and to re-
move some other shortcomings of
the existing rules. Drafting of Ato-
mic Energy (Factories) Rules,
1988 was completed and an up-
dated version, incorporating the
comments received from DAE un-
its, has been approved by Atomic
Energy Regulatory Board (AERB)
for implementation in DAE units.

Work on creating a computer-
based database on accidents/inci-
dents in DAE units has been
started. For this purpose, a stan-
dard format was devised for pre-
paration of case studies of acci-
dents/incidents.

Computer software for deter-
mining the Toxicity Index and Fire
Index has been developed.

Contributory Health
Scheme CCHSS)

Service

The CHSS at present covers
68,600 beneficiaries. BARC hos-
pital and the 10 peripheral dispen-
saries continued to extend ther-
apeutic and diagnostic facilites to
the beneficiaries and 5,05,546 pa-
tients were treated in these dis-
pensaries during this year. A new
dispensary at Andheri is being
planned and is expected to be
operational soon.

The bed strength at the BARC
Hospital continues to be 192, in-
cluding 23 beds in special areas
like Labour Room, Casualty and
Pre and Post operative rooms. A
total of 6,370 patients were
admitted in the hospital and 2,316
surgical (including ENT and opthal-
mology) and 1,645 gynaecological
operations were performed during
the year. Attendance in the outpa-
tient departments, the various un-
its and laboratories of the hopital
was as follows : OPD attendance
60,683, Psychiatry OPD 5,410, De-
ntal OPD 20,998, Pathological in-
vestigations 1,49,223, Radiologic-
al investigations 16,180, and
Medical social service, attendance
13,574.

In the fully equipped 1CCU,
thrombolytic therapy is given



wherever required. Cases found
suitable for balloon angioplasty and
bypass surgery are evaluated and
referred to panel hospitals.

Active family welfare program-
me was continued during the year.
241 Medical Termination of Pre-
gnancy (MTP) and 228 permanent
sterilizations were carried out.
The number of infants added to
the scheme was 762 and the birth
rate amongst the beneficiaries
was found to be 11.11 per 1,000
as against the national average of
31 per 1000 in 1986 and the
national goal of 27 per 1,000 in
1990. Immunisation facilities are
available in BARC Hospital and in
all the peripheral dispensaries and
the coverage has been 859b. A
special care nursery for care of
sick and preterm neonates is
ready and will be commenced
shortly.

The School Health Clinic has
been started from the academic
year 1989-199O covering the chil-
dren of the Atomic Energy Central
Schools in the Anushaktinagar
campus. Physical examinations,
height and weight measurements
are taken for growth records and
also to detect variations. Students
are also checked for refractive
errors, hearing defects and any
other social problems which might
impair academic performance.

A school for the mentally hand-
icapped has been started in the
premises of Training School Hos-
tel from August 15,1989. At pre-
sent the school has a strength of
16 students, 2 teachers, 1 clerk
and 1 ayah.

The Trombay Dispensary con-
tinued its Occupational Health
activities and the Accident Pre-
vention Programme. Periodic
medical examinations of 1,685
employees and initial medical ex-
aminations of 1005 employees
were carried out.

Bombay University has given
recognition to BARC Hospital for
houseposts in general medicine,
general surgery, obstetrics,
gynaecology and paediatrics to en-
able the candidates to be enrolled
for MD and MS Degree examina-
tions. The National Board of Ex-
aminations, New Delhi, has given

recoynition to BARC Hospital for
post graduate studies.

A ND-110 computer system has
been installed in BARC Hospital
for information storage and re-
trieval of patient data. The Hospit-
al Management System is being
planned on lines similar to that of
Tata Memorial Hospital. It is prop-
osed to have 8 terminals initially.

Radiation Medicine Service

Investigative services were
offered to following number of pa-
tients attending the clinics at the
Radiation Medicine Centre: thyroid
uptakes — 2,850, thyroid scan —
4,430, liver, brain, bone, lung, re-
nal, cardiac and others — 5.560,
1311 screening for thyroid cancer
— 895, in vitro laboratory tests
serum thyroglobulin, thyroid anti-
body tests, T3, T4, TSH, T3 char-
coal tes ts - - 5,535.

In addition, about 35-40 new pa-
tients and 35-40 cases undergoing
regular treatment attended the
clinics daily. 250 patients were
admitted to the inpatient care
wards for radioiodine therapy for
thyroid cancer and thyrotoxicosis.
75 curies of 99mTcO4 in various
formulations were prepared for
the patient investigative studies
at the hospital pharmacy section.
223 patients of thyroid cancer and
176 with thyrotoxicosis were tre-
ated this year. The cumulative
amount of radioiodine adminis-
tered was 37 curies.

Human Resources Development

BARC Training School selects and
trains outstanding professionals in
the disciplines of Physics, Chemis-
try, Engineering and Metallurgy, in
areas like R&D, Design, Construc-
tion, Commissioning, Quality Con-
trol, Operation and Maintenance,
etc. associated with the develop-
ment of Nuclear Science and
Technology. The training also
emphasises adequately such fron-
tier areas as lasers, fusion re-
search, etc.

Training School has completed
32 years of existence and-has so
far trained more than 5000 profes-
sionals.

The Training Division keeps
liaison with other training and sci-

entific institutions of the country
and provides short term training to
university scholars/students, and
services of BARC experts to other
research institutions.

The following computer courses
were conducted this year: CD In-
troduction to PCs Operating Sys-
tem, use of text processing, data
base management and spread
sheet packages, (2) Courses in
programming languages such as
BASIC, FORTRAN, COBOL and
'C, C3) Courses in various adv-
anced data base management
packages such as, SIBAS on
Norsk Data computers and other
data base packages available on
personal computers, C4) Courses
for draftsmen on the use of draft-
ing packages on Norsk Data com-
puters as well as personal compu-
ters, (5) Course on advanced com-
puter graphics and their applica-
tions on Norsk Data computers,
(6) Course on personal computer
hardware architecture and inter-
facing techniques, and (7) Adv-
anced course on SINTRAN operat-
ing system on Norsk Data compu-
ters and UNIX operating system.

So far, about 1.000 employees
of this organisation have benefit-
ted from these courses.

Computer courses at Post-
graduate Diploma level as well as
Master's Degree level at SNDT
University were conducted.

Presently, a 3-year Master's De-
gree course in computer applica-
tions, covering topics such as,
computer graphics, systems soft-
ware, programming languages,
data base management systems
and latest topics like Fourth GL
and artificial intelligence is being
set up at SNDT University. The
course also covers financial man-
agement techniques and offers'
electives on advanced topics in
robotics, graphics, operating sys-
tem, parallel processing, etc.

Two courses were conducted
for imparting training in radioim-
munoassay techniques and their
applications. The courses were of
about one month duration and ab-
out 20 medical and paramedical
personnel attended each course.
This course would help in staffing
laboratories which can provide RIA
services all over the country.
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As a part of manpower develop-
ment programme, the following
training were conducted : Ca)
UNDP/IAEA/RCA National Course
on NDT-UT-3 at NFC, Hyderabad;
and CtO Training Course on Indust-
rial Radiography and Safety
Aspects CIRQ-1) at BHEL.
Tiruchirapalli. A total, of 38 NDT
personnel participated in these
training programmes.

For attaining high standards of
performance of the operating per-
sonnel both in terms of efficiency
and safety, utmost importance is
given to operator training. In the
on-going training programme,
apart from the class room lec-
tures, group discussions and
visual aids covering various facets
of reprocessing and waste man-
agement technology, intensive in-
plant training is also imparted to
the trainees before they are de-
ployed for actual work. Twenty
two category-ll trainees are at
present receiving in-plant training
in various facilities. They are also
being periodically assessed and
graded. A computerised simulator
that can simulate all the normal
and maloperations in a reproces-
sing plant is being installed. This
will be extremely useful to the
trainees for a better understand-
ing of the various operating para-
meters and their influence on the
system performance.

All the O/M and laboratory per-
sonnel of the reprocessing plants
have been brought under the Qual-
ification Incentive Scheme in
which they have to pass through
several tests like written exams,
check lists, walk-through tests
and final viva voce covering syllabi
commensurate with the tasks and
responsibilities assigned at each
level. All the operating staff of
PREFRE Plant, Tarapur and Pluto-
nium Plant, Trombay at levels II
and III have already been qualified.
Maintenance and laboratory staff
of both the plants are undergoing
various tests at present.

The plant managements are tak-
ing positive steps in inculcating a
safety ethos among the workers.
The steps taken include various
indoctrination programmes like au-
dio-visual shows, safety day
celebrations, etc. Personnel at

different levels are periodically de-
puted for training courses in radia-
tion hazard control, fire fighting,
first aid, civil defence, etc. Group
discussions and "lessons learnt"
sessions are conducted among
the workers and middle level su-
pervisors under the guidance of
senior staff wherein they critically
analyse the safety related inci-
dents reported by different facili-
ties. In these sessions, workers
are encouraged to offer sugges-
tions to prevent the recurrence of
such incidents. It is seen that this
direct participation in decision
making improves their safety
awareness and their eagerness to
set high standards in the overall
safety of the plant.

Training and man-power activi-
ties such as theoretical training in
reactor related subjects and in-
plant training of graduate en-
gineers from BARC Training
school, licensing and qualification
of shift engineers, technicians and
ij'ant operators were continued.
Twelve students from various en-
gineering colleges and three offic-
ers from Indian Navy were trained
for a few weeks in reactaor tech-
nology topics. Man-power assist-
ance was provided for the mainte-
nance and other jobs of DAE pow-
er reactors as and when occasions
demanded.

Technical assistance was pro-
vided to various Safety Commit-
tees and their Working Group for
reviewing the design and safety of
Pumima-lll critical facility, review
of safety procedures for the op-
eration of NAPP reactors and re-
view of the Preliminary Safety
Analysis Report of Kaiga Atomic
Power Project.

A one-year stipendiary training
course for health physicists to
meet the trained man power re-
quirement for the nuclear power
programme was started. Three
workshops on management of
radiation emergencies for public
authorities and medical personnel
were conducted. A RCA-IAEA
workshop on environmental moni-
toring and measurement was
organised at Kalpakkam during
October 1989. Eight scientists
from RCA countries participated.

19 students completed the 27th
Post Graduate Diploma Course in
Radiological and Hospital Physics.
Six other courses were organized
to train radiation workers on safe-
ty aspects of the uses of radiation
sources.

A ten-day training regional work-
shop for South and South East
Asian countries on "Use of Food
Irradiation to reduce Post Harvest
Losses", sponsored jointly by the
International Consultative Group
on Food Irradiation CICGFD and
DAE was organized in February
1989. The topics discussed at the
workshop included, amongst
others, regulation and control of
food irradiation and information
dissemination to the consumer.

A FAO sponsored workshop for
Asian region on "Analysis of
Radionuclide Contamination in
Food Stuffs" was organised from
May 15 to May 26, 1989. The
course included several lectures,
demonstration of gamma spec-
troscopy, radiochemical separa-
tions and beta counting. A pro-
cedural manual was prepared and
supplied to the participants. A
similar workshop was held by FAO
for Middle East countries from 11
to 1 7 November 1989 and two sci-
entists from BARC invited to con-
duct the workshop.

A scientist took part in the 8th
Antarctic expedition collecting
samples and making environmen-
tal radioactivity measurements.
Small ions and aerosols measure-
ments were also carried out dur-
ing the expedition at Antarctica.
Another scientist is currently par-
ticipating in the 9th Antarctic ex-
pedition. The data collected is
under process and will be pub-
lished shortly.

There were 22 clinical meetings
on various topics in medicine and
surgery. An invited lecture was
arranged on 'Experiences with
Hays Forceps' by Dr. Nozer Sher-
iar. A doctor from Trombay Dis-
pensary gave a series of five lec-
tures on 'Management of Radia-
tion Injuries'

There were ten medical and four
science graduates undergoing
training at the Radiation Medicine
Centre. Two IAEA fellows,' one
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from Ethiopia and the other from
Bangladesh, are also undergoing a
one-year training programme. A
total of 180 lectures, 22 practic-
als, 8 demonstrations and applica-
tions and apprentice programmes
were conducted.

The total strength of Bhabha
Atomic Research Centre and its
Units, including VEC Centre, Cal-
cutta, as on 30.11.89 was 14.728
comprising of 3,915 scientific,
6,761 technical, 1.248 administra-
tive and 2,804 general mainte-
nance and auxiliary staff.

About 140 scientists were de-
puted abroad for participation in
international conferences, sympo-
sia, meetings, etc. and for specific
government work. 12 scientists
were deputed abroad for scientific
visit/training/study tour under the
aided schemes and 19 scientists
were deputed under bilateral
agreements.

The services of 7 scientists
were placed at the disposal of
IAEA on Foreign Service terms for
assignment as experts.

19 scientists were granted EOL
for post-doctoral work abroad.

Under the collaboration scheme
between BARC and IITs/IISc,
Bangalore, for training of scien-
tists/engineers of BARC in special-
ised post-graduate courses lead-
ing to award of M.S/M.E/M.Tech.
degrees, 54 scientists/engineers
have completed their training so
far and four are undergoing the
course under this scheme.

So far 30 Indian Universities
have recognised BARC as a centre
for post-graduate studies in va-
rious disciplines. 134 scientists in
this centre have so far been
accorded the status of University
teachers by various universities.

During the year, 12 scientists
have qualified for the award of
Ph.D. degree and 9 scientists for
M.Sc. degree.

Under the collaboration scheme
between BARC and the University
of Bombay, 44 students of the
Bombay University are presently
doing research work leading to
Ph.D. degrees under the scheme.

Training facilities were provided
to foreign nationals under IAEA
Technical Assistance Programme
and various collaboration agree-
ments. During the above period,
BARC offered facilities for training

•under the IAEA Fellowship
Scheme to four scientists from Sri
Lanka and one each from Iran,
Thailand. Bangladesh, Ghana and
Indonesia.

About 70 scheduled castes and
25 scheduled tribe candidates
were recruited to various posts.

BARC Benevolent Fund was set
up in 1963 to give aid to the em-
ployees of Bhabha Atomic Re-
search Centre, Department of
Atomic Energy and its constituent
units located in Bombay, who are
members of the Fund, in the
event of any unforeseen misfor-
tune like prolonged sickness, pre-
mature retirement due to sick-
ness, prolonged leave without
pay, death, etc. The financial
assistance is also extended to-
wards purchase of hearing aids,
nutritious diet to T.B./Cancer pa-
tients, purchase of text-books, tu-
tion fees and travelling expenses
for the handicapped school going
children of the members of the
Fund. The main financial sources
of the Fund are donation, life
membership, subscription from
members and grant-in-aid from
Government. The membership of
the Fund is open to the regular
and FTA employees of BARC,
DAE and its constituent units sta-
tioned in Bombay. The total mem-
bership of the Fund as on Novem-
ber, 1989 was around 3,700. The
amount spent during the finane,
year 1988-89 was Rs. 55,000/-
(approximately).

The transportation of around
12,000 employees to and fro their
work places from 24 rallying
points in Greater Bombay muncip-
al limits. Thane and New Bombay
and for 700 employees of other
DAE units Cviz. HWP. C&S Group,
DEM, -DPS) from Vikram Sarabhai
Bhavan, Anushaktinagar, to 8 ral-
lying points was provided for the
round-the-clock and two general
shifts. Manpower programming
for operation of around 350 vehi-
cles was done besides conducting
training programmes and re-
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fresher courses for transport
staff. Centralised procurement of
vehicles as well as condemnation
of vehicles for BARC units at
Trombay, Tarapur, Srinagar, Cal-
cutta and Kalpakkam were also
taken care of.

A Traffic Safety Seminar was
organised in BARC during Febru-
ary, 1989 for the education of all
the drivers and the motorists in
BARC. A series of lectures by
officers of MSRTC and an exhibi-
tion by Traffic Section were orga-
nised during the Traffic Safety
Seminar. As an incentive to BARC
drivers to imbibe a greater sense
of road safety, and to practise
better traffic culture, "Traffic
Safety Silver Medals" were
awarded to 14 drivers who have
accident-free record.

Supervision and maintenance of
7 large scale co-operative can-
teens, 1 departmental canteen
and 3 canteens and 14 tea pan-
tries run by the contractors were
done. The day-to-day food service
is arranged appropriately to cope
up with the sale of Rs. 7,50,000/-
per month without any interrup-
tion.

The estimated expenditure for
the year 1988-89 towards pay-
ment of various subsidies to the
co-operative canteens and tiffin
rooms works out to Rs.
58.00,000/-, besides Rs. 5.00.000/
- for maintenance and repairs in-
volved in these canteens. The
business of the co-operative can-
teens are well monitored, and
timely action is taken to run them
smoothly.

Around 1 7,000 dak articles are
handled per day for delivering
them to their destinations in
Trombay and city areas, besides
around 1,500 postal dak, 50 tele-
grams and 50 telexes per day.

Domestic travel bookings, bill-
ings, cancellations, preponing and
postponing of air bookings, etc.
were done. On an average, 2000
air tickets are booked in a year.

Maintenance of around 1,200
English and 100 Hindi typewriters
was carried out in Bombay and
Tarapur, besides initiating timely
action for replacement/procure-
ment of typewriters.

Continued on page 3.53



The Complex

Indira Gandhi
Centre for
Atomic
Research

Indira Gandhi Centre for Atomic
Research CIGCAR) has been en-
gaged .on the development of Fast
Dreeder Reactor technology in all
resoects. The Fast Breeder Test
Reactor (FBTR), which attained
criticality for the first time in Octo-
ber 1985 is the main research faci-
lity in IGCAR. The activities of the
Centre are as follows:

Fast Breeder Test Reactor

FBTR is a 4O MWtC13 MWe)
sodium-cooled reactor fuelled
with mixed carbide of plutonium
and uranium. It was first made cri-
tical in October 1985. Complete re-
covery from fuel handling incident
of May, 1987 was achieved in early
1989. Safety clearances for res-
tart of FBTR were obtained from
AERB in May 1989. As the steam-
water system had not been com-
missioned, the reactor power dur-
ing this phase of. operation was
limited to 500 kWt.

During May and June 1989, the
reactor has been successfully
operated upto a power level of
500 kWt with 50% operating time,
and some reactor physics experi-
ments have been completed. The
nonavailability of the reactor dur-
ing this period has been mainly due
to electromagnetic noise pick-up
in startup and DND channels and
mal-operation of the auto speed
control system of primary sodium

pumps. Construction deficiencies/
component aging have been main-
ly responsible. Remedial measures
have been implemented. As a re-
sult, the desired performance
level is expected to be i eached.

For improving the availability of
the plant an outage was effected
from July 1989. During the outage
certain important jobs were com-
pleted which included successful
completion of Reactor Contain-
ment Building leak test to prove
the design requirement.

Commissioning activities on
steam water system have been
nearly completed. A major repair
job on a boiler feed pump, testing
of feed control valves after re-
placement of two undersized
actuators, testing and calibration
of bypass and dump control
valves, testing of condensate
polishing unit, checking and mod-
ifications of the hanger supports
were completed. Subsequently
cascade running of all the pumps
with 'all level control valves func-
tioning was achieved. The system
temperature was raised upto
180 °C by running boiler feed wa-
ter pumps. On achieving required
purity of water the preheating of
steam generators (SG) was taken
up. Prior to preheating of steam
generators, the logic of steam
generator isolation', depressurisa-
tion and injection of nitrogen was
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Cruel in service water pipe lines of FBTR

commissioned and tested. SG
was then filled with sodium at
250 °C by opening the isolation
valves. This is one of the miles-
tone in commissioning. Power op-
eration is expected to start within
a few months.

Prototype Fast Breeder Reactor

The Department is planning to
commission the first of a series of
5OO MWe fast breeder reactors.
With this objective, the prototype
fast breeder reactor (PFBFO has
been taken up.

During the year, the detailed de-
sign of PFBR has gained momen-
tum. The salient activities include:
— Working out of the details of

fuel and blanket management;
— Estimation of primary sodium

activity, ground release of activ-
ity during design base accident
(DBA), and shielding for oxide
core;

— Completion of DBA analyses for
oxide and metal cores, and de-
sign analysis of control rod drive
mechanism (CRDM), main ves-
sel, inner vessel, roof slab etc;

— Optimisation of fuel pin pitch
and diameters for oxide core;
and

— Calculation of the flow and
temperature fields under core
cover plate, and flow distribu-
tion in grid plate.
Besides this, the structural in-

tegrity of the reactor vessel was

examined theoretically which con-
firmed that the vessel would be
able to withstand a core disruptive
accident. Vibration tests on roof
slab model and experimental
stress analysis of main vessel
were carried out and structural de-
sign of in-vessel-transfer-machine

CIVTM) was completed. Concep-
tual design notes for various hand-
ling flasks, span! fuel storage,
ate. wore also prepared.

In parallel with the detailed de-
sign, the manufacture of key com-
ponents is being undertaken. Re-
quired raw materials have been
procured and contracts with Indi-
an Industry are being finalised for
making the prototype of each of
the key components such as the
part of tne main vessel and inner
vessel, sodium-to-sodium heat ex-
changers, sodium pumps, steam
generators, etc.

Engineering Development

Detailed design of PFBR needs
to be supported by engineering
experiments with diverse objec-
tives. Towards this end, available
facilities are being expanded and
more experiments are being
planned/executed.

The development activities
undertaken in support of PFBR in-
clude mainly mechanical and elec-
tromagnetic sodium pumps, ex-
perimental hydraulic studies of
primary pool and Intermediate
Heat Exchangers CIHX), the

Temperature field in the PFBR pool at full power
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sodium experiments for compo-
nent testing including setting up
of a facility for sodium testing of
large components and advanced
instrumentation for sodium sys-
tem. The work on mechanical
sodium pump includes the revision
of conceptual design of directly
mounted fly wheel assembly to
make it more compact and accept-
able.

The design of non-return valve
of the sodium pump was opti-
mised under different pump oper-
ating speeds. A 1/10 scale model
of the spherical support was con-
structed and tested. A seven
metre long prototype shaft was
successfully machined to desired
dimensional accuracies. In con-
tinuation of the work on develop-
ment of induction pump for
sodium, the earlier obtained test
performance was analysed.

Hydraulic studies of the primary
pool were continued. Using dye
injection technique flow patterns
for the upper plenum were
obtained for normal operating con-
ditions. Velocity measurements
were made around the entry win-
High temperature low cycle fatigue

testing system

dows of IHX to find out circum-
ferential distribution. The 1/6 sec-
tor model of the IHX was commis-
sioned after its installation in the
water test loop. In addition to
pressure drop measurements on
the shell side, measurements
were made to determine flow in-
duced vibrations of the tube bun-
dle caused by cross flows at the
inlet and exit of IHX.

The study of convection barriers
and circumferential temperature
assymetery in the reactor top
shields annuli was continued using
a small sodium set up. The circum-
ferential temperature difference
was measured for various horizon-
tal gaps and also for varying
Raleigh number. In connection
with leak simulation experiemnts
for developing acoustic detection
of sodium-water reaction in steam
generators, further experimenta-
tion was carried out using high
pressure argon injection from tube
to shell side in full scale water
model. The detailed design and
procurement of various materials
and components are progressing
well towards the construction of
large components sodium test rig
CLCTFO.

Metallurgy

A very wide ongoing programme
of R & D on materials used in fast
breeder reactors has been an im-
portant constituent of the activi-
ties in IGCAR. Materials of in-
terest are: candidate materials for
core components, special grades
of stainless steels used as
structural materials, and low alloy
ferritic steels as materials of con-
struction for steam generators.
Certain R & D has also been under-
taken for development of non-
destructive testing and in-service
inspection in support of pressu-
rised heavy water reactors
(PHWR) programme.

During the year, significant
progress has been achieved on
the creep and fatigue evaluation
of SS type 316 LN.

Mechanical properties of thick
section forged tube sheet of 9Cr-
1 Mo steel in simulated post weld
heat treated condition and after
thermal ageing have been deter-
mined.

The creep and tensile properties
of D9, 20% cold worked produced
at MIDHANI, are under evaluation
to establish optimum Ti/C ratio for
best tensile and creep properties.
The creep tests completed so far
have indicated that these alloys
are inherently stronger and pos-
sess higher rupture lives than type
31 6 stainless steel. The combined
influence of different degrees of
prior cold work and subsequent
ageing has also been studied in
detail.

Process conditions have been
obtained to produce aluminide
coatings of required thickness and
composition of Inconel 718 alloy.

Continuing the work on the de-
velopment of mixed oxide coated
titanium anodes, such a coating
was given on a failed TSIA elec-
trode received from PREFRE,
Tarapur which was used for Ura-
nous ion production at an operat-
ing current density of 175 mAJ
sq.cm. Currently the electrode is
commissioned and operated for
uranous ion production.

Pitting corrosion studies carried
out on type 304 LN and 316 LN SS
showed an improvement in the
localized corrosion resistance with
the increase in the nitrogen level.
X-ray photoelectron spectrosco-
pic analyses on the passive films
formed on 316 LN alloy showed
the presence of nitrogen as in-
hibiting nitrate compounds. Laser
surface melting of type 316 stain-
less steel showed an improve-
ment in the intergranular and pit-
ting corrosion resistances com-
pared to the unmelted surface.
Corrosion studies in boiling nitric
acid medium and a simulated re-
processing solution dissolved with
UC pellets indicated that Ti, Ti-5%
Ta and zircaloy-2 possessed higher
corrosion resistance, Stress corro-
sion cracking CSCO is one of the
modes of failure of SS. Crack
growth rates were measured on
solution annealed and sensitized
type 304 stainless steel in concen-
trated NaCI solution boiling at
108 °C. This had enabled computa-
tion of critical stress factor for
SCC. The process parameters for
the plasma nitriding technique (de-
veloped earlier in IGCAR) for sur-
face hardening of cold worked
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type 316 and D-9 alloys has been
optimised. The role of ferrite and
martensite phases changes in the
mechanical strength of 2.25Cr-
1 Mo steels during long term
ageing as well as the carbide pre-
cipitation behaviour as a function
of temperature and carbon con-
tent were studied.

