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Cover: Heavy Water Plant at Manuguru (Andhra Pradesh), which will produce heavy water from hydrogen sulphide gas
using technology developed at Trombay.



ANNUAL REPORT
1990-91

TPTH

GOVERNMENT OF INDIA
DEPARTMENT OF ATOMIC ENERGY



CONTENTS
CHAPTER 1

Nuclear Power
Nuclear Power Corporation
Heavy Water Projects
Nuclear Fuel Complex
Atomic Minerals Division

CHAPTER 3

General Survey

2.1
2.7
2.13
2.9

Regulation &Safety Functions
* Atomic Energy Regulatory Board

CHAPTER 5

4.1

1 1-1 9

CHAPTER 2

Research and Development
Bhabha Atomic Research Centre
Indira Gandhi Centre for Atomic Research
Centre for Advanced Technology
Board of Radiation & Isotope Technology
Variable Energy Cyctotron Centre
Tata Institute of Fundamental Research
Saha Institute of Nuclear Physics
Tata Memorial Centre
Institute of Physics

3 1
3 38
3.46
3 49
352
353
357
362
3.67

CHAPTER 4

Public Sector Undertakings
Uranium Corporation of India Ltd.
Indian Rare Earths Ltd
Electronics Corporation of India Ltd.

51
5.2
5 4

Other Activities 6.1-6.6

Emergency Planning
International Relations
Financial Assistance
Directorate of Purchase & Stores
Construction & Services Group
Directorate of Estate Management
Management Services Group
Information & Library

Publicity
Use of Hindi
Atomic Energy Education Society
Reservation in Services
Cooperative Canteens
Training
General Services Organisation

' AERB is an independent organisation. However lor the sake of convenience the gist ot the Board's Report has been included here



GENERAL
SURVEY



GENERAL SURVEY

Rs. in Crores

Nuclear Power Programme 1776.76

Research & Development 275.54

Others 85.55

Nuciear Power Projects
53.74

(eavy Water Proiocts •
13.67

xMuelear Fuel Complex >v^ /
933 ^ <

Alorrnc Minerals Division and /
Uranium Corpn of India Ltd

324

Industry & Lxlension

2.65
^ i i M i ^ r ^ r t ^ r v r~* r '• *
OU|J|JUIl Ot M Vit.,t ri

1.06

h///M
/ / I
11J

i

v \ \ > v \ / — f"el Rep'ocessinq
\ V \ \ ^s^s/ 2 7 3

\ \ \ \ \ / — Wasie Management

\ \ \ VX1" ° 39

\ \ \ \ ^ \ Aiden Institutions and Miscellaneous
\ i r \ \ Research Schemes

• \ ^ ^ \ \ ^ 3 6 7

\ \ \ Indira Gandhi Centre for Atomic Researe!

\ \ \ 1 6 9

\ \ — Centre lor Advanced Technology
\ \ 0.93
\ *— Variable f-nergy Cyclotron Ce:Vn?

0 23
BhaLiha Atomic Research Centre638

Direction & Administration
0.29

Allocation of Resources 1991-92 (Percentage)

During the year 1990-91, the Department of Atomic
Energy recorded satisfactory growth and performance in
all its activities. These pertained to the power generation,
research and development, and industrial activities.

On the power generation front, the generation of elec-
tricity oy the operating stations during Jan-Dec. 1990
was 6182 MUs, which was a 54% increase over the
corresponding period in the previous year. Unit-1 of
Narora Atomic Power Station, the first of the standardised
PHWR, commenced commercial operation, and con-
struction work on Unit-2 was nearing completion. Rehabi-
litation work at the Madras Atomic Power Station Units 1
& 2 also progressed satisfactorily.

The heavy water plants at Baroda, Tuticorin, Thai, and
Kota continued satisfactory operation The Heavy Water
Plant at Hazira, and one stream of the Manuguru plant,
were commissioned during the year

The Nuclear Fuel Complex produced sufficient quanti-
ties of fuel for meeting the refuelling needs of the operat-
ing stations -• RAPS-1&2, MAPS-1&2. NAPS-1, as well
as the first load of NAPP-2

At Tarapur.the Advanced Fuel Fabrication Facility for
the production of mixed oxide fuel commenced opera-
tion, the Spent Fuel Storage Facility was commissioned
and the Waste Immobilisation Plant was successfully
operated.

Some of the facilities commissioned during the year
were Sewage Hygienisation Research Irradiator (SHRI)
at Baroda,Dredge & Wet Gravity Concentration Project at
Chavara, Concentrate Upgrading Plant at Manavalakur-
ichi and Heavy Rare Earths Oxide Plant at Udyogmandal.