Electron microscopic studies on
Ti-Nb alloys revealed dominant
omega transformation mode at
higher content of Nb and the role
of precipitates in enhancing the
current carrying capacity of these
alloys were examined. In continua-
tion of the development of thin
films of high temperature super
conductors, thin films of
YBa2Cu307-x could be deposited
on zirconia substrates by the Glow
Discharge Deposition CGDD)
method. These films showed
onset of Tc at 75 °K reaching zero
resistance at about 40 °K.

There has been significant prog-
ress towards completion of the
post-irradiation examination facil-
ity and towards development of
various non-destructive test
CNDT) techniques. All major equip-
ment and subsystems for hot cell
nitrogen system have been instal-
led. A rig for the X-radiography of
irradiated fuel pins by slit exposure
technique is being erected. Optical
alignment of the neutron radiogra-
phy rig has been carried out. Accu-
rate positioning of the radiography
window in line with the beam hole
of the neutron source reactor has
been completed.

Acoustic Emission CAE) techni-
que was used to detect and locate
a leaking coolant channel in MAPS.
The AE technique has been used
to understand some specific
aspects of plastic deformation in
SS and to understand the oxida-
tion processes in materials.

The eddy current test probe for
garter spring location has further
been optimised by computer mod-
elling and used with various types
of defects. This probe has been
used for pre-service garter spring
location campaign and measure-
ments of possible skew in such
springs in KAPP. A specification
has been evolved for the pre-
service inspection of coolant tube/

calandria tube assemblies. Data
acquisition for eddy current test-
ing has been configured with IBM
PC system in order to manage the
acquisition and analysis of large
data that would be generated dur-
ing inspection of various heat ex-
changers.

New applications for dry cou-
plant ultrasonic testing have been
identified. An important applica-
tion of this technique has been to
assess suspected damage at the
turbine rotor blade to shroud
rivets in a captive power plant of
Madras Refineries Ltd.

A technique based on Bar-
khausen noise analysis has been
developed to assess the adequacy
of post weld heat treatment in
tube-to-tube sheet weld joint in
the steam generators.

As part of the development for
inservice inspection (ISO code for
heavy water plants, an ISI cam-
paign was carried out at the HWP,
Kota.

An extensive programme has
been undertaken to generate mi-
nute artificial defects of various
shapes and sizes by spark erosion
machining. A technique based on
the analysis of heat waves from
component/specimen surface cal-
led thermography has been used
for several applications such as
monitoring the temperature dis-

tribution during welding, and de-
tection and assessment of de-
fects in composite materials.

Digital signal analysis techniques
have been developed for various
NDT techniques to extract the
data from signals which are due to
defects of very small dimensions.

The Quality Engineering Section
continued to carry out quality con-
trol in the following projects and
laboratories of IGCAR: (i) Balance
construction works of FBTR, Cii)
Kalpakkam Reprocessing Plant,
(iii) Plutonium Recycling Project,
Civ) Rare Materials Plant at My-
sore, Cv) Kalpakkam Mini Reactor
and CvD Development works of
PFBR. The activities of the sec-
tion are aimed at ensuring quality
in the construction of the equip-
ment and systems of the above
projects in order to ensure the
safety and reliability of the plant.

Radiochemrstry

The R&D carried out in the
Radiochemistry Laboratory aims
to generate data useful for estab-
lishment of flow sheets fqr repro-
cessing of fast reactor fuels, and
newer techniques for reproces-
sing, understanding corrosion/
material transfer in sodium, and
studies on irradiated fuel material.

The Laboratory also provides
support for operation of FBTR.

Hot Cell at the Radiochemistry Laboratory

3.49



Expertise has also been used in
conducting certain experiments in
the area of cold fusion, develop-
ment of deutrochemical meters
and sodium battery-

During the year a train of inert
atmosphere glove boxes contain-
ing various facilities has been com-
missioned for the preparation of
fuel and related materials. Studies
on the dissolution of PuO2 in HCI
medium containing hydrazine and
UCVD have shown that the dissolu-
tion, is photochemicelly enhanced.
The photochemical method was
also found to be useful in the des-
truction of oxalate ions present in
the.supernatant solution resulting
from Pu oxalate precipitation. Con-
tinuing studies on third phase
formation in ThCIV)-TBP system
have shown that the limiting orga-
nic concentration (LOO can be
correlated with the connectivity
index of the dilutent which is an
empirical value derived from the
structure of the dilutent.

The hot cell facility for post-
irradiation studies on the carbide
fuel with many unique features
which ensure a high degree of
safety is now ready.

A project on pyrochemical repro-
cessing has also been taken up.
The facility for carrying on this
work which involves the handling
of molten salts and reactive met-
als under inert atmosphere condi-
tions, has been designed and its
fabrication is in progress.

Sensitive analytical methods
have been developed and standar-
dised, using the new technique of
inductively coupled plasma-mass
spectrometry, for the character-
isation of nuclear materials such
as uranium, sodium and SS. The
optical emission spectrograph has
been adapted for glove box opera-
tionand used for trace element
characterisation of uranium- 233
separated from thorium elements.
Isotopic composition and concen-
tration of the uranium isotopes in
the dissolver solutions in this cam-
paign were determined by thermal
ionisation mass spectrometry.

As part of the studies on ternary
systems of the type Sodium-
metal-oxygen, the partial phase di-

agram of the Na-Fe-O system has
been worked out. To investigate
anomalous behaviour in the binary
systems of sodium with Group V
elements experimental measure-
ments of the activity of sodium in
sodium-bismuth alloy has been in-
itiated. The free energy of forma-
tion of Na3NbO4 and Na3WO4
were determined by measuring
the oxygen potential in phase
fields containing liquid sodium and
the ternary compound.

Decomposition kinetics of
Na2CO3 in sodium was studied to
understand its effect on the car-
bon potential of liquid-sodium. The
carbon potential of AISI 316 LN
steel was measured at 925 °K us-
ing the electrochemical carbon
meter and the precipitated carbide
phase was characterised and
found to be Fe13Cr7Ni2.5Mo5C6.
The radioactive sodium loop was
operated with the test section
temperature raised to 773 °K. The
distribution coefficient of Mp be-
tween sodium and SS 3O4 steel
was measured at 773 °K for
generating input data for modell-
ing Mn-54 transport in sodium cir-
cuits.

As part of the on-going prog-
ramme to generate thermoche-
mical and thermophysical data on
compounds of interest in reactor

technology, the molybdenum-
tellurium system was investigated
using high temperature mass
spectrometry. Calorimetric
measurements were carried out
on the uranium-aluminium system
to determine the integral enthal-
pies of formation of the alloys.
From this data the enthalpies of
formation of UAU and UAI3 were
derived.

•Following newspaper reports,
experiments were conducted on
the possibility of cold fusion during
the electrolysis of heavy water.
Positive results were obtained
through neutron detection and tri-
tium measurement. A closed cycle
calorimeter was developed to me-
asure heat output during the elec-
trolysis.

Analytical services were pro-
vided to various programmes in
IGCAR, the total samples analysed
during the period being 156 requir-
ing 398 determinations.

Reprocessing

Reprocessing of fuel is neces-
sary for fast reactors as irradiated
fuel material contains unutilised
fissionable material and also the
surplus fissile material generated
by breeders.

A view of waste vault of fast reactor fuel reprocessing plant
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The Centre has almost com-
pleted the development work re-
lated to fuel reprocessing of FBTR
fuel under its Reprocessing Prog-
ramme. Equipment developed
were subjected to qualification for
hot operation in a pilot facility set
up to recover U-233 from irradi-
ated J rods in CIRUS reactor,
Trombay. Mixed carbide dissolu-
tion studies were further pursued
specially with respect to corrosion
aspects of equipment. Equipment
were also tested for other
aspects for use in hot cell. Testing
and commissioning of lead mini
plant for receiving irradiated fuel
from FBTR is being carried out.
Civil works for fast reactor fuel
reprocessing plant is progressing
well. Detailed design of plant • is
nearing completion. Procurement
of hardware has been completed.
Action for various technical works
are being initiated.

Process development work for
FBTR fuel reprocessing has
reached a mature stage. The flow
sheet has been formulated. This
will be further refined, based on
experiments with actual irradiated
fuel. Experiments relating to elec-
tro-oxidative dissolution of mixed
carbide fuel were carried out.-
Work mainly concentrated on
equipment design, particularly on
material of construction. Works
relating to development of suit-
able less expensive anode for ox-
idation were pursued. Corrosion
rates for specially coated anodes
were studied.

Process equipment develop-
ment for FBTR fuel reprocessing
is nearing completion. The elec-
trolytic stainless steel dissolver
was studied for its suitability for
hot cell operation on a simulated
set up. Other equipment de-
veloped were subjected to a qual-
ification test in a pilot plant set up
for separation of irradiated thor-
ium. The campaign for separation
of U-233 from irradiated J rods
was completed. Product of re-
quired purity was produced and
the equipment such as thermo-
syphon dissolver, centrifuge, cen-
trifugal contactor and air pulsed
mixer settler functioned well. One
important aspect that could be de-
monstrated was the substitution
of electrical drives for equipment

by pneumatic drives and avoi-
dance of mechanical pumps and
valves in the radioactive environ-
ment. This gave sufficient experi-
ence for designing the cells, suit-
able for remote maintenance con-
cept for fast reactor fuel repro-
cessing plant. Further the opera-
tion provided an opportunity for
the engineers to face challenges
and solve them. When a vital solu-
tion transfer route was blocked,
an alternate route could be re-
motely established and the cam-
paign was completed, without in-
terruption. When the process of
final thorium separation, using HCI
medium posed problems of corro-
sion, an alternate separation
method based on precipitation
was worked out and followed.

With a view to separate U-233
from irradiated thorium bundles,
equipment for head end, such as
fuel dismantling have been de-
signed. These are undergoing
test. Meanwhile design of an
annexe cell to accommodate the
head end operation is in progress.
The commissioning work in lead
mini plant is making progress. Op-
erations using single limb dissolver
have been simulated. Work on in-
stallation of sampling system for
high level waste storage system is
in progress.

The construction of a reproces-
sing plant for reprocessing of
FBTR fuel is in progress. The con-
struction of shielded concrete
cells is nearing completion. De-
tailed embedment drawings have
been supplied' and embedments
fabricated and delivered for in-
stallation.

The construction of waste stor-
age vault is making a progress.
The procurement of hardware
such as stainless steel pipes,
plates, lead etc. has been com-
pleted. Procurement of equip-
ment such as ventilation fans, off-
gas fans \s under progress. Instru-
mentation systems are being de-
signed.

Health and Safety

The Health & Safety Programme
is sub-divided into studies and ex-
perimental work in support of
reactor safety, and monitoring
radiological aspects of operation

of various nuclear facilities in Kal-
pakkam.

The results of studies simulat-
ing fuel coolant thermal interac-
tion phenomena were examined in
the light of Board's formulation
of non-equilibrium shock tube
model.

Fabrication of high voltage com-
ponents such as pulse transfor-
mers, high voltage -.high current
air spark switches and safety
energy dump switches needed for
the 5 kV, 100 k j condenser bank
is underway, along with procure-
ment of transient pressure trans-
ducers, waveform recorders and
1000 fps imager.

Technical specifications for
sodium and cover gas systems,
test vessel C200 cu.m.) and clean-
ing systems were drawn up for
the test facility on large scale
sodium fires and sodium concrete
reactions.

Measurements were carried out
to estimate the neutron flux, cad-
mium ratio and neutron to gamma
ratio for a 15 MeV linear accelera-
tor of the SHAR Centre. Suitable
changes in the configuration of
beryllium and depleted uranium
disks were effected to augment
the observed neutron yield. Im-
proved numerical approximations
were developed to estimate the
flux of radiation at short distances
from a point source located in a
spherically symmetric medium.

Calculations of reactivity worth
for the preliminary design of GEM
assembly of PFBR were carried
out. Variation in computation time
with box description in the KENO-
IV code was studied for FBTR and
PFBR fuel subassemblies. The
Keff of an infinite array of fuel
subassemblies was calculated by
modelling the subassemblies in
two different ways (i) multi-
region, and (ii) multi-box.

Monitoring of radiation workers
was continued both by whole
body counting (388 persons) and
urinary bioassay C13 persons).
Work on the application of unsche-
duled DNA synthesis for
dosimetry was continued.

For the Radiation Emergency
Medical Centre being set up at Kal-
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pakkam, civil works have been
completed. A mock offsite
emergency exercise was success-
fully carried out jointly with the
District Authorities. The exercise
was marked by good awarness of
the procedures and timely re-
sponse.

Materials Science

Materials Science Division is in-
volved in the research of advanced
materials as well as development
of new techniques and facilities.
In YBCO and related oxides, the
principal activities were: under-
standing of the low temperature
phase diagram resulting from ox-
ygen ordering; preparation of bet-
ter ordered samples and phase
separation of oxygen off-
stoichiometric sample by detailed
XRD and resistivity, susceptibility
and positron lifetime measure-
ments. The oxygen ordering was
also studied by Monte Car\o
simulation. Preparation of thin
films of YBCO by glow discharge
sputtering technique has been in-
itiated. High resolution positron
lifetime measurements were used
to determine the kinetics of
helium migration in alpha-
irradiated Cu and Ni and also to
study helium bubbles in Ti-
stabilised stainless steels. Posit-
ron annihilation spectroscopy
together with Mossbauer spec-
troscopy were used to study the
precipitation behaviour of Fe in su-
persaturated Cu-Fe alloys. Quasi-
crystalline Al-Fe alloys of various
Fe concentrations were investi-
gated using Mossbauer spectros-
copy. TEM methods were used to
follow the early stages of evolu-
tion of bubbles in AI-40 at % Mn
alloy during argon ion bombard-
ment. The problem of distribution
of mean first passage time in ran-
dom chains due to disorder as well
as the interpretation of screw and
edge dislocations in the Kadic-
Edelen gauge theory were ex-
amined and new results were
obtained. The structure and stabil-
ity of magnesium atom clusters
were studied. The multifractal
analysis of the electronic wave
functions in quasicrystals was
completed.

Phase transitions in semicon-
ductor mixed crystals under high

pressure were investigated using
Raman spectroscopy. Monte Carlo
simulation was used to study
reentrant phase transition in
aqueous colloidal suspensions,
and the equilibrium structure was
obtained. The method developed
in the laboratory earlier for single
crystal growth of dissociable
semiconductors was successfully
applied to the Chevrel phase su-
perconductors. Efforts to grow
large sized sodium chloride crys-
tals for Infra-red windows and
lenses were initiated.

A Guinier XRD system adapted
from a diamond anvil cell is being
built for high pressure studies on
actinides. A computer based step-
scanning attachment for a small
angle X-ray system was set up.
Instrumentation related to the de-
velopments of SQUIDs is being
built. An RF SQUID measurement
system operating at 19 MHz has
been assembled.

Electronics & Instrumentation

The problems of the electro-
magnetic interference in the start-
up nuclear channels of the FBTR
wejre studied. Effectiveness of
the cable shielding by flexible con-
duits was confirmed by measure-
ment. A microprocessor based in-
strument for monitoring the drop
times of control rods was instal-
led. The new computer for the
central data processing system of
FBTR was installed and commis-
sioned. Improvements were made
in the colour graphic display sys-
tem installed in the MAPS and
additional hardware for scanning
the generator temperature data is
being installed. Data acquisition
and display systems were com-
pleted for installation in the Heavy
Water Plants at Kota and Tuticor-
in. A project for a supervisory con-
trol and data acquisition system
for Heavy Water Plant at Manu-
guru has been taken up. A project
for the development of a real time
operating system for Intel 80286
microcomputer has been taken up
in collaboration with the IIT, Mad-
ras. This operating system will im-
prove the efficiency and reliability
of computer based control sys-
tems. A project for the construc-
tion of a wide band amplifier based
on the latest high speed devices

has been undertaken in collabora-
tion with I IT, Madras. This ampli-
fier will be used as a front end for,
nuclear instruments.

Computer Centre

Centralised computing facilities
consisting of the Honeywell Bull
DPS-8 and the Norsk Data ND-56O
computer systems were run on
round the clock basis providing full
Electronic Data Processing CEDP)
and Computer Aided Design (CAD)
support. These systems with vast
configuration of peripherals, time
sharing terminals and PC links are
maintained in-house assuring high
availability. A new Super 32/70
computer system of 3.2 MlPs has
been installed and commissioned
to meet the increasing demand of
computational load. A major de-
velopmental work undertaken
during this year is parallel proces-
sing. A parallel processing con-
figuration to handle CPU intensive,
near-neighbour problems in gener-
al and 3D neutron codes in particu-
lar has been finalised and develop-
ment work on hardware and soft-
ware fronts initiated. The nodal
processors based around 32 bit
microprocessors, multiport mem-
ory and communication hardware
have been developed and tested.
Indepth studies have been carried
out to identify suitable software
modules for parallel processing
and a number of parallel con-
structs to support near-node -:.s
well as distance-node communica-
tions have been developed. Test-
ing of this software and the work
on development of nodal execu-
tive are in progress.

The CAD package developed
earlier to help the designers of pip-
ing layout for Kalpakkam Repro-
cessing Plant (KARP) has been re-
fined. A number of new features
have been incorporated and
ported to the ND-560 CAD sys-
tem. Also the interference check-
ing modules of this package have
been ported to the Magnum com-
puter system so that the interfer-
ence checks could be carried out
right at the designer's desk.Using
this package, the piping within a
cell has been completed and draw-
ings generated.
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Civil Engineering

The Civil Engineering Group
handles all the aspects of civil en-
gineering works including
architectural, structural and public
health designs, estimating,
tendering, quality control and con-
struction of all the projects and
laboratories in IGCAR, Project
KARP, Project WIP, CWMF and
preliminary design works con-
nected with PFBR. It also renders
architectural and structural design
services to MAPS. In addition to
the above, the group looks after
the design and construction of
housing in DAE township. Consul-
tancy services in design and con-
struction are being extended to
SAMEER Centre of the Depart-
ment of Electronics and Institute
of Mathematical Sciences at Mad-
ras, IRE, NPC etc., as and when
required. During the year, the con-

struction of MSL Phase I
been completed.

In Project KARP, construction
of the main process building and
allied structures is in progress and
about 70% of the construction
work is completed. In Project WIP,
the construction of stores building
and underground sump for stor-
age of water is in progress. Land
acquisition for the proposed
Phase II of DAE township at
Amaipakkam village near Kalpak-
kam is in advanced stage. Work
order has been issued for con-
struction of compound wall
around the part of the land already
handed over.

As per the re-organisation of
GSO, the construction of all build-
ings in township and maintenance
of the entire township have been
entrusted with Civil Engineering
Group of IGCAR.

Central Workshop

Central and Zonal workshops
continued to carry out the machin-
ing and fabrication of components
required for different projects and
various R&D laboratories. The sa-
lient jobs carried out are: recon-
ditioning of FBTR capsule transfer
gripper assembly, CDF gripper hol-
der for FBTR, fabrication of steam
generator sodium inlet and outlet
for hydraulic experiments, fabrica-
tion of process vessels and air lift
parts, centrifugal extractor, FBTR
CRDM bellows testing assembly,
shadow shield counter, machining
of ring compression test samples,
SS tube loops for steam injection
system, bio-film reactor in pers-
pex vessel, extensometer head
for compact test specimen and
High vacuum chamber.

Continued from page 3.45

About 4000 visitors including
Heads of States, Ministers, Parlia-
mentarians, Indian and Foreign Di-
plomats, High Government Offi-
cials, Visiting Professors, Foreign
Scientists, Defence Personnel,
members of the Scientific and
Technical Institutions and stu-
dents of schools and colleges
came to BARC this year.

Mr. Nguyen Van Linh, General
Secretary of the Communist Party
of Vietnam, H.E. Mr. Kenan Evran,
President of Turkey, and Gen Vo
Nguyen Giap, Vice Chairman of the
council of Ministers. Vietnam,
were some of the WIPs who vi-
sited this centre.

About 24 national and interna-
tional seminars/conferences/
work-shops/symposia were orga-
nised.

The V DAE Inter-Units Sports
Meet was held at TAPS colony,
Tarapur, during the period from
November 20 to November 26,
1989, wherein the required assist-
ance such as transport, canteen
facilities, etc. was rendered to the
TAPS who organised the Sports
Meet.

Landscaping

Landscaping was done by planting
different trees, shrubs, ground
covers, etc. in 4,000 sq.m. area of
Anushaktinagar and 55,000 sq.m.
area at BARC site and housing col-
ony at Tarapur. 2,000 sq.m. gar-
den area was rejuvenated in Trom-
bay. About 1,50,000 saplings of
various tree species were planted
and 50 kgs. of seeds of different
tree types were sown in situ on

Trombay hills for afforestation.
Landscape plans for various units
of Department of Atomic Energy
were prepared-. Maintenance of
gardens, arbors, orchards,
afforestation, etc. in Trombay,
Anushaktinagar and Mandala
Township, around Directorate of
Estate Management's buildings in
Bombay City, BARC housing col-
ony and plant site at Tarapur was
carried out.

The cosmetic maintenance in
the* campus including incineration
of garbage and pest control opera-
tion in Trombay, BARC hospital
complex, Training School Hostel,
Radiation Medicine Centre,
Directorate of Purchase and
Stores Office, etc. were also car-
ried out during the year under re-
view.
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A Copper Vapour laser developed at the Centre

Centre for
Advanced
Technology

Centre for Advanced Technology

The Centre for Advanced Technol-
ogy CCAT) has programmes to car-
ry out R & D work in the areas of
electron accelerators, lasers and
related technologies.

Under the accelerator program-
me, two dedicated Synchrotron
Radiation Sources (SRS) namely
INDUS-1 and 1NDUS-2 are under
construction. This SRS facility will
consist of a 2O MeV pre-injector
microtron, a 700 MeV booster syn-
chrotron and two storage rings IN-
•DUS-1 of 450 MeV and INDUS-2 of
2GeV.

The electron optical design of
the booster synchrotron and IN-
DUS-1 and engineering designs of
various sub-systems have been
completed. Fabrication of pro-
totypes of dipole magnets,
vacuum chambers, RF cavity and
their power supplies is in adv-
anced stages. Vacuum envelope
ring of the booster synchrotron
C28.4 m circumference) has been
fabricated and assembled. Experi-
ments for evaluating its vacuum
performance are in progress. Thin
walled corrugated SS vacuum
chamber for booster dipole mag-
net has been successfully fabri-
cated. A laminated booster dipole
magnet and its excitation coils

have been assembled. Power sup-
plies for dipole magnet and cavity
have been assembled and testing
is underway. Engineering design
of a 20 MeV microtron injector has
also been completed and fabrica-
tion of its magnet and vacuum
system is in progress.

The Laser Programme has
taken up development of Lasers
for industrial, medical and re-
search applications. A laser ura-
nium fluorimeter for uranium pros-
pecting has been developed. Ura-
nium analysis with a sensitivity of
better than 1 ppb can be carried
out without any pre-concentration
of the sample and in the presence
of many potentially interfering
species. A 70 watts CW CO2 laser
along with an articulated arm for
manipulating the laser beam has
been developed. This laser will be
suitable for open surgical proce-
dures in gynaecology gastrointes-
tinal disease, orthopaedic surgery,
neurosurgery etc. Copper vapour
laser CCVL) is another important
laser developed at CAT. Two CVLs
of 10 Watt output have been sup-
plied to BARC. For industrial ap-
plications a 4OO Watt multibeam
COa laser beam has been de-
veloped. This can be used for heat
treatment and cutting and weld-
ing of thin metal sheets.
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ISOMED plant at Trombay

Board of
Radiation and
Isotope
Technology

The Board of Radiation and Iso-
tope Technology (BRIT) was con-
stituted last year to administer
the radioisotope production and
applications programme of the De-
partment. BRIT formally came
into existence on March 1, 1989.
The activities initially taken over
by BRIT include production and
supply of radiochemicals, radiation
sources, radiopharmaceuticals
and RIA kits, carbon-14 and tri-
tium labelled compounds, phos-
phorus-32 labelled biomolecules,
gamma radiography equipment
and gamma irradiation equipment.
In addition, the operation of re-
gional centres for radiophar-
maceuticals at Bangalore and De-
lhi and the RIA Centre at Dibrugarh
and the operation of the ISOMED
plant has also been taken over by
BRIT. The activities are carried out
in the following areas:

• Radiochemicals & Radiation
Sources

• Radiopharmaceuticals
• Labelled Compounds
• Irradiators & Industrial Products
• Technical Sales

The work carried out during the
year in the various operations is
summarised below:

Radiochemicals

22O batches of reactor produced
radioisotopes, totalling 46TBq
C1250 CO, were processed for
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supply to various users. These in-
cluded 2000 consignments of
molybdenum-99, phosphorus-32,
sulphur-35, iodine-131, mercury-
203 and a number of other
radioisotopes. Phosphorus-32 and
sulphur-35 labelled fertilizers were
supplied for use in agricultural re-
search. About 3.25 kg of prom-
ethium-147 activated self-
luminous compound was supplied
for use in self-luminous devices.
About 6000 tritium filled nuclear
light sources were supplied for illu-
mination of instrument dials and
other devices.

Radiation Sources

1600 consignments of radiation
sources for applications in cancer
therapy, non-destructive testing,
industrial process control, radia-
tion processing etc. were sup-
plied. About 550 TBq C15000
curies) of iridium-192 were sup-
plied in the form of sealed sources
for industrial radiography. 14
sources of cobalt-60 totalling
2.93PBq (79300 curies) were sup-
plied for teletherapy applications
to cancer hospitals. Other large
sources of cobalt-60 totalling
2O.35PBq C55O,OOO curies) were
supplied for ISOMED plant at
Trombay, sewage irradiation plant
at Baroda and radiation plant at
Shri Ram Institute of Industrial Re-
search, Delhi, package irradiator at
FIPLY. BARC. 14 manual after



loading kits containing caesium-
137 sources were supplied for
treatment of cancer of cervix.
Specially fabricated antimony-124
sources of activity 51 TBq C1400
curies) were supplied for start-up
of FBTR at Kalpakkam.

Radiopharmaceuticals

About 50,000 consignments of a
variety of radiopharmaceuticals
were supplied for use in nuclear
medicine during the year, enabling
an estimated 6 lakhs patient in-
vestigations to be carried out in
the country. The regional centres
at Bangalore and Delhi processed
about 2.44 TBq (66 curies) of
ready-to-use Tc-99m products for
supply to local nuclear medicine
units.

Clinical trials of ready-to-use Tc-
99m t-butyl isonitrile injection (Tc-
TBI) for use in cardiac investiga-
tions were successfully carried
out at three hospitals. As a follow-
up of this work, a kit for the pre-
paration of this product at the
hospital site has been developed
and will be introduced for clinical
trials shortly. The preparation of
Tc-99m HMPAO, a brain perfusion
imaging agent, was undertaken.
The synthesis of HMPAO has
been carried out in collaboration
with the Bio-organic Division,
BARC and trial batches of Tc-99m
HMPAO using locally synthesised
product were prepared for
radiochemical evaluation and anim-
al studies, carried out in collabora-
tion with Radiation Medicine Cen-
tre, BARC. Further work on the
synthesis of HMPAO and animal
studies is in progress.

The design of Tc-99m generator
using fission produced Mo-99 and
column chromatography techni-
que has been completed. A few
prototype columns have been pre-
pared for evaluation of quality of
Tc-99m eluted from the gener-
ator. A shielded plant for the pre-
paration of the column generators
for routine supply is under con-
struction. A modified kit for RIA of
triiodothyronine (T3) based on
polyethylene glycol separation of
primary and secondary antisera
has been introduced for regular
use. The modified kit is simpler to
operate and reduces the assay
time. An improved kit for radioim-

Radiolabelled Compounds Laboratory at Vashi, New Bombay

munoassay of HCG, developed us-
ing commercially available monoc-
lonal antibody of beta-HCG, is ex-
pected to be released for regular
use shortly. Seven IAEA spon-
sored trainees from developing
countries were offered training in
the production and quality control
of radiopharmaceuticals and RIA
kits.

Labelled Compounds

The new laboratory for the synth-
esis of carbon-14 and tritium label-
led compounds at Vashi was com-
missioned during the year and pro-
duction work has commenced.
5300 consignments of carbon-14
and tritium labelled compounds
were supplied during the year. The
range of P-32 labelled nucleotides
produced at JONAKI laboratory at
Hyderabad has increased. 11 pro-
ducts covering about 90°/o of the
indigenous requirements of P-32
labelled biomolecules in the coun-
try are being supplied from JONA-
KI laboratory to 40 user institu-
tions. A national workshop on the
use of radioisotopes in biology
was organised for the benefit of
participants from universities and
research institutions under the
sponsorship of BRNS.

Gamma Radiography Equipment

48 radiography cameras housing
upto 740 GBq C20 curies) of iri-
dium-192 sources were supplied
for use in non-destructive testing.
The development of remote cable

operated camera for use with 555
GBq C15 curies) of iridium-192
source has progressed and a few
prototypes have been made for
conducting a series of safety
tests as per the requirements of
AERB.

Gamma Chambers

5 nos. of gamma chambers hous-
ing intense sources of cobalt-60
were supplied for use in radiation

A gamma camera
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research. Assistance was pro-
vided to various institutions in the
maintenance/repair of gamma
chambers operating at these in-
stitutions.

Radiation Sterilization Plants

The services of the ISOMED plant
were utilised by 269 user indus-
tries during the year, for steriliza-
tion of medical products such as
dressings, disposable infusion and
transfusion sets, pharmaceutical
containers and closures, surgical
sutures and gloves and a host of
other medical products. 6309 cum
C73359 cartons) of medical pro-
ducts were sterilized at the plant
during the year. ISOMED plant
was shut-down for a period of 76
weeks during September 1989 for
major overhaul, after continuous
operation for 15 years and for up-
grading of cobalt-60 sources.
Approx. 7.4 PBq C2OO kilocuries)
of cobalt-60 were loaded in the
plant, bringing the total activity of
22.2 PBq (.600 kilocuries).

Technical assistance was pro-
vided to the RASHMI plant com-
missioned during January 1989 at
the Kidwai Memorial Institute of
Oncology, Bangalore for radiation
sterilization of medical products.
The plant is based on indigenous
design and has functioned satis-
factorily. The plant was used for
sterilization of medical products
by the regular users of ISOMED
during the shut-down of ISOMED
plant during September 1989.

The work of upgrading of the
irradiation facility at the Shri Ram
Institute of Industrial Research,
for sterilization of medical pro-
ducts, has progressed consider-
ably. The mechanical equipment
and the control systems were in-
stalled and the plant is undergoing

pre-commissioning trials. About
3.7 PBq C100000 curies) of cobalt-
60 will be loaded into the plant
shortly. With the commissioning
of this plant, a total of three
medical products sterilization
plants will be in operation in the
country during 1 990.

Sales of Radioisotopes

A total of 69,000 consignments of
various radioisotope products
were supplied for use in medicine,
industry, agricultures and re-
search. The sale value of radioiso-
topes and related services offered
during the year totalled Rs. 4.96
crores registering about 25% in-
crease over the corresponding fi-
gure in the previous year. Over
89O user institutions availed of the
services and radioisotopes pro-
ducts supplied by BRIT.

New Projects & Schemes

A number of projects have been
formulated for inclusion in the 8th
Five Year Plan under Industries &
Mineral Sector. These projects
and schemes cover areas such as
extension of nuclear medicine and
teletherapy facilities in the coun-
try, setting up of demonstration
plant for irradiation of spices for
export, upgrading of facilities for
the pro luction of radiophar-
maceuticals, testing of radioiso-
tope equ pment and packages and
provision of a permanent office
building for BRIT.

Radioisotope Equipment
Production Facility

This facility is meant for the pro-
duction of equipment housing
radioisotopes such as radiography
cameras, nucleonic gauges, gam-
ma irradiators for laboratory and
industrial use, and radioisotope
handling equipment. The en-

gineering designs of the facility
have been completed and the pro-
ject report has been submitted for
issuance of financial sanction.

Spice Irradiator

A demonstration plant for irradia-
tion of spices is proposed to be
set up at Cochin in collaboration
with the Spices Board, in the
Spice Processing Complex being
developed by the Spices Board at
Cochin for export of spices. Dis-
cussions are being held with the
Spices Board for the allotment of
land for locating the irradiation
plant. A seminar on decontamina-
tion of spices was held at Cochin
in cooperation with the Spices
Board for disseminating informa-
tion on irradiation technology to
the exporters of spices. Technical
discussions were held with other
organisations who have shown in-
terest in setting up gamma irradia-
tion facilities for food products.
These irradiation facilities will be
based on indigenous designs and
will use indigenous equipment and
components.

Extension of Nuclear Medicine
Facilities

In order to extend the use of nuc-
lear medicine techniques in the
health care programme of the
country, proposals are being final-
ised for extending nuclear medi-
cine facilities particularly in those
parts of the country which are not
adequately covered at present. In
order to create increased aware-
ness of the advantages of nuclear
medicine procedures in public
health care programme, a seminar
was organised for health adminis-
trators at Bombay. Similar semi-
nars are proposed to be organised
at other centres in the country.
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T&tescope at Naray&ngaon,

Pune, Maharashtra

Tata Institute of
Fundamental
Research

School of Mathematics

The School continued to make
substantial contributions to
mathematical knowledge in va-
rious areas.

In Algebra notable results were
obtained on elementarity of pow-
ers of matrices with entries in a
polynomial ring over a local ring to
invertible matrices, automorph-
isms of modules over polynomial
rings, minimal sets of generators
for modules of derivations on va-
rious classes of curves etc. It was
shown that in contrast to
Abhyankar's conjecture in charac-
teristic zero, in positive character-
istic the Abhyankar curves are rec-
tifiable. An interesting equivalent
formulation was given for the two
dimensional Jacobian problem.

Algebraic Geometers in the
School dealt successfully with va-
rious important problems about
birational invariants of varieties,
Witt groups of curves, etale coho-
mology groups, moduli spaces of
vector bundles on curves, moduli
of semistable pairs, hyperelliptic
curves, curves with theta charac-
teristic etc. The structure of the
Picard groups of the moduli
spaces of vector bundles on
curves was determined. Ganer-
ically nondefective pencils of

quadrics over fields of characteris-
tic two were classified. Graded
subrings of the ring of polynomials
in two variables with complex
coefficients, families of isolated
complete intersection singular-
ities, Chow groups of normal com-
plex protective varieties are also
some of the objects about which
interesting results wereobtained.
Any complex projective variety
which is homogeneous under a
semisimple group, has infinite cyc-
lic Picard group and admits a non-
constant nonisomorphic self map
was proved to be a projective
space. Significant work was car-
ried out on various topics related
to Physics, such as Chern-Simon
gauge theory, quantum nonlinear
sigma model,- spin statistics of
gravitational solitons etc.

Members of the school are also
involved with various aspects of
Algebraic groups. Lie groups, Lie
algebras etc. Notable contribution
from these members pertained to
application of Frobenius splitting
to study orbits of reductive algeb-
raic groups, closures of orbits of
various subgroups on finite
volume homogenous spaces of
Lie groups and application of the
results to.study values of quadre-
tic forms at integral points, infirito
dimensional admissible repre-
sentation of the projective general
linear groups of order 2 over
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nonarchmedian local fields etc. A
new proof was given for a
theorem of Kazdan on twists of
arithmetic varieties. A simple ex-
plicit description was given for fi-
nite dimensional representations
of the Yangian of the three dimen-
sional special linear Lie algebra. A
Bernstein-Gelfand-Galfand resolu-
tion was obtained for Kac-Moody
Lie algebras. A refinement was
made of the Parthasarathy-Ranga
Rao-Varadarajan conjecture

proved earlier.

Pursuits of various members in
Analysis, Differential Geometry,
Topology etc. yielded worthwhile
results relating to extendability of
holomorphic maps of domains in
complex affine spaces, invariants
for spaces of flat connections on
principal bundles, homotopy types
of foliations arising from subgroup
actions on Lie groups and sym-
metric spaces etc.

The Number Theorists of the
School attacked a variety of prob-
lems and obtained interesting re-
sults. A generalisation of the
theorem of Femnat that no four
squares are in arithmetic progres-
sion, results on hybrid mean
values of L-function on the critical
line, extension of Montgomery's
results to Hurwitz on zeta func-
tions, an analogue for the three-
dimensional hyperbolic space of
Kuznetsov's estimates of Fourier
coefficients of Mass cusp forms,
results on modular forms of half-
integral weight, Jacobi modular
forms, asymptotic formulae for
sums involving divisor functions
were some highlights.

Work was also carried out in
Combinatorial Mathematics espe-
cially on applications of the
theorem of Stanley and Hochster
on toroidal monoids to designs and
codes, on signed graphs related to
root systems, asymptotic be-
haviour of the number of finite
groups of a given order etc.

Under the TIFR-IISc. Programme
in Applications of Mathematics
members working at Bangalore,
actively pursued problems in
Analysis, Differential Equations,
Numerical Analysis, Stochastic
Processes etc.

In Analysis notable results were
obtained on multipliers for Her-
mite expansions, Weyl transform,
Laguerre expansions and for the
Fourier transform on the Heisen-
berg group.

Nonlinear hyperbolic differential
equations were extensively stu-
died; approximation to nonlinear
scalar conservation laws using
geometrical optics, asymptotic
analysis using Hopf-Cole trans-
form and spectral theory are some
of the themes which yielded fruit-
ful results. A simple proof was
obtained for global and almost
global existence of solutions to
wave equations in exterior do-
mains, including the Klein-Gordon
equations. Study of homogenisa-
tion of eagenvalue problems re-
lated to honey-comb structures
and Stake's problem, Hamilton-
Jacobi equation with Newman
boundary condition on the quarter
plane etc. also led to interesting
findings. Progress was also
achieved in the study of
isoperimetric inequalities for solu-
tions of partial differential equa-
tions. In the study of semilinear
elliptic equations important re-
sults were obtained on existence
and multiplicity of solutions in
cases of problems involving critical
exponent, symmetric breaking
etc. Using the method of geomet-
rical optics microlocal paramet-
rices were obtained for a class of
pseudo differential operators and
new results were obtained on
propogation of singularities, by ap-
plying wave front calculus to
these parametrices.

Numerical results on discon-
tinuous finite element methods
for nonlinear scalar conservation
laws modelling and numerical
simulation of the evolution of noc-
turnal air temperatures near
ground, improvement of the
mathematical model for the
Taylor-Couette problem are some
o* the topics in which the Numer-
ical Analysts obtained interesting
results. In Stochastic Processes,
extensive work was carried out on
controlled diffusions, controlled
Markov chains etc. An interesting
algorithm was developed for mul-
tiobjective control of Markov
chains.

It is proposed to continue courses
on topics such as Algebra, Analy-
sis and Topology in addition to
weekly colloquia and seminars.
There will also be lectures by Visit-
ing Professors in their areas of
current research.

School of Physics

Theoretical Physics

In Theoretical High Energy Phy-
sics, work continued in various
aspects of two-dimensional field
theory — specifically cqnformal
field theory, Liouville theory, ran-
dom surfaces,, quantum field
theory on higher genus Riemann
surfaces and string theory. Topo-
logical aspects of field theory and
the Aharonov-Bohm effect were
also studied.

Interesting relations have been
suggested among the lifetimes of
charm hadrons and of bottom had-
rons. Limits on the masses of gra-
vitino and gluino were obtained
from tree unitarity and from the
use of accelerator data on
monojets. Studies also have co-
vered topics such as interpreta-
tion of Koiar events, non-
perturbative QCD models, elec-
tron-positron annihilation into light
quarks, finite temperature lattice
QCD and Quark Gluon Plasma,
string theory and related prob-
lems.

In Condensed Matter and Statis-
tical Physics, research was carried
out on transient response in laser-
excited semiconductors, optical
properties of small metal particles,
instabilities in mixtures of rotating
superfluids, critical slowing down
in lsing models, and self-organized
critical pheonomena. In oxide su-
perconductors, the dependence
of the critical temperature on the
layer structure was studied, and it
was shown that strong anisotropy
in the energy gap could lead to a
power-law dependence of specific
heat on temperature. A spin-
boson Hamilton which facilitates
calculation of the structure factor
was proposed for localized parti-
cles interacting with conduction
electrons in a metal.

In Nuclear Physics, the exact
solutions of the Hill-Wheeler-
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Ring shaped mass element of the torsion

balance used in search for a fifth force

Griffin equation were obtained
from some simple Hamiltonians in-
volving quarks. The chiral fermion
coupled to a topological skyrmion
field was studied. The study of
QGP formation in heavy ion colli-
sions revealed that the plasma
equilibrium time can be larger than
the plasma hadronization time.

Theoretical Astrophysics

The contributions in Theoretical
Astrophysics covered stellar and
solar physics and comets, inter-
stellar matter, classical and quan-
tum gravity, and large scale struc-
tures in the universe. It was
shown that the C2 molecule in
comet Halley is formed as a third
generation species. A model for
stellar convection was developed
and asymmetries and shifts of line
profiles were studied. Presuper-
nova evolution of massive stars
was studied. The inter stellar
medium studies showed six
planetary nebulae to have X-ray
emission. The study of gravita-
tional lenses was continued. Mat-
ter accretion was examined in the
vicinity of a blackhole. IRAS low
resolution spectrameter spectra
of 117 M and S. Mira variables
were studied. In the area of galax-
ies and cosmology, the element
iron was isolated as a good indica-
tor for the chemical evolution of
galaxies. The work on the evi-

dence for evolution in radio
sources distribution and Doppler
models for QSOs was continued.
The topics studied in classical gra-
vitation included statistical mecha-
nics of gravitating systems,
charged blackhole spacetimes.
symmetries and conserved quanti-
ties and volume functions in re-
lativity. It was shown that gravita-
tional collapse can result in strong
curvature naked singularities emit-
ting bursts of radiations. In quan-
tum gravity, the wave functions
for the universe, semi-classical
limits, and the quantum effects
within a Schwarzschild blackhole
were studied.

Gravitation

The torsion balance set-up near
Gauribidanur has been working
continuously and the preliminary
searches for new medium range
forces coupling to isospin have
been extended to higher levels of
sensitivity. The latest analysis of
data indicates the strength of
such couplings in units of gravity
per baryon is less than 6 X 10~5 if
the force is attractive and less
than 1.8 X 10'4 if the force is repul-
sive between two like 'isospin-
charges". This is the most sensi-
tive torsion balance operating in
the world and it is capable of
measuring differences of accel-
eration between two bodies at
the ~10~13 cm s~2 level i.e.
10 ~ ' 6gearth! The balance will now
be adapted to the study of Ein-
steins" equivalence principle.

Astronomy

In the field of Astronomy, the In-
stitute has groups working in
Gamma Ray Astronomy, X-ray
Astronomy, Infrared Astronomy
and Radio Astronomy and a small
group doing optical studies using
CCD.

Ultra High Energy CUHE) Gam-
ma ray Astronomy at Kolar Gold
Fields: An .improved 3O upper limit
of 1.8 x 10~'4 photons cm" 2 s" '
on the flux of gamma rays of ener-
gy > x 10'5 eV from the X-ray
binary source, Cygnus X-3, has
been set. A possible episodic
emission during the two month
period april-May 1985, in the orbit-
al phase interval 0.5-0.6, has been
recorded from this source at an

overall significance level of 0.98.
The recently discovered eclipsing
radio binary pulsar, PSR 1957 + 2O,
is seen, for the first time, to be
emitting UHE gamma rays in the
orbital phase interval 0.2-0.3, ox
actly where it is expected.

Ultra High Energy (UHE) Gam-
ma Ray Astronomy at Ooty: The
1 0O detector system at Ooty de-
ployed on 10 meter hexagonal grid
is one of the largest and the most
densely packed array in the world
which would permit highest possi-
ble angular resolution for the
study of point sources of Gamma
rays.

Highly significant results have
been obtained from the earlier 24
detector system. For the first
time pulsed emission of UHE
Gamma rays from the CRAB pul-
sar has been detected. A steady
flux of Gamma rays was reported
from CYGNUS X-3 which also has
shown burst-like activity on time-
scales of weeks. This burst-like
activity was coincident with those
reported by the Los Almos group
in USA and the Baksan group in
USSR. Similar burst-like activity
has been detected from a south-
ern source SCO X-1 simultaneous-
ly from Ooty and from Mount Cha-
caltaya, Bolivia.

The single large area Ctotal area
200 Sq.rrD MUGN detector now
under construction would permit
study of muon content of indi-
vidual showers with good statis-
tical accuracy. This would allow
one to shed light on the present
controversy regarding the nature
of PeV energy radiation from
celestial sources e.g. CYGNUS X-
3, HERCULES X-1 etc.

X-ray Astronomy: Hard X-ray
observations of several X-ray
sources were carried out in a bal-
loon flight made on December 18,
1988 with a new 1000 cm area
phoswich scintillation counter
telescope. Development of detec-
tors for the Indian X-ray Astro-
nomy Satellite and the Indo-Soviet
Gamma-ray Astronomy Satellite
Mission is in progress. X-ray in-
tensity variations on time scale of
hours, were detected from the
Seyfert galaxy Mrk 509 with the
observations made with the Ginga
Satellite. Quasi-periodic oscilla-
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tions with periods of 500-800 sec.
range have been detected from
the fast photometric observations
of the cataclysmic variable star KR
Aur.

Infrared Astronomy: Interpreta-
tion of the TIFR 150 JJUTI far-
infrared (FIR) observations along
with radio observations have led
to new information about the star
forming regions W 31 and G351.6-
1.3. This includes the discovery of
a protostellar candidate, a bipolar
outflow source candidate and de-
termination of a steep initial mass
function near high mass end for
the W31 complex, and the nature
as well as the distribution of dust
in G351.6-1.3 region. The new
band C45-75 (i.m and 110-210 (JUTO
FIR photometer was successfully
incorporated in the 100 cm tele-
scope, to study the Galactic star
forming regions RCW 36, IRAS
10351 -5830, IR AS 10365-5803
and the spiral galaxy NGC 4945
during a balloon flight on Novem-
ber 17,1988. These sources have
been simultaneously mapped in
the two FIR bands with a spatial
resolution of 1.5 and an improved
absolute positional accuracy by
strategic use of the focal plane
optical detector. Near infrared
studies of carbon stars suggest an
anticorrelation between the frac-
tional abundance of SiC grains and
the mass loss rate.

In addition, the following studies
have been made: radio observa-
tions of H II region like sources,
EXOSAT observations of planet-
ary nebulae, UV line emission and
simultaneous radio and H°°
observations of Be stars and
optical line emission from Sco X-1.

Radio Astronomy: The Ooty
Synthesis Radio Telescope
COSRT) has been extensively used
for a variety of research program-
mes including mapping of clusters
of galaxies, spiral galaxies,
supernova remnants etc.

The Radio Astronomy group
completed twentyf ive years of ex-
istence and the Silver Jubilee was
celebrated at RAC, Ooty. A com-
prehensive Report entitled "25
years of Radio Astronomy. Tata
Institute of Fundamental
Research" was published during
the celebrations. The report cov-

ers the achievements of the group
in a series of articles and a com-
plete list of publications which are
about 350.

The ambitious Giant Meterwave
Radio Telescope CGMRT) project
has made considerable progress
this year. The design of the 45m
dia dish was finalised. This design
is based on a novel concept called
SMART — Stretched Mesh
Attached to Rope Trusses — de-
veloped by the Group. In this, the
back-up structure of the fully
steerable 45m dish consists of 16
radial parabolic frames made of
tubular steel which are connected
to a 12m diameter central hub. Cir-
cumferential rope trusses made
of 4.0 and 2.3mm diameter stain-
less-steel wire ropes are stretch-
ed between adjacent parabolic
frames to provide support for the
curved reflecting surface of the
parabolic dish. The reflecting sur-
face is made out of 0.55mm dia
stainless-steel wire mesh.

The array configuration has
been finalised. Good progress was
made in civil construction side
also.

Cosmic Ray — Space Physics

In the Anuradha Cosmic Ray ex-
periment in Spacelab-3 the new
method of determining the ioniza-
tion states of anomalous and
galactic cosmic ray heavy ions uti-
lising the earth's magnetic field as
a momentum analyser was suc-
cessfully established. Using this,
two new types of results were
obtained for the first time. Firstly,
anomalous cosmic ray ions of nit-
rogen, oxygen, neon and argon
were found to be either in singly
ionized state or consistent with
same. These establish interstellar
neutrals as the source of these
ions. Secondly, whereas a major
part of galactic cosmic ray Fe-
group CZ = 21-26) ions in low ener-
gy interval of 30-100 MeV/N were
found to be fully ionized, as nor-
mally expected, a strikingly new
result was obtained which

•showed that a fraction of these
Fe-group ions are in partially io-
nized state. The origin of these
are unknown at present and some
plausible processes are sug-
gested.

Experimental High Energy Phy-
sics

Cosmic Rays and High Energy Phy-
sics: It was shown, by detailed
Monte Carlo simulations, that the
celebrated Centauro-I event could
be reproduced by partial frag-
mentation and interaction of prim-
ary cosmic ray iron nucleus. The
number of events expected to be
recorded in all the experiments is,
however, 2.4 x 10~5

Experiments using Underground
Detectors: The electronic instru-
mentation has been upgraded for
more efficient triggering for
magnetic monopoles. The simula-
tion studies for the background to
proton decay events are con-
tinuing. The data on muon bundles
collected at these large depths is
unique in the world.

Accelerator based programmes:
This group has a collaborative
programme with Large Electron
Positron Collider CLEP) at CERN.
After completing its hardware re-
sponsibilities for the L3 Collabora-
tive experiment, the EHEP group
has been engaged in a variety of
software work relating to the de-
tector as well as preparations for
physics analysis. These include
calibration of the hadron calori-
meter endcap modules, simulation
and reconstruction studies with
the full l_3 detector set-up. A com-
prehensive programme for phy-
sics analysis of the Z° line shape
has been set-up.

Nuclear and Atomic Physics

The 14 UD Pelletron has become
operational and the first set of ex-
periments have been performed
with various beams delivered by
the machine. An empirical relation
has been established between the
population of low spin levels in re-
sidual nuclei with the angular
momenta brought in fusion reac-
tions. An enhanced yield of high
energy gamme rays have been
observed in alpha induced reac-
tions on heavy nuclei.

Condensed Matter Physics

Superconductivity etc. studies:
Nuclear Quadropole Resonance
CNQR) of copper isotopes in High
Tc superconductors has been me-



asured which indicate the pre-
sence of inequivalent copper sites
in YBa2Cu3O7-& C123) compound
and Bismuth compounds (2122).
Relaxation measurements in
doped and undoped samples give
evidence for moment formation at
copper site. NMR of thallium iso-
tope in TIBaCuO compound
shows that thallium has non
metallic character and relaxation
measurement at T1 site further
confirms this. The lower critical
field He, in High Tc superconduc-
tors has been found to be very
small (few oersted) which has
great implication in basic sciences
and applications. The effect of
particle size on superconducting
properties has been studied using
microparticles. The effect of
lanthanum substitution in Bismuth
compounds is stronger than Gado-
linium and Europium which is ex-
plained on the basis of extended
4f electrons. The magnetic prop-
erties of non superconducting
LnBa2Cu3O7 compounds were
very similar to those of supercon-
ducting lanthanides which prove
that the magnetism of rare earth
ions has very little influence on su-
perconductivity.