Safety surveillance of various nuclear operations of
DAE installations continued. The radiological impact was
well within the prescribed limits. Personnel monitoring
surveys covered 37,000 radiation workers in the country.

Emergency preparedness plans of the nuclear installa-
tions were found to be satisfactory.

During the year, significant quantities of uranium oxide
were added to the uranium resource inventory and sam-
ples from Domiasiat (Meghaiaya) indicated high uranium
contents. Construction of underground mines at Narwa-
pahar and Turamdih, and uranium mill at Turamdih was
taken up by UCIL



The research and development sector witnessed Pur-
nima III attaining criticality Dhruva, Cirus and Apsara
reactors were used for isotope production, research and
training.

The radioisotopes and related services offered by the
Board of Radiation arid Isotope Technology (BRIT) were
availed of by 800 user institutions, about 54,000 consign-
ments of various radiopharmaceuticals were supplied for
6 lakh patient investigation, and ISOMED plant at Trom-
bay sterilized 6700 cum of medical products.

Research work in superconductivity, cold fusion, robo-
tics and lasers continued. The high temperature super-
conductor with critical temperature close to 92.4K, cold
fusion experiments indicating tritium formation in metal
phase, a LABOT for laboratory automation and intensive
studies in logic and servo-controlled pneumatics were
notable developments.

At Trombay, operation of the 30cum/day capacity
shipbome thermal desalination plant was demonstrated
successfully. In nuclear agriculture certified seed pro-
duction programme of crop varieties developed at
BARC. continued.

AT IGCAR, Kalpakkam, the problems faced by the fast
breeder test reactor were solved. The reactor operated
at a power level of 500kWt and is now poised for electric-
ity generation.

CAT, Indore, identified as the centre for the national
laser programme, achieved development of various
types of lasers such as copper vapour lasers, nitrogen
lasers and excimer lasers.

The Department provided Rs.66 72 crores by way of
grant to its aided institutions namely the Tata Institute of
Fundamental Research (Bombay). Tata Memorial Centre
(Bombay). Saha Institute of Nuclear Physics (Calcutta),
Institute of Physics (Bhuvneswar), Institute of Mathema-
tical Sciences (Madras), Mehta Research Institute (Alla-
habad) and National Board of Higher Mathematics (Bom-
bay). The Giant Metrewave Radio Telescope, (GMRT),
being set up near Pune under the aegis ofTIFR, moved
from design stage to construction. Two antennas of45m
diameter were erected. Electronics system and optical
fibre links from each antenna to central control room for
the GMRT were finalised and prototypes developed.
When completed, this would be an unique facility in
astronomical research. Upgradation of the Ooty Radio
Telescope for improving the sensitivity also continued
during the year. TMC took over 60 acres of land provided
by CIDCO for setting up Advanced Centre for Treatment,
Research and Education in cancer (ACTREC) at Owe
village, New Bombay.

During 1989-90 the net profits earned by the four
public sector companies of the Department were: NPC
Rs. 32.84 crores, IRE Rs. 2.29 crores, UCIL Rs. 6.57
crores, and ECIL Rs. 3.83 crores. Export of rare earth
minerals and products earned for IRE, foreign exchange
of Rs. 30.69 crores. ECIL also exported TV assembly line
to Bangladesh and TVROS to Dubai.

BRIT earned Rs. 5.05 crores by sale oi radioisotopes
and related services, and the estimated revenue receipts
of NFC during the year 1990-91 were Rs. 110 crores.

For the 34th year in succession, India was designated
to the Board of Governors of International Atomic Energy
Agency.

Following is the performance profile of the Department.

Nuclear Power Generat ion
On the nuclear power generation front, the landmarks

are, NAPS-1 commencing commercial operation from 1 st
January, 1991, NAPP-2 advancing to commissioning
stage prior to achieving cniicality. and KAPP-1 progres-
sing from construction to commissioning stage The
cumulative generation of electricity from Ihe four operat-
ing stations Since the commencement of their commer-
cial operation till December. 1990 was 68366MUs. The
stalions generated 6182 MUs dur-
ing the calendar year 1990 - a 54% increase over the
corresponding period in the previous year. The Nuclear
Power Corporation made a net profit of Rs. 32.84 crores
after providing for appropriations, in the financial year
1989-90. Provisional net profit for the penod from 1st
April to 31st December, 1990 was estimated at Rs. 53 21
crores During the financial year 1990-91, NPC raised
Rs.400 crores through market borrowings for investment
in its project-

Tarapur Atomic Power Station: (2x160 MWe
BWRs)

The station logged 42 reactor years of commercial
operation. From April to December 1990 it generated
1525 MUs with a capacity factor of 72% and availability
factor of 88%. An Away-From-Reacto- (AFR) spent fuel
storage and satellite communication facilities were com-
missioned.