Condensed Matter Physics at
Low Temperatures: Thermopow-
er measurements in Ce3~xLaxA\
alloys showed evidence of Kondo-
like scattering with a negative
minimum in thermo-power which
occur conventionally in Kondo-
lattice compounds. This minimum
crosses over to positive values at
x =* 0.45, while Kondo tempera-
ture remains constant, thereby re-
flecting anomalous thermopower
behaviour. Evolution of such an
anomalous behaviour is reported
for the first time in single Kondo-
lattice alloy system. A detailed
study of amorphous Fe8oxVxBi2Sia
alloys in the temperature range of
4.2K to 300K shows existence of
a pronounced maximum above X
= 8 unlike other transition metal
metalloid glasses. The origin of
this is not yet understood.

Biophysics: During this year, the
studies on brain hexokinase have
been completed and the sugar
ligand binding sites on the enzyme
have been mapped. In has been
shown through NMR studies that
the regulatory binding site of glu-

cose 6-phosphate on the enzyme
is the same as the product site.

Solid State Electronics

During the year, the group has
launched two new programmes:
(1) optoelectronics and (2) high
temperature superconductivity. In
optoelectronics, a growth techni-
que (organometallic vapour phase
epitaxy - MOVPE) capable of pro-
ducing novel semiconductor struc-
tures — quantum wells and super-
lattices, is initiated. Several new
spectroscopies such as photo-
luminescence, fourier transform
infrared (FTIR) and Photothermal
Deflection Spectroscopy (PDS)
are being established. Device
activity has picked up with work
on MWSFET phototransistors and
diodes formed by a new diffusion
technique. In superconductivity,
high Tc films of Y,BaaCu3O7_5
have been successfully synthe-
sised. In the continuing works,
there are new findings in the alloy
materials of AIGaAs, InGaAsP, a-
Si-Ge and a-Si-C.

Chemical Physics

In the Chemical Physics Group, a
remarkable achievement was the
finding that the chemical deposi-
tion of semiconductor thin films
was faster and superior in quality
when grown in a magnetic field.
Quantum chaos was unambi-
guously demonstrated through a
comprehensive statistical analysis
of photoionization spectra
obtained in recent experiments at
BARC. New methods of analysis
of time-domain fluorescence data
have been developed. NMR and
optical studies of the binding of
substrates to heme peroxidases
have led to the unravelling of the
structure of heme pocket and the
mechanism of the peroxidative
activity of Iactoperoxidase, leading
to an understanding of bacter-
iocidal property of thiocyanate. It
has been shown that magnetic re-
sonance techniques (NMR) and
E5R) can provide valuable in-
formation on molecular aspects of
reproductive biology.

Molecular Biology

In Drosophila, several regulatory
elements specific to the che-

mosensory and motor pathways
were identified using a reporter
(J-galactosidase gene.

Studies on plant cell differentia-
tion in the moss system show
that cell's ability to respond to au-
xin, a plant hormone, depends on
the nutritional status. With adequ-
ate nutrients, the cells proliferate
and are relatively insensitive to au-
xin. However, upon subjecting to
nutritional-limitation, the cells ac-
quire ten to thirty fold enhanced
ability to respond to auxin. A highly
efficient hormone perception
mechanism could have evolved as
a consequence of nutritional
stress. As starvation acts as a
trigger in several bacteria and fun-
gi for sporulation and cell dif-
ferentiation, the relationship be-
tween partial starvation and hor-
monal sensitivity in the moss sys-
tem provides a different perspec-
tive to explain the evolution of hor-
mone-regulated responses in
plants.

The cloning of the particulate
phosphofructokinase in yeast
shows that the enzyme activity is
coded by the (J-subunit alone.

Hydrology

The feasibility of the scheme of
underground storage of flood wa-
ters has received observational
support. The drought of 1987 had
lowered the water table in the
project area by about five meters.
The observations of water levels
in the bore wells at various points
in the aquifer showed a sharp in-
crease following floods in the Hin-
don river, which occurred about
four times during the 1988 mon-
soon. The full recovers' of the wa-
ter tabls, reaching the status quo
ante, has justified the; basic pre-
mise of the scheme.

Computer Science

Theoretical Computer Science:
Two of the major areas of concen-
tration have been Specification,
Analysis and Verification of Hard-
Real-Time Distributed Systems
and Logic Programming In the for-
mer, Semantics and Proof Theory
of Real-Time distributed comput-
ing have been developed. Proof
Theory for Statecharts Ca mixed
formalism of specification and

Continued en naae 3 FIR
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Nuclear Physics

Experimental nuclear physics
programmes are mostly carried
out with alpha particle projectiles
C30 MeV to 60 MeV) available at
the Variable Energy Cyclotron
Centre, Calcutta, of Bhabha Ato-
mic Research Centre as well as
SINP in house facilities. Some ex-
perimental programmes are also
planned to be carried out at the
T1FR-BARC pelletron in Bombay.
Life times of nuclear high spin
states in Manganese-53 isotope
have been measured by Doppler
shift attenuation method. Ex-
perimental work on the nuclear
rotational band structure of
Erbiumm-164 isotope has yielded
new information. Band structure
in Samarium-149, 151 isotopes
have been studied by in-beam
gamma-ray spectroscopy to ex-
amine the possible existence of
higher order deformation in these
nuclei. The sum and multiplicity
spectrometer system has been
utilized to study band structure in
odd-odd nucleus Thalium-198 iso-
tope. The investigation on the
break-up of Lithium-6 nucleus by
energetic alpha particle has been
completed. Mutual excitation of
alpha projectile and BeriIium-9 nuc-
leus is planned to be studied with
alpha projectiles. Thick Target
yields of neutrons induced by
alpha projectiles on BeriIium-9,
Tantalum-181 and Gold-197 have
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been measured and analysed.
Neutron-rich exotic nuclei pro-
duced in alpha-induced fission of
Thorium-232 have been studied by
helium-jet-recoil transport techni-
que. An automatic gas flow con-
trol system for Breskin and multi-
wire proportional counters has
been tested successfully.

Work was continued in nuclear
reaction, radioactivity, positron
annihilation and electron-
scattering studies. Microscopic
analyses of inelastic a-scattering
from 28Si and polarized deutron
scattering from 34S were com-
pleted. Preparations of 9Be (a, a*)
experiment were started. Cot, HI)
reactions on 27AI and 24Mg were
performed using the special scat-
tering chamber for SSNTD detec-
tors and are being analyzed. The
effects of various etching para-
meters on. different SSNTD's and
their mutual relationship are being
studied. Work on 7Li induced reac-
tion on 27A1 is complete as well as
that on sub-barrier fusion and n-
transfer reaction in 16O + f3C sys-
tem. Mean equilibium charge
radius for heavy ions (11B and 13C,
aBe — 16C0 passing through mat-
ter is being studied. K-capture
probability determinations in de-
cays of 133Ba, 197Hg, 1o8Ag, 113Sn
and 1B2Eu are partly completed, as
also the inner bremstrahlung stu-
died on 4SCa, 63Ni, 13OSn and
197Mg. In the reaction, 197Au Cot,



3n) 198TI, two new bandheads and
higher members of K = 8' band
have been identified using sum
and multiplicity spectrometers. A
level scheme of 95Ru is proposed
from a-ray measurements in 94Mo
Cot, 3n"y) reaction. The positron
annihilation technique has been
applied to the study of defect
kinetics in a-irradiated Ta and W, in
the determination of underlying
mechanisms in high Tc supercon-
ductors, and in detecting the pre-
sence of small vacancy clusters in
the as-grown icosahedral phase of
quasi-crystals. The scattering
chamber, gas-flow system and
the electron-gun assembly, for
the electron — scattering studies
have been installed and are being
tested.

The investigation on the time
dependence of A2 and A4 angular
correlation co-efficients in 152Eu
chloride has been completed with
results which have settled the
fact that values of A2(O) and
A4(CO agree with the theoretical
value.

The theoretical studies in nuc-
lear structure in Gamow-Teller and
M1 strength distributions using
statistical methods and their
widths using commutators are
persued. Coriolis attenuation in
transitional and neutron-deficient
rare earth nuclei and variation of
g-factor with spin in CHFB formal-
ism are also being investigated.

In nuclear reaction theory stu-
dies in antiproton-nudeus scatter-
ing, uniqueness of path in multi-
dimensional parameter space in
the framework of ATDHF theory
and its application to nuclear fis-
sion, deuteron induced reactions
including the deuteron break-up
channels, nucleus-nucleus poten-
tial at energy density formalism,
deep inelastic reactions and man-
ifestation of co-operative phe-
nomena in particle production in
heavy ion Collisions are being per-
formed. Studies on nuclear equa-
tion of state with various thermo-
static properties of nuclear matter

-and role of sub nucleonic degrees
of freedom in nuclear structure
and reactions are also made.

Work on heavy ion Coulomb
potential and one dimensional
potential profile in binary fission
have progressed substantially.

Isomeric cross-section ratios for
nuclei formed through multiple
ejectile emissions are being analy-
sed in terms of pre-equilibrium
model.

In nuclear astrophysics the role
of pre-heating of nuclei of neutri-
nos in supernova explosions has
been studied.

Atomic, Molecular and Condensed
Matter Physics
The secondary ion mass spec-
trometry CSIMS) apparatus has
been used to study the emission
of doubly charged ions emitted
from V and Nb surfaces subjected
to energetic ion bombardment.
The results are in agreement with
the model of secondary ion emis-
sion proposed earlier. The above
model has also been applied in Al
cluster ion emission with success.
Sputtering yield measurements
and study of surface modifica-
tions due to sputtering are being
continued using the electro-
magnetic isotope separator. Some
calculations on energy depend-
ence of sputtering yield have been
done and these have been com-
pared with the experimental data.
Surface topography of Ge and Si
surfaces seeded with W and Ta
have been studied and seed cones
have been observed in case df Ge
for the first time. The above stu-
dies are now being continued in
case of metal surfaces such as Cu
and Al seeded with W, Ta and Au.
Measurements of electron .de-
tachment cross-section of O~
ions in various gases were carried
out. A 150 KV Ar+ ion beam from
the 300 KV ion accelerator was
used to study the ranges of ions in
plastics.

Radiative lifetimes of many
more levels of Ar have been mea-
sured lifetimes of the levels of Ne
and Xe are being measured.

Homologous substitution com-
pounds of MPS3 family are being
studied. CDPs3 single crystals
have been prepared in a two-zone
furnace, the X-ray diffraction, the
magnetic susceptibility and the
room temperature Mossbauer in-
vestigation of powdered Cd1/2 Fe,,.
2 PS3, have been carried out and a
review of the physico-chemical
properties of the systems in the
MPS3 family has been completed.
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The diffusion properties ui nyu-
rogen atoms, and the electron dis-
tributions in the intermetallic hyd-
rides, ZrNiAlhHd2x, YNiAIHx and
CeNiAIH* have been studied by
measuring relaxation time and the
line-widths of proton NMR. The
compound NH4FeF4 has also been
studied by the same technique.
The ultrasonic velocity changes
have been measured in the Ag-
doped ceramic superconductor,
YBa2Cu3 ,OX. The microwave
spectroscopy of organic com-
pounds is being continued.

The programme of studying
physical properties of high
temperature superconductors is
being continued. This year, Pb-
doped Bi-Sr-Ca-Cu-O samples and
single crystals of Bi-Sr-Ca-Cu-O
has been prepared and various
aspects of superconductivity in
these systems has been studied
by measuring electrical and
magnetic properties, x-ray, Hall
voltage, excess conductivity etc.
Some investigations on bismuth
based high temperature supercon-
ducting oxides are also being car-
ried out.

Substantial effort has been
made in studying electrical trans-
port and magnetic properties at
low temperatures in crystalline
and amorphous solids with
magnetic and non magnetic im-
purities. The physical mechanism
in view for such investigations are
spin-dependent scattering of con-
duction electrons and effects of
short range structural disorder.
The systems being studied are
NiFeAu and FeMnSi. Experimental
facilities for measuring electrical
resistivity, thermoelectric power
and a.c. susceptibility as functions
of temperature have been de-
veloped. The non linear current-
voltage characteristics of carbon-
wax mixture samples, above the
percolation threshold of carbon
concentration, have been studied
and useful semi-emperical laws re-
lating the breakdown currents
with (linear) resistance of the
samples have been observed and
established.

On the theoretical side, the
properties of Fibonacci chain are
being analysed using different
analytical and numerical methods.
The one dimension X-Y model has
also been used to analyse the spe-



cific heat of Cs2CoCl4 in terms of
the spin-correlation functions. A
model lsing crystal with nearest
neighbour competing interactions
has been studied by Monte-Carlo
simulation technique. Renorma-
lization group study of the Hub-
bard model in a 2D triangular lat-
tice is being continued. Effect of
electron-phonon interaction in a
single band Hubbard model with
strong on-site correlations, has
been investigated..

Plasma physics

Several diagnostic developments
and a number of research studies
were made on the SINP tokamak.
The 16-channel visible imaging
system, spex, monochromator 2-
channel soft x-ray imaging
camera, one neutral particle de-
tector, 9.6 GHz microwave inter-
ferometer and reflectometer,
Langmuir probes, and hard x-ray
monitoring unit were developed
and made operational. The physics
problems studied with these di-
agnostics are as follows: low-q
discharge operation in SINP toka-
mak without any major disruption,
MHD instabilities, and edge plas-
ma phenomena. Interesting data
have been collected on these
problems, and these are being
analysed. The work on the stabil-
ised Z-pinch discharge was con-
tinued.

On the technological side, work
on the design studies of a pulse
forming network has been in prog-
ress in order to achieve 20 ms flat
top plasma current in the SINP
tokamak. The feasibility of the
radio frequency heating of the
tokamak plasma, by using either
lower hybrid wave or lon-
Berr.itein wave, is also being ex-
amined.

Theoretical and computational
work has been started on the in-
vestigation of low-q discharge re-
gion in SINP tokamak as a bridging
gap between tokamak and re-
verse field pinch operation. 1 -D
BALDUR transport cpde has been
implemented and O-D start-up
code has been developed to study
the current rise phase of the toka-
mak plasma.

Theoretical work was carried
out on the Ion-Bernstein wave
heating in tokamak and non-linear

wave propagation in plasma as
well as on the wave propagation
along a dielectric-coated cylinder
CGoubau wire) immersed in a
strongly magnetized plasma. A
microwave diagnostic method for
high-density magnetized plasma,
employing a dielectric-coated
cylinder as a probe, is being de-
veloped.

High Energy and General Physics

Activities in high energy physics
and quantum field theory include
the investigations in the following
areas. Exactly integrable higher
spin and WZW models and their
connection with conformal field
theories. Covariant non-linear sig-
ma model formulation of the
Green-Schwarz superstring. Di-
vergence and commutator anoma-
lies in guage theories and their ap-
plication to Z-boson processes.
Physics of fractional statistics
particles CAnyons) arising in Chern-
Simmons guage theories. Chiral
solitons CSkyrmions) in low energy
effective field theories and their
interpretation as baryons. Trans-
port and other properties of the
quark-gluon plasma. A second op-
tion for CP violation in the stan-
dard model and its phenomenolo-
gical implication.

In general physics work on the
anhologenic effects in classical
and quantum systems is being
continued. Travelling salesman
type optimisation problems on
random lattices, neural network
models Cspin glass models) etc.
are being studied.

Instrumentation

A highly stable and accurate
112.0436 MHZ X-tal oscillator sys-
tem of novel design with long
term stability of output of 1 x
10~8 at 1OV supply voltage has
been designed to test the hertz
order stability and accuracy and
hence reliability of output frequen-
cy, as also of division ratio, of the
100 MH2 swallow counter-cum-
programmable divider, especially
at high division ratios of 10 f

A u/p based system to program-
me automatically the division
ratios of the programmable divider
has also been developed success-
fully.

The technique of fast coinci-
dence with large HPGe detectors
using extrapolated leading edge
triggering has been thoroughly in-
vestigated and it was established
that the ratio of upper level trig-
gering bias to lower level trigger-
ing bias is not 2 but 3.6. A resolv-
ing time of 3.2 ns for 6°Co gamma-
rays and 27 percent HPGe detec-
tor has been achieved.

Radiochemistry, Radiation &
Photochemistry, and Spectros-
copy

In radiochemistry, traces of
niobium in geological matrices
were determined by charged parti-
cle activation analysis using five
different reaction pathways.
Different crystalline inorganic
materials were prepared for using
as adsorbents for carrying out
typical radiochemical separations.
Solvent extraction using different
liquid ion exchangers were suit-
ably employed in developing
separation procedures in case of
congeneric pairs of elements.

In radiation and photochemistry,
the mechanisms of radiation in-
activation of flavoenzymes was
studied. Effects of Fe CUD on the
radiosensitivity of thymine were
investigated. Gamma radiolysis of
Cu CID-flazyl complex in dilute
aqueous solution formed a part of
the study in radiation chemistry.
Oxidation of Ni CID-EDTA by Cl2 —
radicals generated by flash photo-
lysis was also an object of interest
where the kinetics of the reaction
of Cl2 — with the complex and the
time resolved spectra of the va-
rious transient species were in-
vestigated. Quantum size effects
in the use of colloidal Fe2O3 for
solar energy utilization was also
studied in photochemistry. A pre-
liminary investigation has also
been made on the study of life-
time of the triplet state of Rose
Bengal in dye-surfactant system.

In spectroscopy, steady state
and time resolved fluorescence
studies of flavonoids, peptides
and proteins in various media in-
cluding miceller systems were car-
ried out. Study state spectrof-
luorometry and absorption spec-
trophotometry have been fruitful-
ly employed in investigating the
extraction mechanism in case of
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uranyl nitrate in micro emulsion
system of HDEHP-n-heptane. Vib-
rational spectroscopic studies
have also been initiated on some
representative peptides.

Biosciences

Investigations with cultured V-79
cells yielded more interesting find-
ings regarding the involvement of
chromosomal organization during
the process of repair of damage
induced by alkylating agents, ox-
idizing agents, ionizing and non-
ionizing radiations. Studies on the
reconstitution of nucleoprotein
complexes have been continued
with a view to throw further light
on the mammalian chromatin

structure. X-ray structural and
conformational analyses of diffe-
rent kinds of small biomolecules
have been carried out and con-
siderable progress has been made
in understanding their interactions
with receptor molecules. Crystal-
lographic studies on proteins are
also well underway. Molecular
basis of interactions involving anti-
tumor antibiotics (Mithramycin
and Chromomycin A3) and DNA as
well as flavin mono-oxygenase
(from soil bacterium) and its subs-
trate was investigated using diffe-
rent spectroscopic and biochemic-
al techniques. Physiochemical in-
vestigations were carried out to-
wards understanding the mode of
subunit assembly in a-crystalin-

the important eye lens protein.
Studies on calmodulin-the C,,'<J

binding protein revealed several
novel features of the protein to-
wards proton binding. Theoretical
studies of the solvent effect on
the conformational aspects of
several gamma-aminobutyric acid
(GABA)-agonists and antagonists
have been performed to get an
idea of the pharmacophoric pat-
terns of hydrated drug molecules.

Other investigations carried out
are melting characteristics of DNA
in the presence of high degree of
supercoiling and base pair heter-
ogenity and the formulation of a
biophysical model for inward cal-
cium current at the pre-synaptic
terminal of an axon.

continued from page 3.62

programming for reactive sys-
tems) has been developed in a
compositional way. Further, a
new Real-time design language,
RT-CDL has been proposed.
Further analysis of the theory and
the language is in progress. The
major work in logic programming
has been concentrated in the de-
velopment of a methodology for
the design of logic programs and
algorithms for detecting termina-
tion in various classes of logic
prammes.

Computer Systems and Com-
munications

Good progress has been achieved
in the implementation of Speech
Synthesis and Recognition Sys-
tem using a variety of approaches.

Neural notations are being investi-
gated for their utility in this area.
There have been some interesting
results in the signal processing
field also: In the computer sys-
tems area, a Multiple Instruction
Multiple Data type of architecture
is being developed for use in a
single algorithm multiple data
mode.

Other Units

Homi Bhabha Centre for Science
Education CHBCSE)

The Centre has undertaken col-
laborative programmes with the
governmerit of Maharashtra for
developing strategies and mate-
rials for largescale implementation
of its pedagogy. Results show
that it is possible to train resource

persons and obtain a multiplier
effect. The plans for constructing
buildings of HBCSE at Anushakti-
nagar are now taking shape.

Basic Dental Research Unit

The Basic Dental Research Unit
has completed 10 years of follow-
up in its intervention studies on
oral cancer and precancerous le-
sions, and the results are being
analysed. The next phase of its
research operations has been
finalized and the work has started.
An educational documentary film
on mouth self-examination is
under production. A case-control
study of oral submucous fibrosis
in Bhavnagar demonstrated areca
nut in 'mawa' to be the main
etiological factor.
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Community Rural Centre at Barsi, Solapur
district, Maharashtra

Tata Memorial
Centre

The Tata Memorial Centre, com-
prising the Tata Memorial Hospital
CTMH) and the Cancer Research
Institute CCRD, continued its acti-
vities in the diagnosis, treatment
and research on cancer. The Cen-
tre continued its training program-
mes and educational activities.

Tata Memorial Hospital

During the year 1989, over 23,000
new patients were registered
14,500 patients were diagnosed
as suffering from cancer; 9,931
patients were admitted and many
major operations were carried out.
8,000 histopathological examina-
tions and 6,200 fine needle aspira-
tion cytology investigations- were
carried out. Also 27,571 bioche-
mical investigations and haemato-
logical investigations were made.
About 10,000 radiological inves-
tigations, 7,877 major and 14,063
minor operations were carried out.
Laser surgery was introduced,
particularly, in the management of
head and neck and oesophageal
cancers.

The Hospital has been involved
with international and national cli-
nical trials on cancers. Children
suffering from haematological
malignancies, particularly with
acute lymphoid leukaemia were
undergoing intensive chemother-
apy treatment. The study is being
continued.
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Medical Oncology Department
has been involved in overall man-
agement of haematological malig-
nancies and in patients for ad-
juvant treatment in solid tumours.
Basic laboratory work including
cytogenic study and in-vitro bone
marrow culture and surface mar-
kers were also being carried out.
Pharmacy Department continued
to supply various fluids for in-
travenous Cl. V.) use and also a few
drugs in ampoules for injection.
About 1,34,000 disposable non-
toxic PVC pouches of various l.V.
fluids were manufactured and
made available at a much lower
cost. The Animal House continued
to test the l.V. fluids for pyrogenic
contamination.

Hospital Cancer Registry is on
the network of National Cancer
Registry Project of Indian Council
of Medical Research CiCMR) since
1984. The data on cancer patients
diagnosed and treated in 1987
were submitted to the network. A
report on statistical analysis car-
ried out was also provided.

Computer Centre

A Norsk Data ND 550/CX, and a
mega mini computer with 24 in-
teractive terminals were commis-
sioned during 1985. With the
assistance of Computer Division,
BARC, adequate software for
several clinical research, such as



computerisation of patient's
medical record, work related to
hospital based National Cancer
Registry Project of ICMR
epidemioiogical studies, clinical re-
search retrospective analysis —
prospective clinical trials, compu-
ter aided educational and training
package, patient appointment and
follow-up scheduling, bed man-
agement, materials management
(Inventory system for drugs etc.),
journal reference system for lib-
rary, was developed and im-
plemented.

Rear Annexe
(Golden Jubilee Block)

Construction of the Rear Annexe
(Golden Jubilee Block) has started
in November 1989. The Golden
Jubilee Block will house OPD,
accommodation for residential
doctors and nurses, auditorium
etc. Efforts are being made to
complete the OPD Block and the
auditorium before February 1991.

Service Block
(Hospital Extension)

A seven storeyed building as an
extension at the south end of the
existing hospital building will be-
come operational by February
1991. This building will house
several services.

Advanced Centre for Treatment,
Research & Education in Cancer
(ACTREC)

Forty acres of land provided by
CIDCO for ACTREC was taken
over after the joint survey done by
the CIDCO officers and the consul-
tants. CIDCO has offered addition-
al 20 acres of land adjacent to the
land already allotted. The consul-
tants are developing the layout
plans and their Project Report has
been finalised to obtain the finan-
cial sanction from DAE. A financial
sanction is awaiting the Cabinet
approval to the project. The work
is expected to be completed dur-
ing the VIII Plan.

Dr. Borges Memorial Home

The Government of Maharashtra
has allotted free of cost a plot of
3000 sq. yards at Bandra for hous-
ing 150 economically backward
cancer patients undergoing

radiotherapy and chemotherapy
treatment in this hospital. A re-
habilitation training centre is prop-
osed to be set up at this dormi-
tory. The construction work is
nearing completion and will be
ready for occupation early in 1 990.

Cancer Centre at Guwahati

More than 500 patients call at this
Centre from the North East Re-
gion. Majority of them are poor
and have no place to stay. The
Department of Atomic Energy, in
collaboration with the Eastern Re-
gional Council and the Govern-
ment of Assam has proposed to
associate Tata Memorial Centre
for developing the infrastructure
at the Dr. B. Barooah Cancer Insti-
tute for providing cancer treat-
ment facilities locally. Equipment
(including a Gamma Camera)
worth about Rs.4O lakhs has been
procured for this Centre.

Rural Efforts

The Community Rural Centre at
Barsi of Solapur District, Mahar-
ashtra conducted 70 camps in vil-
lages around Barsi and 500 people
were examined.

The second Rural Project, initi-
ated in 1987, conducted camps
for early detection of cancer in the
villages of Pune District in col-
laboration with the Pune Medical
Foundation.

Professional Education

During the year under report the
hospital organised seminars,
workshops and conferences in va-
rious specialities.

Seminars & Workshops

Seminar-cum-workshops on 'Can-
cer Esophagus', 'Colposcopy',
'Haemato oncology' and 'Onco-
pathology' were held during the
year. A seminar on 'Inventory con-
trol and computer aided pharmacy/
materials management' was held
during the year. For the adminis-
trative staff a workshop on
'Sharpening skills of Personal
Assistants (PA)' was conducted
and finally a 'Programme on Quali-
ty Circles for top professionals and
management personnel' was
organised.

Deputation

During the year 21 medical profes-
sionals were deputed abroad from
various faculties for conferences
and training. Also 46 medical pro-
fessional, 2 administrative and 7
para medical professionals were
deputed for training elsewhere in
India in their respective faculties.

Cancer Control Programme

Government of Maharashtra con-
tinued its association with the
Tata Memorial Hospital and ICMR,
'n Cancer Control Programme in
the State for detection and treat-
ment of cancer and also to edu-
cate public about the hazards of
tobacco usage. Doctors from dis-
trict hospitals are being regularly
trained in TMC in pathology, radiol-
ogy, radiotherapy etc.

Cancer Education in Schools

The International Union Against
Cancer (UICC) bas nominated Tata
Memorial Centre as the co-
ordinating Centre for professional
education for South East Asia re-
gion. Under the auspices of (UICC)
Tata Memorial Centre and Indian
Cancer Society organised a work-
shop on cancer education in
schools. Nearly 5O professionals
working in health care and educa-
tion attended the workshop and
formulated a policy, guidelines and
modules for undertaking this task.
TMC is setting up a Preventive
Oncology Division for educating
the masses and also to organise
several other preventive mea-
sures.

TMH is a post-graduate universi-
ty centre affiliated to the Universi-
ty of Bombay. It registers stu
dents for courses such as M.S.,
D.M.R.D., D.M.R.T., D.A., M.Sc,
and Ph.D. During the year 47 stu-
dents were registered in various
specialities and 20 students qual-
ified various courses of TMH.

During the year the following
professional courses were intro-
duced to improve the standard of
oncology nursing in the country
and to provide trained manpower
for operating radiotherapy
machines:

i) One year Diploma course in Can-
cer Nursing.
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ii) One year Diploma course for
Radiotherapy Technicians,

The Hospital conducts con-
tinuing education on Oncology
programme for doctors. During
the year 16 doctors from various
parts of the country attended the
programme.

Publications

The Tata Memorial Centre has 41
publications to its credit published
in various national and internation-
al medical journals during the year.

Cancer Research Institute

Oral cancers and haemopoietic
malignancies continue to be the
thrust areas for basic and applied
research in the Institute. A mul-
tifaceted approach to assess the
hazards of tobacco, both occupa-
tional and habitual, along with
basic research in tobacco carci-
nogenesis is proving fruitful. The
study of oncogenes in oral cancer
has made impressive progress.
One of the monoclonal antibodies
produced at the Institute, has the
potential for application in dif-
ferential diagnosis of squamous
cell carcinomas. The site-specific
and stage-specific expression of
aberrant keratins by oral cancer
cells is a novel finding. In-depth
investigations on leukemic gra-
nulocytes have generated in-
teresting information. Character-
isation of haematopoietic growth
modulators is one more area of
intense research. 1CRC anti-
leprosy vaccine, developed by this
institute 10 years ago, has also
been found to be beneficial to lep-
rosy patients clinically non-
responsive to drugs.

Life Style And Cancer

Public information and education
programmes are essential compo-
nents of any tooacco control
strategy. A study was undertaken
to assess the prevalence of tobac-
co usage among medical practi-
tioners and what they perceived
to be their role in such a program-
me. From the KAP (knowledge,
attitude and practice) ques-
tionaires filled by 363 medical
practitioners, it was seen that the
prevalence of smoking and tobac-
co-chewing habits was much low-

er among them than in general
population. Most of the doctors
considered tobacco habits harmful
and felt it necessary to advise
their patients accordingly.

Biological monitoring of occupa-
tional exposure to tobacco in Bidi
industry workers was carried out
by analysis of (a) marker com-
pounds such as cotinine and
thioethers in urine and saliva (b)
genotoxic effect on buccal epithe-
lium and peripheral blood lympho-
cytes and (c) testing of mutagens
excreted in urine using short term
tests. The results suggested an
enhanced total mutagenic burden
in workers employed in Bidi rolling,
and genotoxic effects in workers
from tobacco processing plant.

The exposure of habitual chew-
ers to tobacco is being determined
by measuring nicotine and cotinine
levels by radio-immunoassay in
plasma, saliva and urine samples.
A considerably high baseline level
of nicotine was observed in plas-
ma of even non-chewers and non-
smokers, suggesting environmen-
tal exposure Cpassive smoking).
The half-life of nicotine amongst
chewers varied between 1.1 - 1.5
h and the peak concentrations in
plasma were recorded within ten
minutes of tobacco chewing. En-
dogenous nitrosation was deter-
mined in chewers of betel-quid
CBQ) employing the N-nitroso pro-
line CNPRO) test and it was found
to be higher than in control sub-
jects. Studies on interaction of
radiolabelled N-nitrosonornicotine
CG-H3-NNN) with cellular macro-
molecules in liver of Swiss mice
showed significant radioactivity
associated with both DNA and
RNA. Further analysis suggested
that at least part of the DNA-
associated radioactivity was due
to adducts.

Earlier observations have sug-
gested a synergistic effect be-
tween alcohol consumption and
tobacco habits in cancers of the
upper alimentary tract. This find-
ing was supported by enhanced
mutagenically in Ames assay but
not in long term assays in animals.
Country liquor was found to be
genotoxic in Ames Salmonella/
microsome assay as well as micro-
nucleus test in mice. In long term
bioassay it was carcinogenic only
in Swiss male mice.

Oral Cancer

An exciting study in oral cancer of
oncogene activation by amplifica-
tion, genetic rearrangement, and
point mutations has yielded very
interesting results. In 49/102 oral
tumors there was a ten-fold ampli-
fication of c-myc, N-myc, N-ras,
and Ki-ras while there was no
change in H-ras and L-myc. In 34/
37 patients with myc oncogene
(i.e. c-myc, N-myc and L-myc) am-
plification in the tumors, there
was nodal metastasis. Analysis of
restriction fragment length poly-
morphism CRFLPs) and correlation
of N-myc allele with clinical para-
meters is in progress. Using 'in
vitro' amplification by polymerase
chain re-jction CPCR) and specific
oligonucleotide hybridisation

analysis 389b of oral cancer DNAs
showed activation of H-ras
oncogene. The H-ras codons in-
volved in point mutations were
predominantly 12 and 61.

The pattern of aberrant kerat'n
expression in oral cancers was
seen to vary with the site and
state of differentiation of the
tumors. The keratins expressed
predominantly in buccal cancers
were 1 and 16 in well differenti-
ated 17 and 16 moderately diffe-
rentiated tumors. Only keratin 18
was expressed in tongue tumors.
Carcinomas of the alveolar muso-
ca expressed keratin 16 whereas
keratins 4 and 5 were characteris-
tic of the normal lining epithelium
of the oral cavity. A systematic
study of keratin expression by
normal oral epithelium during de-
velopment is in progress.

When oral cancers were classi-
fied according to the data gener-
ated by DNA flow cytometry
(DNA index and coefficient of
variation of G1 population) it was
found that 70% were nondiploid
and half of these were hetero-
ploid. Tumors in clinical stage T2
and T4 tumors were mostly diploid
and multiploid respectively.

The reactivity of monoclonal
antibodies (MAbs) (generated ear-
lier) with four squamous carcino-
ma cell (SCO lines developed from
oral cancers is being studied in
terms of complement dependent
and antibody dependent cellular
cytotoxicity (ADCC). Using cells of



SCC cell lines coated MAb 3F8E3
as targets, and peripheral blood
lymphocytes (PBL) from healthy
donors and oral cancer patients as
effectors. ADCC against the 4
SCC celt lines was investigated. It
was found to be low against all the
targets, but could be augmented
by rlL-2 in most cases.

Using natural killer (NK) activity
of PBL from healthy donors and
oral cancer patients towards oral
cancer cell lines as targets was
compared with NK susceptible K-
562 cells as targets. Both controls
and patients showed comparable
NK activity, however it was low
against the SCC cell lines as com-
pared to that against K-562. The
low NK cytotoxicity against oral
cancer cell lines could be au-
gmented by rlL-2 better than rIFN.
When one of the SCC cell lines
CMHC class 1 negative) was tre-
ated with IFN- to induce MHC
class I antigen, it developed resist-
ance to NK killing.

Haemopoietic Malignancies

To elucidate the mechanism
underlying the defective chemota-
xis shown by leukemic granulo-
cytes, the process of actin
polymerisation was investigated.
Actin was found to be significantly
lower in granulocytes from chronic
myeloid leukemia (CML) patients
with or without stimulation by a
synthetic chemotactic peptide
(FMLP) as compared to the nor-
mal cells; its polymerisation was
also considerably reduced. As
esterases and oxidases were not
altered, it appeared that only
motility related events were
abnormal in CML cells.

Apparently mature leukemic
granulocytes from patients with
CML are known to have many
functional and biochemical differ-
ences relative to normal granulo-
cytes. An ongoing investigation on
the isolation and characterization
of some of the membrane pro-
teins revealed the presence of
three 12Sl-labelled Con A-binding
proteins viz. protein 1 b, protein 2
and protein 4.

Isolation of protein 2 by dif-
ferential solubilization, affinity
chromatography and HPLC indi-
cated it to be a heterogenous

population of differentially gly-
cosylated polypeptides. It was 2.5
times more in CML granulocytes
and also in undifferentiated CML
myeloid precursors when com-
pared with normal granulocytes.
These observations suggest that
CML granulocytes are not fully
mature.

A cDNA library made earlier us-
ing vector gt11 and mRNA iso-
lated from CML leucocytes was
screened with antibody to protein
2. Two positive clones with small
inserts (350bp) coding for fusion
proteins of Mr120 kD were
obtained. Simultaneous screening
of an AML cDNA library yielded six
positive clones, two of which
hosted fairly large inserts coding
for fusion proteins of Mr 137 kD
and 172 kD. Two of the CML
cDNA clones hybridised with one
AML clone. Cross hybridisation
with remaining clones is in prog-
ress. Northern blot analysis of tot-
al mRNA from normal and CML
granulocytes using two of the
above clones showed that the
mRNA for the protein was 1kb,
suggesting that the parent
polypeptide had a Mr 40kD.

In order to assess the affinity of
IL-2 receptors on mitogen acti-
vated lymphocytes from patients
with Hodgkin's disease CHD),
binding assays were performed
using ia5l-labelled rlL-2. Scatchard
analysis revealed no differences in
number of both low and high affin-
ity receptors in patients and heal-
thy donors. However, the kD of
high affinity IL-2R was significant-
ly higher in HD lymphocytes in-
dicating a higher requirement of
IL-2 to saturate high affinity re-
ceptors. The studies on post bind-
ing events i.e. internalisation of
125l-IL-2 after inhibition of de-
gradation by pretreating activated
PBL with chloroquine, indicated
lower internalisation of IL-2 in HD
lymphocytes than in controls. The
inhibitory factors in the sera of HD
patients did not affect the interna-
lisation of IL-2 by PBL from heal-
thy donors. The studies on phos-
phcylation of cellular proteins dur-
ing activation of lymphocytes re-
vealed relatively lower increase in
phosphorylation in stimulated HD
lymphocytes than in controls.

Lymphokine activated kiner
CLAK) activity in non-Hodgkin's
lymphoma (NHL) patients was
found to be comparable to normal
subjects. The patients with dis-
seminated disease showed good
augmentation of cytotoxic activity
in the presence of rIL-H. Phenoty-
pic characterisation of LAK cells
showed an increase in the porpor-
tion of CD25+ cells after activa-
tion with rlL-2. On stimulation
with PHA, IL-2 production by
peripheral mononuclear cells was
lower in NHL patients than in nor-
mal. The peripheral blood mono-
cytes from patients were stimu-
lated with bacteria! lipopolysac-
charide (LPS), muramyl dipeptide
(MDP) and IFN-1L-1 production
was tested in mouse thymocyte
co-stimulatory assay and 3H-TdR
incorporation. The baseline cyto-
toxity of unstimulated monocytes
was higher in patients indicating a
state of preactivation.

Cancers Of Reproductive System

LAK cells in both, patients with
carcinoma cervix and normal sub-
jects showed a high cytotoxic
activity. The extent of IL-2 pro-
duction of PBL of patients when
activated with PHA, was almost
the same as in normal subjects.

Inhibin and FSH were both
shown to be involved in benign
and malignant disease of the pros-
tate. Their exact role and interac-
tion in normal and diseased condi-
tions, in both humans and rats are
being investigated. Based on the
current immunohistochemical
localisation of FSH and inhibin
along with earlier demonstration
of their modulation by various hor-
mones, it is tempting to postulate
that prostate could be considered
an endocrine organ.

Tumor Markers

As a part of the programme to set
up MAbs against tumor markers
for routine use in Indian hospitals,
the anti-fetoprotein CAFP) MAbs
had been generated earlier. This
year 2 MAbs raised against carci-
noembryonic antigen (CEA) are
being screened for cross reactivity
with a normal cross reacting anti-
gen (NCA) with the ultimate aim
of developing a sandwich ELISA
test.
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Ferritin H has been observed in
the sera and cells of leukemic pa-
tients. MAbs against ferritin have
been generated and are being
screened for reactivity with cells
from blood and bone marrow of
patients with AML. Isoferritins
CIFs) were purified from spleens
of human foetuses, normal adults
and HD patients. The IF patterns
obtained by column isoelectrofu-
cussing (IEF) were similar in pa-
tients and foetuses but differed
from normal adults.

Nuclear Magnetic Resonance

Sequential zones of the resected
tissue samples (human) were
analyzed by NMR spectrometer
and by proton induced X-ray emis-
sion technique CP1XE) for the de-
termination of water proton spin-
lattice relaxation times (T, values)
and profiles of trace metals re-
spectively. A gradient in the in-
crease of T, values was observed
from normal to tumor zones, con-
firming the influence of different
cell types (normal, malignancy
associated and malignant) on the
relaxation time.

Pattern recognition analysis of
T-i values and trace metal con-
tents of normal and neoplastic tis-
sues from oral, respiratory, repro-
ductive, breast, bone and soft tis-
sue tumors were analysed by
physical component analysis
(PCA) and/or non-linear mapping
methods CNLlvD. PCA separated
the involvedand uninvolved re-
gions in breast, bone and soft tis-
sue tumors. NLM was useful only
in case of breast tissues. By PCA,
respiratory and reproductive re-
gions did not show/ clear separa-
tion while oral region showed par-
tial separation.

Growth Factors

Further work on the enhancing
factor (EF) from mouse inten-
stines which brings about a two
fold increase in the binding of
51-5I-EGF in A431 cells, included
its purification and partial se-
quencing. When entered into the
protein sequence data bank at
University of Pune, this factor
showed 4O% homology to phos-
pholipase A2. Structure and func-
tion of EF is being elucidated using

recombinant DNA technology. In-
terestingly, EF molecule isolated
from ICRC mouse, (a strain de-
veloped at this Institute) had Mr.
12 kD as against 14 kD of the
original EF. This is being characte-
rised. EF-like molecule present in
human intestinal extracts was par-
tially purified. Antisera raised
against this preparation cross
reacted with monkey EF and not
with mouse EF. Besides, in vivo
and in vitro models are being de-
veloped to study the physiological
role of EF.

In the tissue extracts of a plur-
ipotent terahjcarcinoma in C3H
mouse, a neurotrophic factor with
Mr 60 kD has been identified. It
supported the survival of cells in
neonatal cerebellar cultures and
also facilitated differentiation. In-
tracerebral injection of this factor
in the new born rats resulted in
earlier opening of the eyes than in
controls and also persistence of a
hyperplastic external granular'
layer over all the cerebellar folia on
postnatal day 21. The neurot-
rophic activity was confined to the
primitive cells in rat central ner-
vous system. There was no effect
on target cells of classical Nerve
Growth Factor CNGF). Intratumor-
al injections of the factor gave rise
to more neuroepithelial tissue in
teratocarcinoma than in the vehi-
cle injected controls, indicating an
increase in recruitment of the
stem cells for neural differentia-
tion.

Haemopoiesis

It is well known that bone marrow
stroma provides the appropriate
microenvironment C'niche") for
stem cell differentiation. To iden-
tify the 'niche' for stem cells, solu-
ble components of mouse bone
marrow stroma were extracted
and coated onto plastic petri dis-
hes. A greater number of pluripo-
tent stem cells from the seeded
marrow sequestered in the co-
ated dishes. It was also noted
that, the diffusible factors elabo-
rated by leukemic cells in the sera
of patients or in the conditioned
media of leukemic cell lines CWEhl-
38, K-562 and AR-150), when
added to the bone marrow strom-
al cultures, impaired the ability to
sequester the pluripotent stem

cells. Experiments are in progress
to isolate the stem cells from
mouse embryos.

Model Systems And Mechanisms

Response of S/RV Cri-ba mouse to
stage 1 and stage 2 skin tumor
promoters suggested mezerein
(MEZ) to be a potent stage 2
promoter and phorbol retinoate
acetate CPRA) a weak complete
promoter.

To understand the nature of
promoting stimulus as well as the
mechanism(s) involved in the
progression of carcinogenesis, se-
quential analysis of histopatholo-
gical and biochemical parameters
C-GGT positive foci, glycogen defi-
cient foci, keratin expression) was
carried out in rats receiving dieth-
ylnitrosamine (DEN). In this mod-
el, different stages, such as nor-
mal, preneoplastic and overt
malignancy could be identified in a
short span and hence it is planned
to use it for 'in vivo' and 'in vitro'
modulation studies.

A cell line has been developed
from hamster cheek epithelium
for studying 'in vitro' carcinogene-
sis. Treatment of cells with DMBA
resulted in foci of altered morphol-
ogy from which sub-lines could be
obtained. These formed colonies
in soft afar which could be au-
gmented with TPA. These initi-
ated cells will be useful to study
mechanism of promotion.

Work is in progress to map chro-
mosomal regions regulating the
expression of malignant pher ioty-
pe for which a human tumor cell
line S.V. was characterised. The
cells formed colonies in soft agar
and secreted plasminogen activa-
tor as well as collagenase. They
had a large number of estrogen
and progesterone receptors. They
formed tumors in hamster cheek
pouch. The cells appears to be
biphasic, since they had features
of both mesenchymal and epithe-
lial cells.

Regulation of microtubules (MT)
and microf ilaments (MF) structure
and function was studied in heter-
okarysons made by fusion of
mouse macrophages and human
fibroblasts. The heterokary
showed predominantly fibroblas-
tic pattern of MT and MF whose
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Patient und&rgoing treatment for cancer

reassembly following de-
polymerisation by specific inhibi-
tors, suggested the dominance of
fibroblast MT organisers. Assem-
bly of MT did not occur in enucle-
ated cytoplasts indicating the role
of nuclei in MT organisation.

Chemotherapy

Multidrug resistant CMDR) phe-
notype in cancer is characterised
by an amplification of the MDR,
gene which results in overex-
pression of a membrane spanning
of 170 kD P-glycoprotein CP-gp),
functioning as an active exocyto-
sis of anticancer drugs from in-
tracellular domains of resistant
cells. Using various parent and
MDR varient cell lines, effects of
vitamin K on cellular growth, sen-
sitivity to adriamycin and mitoxan-
trone and levels of glutathione
were evaluated. Fluidity patterns
of MDR cells membranes before
and after exposure to clofibrate,
an anti hyperlipidemic agent, were
also studied. Compounds like Vit K
and clofibrate were found to in-
crease drug sensitivity of MDR
cells. In fact, the drug resistance
could be reversed in one of the
resistant cell lines.

Studies on pyrrolidinedione-N-
mustards congener (R,S)3-
CN, NCbisC2-ChloroethyD)amino-1 -
C2'-methoxyphenyD-Pyrrolidine-

2,5-dion e hydrochloride (PNM-
HCO and other intermediates
showed that only PNM-HCI pos-
sessed antitumor activity against
transplantable mammary tumor
and embryo derived teratocarcino-
ma in mice.

As a part of the programme on
development of new and econo-
mic methods for the preparation
of known anticancer drugs,
methotrexate CMTX) was synthe-
sized from tetra-amino pyrimidine
sulphate and it showed activity
against P3Sa and L121O tumors.

Tumor Suppressing
Agents/Chemopreventive Agents

Antimutagenic agents (betel left
extract CBLE), -tocopherol, B-
carotene, eugenol, hydroxy chavi-
col, turmeric powder and
catechin) identified earlier using
short term tests were further
screened for anti-carcinogenic
effects in different species and
model systems such as stomach
papilloma in mice induced by
B(a)P, skin tumors in mice induced
by DMBA, cheek pouch tumors in
hamsters induced by methyl-
acetoxy methyl nitrosamine and
mammary tumors in rats and mice
induced by DMBA. On the whole
there was a decrease in incidence
or delay in appearance of tumors.

Membrane Biology

Earlier studies from this Institute,
have shown that surface charge
and membrane skeleton are two
important endogenous factors de-
termining the lectin-agglutinability
of cells. Using 'in vitro' aged
erythrocytes that were gradually
depleted of ATP, and by lysing
erythrocytes in the absence of or
presence of Mg-ATP, it was found
that ATP was required for agglu-
tination. This suggests the signifi-
cance of membrane skeleton in
agglutination.

Normal human erythrocytes re-
quire to be treated with a pro
tease or neuraminidase to become
agglutinable with Con A. The
membrane skeleton and a mono-
molecular component located on
the outer surface were important
for agglutination if a polymer such
as serum albumin, ficoll or poly-
vinyl pyrrolidone was added. The
polymer did not, however, en-
hance lectin binding or cellular de-
formability.

A tumor specific protein, which
imparts high Con A-agglutinability
on normal erythroctes, was earlier
isolated from Yoshida sarcoma
ascites and characterised. An anti-
serum raised against this 600 kD
glycoprotein cross reacted with
acute phase plasma protein which
nevertheless were unable to con-
fer high Con A agglutinability on
erythrocytes. This raises the pos-
sibility of the tumor specific pro-
tein being an altered acute phase
protein.

Miscellaneous

Fine structural studies of
oesophageal cancers revealed
that the tumor cells were well
differentiated. Unlike the norml
oesophageal mucosal cells, the
tumor cells exhibited keratinisa-
tion.

Buffer isoelectrorocussing
CBEF) which produces a linear and
stable pH gradient for steady
state isoelectrofocussing has
been developed for purification of
proteins.

To study the association if any,
of abnormal haemoglobins with
malignancy, blood samples from
three ethnic groups.
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Institute of
Physics

The Institute of Physics, Bhu-
baneswar continued its research
activities in several areas of
theoretical and experimental phy-
sics.

High Energy Physics

The properties of supersymmetric
quantum mechanics are investi-
gated and the scattering problem
was studied. The phenomenolo-
gical aspects, explicit derivation of
scattering amplitudes and BRST
quantisation of superstrings have
been studied. Correlation func-
tions and their properties for con-
formal field theories have been
obtained. Applications of
variational principle to field theory
and aspects of finite temperature
field theory were investigated.
The problem of spontaneous sym-
metry breaking, topological
aspects and phenomenological
models are being pursued.

Condensed Matter Physics

The main areas of research work
include the study of collective
modes of a spin-density-wave su-
perconductor and the investiga-
tion of the spin and charge bag
models for superconductivity in
high-Tt and intercalated layered
materials respectively. The collec-
tive description of the inter parti-
cle interaction is used to study
properties of the normal liquid

helium-3. A field theoretic model
for the flow behaviour of polymer
molecules is developed. A model is
also proposed for glass transi-
tions. The capture of an electron
by a proton passing through a
metal is investigated.

Nuclear physics

The major areas of study were
high spin states, heavy ion colli-
sions, effect of nuclear quark
structure in nuclear matter and
mass formula for finite nuclei.
Study of nuclear liquid-gas phase
transition with finite range force
was carried out. The importance
of fragment-fragment interaction
due to nuclear force in the multif-
ragmentation process is shown. A
method is proposed to take it into
account in the statistical multif-
ragmentation model. Nuclear com-
pression modulus is determined
using the ground state properties
of nuclei. The mechanism of cold
fusion is investigated.

Experimental Physics

Construction work of the pellet-
ron accelerator laboratory is in
progress and it is expected that
commissioning of the 3MV tan-
dem pelletron accelerator will be
completed in the last quarter of
1990. Preparations for the re-
search work to be carried out with
the accelerator are also going on



simultaneously. The ongoing re-
search activities consist of study
of electron structure and defects
in materials using the nucle&r
probes of Compton scattering and
positron annihilation. The project
on electron momentum density
distributions in Ill-V and 11-VI semi-
conductors is continuing. Interest-
ing results have been obtained in
Compton scattering and positron
annihilation angular correlation

studies of single crystal GaP and
GaAs. The other projects going on
are the electron structure study
of transition metal alloys and
materials connected with high
temperature superconductors.

During the year, the Institute
organised the 5th Symposium on
"Current Trends in Physics" during
September 1 -3 1989 at Bhu-
baneswar. The Institute also

hosted a winter V«UII\DIIUK ^..
"Electronic Correlation and Dis-
order effects in metals" during
January 2-16 1989 at Puri. As a
part of our effort towards man-
power development the institute
continued to provide research
facilities to students pursuing
their Ph.D. programme. Besides
this the regular one year post
M.Sc. predoctoral training prog-
ramme is also being held.

continued from page 3.72

Measurement of solar ultra
violet incidence at terrestrial sur-
face in Bombay was carried out
during a two year period with a
view to record diurnal and season-
al variations.

Studies On ICRC Anti-Leprosy
Vaccine

The vaccine was developed totally
indigenously in 1979. It contains
killed ICRC bacilli, a group of cultiv-
able mycobacteria, that show ex-
tensive antigenic cross reactivity
with leprosy germs CM. leprae).
The results of the studies con-
ducted so far indicate that the
vaccine could be used both CD for
treatment as an adjunct to drugs,
and Cii) for prevention. Large scale
vaccination studies were initiated
in collaboration with Government
of Maharashtra in Solapur, Osma-

nabad and Latur district — where
leprosy prevalence rate is high, in
February, 1987. So far. 30,000
healthy house-hold contacts, who
run high risk of contracting dis-
ease, have been vaccinated.