Rajasthan Atomic Power Station: (2x200 MWe
PHWRs)

The unit-2 generated 974 MUs (including 129 MUs of
electricity equivalent of steam supplied to nearby Heavy
Water Plant) from April to December 1990, with capacity
and availability factors of 67% and 83% respectively.

The unit-1 operated at a restricted power level of
100MWe as stipulated by AERB, and the power gener-
ated by the Unit from April to December 1990 was 331
MUs.

Madras Atomic Power Station: (2x235 MWe
PHWRs)

The station generated 1755 MUs of electricity during
April to December 1990 registering capacity and availa-
bility factors of 57% and 90% respectively. The capacity
factor of the station was not consistent with the availabil-
ity, as the power levels were restricted to 75% by AERB
taking into consideration certain rework to be carried out
on the moderator inlet manifold. Rectification of the inlet
manifold to enable rehabilitation of the units to perform at
full power, is on hand and is progressing satisfactorily.

Narora Atomic Power Station-1: (235 MWe
PHWR)

The first unit was declared commercial on 1st January,
1991 and continued to operate with power level reaching
upto 80%. During the year 1990, the unit generated 389
MUs with capacity and availability factors of 19% and
42% respectively. The capacity factor was low due to
operation at low power levels. The availability remained
low due to the teething troubles faced during initial
commissioning phase which have been overcome.
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Projects Under Construction

Narora Atomic Power Station ;> (235 MWc PI MR)
The commissioning activities readied completion

stage The tests on various systems stipulated by the
NAPS Design Safely Committee continued The Unit is
expected to achieve cnticahty by August. 1991
Kakrapar Atomic Power Protect I & 2 (2x235 MWe
PHWRs)

The main plant civil works were completed and some
of the common service? systems were also commis-
sioned Installation works of unit-1 reached an advanced
stage and commissioning activities commenced Reac-
tor building leak test was earned out and pre- checks
and system commissioning for hot conditioning of unit-1
was completed Four steam generators of unit-2 were
erected and installation of piping works continued Unit 1
& 2 are expected to attain cnticality in December. 1991
and December. 1992 respectively
Ra/asthan Atomic Power Projects 3 & 4 (2x235 MWc
PHWRs)

Main plant civil works of the pro|ect and setting up of
silo infraslructural works continued Raft foundation of
Reactor Building-3. Turbine Building-3 & A and Control
Building were completed. Equipment and components
pertaining to nuclear and conventional systems of the
plant are in procurement, manufacture and delivery
stages. Apart from the equipment delivered earlier, three
steam generators were received. The target criticality
dates for the units are May and November. 1995

Kaiga Protect 1 & 2 (,'x235 MWe PHWRs)
Mam plant civil worts of the project and selling up of

the mtraslructural woiks continued Concreting ol found
ation rafts of Reactor Juilding 1&? and Turbine Genet
ators 1 & 2 WOK; comp eted The works on internal struc
lure, outer containing t wall of Reactor Building 1 and
otner buildings are pivjressmg Equipment and cornpo
nents pertaining to nut lear and conventional systems ot
the piant are in diflerent stages of procurement, manu
lacture and delivery Tie caiandna. reactor headers lor
the second unit and end - shields lor unit 1 were deli
vered The target cnticality dates are June.1995 and
December. 1995 tor those units respectively
Tarapur Atomic Power Propel 3 & 4 (2x500 MWe
PHWRs)

Environmental clearance tor the site, was issued by the-
Union Ministry of Environment andforesis Subsequently
the project financial sanction was accorded by the Gov
ernment As part of advance actions, tender for main
plant civil works was floated and technical evaluation of
bids received was completed Detailed design engineer
ing and analysis works, and fabrication ol calandna and
end-shields for the unils continued Activities relating lo
advance procurement of other long delivery equipment
are in progress
Kaiga Project 3 to 6 (4x235 MWc PHWRs) and Ra/as-
than Atomic Power Protect 5 to 8 (4x500 MWe PHWRs)

Environmental clearance for the site from State Gov-
ernment and site clearance from AERB were obtained
Environmental appraisal of the site by the Union Ministry

Nuciear Power Generation
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of Environment and Forests is in progress Advance
procurement of long delivery critical components and
equipment for the units continued
Kudankulam Protect (2x1000 MWe Soviet VVERs)

Discussion between USSR and India continued on
various techno-commercial aspects of setting up the
proposed units, and agreement on maximum basic cost
of the proiect was arrived at Detailed site investigations
for establishing design basis and planning and design of
site infrastructure works made progress.