Sophisticated immunological
studies both on the ICRC bacillus
and the host immune response
specially in vaccinated patients,
have been undertaken to under-
stand mechanism of action of the
vaccine. When sonicates of 1 2 3 I -
labelled M. leprae, and ICRC were
reacted with sera of patients with
leprosy, it was seen that a 21kD
antigen of M.leprae was identified
by sera from all types of leprosy
patients across the clinical spec-
trum, while that of ICRC was iden-
tified only by sera of lepromatous
patients. The diagnostic potential
of this antigen is being explored.

Recent studies show that vac-
cination results in clinicopatholo-
gical improvement, associated
with a reduction in bacillary load,
even in patients non-responsive to
multidrug therapy. This was
associated with an increase in lym-
phocyte proliferation in response
to ICRC or M.leprae antigens. Af-
ter vaccination, there was a
marked increase in the pool of
antigens reactive T-cells. Like-
wise, production of IFN was in-
creased indicating activation of
macrophages. These investiga-
tions clearly show that the anti-
leprosy vaccine is able to induce, in
patients, T-cell immunity which is
the dominant host-defense re-
sponse against leprosy germs. Be-
nefits of immunotherapy are now
being extended to other Institutes
in Maharashtra.
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Occupational safety: Workers wearing protective clothing in action at Madras Atomic Power Station

Atomic
Energy
Regulatory
Board

The Atomic Energy Regulator/
Board CAERB) has been promot-
ing safe practices and developing
safety policies since 1983. The
Board has evolved administrative
and technical mechanisms, to en-
sure nuclear, radiological and in-
dustrial safety in all activities
associated with the development
and application of atomic energy.

AERB activities during the year
included routine surveillance and
monitoring the safety aspects of
all projects and programmes and
special technical reviews. The
technical reviews during the year
covered radiation protection mea-
sures in nuclear power stations,
operational safety review of
pressurised heavy water reactors,
industrial safety in the R&D units
of DAE, reduction of collective
dose to workers in nuclear power
stations and other nuclear facili-
ties.

The Advisory Committee on
Radiological Protection identified
areas such as diagnostic radiology,
replacement of radium and analy-
tical X-ray equipment, for further
improvement of safety. The
Board received support from DAE
and its units, and consultants to
carry out its mandate.

Radiological safety in medical,
industrial and research institutes

was ensured by the Division of
Radiological Protection. The
Health and Safety Group, BARC
assisted AERB in ensuring radiolo-
gical and industrial safety in nuc-
lear power station and other nuc-
lear installations.

Preparation of Codes/Guides/
Manuals

The preparation of Codes, Guides
and Manuals is one of the most im-
portant activities of AERB cover-
ing the areas of nuclear, and in-
dustrial safety and radiation pro-
tection. The following Codes,
Guides and Manuals were
approved for issue/published dur-
ing the year:
— Code of Practice on Quality

Assurance for Safety in Nuc-
lear Power Plants.

— Code of Practice on Design for
Safety in pressurised heavy
water based Nuclear Power
Plants.

— Code of Practice on Safety in
Nuclear Power Plant Opera-
tion.

— Safety Manual — Site
Emergency Plan for Nuclear In-
stallations.

— Safety Manual — Off-Site
Emergency Plan for Nuclear
Installations.

— Safety Manual for Civil En-
gineering and Building Works
for Nuclear Power Plants.



— Safety Manual Governing Au-
thorisation Procedure for Nuc-
lear Power Plant/ Project.
Documents under preparation
include:

— Code of Practice for Nuclear
Power Plant Siting.

— Safety Guide for Seismic Stu-
dies and Design Basis Ground
Motion for Nuclear Power
Plant Sites.

— Atomic Energy (Factories)
Rules.

— AERB Safety Code for
"Nuclear Medicine Labora-
tories" is in the press.

— The Training Manual for the
DAE physicians undergoing the
course on "Radiation Protec-
tion and Occupational Health"
has been revised and updated.

— A manual "Hand-book for
Medical Management of Per-
sons Exposed in Radiation
Accidents" has been prepared.

— A safety guide entitled
"Handling of Radiation
Emergencies in Industrial
Radiography" has been issued.

rechnical Reviews

Review of Operational Safety of
RAPS & MAPS

AERB carries out periodic reviews
of operating nuclear power plants
in the country to assess their
safety status. During the year
AERB constituted a committee to
review operational safety of RAPS
and MAPS. The committee con-
cluded that the power stations
were being operated safely;
lowever, certain areas were iden-
tified where more efforts were
needed for improving safety inop-
sration. Implementation of the
Committee's recommendations is
seing monitored by AERB.

Authorisation for the start up of
NAPP Unit-1

rhe first unit of NAPP power plant
went critical in March 1989. The
design and construction of NAPP
ncluding adequacy against seis-
mic effects were subjected to a
;omprehensive regulatory review
aefore authorisations were
accorded for discrete stages such
as hot conditioning, fuel loading
and first criticality. In addition, pro-
:edures for commissioning of
2ach significant stage were re-

viewed. During the approach to
criticality, AERB representatives
were available for consultation at
the station. All subsequent com-
missioning stages were autho-
rised only after detailed review.
NAPS-1 was authorised to oper-
ate upto 50% rated power till the
end of December 1989. Thereaf-
ter, a thorough check and reveri-
fication programme on systems
important to safety and related
operational procedures will be
conducted before authorising
further operations.

Investigations on Reduction of
Collective Dose in Nuclear Power
Plants/Installations

A Committee constituted by
AERB investigated the causes of
high collective doses and sug-
gested remedial measures after
reviewing the collective doses in
the several phases of the nuclear
fuel cycle. Since collective doses
in uranium mining and milling and
nuclear power plant operation
accounted for about 88% of the
total dose, these were studied in
detail. The dose data included
occupational exposures and doses
to members of the public.

A number of organizational ac-
tions such as management com-
mitment, designer-operator coor-
dination, training in dose reduction
methodology, design phase safety
review etc. were outlined which
also included recommendations.

Besides advocating the need to
reduce manpower at the stations
and formulating a meaningful man-
rem budgeting scheme aimed at
dose reduction, the Committee
proposed a centralized manrem
management programme. The
Committee made important plant-
specific recommendations for the
three operating stations and fixed
targets for occupational collective
doses for the new generation
PHWR units and for the presently
operating units as well.

The Committee reviewed the
collective doses to the public aris-
ing out of discharge of radionuc-
lides in the environment and
observed that the existing situa-
tion is satisfactory.

Other areas which drew me
attention of the Committee were
the occupational exposures in ura-
nium mining. Control of mine
atmosphere through properly de-
signed and installed ventilation
system together with control on
manpower is suggested to reduce
the manrem in the mines and mills.
Review of Radiation Protection
Measures at NPPs

An AERB committee reviewed
the radiation protection measures
in DAE facilities. The Committee
has given plant-specific recom-
mendations for TAPS, RAPS,
MAPS. Generic issues are also
addressed in the Committee's re-
port and the Committee has given
its general recommendations. The
Committee reviewed the work of
the Environmental Survey Labor-
atories CESLs) and Micro Meteoro-
logical Labs CMMLs). Recom-
mendations were made with re-
gard to the site hospitals, covering
periodic medical surveillance of
radiation workers, medical man-
agement of casualties in a radia-
tion accident and training of
medical and para-medical staff in
Occupational Radiation Medicine.

These SRUORs were reviewed
by the Unit Safety Committee for
the respective plants and SAR-
COP for their safety implications
and required corrective actions.

Analysis of Safety Related Un-
usual Occurrences (SRUOs)

Analysis of Safety Related Un-
usual Occurences CSRUOs) in the
operating nuclear power plants in
India for the year 1988 was carried
out. For this, the coded watch-list
of the Incident Reporting System
CIRS) o f IAEA was used for easy
correlation and comparison of our
national data bank vis-a-vis IAEA-
1RS data bank of safety significant
events. Copy of this analysis re-
port was sent as feed back in-
formation to all the operating nuc-
lear power station managements
for necessary corrective action.
1AEA-IRS reports of safety signifi-
cant events were sent to the Indi-
an Nuclear Power Station manage-
ment and NPC for perusal, inviting
attention to incidents relevant in
our context and for incorporating
any design change needed to
avoid similar failures/occurrences.
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Safety Committees for Operating
Plants

In view of the multidisciplinary na-
ture of the safety matters in nuc-
lear plants, the safety review of
such matters is done through a
multi-tier system of safety com-
mittees. In-depth evaluation of
the safety matters was done by
the respective unit Safety Com-
mittee. Based on this assess-
ment, Safety Review Committee
for Operating Plants CSARCOP)
gave directions appropriate to the
situation. Abnormal events which
involved degradation of the essen-
tial safety related equipment or
system or events posing hazards
to public health and safety were
reviewed by AERB.

Review of Industrial Safety Sta-
tus in the R & D Units of DAE

An AERB Committee reviewed in
the industrial safety status in the
R&D units and proposed a model
safety policy for adoption by the
units.

Safety Analysis

The analytical codes acquired ear-
lier in AERB were used extensive-
ly to assist safety review of diffe-
rent projects. As a part of AERB's
programme of computer code de-
velopment, some codes were de-
veloped and put into various
stages of commissioning.

Safety Review of New Projects

Kudankulam, Tarapur, Kakrapar,
Kaiga and RAPS-3&4, NPPs: Re-
view of Sites.

Site Evaluation

The adequacy of sites for the
proposed nuclear power plants are
being reviewed from the very ini-
tial stage by expert committees
constituted by AERB for Kakra-
par, Kaiga, Kudankulam and RAPS
3&4 units.

The Site Evaluation Committee
of AERB carried out detailed eva-
luation of Kudankulam site for
assessing the suitability of locat-
ing nuclear power plant compris-
ing of 2 x 1000 MWe VVER reac-

tors. The Committee considered
all site-related factors affecting
safety of the nuclear power plant
and the radiological impact on the
environment on account of the
proposed plant. These aspects
were further reviewed alongwith
the report of the Site Evaluation
Committee by the Advisory Com-
mittee for Site Evaluation.

Similar evaluation was carried
out by another committee for the
location of additional units of 2 x
5OO MWe pressurised heavy water
reactors at Tarapur. The evalua-
tion report also was further re-
viewed by the Advisory Commit-
tee for Site Evaluation.

Recommendations of the
above Committees with respect
to both the sites were considered
by the Board and the sites were
found acceptable from safety con-
siderations.

Site Evaluation Committee also
carried out detailed evaluation of
Kaiga and Rawatbhata sites for
location of nuclear power plants.
The Committee studied all site re-
lated parameters in detail and re-
viewed relevant documents. Re-
commendation of the Committee
is under preparation for Rawat-
bhata site.

Preliminary discussions were
carried out with NPC regarding
submission of documents with re-
spect of Ujani sites in case of Kak-
rapar, Kaiga, RAPS 3&4 units ex-
pert committees have also begun
their reviews of civil engineering
and systems designs important to
safety.

Kudankulam Pressurised Water
Reactors

Following the Inter-Governmental
Agreement CIGA) for co-operation
for the construction of nuclear
power plants signed in November
1988, Kudankulam Project in
South India was taken up as an
Indo-Soviet Joint Project for con-
struction of a nuclear power plant,
consisting of two units of 1O0O
MWe each, pressurised water
reactors CPWRX To meet the re-
view and regulatory requirements,
a division was formed in AERB in
January 1989.

The Division participated in the
review and finalisation of the
Technical Assignment CTA) docu-
ments covering the information to
be furnished by USSR for asses-
sing design for safety and per-
formance and in the preparation of
Detailed Project Report CDPR). A
Project Design Safety Committee
CPDSO was also constituted to re-
view design safety aspects of the
proposed Project. The PD5C has
submitted its recommendations.
The recommendation of Advisory
Committee for Site Evaluation
CACSE) was taken up for review in
the design project report under
preparation by NPC and Soviet
groups.

PURNIMA-III Reactor

The Project Design Safety Com-
mittee for PURNIMA-IU critical
assembly submitted its final re-
port to AERB for issuing author-
isation. A technical safety assess-
ment was carried out after discus-
sions with PURNIMA designers.

Heavy Water Project (Manuguru)

The heavy water project at Manu-
guru, based on the hydrogen sul-
phide process, is presently in early
stage of commissioning. This pro-
ject has been subjected to an in-
depth safety review by AERB's
expert committee. It has received
from AERB authorisations in two
stages to generate and use a part
of its rated hold up of hydrogen
sulphide gas for initial debugging
and associated tests.

PREFRE Expansion Project

Power Reactor Fuel Reprocessing
Expansion Project CPEP), Tarapur
has been set up by BARC to fabri-
cate CU, Pu) mixed oxide fuel
assemblies for thermal power
reactors CRAPS). Immediate prog-
ramme, however, will be to pro-
duce depleted or natural uranium
dioxide (UO2) sintered pellets Cfor
further fabrication into fuel bun-
dles at the Nuclear Fuel Complex).

The Project Safety Review
Committee of AERB CPSRO re-
viewed the safety aspects and
made recommendations to im-
prove the engineered safety as
well as safety in the day-to-day
operations. The Committee also
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reviewed the results of commis-
sioning tests to ensure that the
design intent is met. The project
has implemented most of the re-
commendations of the Com-
mittee.

Provisional authorisation was
given for operation of the plant till
April 30, 1990 for production of
depleted or natural UO2 pellets.
The operational status of the plant
will be reviewed by the committee
for recommending authorisation
for continued operation for UOa
pellet production.

Modernisation of Helium-Uranium
Recovery (MOHUR) Project of
IRE Ltd.

AERB had issued a provisional au-
thorisation for operation of the
MOHUR plant up to June 1989.
Monazite is processed at the plant
to recover trisodium phosphate,
rare earths chloride and thorium
hydroxide concentrate. Besides
these products, the plant will pro-
duce 1.75 te of ammonium di-
uranate and 3200 Nm3 of helium
annually. Following a safety re-
view of the operations by AERB's
Advisory Committee. IRE was pro-
visionally authorised to operate
the plant upto December 1989.
Authorisation for continued opera-
tion of MOHUR will be issued after
review of the plant performance.
Safety aspects of the Helium Re-
covery Plant are also under review
by the Advisory Committee.
Indian Rare Earths Ltd., is also
setting up a Heavy Rare Earths
Oxide Plant at Udyogamandal for
recovering samarium, gadolinium,
yttrium and europium concen-
trates from rare earths chloride.
The project is presently under re-
view by the Advisory Committee
for IRE Projects. The Committee
is also reviewing the Dredge and
Wet Gravity Concentration Plant
at Chavara for recommending au-
thorisation.

Projects of Nuclear Fuel Complex

An AERB committee is currently
assessing the safety aspects of
the new projects proposed to be
set up by the Nuclear Fuel Com-
plex (NFO. The final stages of re-
view with regard to approval of
the sites for locating New Ura-

nium Oxide Fuel Plants CNUOFP)
at Hyderabad CNFC site) and
Turamdih, where a new uranium
mine and mill is being set up by
UC1L. NFC has applied to AERB
for clearance of these projects
along with others, viz., New Zirca-
loy Fabrication Plant at Hyderabad
and New Zirconium Sponge Pro-
ject at Palayakayal near Tuticorin.

Industrial Irradiators

The Safety Review Committee for
Industrial Irradiator Projects re-
viewed the safety aspects of
large gamma radiation facilities at
Shriram Institute for Industrial Re-
search, New Delhi and Sludge
Hygienisation Research Irradiator
at Baroda. The Committee in-
spected the above facilities prior
to recommending their commis-
sioning and operation. Safety re-
views of the above two facilities
have been completed.

Particle Accelerators

The Project Safety Review Com-
mittee for Particle Accelerators,
reviewed and assessed the safety
features in the building-design of
INDUS-1 facility (Synchrotron
Radiation Source) proposed to be
set up at the Centre of Advanced
Technology, Indore. The Commit-
tee also recommended for approv-
al, the building-design of the prop-
osed accelerator test facilities.

BRIT Laboratory

The Safety Review Committee for
BRIT Laboratory at Hyderabad
CJonaki) reviewed the operational
and safety status of the labora-
tory after one year of operation.
After review of the working condi-
tions in the laboratory, the SRC-
Jonaki recommended authorisa-
tion to BRIT for a further period of
3 years subject to certain condi-
tions.

The Safety Review Committee
for BRIT laboratories at Vashi,
New Bombay reviewed the safety
status of the laboratory and on its
recommendation. AERB autho-
rised the laboratory operate for a
period of one year initially.

Regulatory Review Procedures
Development and Implementation

The procedure followed by AERB
for the review and authorisation

o f new pri_>jt5i_i_=> V V U J . „ . _ . .

streamlined and formalised during
the year in a document entitled
Safety Manual Governing the Au-
thorisation Procedure for Nuclear
Power Plants.

Review of Nuclear Power Projects

Safety review for NAPP was one
of the important activities in the
year 1989 with respect to projects
as its first unit was made critical
and authorisation was issued for
operation upto 50% full power.
Other nuclear power projects
undergoing detailed safety review
Cunder construction or precon-
struction stages) are Kakrapar.
Kaiga, RAPS 3&4 and PHWR C500
MWe) units. Design Safety Re-
view with respect to WER, and
proposed prototype fast breeder
reactor (PFBR) was also in prog-
ress.

To strengthen safety review of
design of civil structures of nuc-
lear power plants, a Civil Engineer-
ing Review Committee was con-
stituted by AERB during the year.
The Committee is currently con-
ducting the review for Kaiga 1 &2
and RAPP 3&4 projects.

Safety Review of Operating Nuc-
lear Power Station and Nuclear
Facilities

AERB carried out safety and reg-
ulatory functions with respect to
the operating units of DAE. The
Board ensured that the facilities
were operated safely. This was
verified among other things by
safety reviews by safety commit-
tees. AERB also carried out safe-
ty surveillance of the DAE Units.
Safety related incidents and oper-
ational experience in the operating
units of DAE were reviewed in the
light of the statutory safety re-
quirements and stipulations of
AERB as well as the recom-
mendations of ICRP, IAEA and
such other International bodies.
Decisions of SARCOP were en-
forced in DAE units by OPSD

SARCOP Review of Incidents and
Operational Restrictions

During the year 1989, in view of
the incidents at MAPS-1 and 2,
Heavy Water Plant at Kota and
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Uranium Metal Plant at Trombay,
AERB had to take restrictive reg-
ulatory enforcement actions.

Licensing of Operations-staff at
Nuclear Power Plants and other
Chemical Plants of DAE

The Committee constituted by
AERB for licensing of operation-
engineers at each of the operating
power stations (TAPS, RAPS &
MAPS) to assess the suitability
of the operation engineers for the
positions of Control Engineers,
Assistant Shift Charge Engineers
and Shift Charge Engineers.

Stipulations regarding basic edu-
cational qualification, on-the-job
training and knowledge of the
plant systems were strictly fol-
lowed in licensing the operation
engineers.

The Committees for licensing of
operating personnel at Heavy Wa-
ter Plants at Kota. Baroda, Tuti-
corin, Talcher and Manuguru and
fuel reprocessing plants at Trom-
bay and Tarapur, after satisfac-
tory fulfilment of prescribed re-
quirements, licensed 134 plant
personnel for operation of these
plants.

Regulatory Inspections

Regulatory inspection of all the
operating nuclear power stations
was carried out by AERB twice
during 1989. Observations during
the inspections included certain
deficiencies which were com-
municated to the plant manage-
ment for corrective action within
specified time limits.

Radiological Safety

Radiological safety surveillance at
all the operating units of DAE and
assessment of the environmental
impact from these operations are
being carried out by Health Phy-
sics Division, BARC. Reports of
the Health Physics Division on the
above areas were reviewed by
OPSD/SARCOP. The radioactivity
releases to the environment dur-
ing 1989 from DAE installations
were well within the specified
limits.

Radiation Safety/Protection Stan-
dards

Development of Standard Speci-
fications for Medical Radiation
Equipment. The Bureau of Indian
Standards (BIS) set up a subcom-
mittee on Radiation Safety of
Electromedical Equipment CMHD
19:1) under the Chairmanship of a
scientist from AERB to develop
Indian Standard Specification for
Radiation Safety of Medical Radia-
tion Equipment. Since its constitu-
tion in 1987, the subcommittee
has finalised the four standards,
for publication after due approval
by the sectional committee.

The subcommittee also consi-
dered the draft standards on Tele-
cobalt Therapy Equipment and Re-
mote After loading Brachytherapy
Equipment, which are being final-
ised.

These standards specify the
essential radiation and other safe-
ty requirements for compliance by
the manufacturers of these equip-
ment as well as tests to be carried
out to demonstrate compliance.

Committee on Radiation Protec-
tion Standards

The Committee on Radiation Pro-
tection Standards CCRPS) discus-
sed various issues relating to the
setting up of standards for radia-
tion protection of occupational
workers and members of the pub-
lic and constituted four subcom-
mittees. The report on baseline
data on cancer pattern in the
country is being finalised by the
editorial committee.

Safety in Transport of Radioac-
tive Materials.

AERB had initiated a number of
regulatory and administrative pro-
cedures for effective enforce-
ment of the regulatory provisions
for ensuring safety and to further
improve the safety record of
radioactive material transportation
in the country. AERB has con-
tinued to participate in the activi-
ties of IAEA related to develop-
ment of regulations for the safe
transport of radioactive materials.

Licensing and Appellate Commit-
tee for Radiation Protection

The Licensing and Appellate Com-
mittee (LAC) for radiation protec-
tion, reconstituted in October
1989, considered applications for
type approval of indigenous as
well as imported radiation equip-
ment. The Licensing Committee
considered these documents
along with the recommendations
from DRP, BARC with regard to
their operational experience.
Based on these recommendations
of LAC, type approvals to the
radiation equipment such as tele-
cobalt therapy units, medical linear
accelerators and others were
granted by AERB.

Safety Research Funding

The Safety Research Programme
under which AERB is extending
financial support to hospitals and
research institutions registered
remarkable progress.

Training in radiological physics
offered by the Division of Radiolo-
gical Protection, Bhabha Atomic
Research Centre generated
essential man power to cover 96
radiotherapy centres in the coun-
try. AERB research support is
partly aimed at this segment of
professionals. In view of the fact
that the opportunities to do re-
search in the areas of hospital phy-
sics and radiological physics are
totally lacking, the projects were
chosen to encourage research in
these areas.

Information

In continuation of the ongoing
public information programme,
AERB published Newsletter
covering the activities of the
Board and assisted the Board in
disseminating information on
radiological safety.

Officers of AERB participated in
TV programmes and gave lectures
at various gatherings as a part of
the public information prog-
ramme.
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Ore Transfer to Ore-Bin in mine.

Uranium
Corporation
of India Ltd.

During this year there has been an
increase in production of ore from
Jaduguda mines. The capacity uti-
lisation of Jaduguda mine was
89.6% as against 85.5% of the
last year. The capacity utilisation
of Bhatin mine was 76.5% against
77.3% of the last year. As regards
the Mill the capacity utilisation
was 96.7% as against 96.6% of
the previous year. The three ura-
nium recovery plants based on
copper tailings functioned normal
and production of uranium mineral
concentrates were higher than
previous year in case of Musaboni
and Surda plants. The production
at Rakha plant was slightly less
than last year but more than the
target fixed for the year. By-pro-
ducts recovery plant and Magne-
tite recovery plant also operated
normally, producing higher con-
centrate of molybodenum and
magnetite. Copper sulphide con-
centrate production was slightly
less mainly due to lower feed
grade.

Financial Performance

The income of the company
scaled a new high of Rs. 33.58
crores as against Rs. 28.14 crores
of the previous year. The profit for
this year was Rs. 8.74 crores as
against 7.78 crores of last year
before adjustment. The Corpora-
tion's contribution to the exche-

quer in the form of income tax.
sales tax, excise duty etc. was Rs.
4.07 crores.

New Projects

Government approval for setting
up new underground mines at Nar-
wapahar and Turamdih and a mill
at Turamdih has been received in
April, 1989. The cost of these pro-
jects is estimated at Rs. 495.54
crores. These projects are ex-
pected to be commissioned within
54 months. Civil construction
work and construction of mine en-
tries at Narwapahar and Turamdih
mines have been started. Detailed
design, engineering work and
floating of public tender work
have been taken up.

At Jaduguda, sinking of a new
shaft departmentally, constituting
Illrd stage, has been progressing.
When completed the mine would
be able to win ore from depth of
555 metre to about 900 metres
below surface. Effluent treat-
ment system for removal pollu-
tants has been taken up and work
on this system is in progress. It is
expected that this plant would be
commissioned by about February
1990.

At Bagjata in Singhbhum district
an exploratory underground mine
is being developed by the Atomic
Mineral Division of DAE. UCIL is in

Continued on p&ge 5.5



Manava/akuruchi Coast: Mining of
Mineral Sand

Indian
Rare Earths
Ltd.

The performance of the Mineral
Separation Plant at Chavara and
Manavalakurichi has generally
been as per targets. The opera-
tions of these two plants is ex-
pected to show profit of Rs. 26
crores as against Rs. 16 crores in
the previous year. The production
and profitability will further im-
prove in the coming years in view
of the completion of the expan-
sion-cum-modemisation project at
Chavara. which has been com-
pleted and the project at Manava-
lakurichi which is under imple-
mentation.

In the Rare Earths Plant, be-
cause of slump in the sale of the
composite rare earths chloride and
some delay in the commissioning
of the HERO project, the profita-
bility has not matched the target.
With the commissioning of the
HERO project, the profitability is
expected to improve during the
next year.

In OSCOM. there has been
almost two-fold increase in the
production of minerals as well as
synthetic rutile although ths
targets have been met. With the
various technical problems identi-
fied and remedical measures
taken and under implementation,
the performance is expected to
improve substantially during next
year. After carrying out modifica-
tions in one stream of ARP by M/s

Ruthner. its performance is satis-
factory. Similar modifications are
being made in the remaining two
streams.

The Company has drawn up a 5
year Corporate Plan for the period
1989-94. A number of new pro-
jects are planned for opening of
new mineral sand deposits and for
making value added projects,
apart from improving the produc-
tion in the existing plants.

Thorium Plant, Trombay

Being the year 1989-90. the per-
formance of Thorium Factory has
shown marked improvement over
the year 1989-90. The production
of thorium nitrate has reached to
about 138 MT/annum. The trading
results in 1989-90 are expected to
show a profit of 2.37 lakhs. The
work on setting up new Thorium
Plant at Orissa is in progress and
will be completed by 1990.

Research & Development

The R&D efforts are mainly
directed towards improvement in
the recovery of minerals and diver-
sification of the rare earths pro-
ducts. The work on improving the
recoveries of sillimanite and mona-
zite is continuing. Process de-
velopment work on neodynium
separation and preparation of high
purity yttrium is in progress. Stu-
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dies on developing polishing pow-
ders, rare-earth silicon alloy and
rare-earthfj based magnet are con-
tinuing in collaboration with BARC
and RRL, Trivandrum. In order to
strengthen the R&D set up, R&D
laboratories are being set up at
the units. These are expected to
be completed within a year's time.

Work has also been initiated to
recover uranium from the thorium-
uranium concentrate generated
during the processing of mona-
zite.

The process development work
for making ceramic grade zirco-
nium oxide is progressing satisfac-
torily. The sponsored research
project with CGCRI on agglomera-
tion and sillicon is nearing comple-
tion.

Future Plans £r Outlook

The international and domestic
markets for the Company's miner-
als products continue to be good.
To take advantage of this market
situation, the Company is in the
process of opening up new de-
posits in Tamilnadu and Andhra
Pradesh. Proposals are also under
consideration for setting up joint
ventures with the state industrial
development corporations to ex-
ploit these deposits.

Ancillary Development and Im-
port Substitution

In accordance with the guidelines
of the Government spelling out
the steps to be taken by the PSUs
to accelerate the growth of ancil-
lary industries to meet the require-
ments, the Company has consti-
tuted Plant Level Advisory Com-
mittee. Keeping in the view the
above philosophy, the Company is
also in the process of carrying out
a feasibility study on the modali-
ties of giving encouragement to
small scale entrepreneurs to set
up ancillary units for activities
such as separation of garnet, sil-
limanite etc. from waste stream
of the existing operations of the
Company, upgradation of gadoli-
nium and europium to high purity
separation of rare earths concen-
trates, grinding zircon etc.

The Company is also in the pro-
cess of identifying areas where
import substitution can be made.

Human Resources Development

Industrial Relations

By and large, the Company con-
tinues to maintain harmonious and
cordial relations with all its em-
ployees. Under the scheme of
worker's participation, shop coun-
cils in the units of the Company
are functioning regularly. Howev-
er, due to contract labour prob-
lems, and inter-union difference,
the commissioning of HERO pro-
ject has been affected.

A welfare forum for the loading
and unloading workers was
formed at Chavara. This has for
the time being resolved the prob-
lems of these loading and unload-
ing workers which had earlier
affected the delivery of rutile, zir-
con etc., to local consumers.

A voluntary retirement scheme
formulated by the Govt. has been
introduced. A few employees
have already availed of the
scheme.

Training & Motivation

The training of employees con-
tinue to be given greater attention
and several employees have been
deputed to technical and manage-
ment programmes organised by
reputed institutions. The senior
officers of the Company were ex-
posed to computer appreciation
programmes. The in-house train-
ing programmes conducted by
N1TIE on maintenance manage-
ment in the units were indeed be-
neficial to expose the employees
to the importance of this subject.
NITIE is now conducting an
assignment in OSCOM in the area
of maintenance management im-
provement and manpower
rationalisation.

Suggestion Scheme

The suggestion scheme intro-
duced by the Company has be-
come popular and many em-
ployees have come forward with
useful suggestions. Employees
who have given the best sugges-
tions are given recognition.

SC/ST Special Drive

The liaison cells constituted in the
units are functioning satisfactori-
ly. In addition to the educational

scheme applicable to all •em-
ployees and their children, SC/ST
employees children are granted a
further educational allowance.
Scheme of cash awards to the
children of SC/ST employees in the
Company who pass in first class in
10th Standard and 12th Standard,
introduced last year has evoked
considerable goodwill.

In accordance with the Govern-
ment of India instructions, a spe-
cial drive was launched to clear the
backlogs in SC/ST recruitments.

Community Welfare

An amount of approx. Rs. 2 lakhs
was spent in the six villages in and
around mining area in Manavala-
kurichi towards primary school
buildings and furniture under the
Fishermen's Welfare Scheme. In
addition, one day free medical
camp was conducted for the be-
nefit of Manavalakurichi and adja-
cent villages. A number of special-
ist doctors from many hospitals in
the Kanyakumari district rendered
free services for the Company and
free medicines were distributed.

For the benefit of local inhabi-
tants at Chavara, the Company
had contributed a sum of Rs. 5
lakhs to the Mining Area Welfare
Board constituted by the Kerala
State Govt. In addition to this, a
library building was constructed
for the Fisheries School at Cher-
iazhakal, a fisherman's village.
Suitable amounts for extension to
school buildings in another nearby
village, namely Karithura were also
given by the Company. Free
medical camps were also con-
ducted at the Mining area.

The Company has also agreed to
donate a sum of Rs. 4 lakhs for
construction of an X-ray block and
10 bedded ward for augmenting
the facilities available at the Prim-
ary Health Centre. Chavara.

In OSCOM, as in the preceding
year, the inhabitants in the nearby
villages were extended assistance
by the Company in programmes
relating to immunisation, vaccina-
tion, tuberculosis survey, malaria
control, measles etc.

As in the previous year, family
planning camps were organised by
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the Company, in liaison with the
State Govt. Family Planning De-
partments at regular intervals as a
part of community development.
Suitable grants have been given to
the State authoritias for present-
ing mementos to those who adopt
family welfare programmes.

In response to the requests re-
ceived, the Company has also con-
tributed suitable amounts for
radiation therapy and/or research
equipment to be provided in Can-
cer Research Institutions/Hospit-
als in Alwaye/Ernakulam, Kerala.

As a part of public awareness
programme, the Company had par-
ticipated in an exhibition held at
Ottapalam, Kerala. The public who
visited IRE pavilion were impress-
ed with the Company's exhibits
and obtained a good knowledge of
the activities of IRE.

Sports and Cultural Activities

As in the past, IRE Recreation &
Sports Clubs in the Units con-
ducted their annual events and
the Company had provided suit-
able grants. The participants in-
cluded, apart from the employees
and their children, children from
nearby villages.

In order to unearth the in-house
talents, the Company had con-
ducted an inter-unit sports meet.

1985 1986 1987 1988 1989

The sports events of the Com-
pany also included cultural prog-
rammes. As a part of the Pandit
Nehru Centenary celebrations,
competitions were conducted
amongst primary, middle and high
school level children. This had
evinced significant response.

The Company had sponsored an
All India Kabbadi tournament in

association with the Kanyakumari
District Kabbadi Association for
men and women in which mem-
bers of teams from all over India
participated.

Safety, Health 6t Environment
Care

As a further measure of improving
the dust free conditions in the
plant, a dust liberator facility was
recently commissioned in Chavara.

In order to inculcate a spirit of
safety amongst units, an in-
company rolling trophy on safety
was instituted.

The Mines Safety Week
Celebration were conducted in the
units, the Company also partici-
pated in the safety week celebra-
tions conducted by other orga-
nisations as well.

The Vocational Training Centres
in the units are functioning satis-
factorily. In all the units, safety
groups have been constituted.
While at present one of the offic-
ers in each unit is performing the
functions of Safety & Training
Officer, in addition to his other
duties, the Company proposes to
appoint a full time Safety & Train-
ing Officer in each unit shortly.

Workshops on safety legislation
have been conducted in the units
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with the assistance of specialists
from Atomic Energy Regulatory
Board/BARC,

Periodical medical examinations
of the employees including can-
teen employees were conducted.
Senior medical experts from
BARC visited the units and valu-
ated the system of medical record
management and rendered valu-
able advice on the line of manage-
ment of few chronic cases.

Tv • facility of training in first-aid
and arranging regular first-aid clas-
ses, leading to St. John's Ambu-
lance First Aid Certificate ex-
amination in OSCOM is continued.

The Company places consider-
able emphasis on pollution control
measures. A Safety & Environ-
ment Protection Committee has
been constituted in the units. It is
a step ahead in identifying the
safety related problems and tak-
ing remedial measures in time,
apart from dealing with environ-
mental-protection and pollution
control aspects with promptitude.
The effluent treatment plants in
the units are operating satisfac-
torily. It is a matter of satisfaction
that the Rare Earths Plant of the
Company has been awarded letter
of appreciation by the Kerala
State Pollution Control Board in
recognition of the Company's
efforts to innovate and adopt
Pollution Control Technology and
also for maintaining a satisfactory
Pollution Control Plant for the
treatment of effluents during the
period 1988-89.

As a part of the mining area de-
velopment programme, full-scale
work on afforestation program-
mes is underway in the units. A
very large number of trees have
been planted during the yea;. In
OSCOM, services of a senior offic-
er specialised in afforestation are
being utilised.

Use of Hindi

The "Hindi Day" was celebrated in
Bombay and OSCOM. In addition,
one day Hindi Workshop was orga-
nised at Bombay. A Cultural prog-
ramme was staged by the Com-
pany's employees. The program-
me of the Hindi Day also included a
Kavi sammelan. In OSCOM too,
the programme included Kavi sam-
melan/mushaira.

The Company has also intro-
duced a scheme of cash awards to
the children of employees who
achieve excellence in Hindi, either
as a part of duty curriculam in their
respective school or college in ex-
aminations conducted by Board/
University or in any equivalent ex-
amination in Hindi conducted by
voluntary organisations recog-
nised by the State or Central Govt.

The Bombay offices of the Com-
pany were inspected by the
Second sub-committee of Parlia-
ment on Official Language on 29-
9-1988.

Hindi classes are conducted in
Manavalakurichi, Chavara and
Quilon Units within office premis-
es. Action to set up a Hindi Library
in all units has also been taken.
The number of Library books in
Hindi at Corporate office has been
augmented.

As suggested by Ministry of
Labour, New Delhi a "Hindi Griha"
is proposed to be set up in the
Units which will provide Educa-
tional film shows in Hindi, and cas-
settes for learning Hindi.

Continued from page 5. t

constant touch with these opera-
tions, as Bagajata mine has been
identified as the new mine for pro-
duction of uranium ore. Atomic
Mineral Division has explored by

INCOME

drilling the deposits at Turamdih
south, Mahuldih, Garadih etc. Ore
reserve estimates of these de-
posits are being finalised by AMD
and UCIL.
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Control room of an atomic power station.

Electronics
Corporation
of India
Limited

Having achieved a production of
Rs.204 crores, a gross turnover of
Rs.218 crores and a profit of
Rs.3.18 crores during 1988-89,
ECIL for 1989-90 has set itself a
target of Rs.250 crores in produc-
tion, a gross turnover of about
Rs.298 crores and a profit of
Rs.5.34 crores.

Participation
rammes

in DAE's Prog-

ECIL has been giving the highest
priority to the Control & Instru-
mentation needs of the nuclear
power projects and other require-
ments of the DAE. During 1988-
89, the Corporation had supplied
around Rs. 18 crores worth of Con-
trol & Instrumentation systems to
NAPP-1 & 2 and KAPP-1 complet-
ing most of the supplies besides
supplying Fire Alarm systems to
NAPP and CCTV systems to
Heavy Water Plants and nuclear
instruments to various DAE units.
For the year 1989-90, C&l supplies
worth nearly Rs.14.5 crores were
made to Nuclear Power Projects
such as NAPP-I & II, KAPP-I & II.
These supplies included Annun-
ciator Systems, Flux Mapping Sys-
tems, DPD Computer Systems,
Relay Logic Equipment, Fuelling
Machine and Fuel Transfer Con-
trols, Control Room Panels,
Secondary Instrument Panels and
CCTV Systems. In addition to

these, supplies were also made of
Solid State Interlock Logic Equip-
ment to Hazira Ammonia Exten-
sion Project. For KCR Project, sup-
plies were completed and essen-
tial erection and commissioning
work was also completed.

Besides meeting the require-
ments of DAE in the areas of nuc-
lear instrumentation 6c equipment,
ECIL has been contributing signifi-
cantly in the areas of Controls,
Computers and Communications
to the core sectors like Power, Oil,
Steel, Cement and strategic sec-
tors like Defence and Communica-
tions. In the area of Controls dur-
ing 1988-89, ECIL supplied around
Rs. 13 crores worth of equipment
such as Electronic Automation
systems for steam turbines to
BHEL for various thermal power
plants at Khaparkheda, Gandhina-
gar, Kota, Tenughat and control
modules to Birsinghpur thermal
power plants, Remote telemetry
units and instruments to Naharka-
tiya- Jorajan pipeline project, com-
munication software to Bhilai
Steel Plant, Tankodrome equip-
ment, gyrostabilised horizontal bar
equipment and cockpit voice re-
corders to Defence. During 1989-
90, ECIL is supplying around Rs.20
crores worth of control equipment
comprising of electronic automa-
tion systems to BHEL for Neyveli,
Gandhinagar and Raichur thermal



Electronic Voting System.

power plants, Telesupervisory
equipment to NJ Pipeline project
of Oil India and to Vizag Steel
plant's Energy Networks, cockpit
voice recorders to IAF, gyrostabil-
ised horizontal bar equipment to
Goa Shipyard and Mazagon Docks.

In the field of computers during
1988-89, ECIL supplied SPC-Telex
systems valued ,at around Rs. 16.7
crores to MTNL, store & forward
message switching systems
valued at aroUnd Rs.2.4 crores to
IAF and Super-32 computers
valued at Rs. 11.0 crores to NIC,
IGCAR,ITl, Rourkela •& Bokaro
Steel plants and Kurukshetra Uni-
versity. During 1989-90, ECIL
while continuing operations in
these areas, developed and intro-
duced Unipower-30 Computer
System based on Motorola 68030.
The major despatches planned are
SPC-Telex equipment to DoT &
MTNL valued at Rs. 12 crores,
store & forward message switch-
ing systems to Defence, valued at
Rs.6.2 crores Super-32 computers
and Unipower-30 systems valued
at Rs. 13.8 crores to various users
including Indian Bank, Bokaro,
Rourkela and Bhilai steel plants,
DESU, LIC, Coal and Banking sec-
tors. BHEL and IGCAR.

The Mainframe Computers unit,
during 1988-89, sold a total of 5
nos. of Medha-93O mainframe
computers and 4 nos. of Medha-
830 mainframe computers to

South Central Railway, Secunder-
abad Cfor passenger reservation
system), All India Institute of
Medical Sciences, New Delhi Cfor
hospital management), Mhow (for
Defence Research) and ONGC.
During 1989-90, the production
facility for manufacture of 930
series is established and produc-
tion is in progress. MCU has plan-
ned to supply Medha-930 series
Mainframe computers valued
around Rs. 15 crores to Oil India
and CMC Ltd., Secunderabad, De-
fence Research Centre lmarat,
Hyderabad and others.

In the Communications area,
during 1988-89, ECIL has affected
supplies valued over Rs.42 crores
comprising mainly of TVRO equip-
ment alongwith the antennas to
Doordarshan, self-radiating
masts, curtain antennas and
antenna changeover Switches to
AIR, 32 M Wheel & Track antenna
for VSNL and other Communica-
tion equipment such as PCM
equipment to DoT, air-traffic con-
trollers to NAA and V/UHF receiv-
ers to Cabinet Secretariat. During
the year 1989-90, the Corporation
has commenced the production of
high CPD line of sight antennas
and digital facsimile equipment
under collaborations from M/s.
Kabel- metal Electro GMbH,
Federal Republic Germany and M/
s. NEC, Japan respectively. TVRO
equipment with antennas are pro-
duced and supplied on crash basis

darshan. Apart from the above,
the total sale of around Rs.53
crores of the communication
equipment comprises the earth
station antennas for DoT and
MCF, Hassan and FM antennas to
AIR. ECIL has completed the
supply of all antennas and ex-
ecuted civil works for various
communication projects of RCPO.

In the- field of consumer electro-
nics, ECIL continues to have its
share of market inspite of general
slump in the market. ECIL has
taken-up development of new
models and has been giving in-
creased thrust to export of TV
sets.

As regards nuclear and industrial
instruments, ECIL has supplied
Ks.20 crores worth of Instru-
ments & Instrumentation systems
during 1988-89 and is supplying
nearly Rs.22 crores worth during
1989-90. The 'major supplies are
X-ray baggage inspection systems
to Civil Aviation. CCTV systems for
important installations, data dis-
play consoles for computer based
data handling systems for IAF,
sound ranging systems for Indian
Army and a host of other nuclear
and non-nuclear instruments for
industries. During the year ECIL
received an order for the manufac-
ture of 75000 of electronic voting
machines valued around Rs.37
crores that were to be supplied in
about four months. ECIL took-up
this challenging task and com-
pleted the manufacturing of these
machines for Election Commis-
sion.

In the components area, ECIL
continued to produce HMCs,
PCBs, Ceramic Components dur-
ing the year and almost doubled
tantalum capacitors production by
installing automated process
equipment.

During the year, Aurangabad
Unit has manufactured FM anten-
nas and has further taken-up a
new line of 400 W high power
amplifiers for production.

Having made a beginning of the
export of TVs during 1-988-89,
considerable progress has been
made in the export this year and
approximately Rs.50 lakhs worth
of TVs were exported.
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Other
Activities

Emergency Planning

The Crisis Management Group
headed by Additional Secretary,
DAE and the National Emergency
Response Committee chaired by
Secretary, DAE, provides policy
guidelines for emergency pre-
paredness planning at various nuc-
lear installations of the Depart-
ment. The decisions taken by the
Committee with respect to
emergency preparedness, are
being implemented. Emergency
plans for nuclear installations
were put to tests by carrying out
various types of exercises: plant
emergency exercise, site

emergency exercise, off-site
emergency exercise, and com-
munication exercises, to ensure
satisfactory functioning of the
systems. The exercises carried
out so far indicated that the De-
partment, with the assistance of
the District and State authorities,
is in full readiness to meet any
emergency. However, these plans
will be put to review at regular
intervals.

Left:
Chairman, AEC explaining the display on atomic energy to the
Prime Minister in the exhibition set up during trie first meeting
of the Consultative Committee of the Scientific Departments
in the Parliament House Annexe.

Middle:

Participation in the India International Trade Fair-1990 at

Pragati Maidan New Delhi.

Participation in the "Vigyan Gaon Ki Aur" at Gouriganj (Uttar

Pradesh) during 4-15 March, 1989.

Bottom:

Valedictory Function of the "Appreciation Course on Nuclear

Science 6< Technology" held in December 1989.

To co-ordinate the various activi-
ties during exercises/emergency,
a Central Emergency Control
Room equipped with wireless
sets for interacting with the nuc-
lear power plants and heavy wateF
plants was set up at DAE Head-
quarters and since September
1989 it has been operating round
the clock.

Efforts are underway for prepa-
ration of data base management
for emergency planning for va-
rious nuclear installations.

International Relations
India was once again designated
to the Board of Governors as one
of the countries "most advanced
in the technology of atomic ener-
gy including the production of
source materials", for the 33rd
year in succession since the incep-
tion of the IAEA, underscoring its
leading status in this frontier tech-
nology.

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

About 300 scientists/ engineers
participated in international sym-
posia, workshops and confer-
ences held under the auspices of
various UN and other multilateral
organisations as also the IAEA. In-
dia also hosted 9 IAEA meetings,
symposia etc. during 1989.

Secretary, DAE and Chairman,
Atomic Energy Commission



attended the World Association of
Nuclear Operators CWANO) held in
Moscow during May 1989.

Secretary, DAE also lead the In-
dian delegation to the 33rd regular
session of the IAEA General Con-
ference and attended the World
Energy Conference held in Mon-
treal during September 1989.

During the year, the first meet-
ing of the joint lndo-USSR Working
Group on Nuclear Power was held.
The Working Group has been set
up under the Indo-USSR Inter-
governmental Commission for Sci-
entific, Technical and Economic
Cooperation to facilitate imple-
mentation of the Indo-USSR Inter-
governmental Agreement of
November 1988, for cooperation
in the construction of nuclear
power station in India. A contract
for supply of 150 tonnes of natural
uranium pellets for use as fuel for
RAPS was concluded with France.
A safeguards agreement was con-
cluded with IAEA in respect of
these pelletes.

Financial Assistance

The Department supports re-
search activities of universities
and other research institutions in
the country in the field of atomic
energy and other related areas.
The Department has sanctioned
grants for the selected research
projects on the basis of the re-
commendations of an Advisory
Body viz. the Board of Research in
Nuclear Sciences (BRNS) compris-
ing of eminent scientists and
senior research officers who over-
see all such activities. Besides giv-
ing research grants for specific
projects, grants are also sanc-
tioned for organising symposia/
conferences/ seminars etc. The
Department also awards Dr. K.S.
Krishnan fellowships to the re-
search scholars and also awards
fellowship to Bombay University
students under the DAE-Bombay
University collaborative program-
mes, to carry out research in diffe-
rent disciplines in various institu-
tions in the country. During the
year 1989-90, BRNS recom-
mended 125 renewal projects and
7O new projects with an esti-
mated expenditure of Rs. 236.83
lakhs. BRNS has conducted 19

departmental symposia in addition
to partial financial assistance pro-
vided to about 101 symposia/ con-
ferences/ seminars etc. organised
by the agencies other than DAE
with a total expenditure of
Rs. 24.00 lakhs.

A sum of Rs. 42.00 lakhs was
also provided by the Department
for the award of Dr. K. S, Krishnan
Fellowship through an open com-
petition to the talented students
for carrying out research in diffe-
rent disciplines in various institu-
tions in the country. Department
is fully funding four research in-
stitutions under the administra-
tive control of this Department
viz. Tata Institute of Fundamental
Research, Saha Institute of Nuc-
lear Physics, Tata Memorial Centre
and Institute of Physics, Bhu-
baneswar. Besides these insti-
tutes, grants were also given for
the Institute of Mathematical Sci-
ences CMATSC1ENCE), Madras;
Mehta Research Institute, Allaha-
bad and National Board for Higher
ences mathematics Madras;

Directorate of Purchase 6c
Stores

Directorate of Purchase &
Stores continued to provide active
support to all the units of the De-
partment of Atomic Energy in their
various material management
functions. During the period from
1.4.1989 to 31.12.1989, the
Directorate processed 29,460
purchase requisitions received
from the different units and en-
tered into 31,872 purchase con-
tracts. The total value of contracts
is around Rs. 150.00 crores.

The Transport and Clearance
Wing of Directorate of Purchase &
Stores continued to handle con-
signments through air, rail, sea,
road and post parcels. 2300 con-
signments by air, 141 by sea, 342
by post parcels and 677 by rail/road/
air, locally were handled apart from
69 export cases. Major and impor-
tant items comprised of 440 M/T of
mother pipes, 250 M/T of magne-
sium metal and other valuable and
sophisticated equipment such as
micro-processor based welding
systems CCIF value Rs. 1.00 crore)
EPITEXY coating system for
PMD, BARC CCIF value Rs. 1.5O

6.2

crore), gamma camera i ui v i_ .̂v-,
cobalt for BRIT and spectrophoto-
meter for PEP;

The Central Stores Unit of
Directorate of Purchase & Stores
continued to make centralised pro-
visioning of common user items
and undertook review of the entire
range of items during the year.
Value of scrap disposed and the
number of consignments received
and issued by the Central Stores
Unit and the Regional Stores Units
during the period from 1.4.1989 to
31.12.1989 are given below: -

Total value of scarp
disposal
Total number of
consignments
received
Total number of
issues

crores
: Rs.1.53

: 47,232

: 1,11,393

The Technical Liaison Mission in
Paris rendered assistance for in-
spection and follow up of critical
supplies, vendor appraisals and
location of new/alternative
sources of supply. They also con-
tinued to handle matters con-
nected with supply of TAPS fuel
from M/s. COGEMA, France.

Construction & Services
Group

OV;7 Engineering Division

The Civil Engineering Division,
Construction & Services Group,
Department of Atomic Energy is
performing the planning, design-
ing, construction and commission-
ing of civil, public health, electrical,
air conditioning and ventilation
works in respect of housing, hos-
tel, school, hospital, laboratories
and various other public buildings
varigated all over the country for
various units of Department of
Atomic Energy including aided in-
stitutions.

Trombay Township Project

Out of 744 flats proposed in VII
Plan, 48 flats of Type I-4 and 32
flats of Type Il-B were completed
and handed over for occupation.
Work orders for the balance 644
flats of Type Il-B and Ill-C have
been issued in phases during the



year-and about aLWb of tne aoove
works will be completed during
the year 1990. Construction of
secondary school of 3725 sq.m.
built up area,, a community centre
of 1352 sq.m. built up area, have
been commenced and these
works are expected to be com-
pleted during the last quarter of
1990.

Besides, construction of a co-
vered area of 735 sq.m. for an
existing community centre, six
tennis courts at two locations
with an area of 4865 sq.m. ana"
covered car parking of 2200 sq.m.
for existing type V CE) flats has
been taken up and are expected
to be completed during the year.
Planning and estimation for 404
flats of Type Il-B and VCE) flats
under additional VII Plan work
were completed, and the con-
struction of these works will com-
mence during 1990.

Tata Institute of Fundamental
Research

Construction of 28 flats of Type
V-E at Colaba, Bombay, is in adv-
anced stage of completion and is
expected to be completed during
first quarter of 1990. Construction
of 24 residential quarters of Type 1
to V for staff working for Radio
Astronomy Centre at Ooty, were
completed and handed over for
occupation. Planning and estii na-
tion for 28 flats of Type VKE-1) at
Colaba and 88 flats of Type ll-B
and Ill-C at Mandala have been
completed. These works will com-
mence during 1990.