Heavy Water
Six heavy water plants are operational at Nangal (Pan-

jab). Baroda (Guiarat). Tuticorm (Tamilnadu), Kota (Ra-
jasthan), Talcher (Onssa) and Thai (Maharashtra)

The heavy water plants at Baroda. Tuticorin, Thai and
Kota continued satisfactory operation and production
was commensurate with the inputs. Out of the two plants
under construction, the Hazira plant was completed and
commissioned At Manuguru. trial production com-
menced in one of the two streams. Sites were identified
for additional heavy water plants.

Due to non-availability of power to the electrolysis plant
at Nangal. the National Fertilizers Ltd. put up an alternate
unit for generation of pure hydrogen by naptha reforming
and pressure swing adsorption. Operation of the Heavy
Water Plant Nangal was switched over to processing
feed gas from this new unit. This is expected to improve
production of heavy water.

'The Baroda Plant produced heavy water on sustained
basis consequent upon the improvements carried out so
far. Civil works of the facility for upgrading heavy water to
nuclear grade, was completed. This facility is expected
to be commissioned next year. The potassium metal
production facility at Baroda also performed well during
the year. The plant worked continuously for 430 days
without any reportable unusual occurrence.

After improvements, Tuticorin Heavy Water Plant post-
ed good results. It operated continuously for 28 months.

With sustained operation, Heavy Water Plant, Kota
performed satisfactorily. However, its capacity utilisation
was influenced by the limits on operating pressure stipu-
lated by AERB. During the year, one of the boilers of the
captive steam generation unit was commissioned. The
second boiler is undergoing commissioning.

The Heavy Water Plant, Thai performed satisfactorily.
The problem related to a heat exchanger in one of the
main crackers, was solved. This will improve productivity
of the plant. Higher concentration of deuterium in the
feed synthesis gas was also sustained.

The performance of the Heavy Water Plant, Talcher
was not satisfactory for want of inputs from the Fertilizer
Corporation of India's (FCI) ammonia plant which re-
mained under annual shutdown for almost 5 months
during the year. The Talcher Plant came on stream in
September, 1990 and has been operating since then.

The construction work of the Heavy Water Plant, Hazira
was completed and various utility systems as well as
both the plant streams were also commissioned Produc-
tion of heavy water has commenced and operation of the
plant is being stabilized.

The civil and structural works for the heavy water
upgrading unit at Hazira, were also completed

The erection work of both the streams of the Manuguru

Plant was compleied One stream was commissioned
and pre-commissioning activity of the other stream was
taken up

In view of the future demand of heavy water, prelimin-
ary work on setting up of new projects was taken up and
sites were indentified for technical consideration

Nuclear Fuels
The fuel assemblies and zircaloy core components for

the Indian PHWRs. arid BWR are manufactured at the
Nuclear Fuel Complex (NFC) Hyderabad

During the year, NFC supplied fuel bundles to the
operating power reactors, and zirconium-2.5% niobium
coolant tube and garter springs for KAPP-II reactors A
microprocessor controlled vacuum annealing furnace —
an import subtitution. was put into operation Fabrication
of flow tube assemblies, sparger tubes for MAPS, calan-
dna tubes for Kaiga-I. and fuel bundles for initial critical-
ity of NAPP-II continued

Under the special materials programme the produc-
tion of high purity materials such as gallium, indium,
phosphorus and tellurium continued in addition to the
production of magnesium granules and zirconium metal
powder The high puruy material silver cyanide was a
new product developed.

The estimated revenue receipts for the year 1990-91
were Rs 110 crores.

NFC has envisaged four new projects with a total
investment of Rs 700 crores during 8th Plan and early
9th Plan period

At Trombay. considerable progress was made to-
wards the development of mixed nitride fuel — a candi-
date fuel for FBTR in place of mixed carbide. The Adv-
anced Fuel Fabrication Facility set up at Tarapur for the
production of mixed oxide (MOX) fuel commenced initial
operation.