Giant Meterwave Radio
Telescope

Construction of 32 residential
quarters of Type ll-B and V-E,
guest house having 780 Sq.m.
plinth area and laboratory building
having 2593 sq.m. plinth area at
Pune, were completed and hand-
ed over for occupation. Construc-
tion of 14 flats of Type II, III, and iV
at Narayangaon has commenced
and the same will be completed in
1990. Constnjction of laboratory
building having 2060 sq.m. at
'Khodad' has commenced and is in
progress. Construction of 32
antennae at Narayangaon has
commenced. Planning and En-
gineering details for efficiency

apartment, Guest Mouse navmy
528 sq.m. plinth area, security
quarters and services were per-
formed and construction of the
same will commence in 1990.

Tata Memorial Centre

The Engineering details for Con-
struction of TMC Rear Annexe
building having plinth area of
13808 sq.m. was completed and
construction of the same has
commenced and about 60% of the
work is expected to be completed
in the year 1990. Construction of
24 residential quarters of Type III-
C at Mandala has commenced and
the same will be completed during
the last quarter of 1990.

Atomic Minerals Division

Construction of additional 28 flats
of Type IV-D and V-E at Hyderabad
will be completed during 1st quar-
ter of 1990.

Engineering details for 128 re-
sidential quarters of Type 1-A to
V-E at Khasmahal, Tata Nagar,
Bihar was completed and con-
struction of the same will com-
mence in the 1 st quarter of 1990.

Construction of laboratory build-
ing having 6353 sq.m. plinth area
at Khasmahal, Tata Nagar, Bihar
will commence during 1990.

Construction of stores and gar-
rage and compound wall for AMD
complex at Bangalore is in prog-
ress and same is expected to' be
completed in March 1990.

Engineering details and planning
for construction of laboratory
Phase-ll and guest house and hos-
tel for AMD at Shillong are in prog-
ress.

Variable Energy Cyclotron Centre

Out of 64 flats of Type l-A to IV-D
CPhase-ll), 56 flats ware con-
structed and handed over for
occupation, balance 8 flats will be
completed during 1 st quarter of
1990. Construction of 44 flats of
Type ll-B, Ill-C, IV-D Phase-Ill will
commence during 2nd quarter of
1990. For accommodating visiting
scientists, the existing hostel at
Calcutta has been proposed for
extension, the construction work
is expected to commence in 1990.
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Construction of laboratory building
Phase-ll having plinth area of 4220
sq.m. was completed and com-
missioned.

Planning and estimation for 46
residential quarters of type l-A to
V-E and a hostel having 1605
sq.m. plinth area performed and
construction of the same will com-
mence in 1990.

Institute of Physics

Constnjction of pelletron building
at Bhubaneswar, has commenced
and the same is expected to be
completed during the second
quarter of 1990.

Society for Applied Microwave
Electronics Engineering Reesearch

The administrative and environ-
mental testing laboratory having a
total plinth area of 7620 sq.m. is
under construction and the same
is expected to be completed in
1990.

Planning and designing of labora-
tory in Phase-Ill at Vashi, New
Bombay is in progress.

'Electronics Corporation of India
Limited

Extension of existing ECIL building
at Prabhadevi, Bombay for public
distribution of ECTV has been
completed and handed over for
occupation.

College of Catering Technology
under the Department of Tourism

Tender action for constnjction of
catering college at Prabhadevi,
Bombay having 6367 sq.m. built
up area is in progress, the con-
struction work is expected to
commence in mid 1990.

Homi Bhabha Centre for Science
Education

Planning, designing for Homi
Bhabha Centre for science educa-
tion having about 453O sq.m.
plinth area is under progress. The
construction for the same is ex-
pected to commence during 1990.



Board of Radiation and Isotope
Technology

Planning and engineering detailing
for laboratory building at Vashi,
New Bombay and administrative
office building at Anushaktinagar,
Bombay for BRIT is in progress.

DAE premises.

On the occasion of VVIPs visits
the Maintenance Wing of C&GS at
DAE performed co-ordination
work involving high degree of re-
sponsibilities. The Wing has under-
taken development of a part of
OYC Building into an exhibition
hall.

Directorate of Estate
Management

Directorate of Estate Manage-
ment is responsible for the allot-
ment of residential flats to the em-
ployees of DAE and its units situ-
ated at Bombay. 32 Type 'B' flats
and 48 Type 'A' flats were con-
structed during this year and allot-
ted to the employees.

Management Service Group

The Management Services Group
is an in-house cell providing staff
support for analysis and dissemi-
nation of management informa-
tion to the top officials in the De-
partment's Secretariat. The
Group has assisted the Depart-
ment in conducting perspective
planning exercises on nuclear
power, financial analysis, system
studies, manpower planning and
development and computerisation
of activities at the Secretariat.
Further, the Group carries out
specific tasks assigned by Chair-
man, AEC. It operates a compre-
hensive information base and
generates periodic reports to the
Prime Minister, the Atomic Energy
Commission and the top officials
of the Department on (a) the
physical and financial progress of
major projects under construction
and Cb) performance of nuclear
power stations, heavy water
plants, nuclear fuel plants and
public sector undertakings under
the Department.'

The Group also prepares review
papers on the quarterly perform-
ance of, public sector undertakings
which forms the basis for the re-

views conducted by the Chairman,
AEC. In addition, it prepares the
Annual Action Plan of the Depart-
ment and serves as the nodal point
for interaction with the Ministry of
Programme Implementation for
monitoring major projects under
construction.

The Management Services
Group operates an EDP centre at
the Secretariat which comprises
a multi-user UNIX based super
micro-computer system and a
number of PC workstations. It
assists the various sections in the
Secretariat as also some of the de-
partmental units in the develop-
ment of software and training in
the use of computers.

Training

To face the challenges of 10,000
MWe nuclear power profile, apart
from technical competence, com-
petence of administrative, finance
and accounts cadres needs to be
enhanced by propertraining. With a
view to upgrading their'knowledge
in their respective fields, and also
managerial skills of senior officers
(including scientists & engineers)
the Department has embarked
upon regular training programmes
with the faculty support of Jam-
nalal Bajaj Institute of Manage-
ment, National Institute of Train-
ing for Industrial Engineering, Hu-
man Resources Development In-
stitute, Continuing Education
Training Centre (all in Bombay), In-
stitute of Costs & Works Accoun-
tants, Calcutta and the Institute
for Secretarial Training and Man-
agement, New Delhi.

In the wake of this thrust on
training, 22 training programmes
were organised during 1989-90,
and about 40 training courses
have been planned during 1990-
91. The favourable impact of this
endeavour has been felt from the
feedback received.

General Services
Organisation

General Services Organisation,
Kalpakkam was set up in 1978 to
look after various general services
at Kalpakkam. Following are the
details of activities during 1989-
90.

1. Construction or nesiucnu™
Quarters and Public Buildings

Presently, the construction wing
of GSO is handling the following
construction works:

I. NPC Housing:

(Rs. in lakhs)

a) Construction of 24 Nos.
scientist apartments 24.90

b) Construction of 59 Nos.
Type Ill/C quarters 54.90

c) Construction of 18 Nos.
Type Ill/C quarters 16.90

d) Construction of 17 Nos.
Type IV/D quarters 22.70

e) Construction of 18 Nos.
Type V/E quarters 54.30

f) Construction of
Information Centre
near ESL building at
Sadras 5.3O

Total

II. Non-NPC Housing:

179.00

(Rs. in lakhs)

a) Construction of 52 Nos.
Type Ill/C quarters 49.20

b) Construction of 38 Nos.
Type IV/D quarters 50.40

c) Construction of 57 Nos.
Type III/C quarters 54.50

d) Construction of 28 Nos.
Type III/C Quarters 26.60

e) Construction of CISF
Armoury & Stores
building 3.10

f) Construction of Atomic
Energy Central
School 25.90

Total 209.70

2. Estate Management including
Guest House, Hostels <S Public
Buildings

a) Allotment of residential quar-
ters, recoveries of licence fee,
electricity and other charges.

b) Allotment of shopping facilities
in the Township.

c) Allotment of accommodation
of land and co-ordination in re-
spect of public services.

d) Running of the Guest House
and Hostels.

e) Acquisition of land.
f) Co-ordination with Panchayats,

Collectorate and State Govern-
ment authorities.
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3. Township Maintenance

Maintenance of civil, electrical and
public health of the entire
Township of 4019 residential quar-
ters, public buildings-schools, hos-
pital, CISF barracks, guest house
and hostels, shopping centre,
assembly hall and other public faci-
lities, distribution of water supply,
maintenance of sewage treat-
ment plant, upkeep of roads in the
Township as well as the main arte-
rial road upto Kokkilamedu Gate,
bridge over Sadras and Edaiyur
bars, bridge over Buckingham
Canal, Maintenance of Parks and
Gardens.

Power Supply:

Maintenance of power supply
through H.T. lines from 1GCAR
Site to Township. Maintenance
works at sewage treatment plant
at IGCAR and lift station at MAPS
site, maintenance of civil and elec-
trical works at auto garage at site.

4. DAE hospital

This is a 38 bed Hospital with di-
agnostic facilities namely X-ray,
Pathology and Clinical investiga-
tion laboratories. There is Materni-
ty Ward, Dental Clinic and Opera-
tion Theatre.

Hospital facilities are being
given on a non-contributory basis
and the treatment is regulated
under CS CMA) Rules. Plans are
being made to increase facilities
for decontaminations and handling
of radiation emergencies. Steps
are also under way to establish a
Site Medical Service for IGCAR/
MAPS. The Site Medical Service
will take care of not only first-aid
requirements, but also statutory
requirements of providing medical
assistance at site plus measures
at site relating to decontamina-
tions before hospitalisation.

5. Departmental Transport

Lorries are mainly used for diffe-
rent duties of 1GCAR, MAPS and
CWMF including transportation of
sensitive equipment and heavy
water.

6. Auto-Oarage

Maintenacce of all heavy and light
vehicles of DAE Units at Kalpak-

kam is carried out in Auto Garage.
Maintenance of heavy tractor trail-
ers used for transportation of over
dimensioned equipment and
maintenance of road roller are also
carried out by Auto-Garage.

7. Miscellaneous General Ser-
vices

Apart from the function
enumerated above, certain
functions of a miscellaneous
nature also performed by GSO
as under:

a) Making arrangements for
general functions in the
Township.

b) Providing assistance by way of
civil and electrical works for
functions arranged by nuclear
employees sports and cultural
organisation and other secial
and cultural organisations in
the Township.

O Providing assistance in the
shape of minor civil/electrical
works in the existing Tamil
Medium School run by the
State authorities.

d) Co-ordination work relating to
Kalpakkam Management Com-
mittee, Kendriya Vidyalaya
Management Committee and
Local Management Committee
relating to Atomic Energy
Education Society.

e) A Co-operative Canteen is run
by GSO employees in the
Township for providing good
quality food at reasonable
prices.

Information & Library

The Publications Division of DAE
brings out information literature
for media and public, and also ca-
ters to the publication needs of
the Department and its units.

Besides normal publications
assignments including two
periodicals in English and Hindi
each, information material aimed
at public education of employees'
awareness was produced. In view
of need for the information dis-
semination amongst masses,
material was produced in Hindi as
well as in other Indian languages
such as Telugu, Tamil, Kannada,
Malayalam, Urdu and Gujarati.
Publication services were also ex-

tended to vanous omer uius ui
DAE.

Computerisation for efficient
management of publications acti-
vities such as mailing, budgetary
control and bill clearance/corres-
pondence etc was introduced.

Efforts were directed towards
building up information bank for
storage and retrieval of informa-
tion.

The DAE Library rendered ser-
vice to the Secretariat and con-
tinued to serve as a repository of
information on diverse subjects
such as management, environ-
ment, energy, to name a few. Dur-
ing the year, the Library acquired
over 650 books and received over
200 periodicals. This was besides
the upkeep of over 10,000 books
and other reading material. Com-
puterisation is being introduced in
Library operations.

Publicity
To inform the public about safe-
ty and environmental protection,
measures relating to nuclear pow-
er plants and other installations,
the Public Awareness Programme
has been launched.

Publicity Division organised a
series of seminars on the theme
'Atomic Energy & Environment"
and also exhibitions as part of the
Public Awareness Programmes at
Kaiga, Cochin, Kota, Hyderabad,
Ottapalam, Jaipur and Allahabad.
In addition, intensive tour was
undertaken around Kaiga and
Kudankulam along with senior sci-
entists to deliver lectures to the
group of intelligentsia, student
community and Chambers of Com-
merce etc.

DAE participated in the photo-
graphic exhibition organised by
the Minister/ of External
Affairs in New York during the
First Convention of the People of
Indian Origin in USA. The exhibi-
tion and DAE exhibits were well
appreciated.

For the first time, the Depart-
ment organised an All India Essay
Contest in all the regional lan-
guages on the following subjects:

1. Peaceful Uses of Nuclear
Energy;
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2. Nuclear Energy & Environment.
The winners were given the
prizes.

In order to have a close link be-
tween the academic institutions
and the atomic energy program-
me, the training programme for
the senior scientists was orga-
nised in which senior professors
of the Indian Institute of Tech-
nologies and Regional Engineering
Colleges, from all over India had
participated.

Exhibitions and lectures orga-
nised in different places in the
country as part of the Public
Awareness Programmes paid rich
dividends. These programmes will
continue. Public are also encour-
aged to visit the nuclear power
stations, and other establish-
ments for a better appreciation of
the safety measures adopted.
Information material on low level
radiation and its effects, environ-
ment surveillance, emergency
plans etc have been made avail-
able. A programme of lectures and
seminars in schools and colleges
has been drawn up.

Use of Hindi

During the year, there • was
further progress in the imple-
mentation of the Official Lan-
guage Policy of the Union in the
Department and its constituent
units, and the public sector under-
takings under its control. In ser-
vice training in Hindi, Hindi type-
writing and stenography was im-
parted to 269 officials, 97 typists
and 32 stenographers respective-
ly. Hindi workshops were or-
ganised in AMD, DPS, IGCAR,
HWP Baroda, ECIL, IRE, RAPS and
MAPS. Thirty-five Devanagiri type-
writers were purchased during
the year, raising the total number
of such typewriters to 1 70. Also,
orders were placed for 9 more
such typewriters. Eight bilingual
electronic typewriters were also
purchased raising the total num-
ber of such typewriters to 18. The
Department has a bilingual "Word
Processor CLIPD" and 3 Devanagiri
softwares for use on personal
computers. Hindi books worth ab-
out Rs 30,000/- were purchased
during the year.

The Official Language Imple-
mentation Committees of the De-

partment and its units and public
sector undertakings met to re-
view the position regarding use of
Hindi. Chairmen and Hindi officers
of all DAE units and public sector
undertakings were also invited at
the meeting of the DAE Official
Language Committee held on
9.2.90 with a view to review the
overall position of the use of Hindi
and take decisions about effective
implementation of the Official
Language Policy. The seventh
meeting of the Joint Hindi Advis-
ory Committee of the Department
of Atomic Energy, Space and Elec-
tronics was held in New Delhi. On
the 11 October, 1989. The Mem-
bers of the Committee com-
plimented the Department for the
work done by it in the field of
promotion of Hindi.

Action continued to be taken to
implement the provisions of the
Official Languages Act and Rules
framed thereunder. All gazette
notifications, Cabinet notes and
summaries, reports and other
documents submitted to various
committees of Parliament, etc.
were prepared bilingually. Inspec-
tions of the headquarters of the
MAPS, BARC. AMD, ECIL and
NFC, and regional offices of the
AMD and DPS were carried out
during the year.

Under the "Dr. Homi Bhabha
Award Scheme" which was intro-
duced by this Deartment in July,
1985 for giving awards to authors
for writing books in Hindi on
subjects pertaining to DAE, to
books and manuscripts written
during the years 1986 and 1987
were invited for consideration.
Four books/ manuscripts were re-
ceived, out of which one book
was selected for awarding a con-
solation prize of Rs. 3,000/-.
Books and manuscripts written
during the year 1988 have also
been invited for consideration.
Two brochures on "Use of radia-
tion for development of plants giv-
ing higher crop yields" and "Use of
radiation for prevention of sprout-
ing of onions" were brought out in
Hindi. The NPC brought out its
monthly house Magazine "NU
Power" in bilingual form, and the
Rajasthan Atomic Power Station
and Tarapur Atomic Power Station
brought out their quart* rly House
Magazines "Anushakti" and

"Anubharti" respectively in Hindi.
The News Bulletins of the IRE and
ECIL also had a portion in Hindi.
The OLIC of BARC brought out
the quarterly Rajbhasha Bulletin in
Hindi. The Hindi Vigyan Sahitya
Parishad.a voluntary organisation
of BARC, which has been pub-
lishing a popular quarterly Hindi
bulletin "Vaigyanik", was provided
financial assistance of Rs. 15,000/
- this year.

The OLICs of BARC. NFC and
CAT were given grants of Rs.
80,000/-. Rs. 24,000/- and Rs.
10,000/- respectively for program-
mes to popularise and promote
use of Hindi, with a view to popu-
larising Hindi and encouraging em-
ployees to use Hindi in official
work a "Hindi week was organised
in the DAE Secretariat, HWP,
Kota, NFC, ECIL, NPC, KAPP and
IGCAR, and a "Hindi Day" was
celebrated in BARC, HWB, CAT,
IRE, DPS, Calcutta and Bangalore
Regional offices of AMD, HWP,"
Tuticorin. GSO. TAPS and MAPS.
An all India Kavi-sammelan was
organised by the DAE at Anushak-
ti Nagar. BARC organized All
India Hindi seminars on "Nuclear
Engery" and "Environmental Pollu-
tion and Industry". NPC organized
a seminar in Hindi on "Literature,
Science and Philosophy-Search for
Truth". CAT, also organized a Hindi
seminar on "Religion and
Science." Seminars were orga-
nized by NFC and AMD in Hindi on
"Safety Conciousness in Strategic
Industries" and "Rare Earths in
Science and Technology" respec-
tively. Souvenirs containing pro-
ceedings of all of these Hindi
Seminars were also brought out.

Under the incentive scheme for
writing original notes and drafts in
Hindi, 6 employees were awarded.
Awards were also given to one
Hindi stenographer and 3 typists.

Hindi workshops for training
employees in writing notes and
drafts in Hindi were organised in
DAE, AMD, ECIL, DPS. RAPS,
IRE, CAT and MAPS. A 3-day
Workshop-cum-Seminar for Hindi
officers of DAE and its units and
PSUs was also organised.

With a view to implementing the
Official Language Policy more
effectively, Hindi cells of the DAE
and its various units were further
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strengthened. The DAE has now
1 Director COL), 2 Hindi Officers, 1
Senior Hindi Translator, 1 Hindi
Assistant and 3 Hindi Translators.
The DAE Units and PSUs also
have 20 posts of Hindi Officers, 4
posts of Senior Hindi Translators
and 42 posts of Hindi Translators.

Atomic Energy Education
Society

The Atomic Energy Education
Society completed two decades
of its existence. Starting with one
school at Bombay in 1969, the
Society has now 24 schools at i 2
centres with a strength of about
11OO teachers and 22,600 stu-
dents on roll.

The Society continued to main-
tain its all-round growth and ex-
cellence in academic and allied
areas. In Class X of the All India Se-
condary School Examination, the
overall pass percentage was over
96% with 2O distinctions in aggre-
gate and 1185 in one or more sub-
jects. In Class XII examinations the
overall pass percentage was 90%.
Five students from Bombay and
one from Hyderabad figured in the
merit lists. Atomic Energy Junior
College (AEJO, Bombay was
listed fifth among the 424 junior
College affiliated to the Bombay
Divisional Board. One student of
the college topped in the Board in
electrical maintenance for the
fourth time since 1985 and one
student topped in Hindi. As many
as 104 students secured 90% and
above marks in PCM combination
which was an all time record.

Thirteen students from AEJC
Bombay, and two each from
Hyderabad and Narora passed the
joint enterance examination 1988
and many secured admissions in
professional courses.

Class X student AEJC Bombay
was selected at the National Ex-
amination organised by the
National Board of Higher
Mathematics of DAE in Septem-
ber, 1988.

In the National Standard Ex-
amination in Physics, three AECS
students were among the top 1 %
of the achievers.

An orientation programme for
students to prepare them for the
various medical entrance examina-
tions was conducted in AEJC
Bombay in collaboration with the
Indian Medicos Amity of New De-
lhi. In all the schools of AEES, co-
curricular activities and competi-
tions were organised. A number
of students successfully partici-
pated in the U.N. Information
Test, All India General Knowledge
Test, Inter AECS — G. K. Quiz Con-
test, Elementary and Intermedi-
ate Grade Drawing Examination
and others. Students also took-
part in the All India Science Festiv-
al. Many of the students won
prizes from various organisations.

AEES schools did well in ensur-
ing maximum participation of the
students in various sports and
games and athletic meets. Many
students excelled in zonal, state
and national level in various games
and sports. Cadets from various
schools participated in the Repub-
lic Day Camp, All-India Trekking
Camp, National Integration Camp
and Annual Training Camp orga-
nised at different places and won
laurels at state and national level.
An Enrichment Camp for selected
class IX students was held in
Bombay for the first time.

In-service 3-week courses in va-
rious subjects for primary and
secondary teachers were con-
ducted at Jaduguda, Narora,
Rawatbhata, Hyderabad and
Bombay.

The Principal is a recepient of
the National Award as an out-
standing teacher for the year
1988.

Reservation in Services for
SCs/STs.

During the year ending 1989, the
Department undertook special
drive to ensure the effective im-
plementation of the Government
policy on reservation in services
for SC/STs and to ensure the
appointments of members be-
longing to the SC/STs communi-
ties to the reserved posts. The
total number of SCs/STs
appointed in various constituent
units/PSUs and aided institutions
of the Department stood at

10,305 as on 31.12.89. The impact
of the drive can be assessed from
the following figures:

Group Group Group Group
A B C D

SC 26 35 201 30
ST 8 9 86 36

Inspection of rosters was car-
ried out by the Liaison Officers for
SC/ST and suitable steps were
taken, wherever necessary.

75 Officials belonging to SC/ST
communities were deputed for
appreciation/orientation courses
during the year 1989.

Also 69 SC/ST Officials belong-
ing to Group C and' D were given
in-service training.

Appointment of minorities

208 persons belonging to minority
communities were appointed to
Group C&D posts in the Depart-
ment including the organisations
under its control.

Reservation in services for Physi-
cally Handicapped persons and Ex-
Servicemen

As on 31 December, 1989, the
total number of physically hand-
icapped persons employed in the
constituents units/PSUs/aided in-
stitutions under the Department
stood at 389. Similarly, the total
representation of Ex-Servicemen
as on 31.12.89 is 1,386.

Co-operative Canteens

The Employees' Co-operative can-
teens functioning in the DAE Un-
its/PSUs continued to provide sub-
sidised food to employees. The
total subsidy paid to the canteens
during the year was Rs.
1,57,72,090/-.
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ABBREVIATIONS
AERB:Atomic Energy Regulatory Board

AMD:Atomic Minerals Division

BAROBhabha Atomic Research Centre

BHEL:Bharat Heavy Electricals Limited

CAT: Centre for Advanced Technology

COGEMA:Compagnie Generale Des Matieres Nucleaires

DAE:Department of Atomic Energy

DMRL:Defence Metallurgical Research Laboratory

DPS:Directorate of Purchase & Stores

DRDL: Defence Research Development Laboratory

ECIL: Electronics Corporation of India Limited

FBTR:Fast Breeder Test Reactor

GSI:Geological Survey of India

HWP: Heavy Water Project

HARL-.High Altitude Research Laboratory

HCL: Hindustan Copper Limited

IAEA: International Atomic Energy Agency

IGCAR: Indira Gandhi Centre for Atomic Research

IRE: Indian Rare Earths Limited

ISRO: Indian Space Research Organisation

KAPP: Kakrapar Atomic Power Project

KARP:Kalpakkam Reprocessing Plant

KRlBHCO-.Krishak Bharati Cooperative Limited

MAPS: Madras Atomic Power Station

MECL:Mineral Exploration Corporation Limited

NAPPiNarora Atomic Power Project

NFC: Nuclear Fuel Complex

NFL:National Fertilizer Limited

NLONeyveli Lignite Corporation

NPC: Nuclear Power Corporation

NRL: Nuclear Research Laboratory

ONGOOil & Natural Gas Commission

OSCOM:Orissa Sands Complex

PREFRE:Power Reactor Fuel Reprocessing Plant

RAPS: Rajasthan Atomic Power Station

RCF:Rashtriya Chemicals and Fertilizers

RMC: Radiation Medicine Centre

SINP:Saha Institute of Nuclear Physics

TAPS:Tarapur Atomic Power Station

TIFR:Tata Institute of Fundamental Research

TMC:Tata Memorial Centre

UCIL:Uranium Corporation of India Limited

VECC: Variable Energy Cyclotron Centre

Miscellaneous

AGSM: Airborne Gammaray Spectrometric

and Magnetic Surveys

Cum: Cubic metre

CVL: Copper Vapour Laser

EB: Electron Beam

IHX: Intermediate Heat Exchanger

MEI: Mechanical Engineering Inspection

MHD: Magnetohydrodynamics

Te: Tonne

MWe:Magawatt Electrical

MWt: Megawatt Thermal

PFBR:Prototype Fast Breeder Reactor

PHT:Primary Heat Transport

PHWR: Pressurised Heavy Water Reactor

QCl.Quality Control Inspection

RIA: Radioimmunoassay

TG: Turbine Generator

Tc: Critical Temperature Cfor superconductors
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Power Project

Kakrapar Atomic
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Power Project

Tarapur Atomic
Power Project 3 & 4
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Rajasthan Atomic
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235 MWe
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Power Project 5,6,7,8

500 MWe

Kudankulam Atomic
Power Project
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Future Power Projects
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Tata Memorial
Centre

Saha Institute of
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Institute of Physics
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Atomic Energy
Education Society
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