Mineral Exploration
The Atomic Minerals Division (AMD) continued ex-

ploration of atomic minerals and the major achievements
during the year were significant augmentation in ura. num
resource inventory, indication of higher uranium contents
in the sandstone samples from Domiasiat (Meghalaya).
identification of new surface uramferous zones and sub-
surface continuity of uranium mineral. recovc. . of quality
tantalite concentrate from the alluvial placers of Marla-
galla. Karnataka. and production of heavy mineral con-
centrate containing 3-5% xenotime from Sin River.
Madhya Pradesh

Exploration continued for ilmemte and monazite re-
sources in the beach and inland placers of Andhra
Pradesh, Maharashtra and Tamilnadu, yttrium oxide in
Xenotime in the riverine placers of Gumla district, Bihar
and columbite-tantalite in Baster district. Madhya
Pradesh

Radioactive Waste Management
The radioactive waste management facilities at Trom-

bay, Tarapur and Rawatbhata continued treating and
conditioning the low and intermediate level radioactive
wastes. The waste concentrates, such as chemical and
solar evaporation pan sludges, were immobilized in ce-
ment matrix before disposing them in the solid waste
management facility at each site.
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During the year, the first phase of the waste manage-
ment facilities at Narora was commissioned and the
Waste Immobilisation Plant (WIP) at Tarapur was suc-
cessfully operated for the vitrification of the high level
wastes from PREFRE The secondary wastes generated
m the vitrification process were fixed at the bitumimsation
plant

The civil construction work of the process building in
WIP at Trombay reached completion stage

Radiological Safety & Protection
Safety surveillance of various nuclear operations con-

tinued at all the DAE installations Round the clock radia-
tion surveillance and health physics services were pro-
vided to the nuclear power plants at Tarapur, Rawatbha-
ta. Kalpakkam and Narora. Environmental survey and
monitoring laboratories continuously monitored the en-
vironment at these sites

Radiological impact of nuclear operations was found
to be negligible and far below the limit stipulated by the
international bodies

Environmental impact assessment for upcoming
plants of NFC, IRE and Kaiga were also carried out

Under the radiological protection, a national network of
environmental radiation monitoring stations is being set
up to detect accidental nuclear releases. Five stations of
the net work have been in operation at Bombay, Tarapur,
Kalpakkam, Calcutta and Indore, since October, 1990.
This will be a part of the Global Environmental Radiation
Monitoring Network (GERMON).

The countrywide monitorin0 nronramme for assess-
ment of indoor radon exposure to the population con-
tinued.Monitoring of radiation workers, as part of the
radiation health surveillance programme continued. To
assess occupational health hazards, industrial hygiene
surveys were carried out in DAE units. Personnel moni-
toring service was provided to both DAE and non-DAE
institutions and more than 37000 radiation workers, in
about 3000 institutions, were-monitored.

Regulatory Functions
A countrywide radiological and industrial safety sur-

veillance was carried out by AERB in all the DAE units
and the Safety Review Committee for Operating Plants
(SARCOP) enforced safety in the units by regulatory
stipulations, inspection of facilities/installations and
monitoring of reports.

During the year, the Board authorised following activi-
ties:
* Different operational stages of NAPS-1.
* Operation of heavy water plants at Manuguru and

Hazira.
* Operation of Dredge and Wet Gravity Concentration

plant at Chavara, Mohur, Helium and Hero Plants at
Udyogmandal.

* Operation of irradiation facility a( the Shri Ram Applied
Radiation Centre, Delhi.

* Sewage Hygienisation Research Irradiator, Baroda.
* Pelletron Accelerator at Nuclear Science Centre, New

Delhi.
• ' Commissioning and subcritical tests of PURNIMA III.

Site authorisation was given for New Uranium Oxide
Fuel Plant and New Zircaloy Fabrication Plant at Hyder-

abad, and New Uranium Oxide Fuel Plant at Turamdih
Other authorisations related lo site clearance lor locating
RAPS-3to8.Kaiga-1 to 6 and operation of NAPS-1 upto
100% of the rated power

AERB was recognised as Ihe nodal agency lor report-
ing nuclear incidents as per Ihe International Nuclear
Event Scale Classification System This programme com-
menced on a trial basis for one year from September.
1990

The Task Group of AERB was formed lo review and
revise the Industrial Radiography (Radiation Surveiii-
ance) Procedures Guides related to safe transport of
radioactive material and allied activities were prepared

To encourage inter-disciplinary collaboration. AFRB
funded 5 projects and extended financial assistance lo
conferences/seminarssymposia

Emergency Preparedness Plans
The Department reviewed and updated Ihe emergen

cy preparedness plans of its various nuclear installa-
tions A total of eleven plant.six site and two offsite
exercises were conducted at the operating power sta-
tions Co-ordination between the nuclear power station
staff and district authorities was found to be satisfactory
Efforts to improve communication with public continued
The Department also took part in communication exer-
cises carried out by IAEA under the Convention on Early
Notification of Nuclear Accident.

Research & Development
The Department has three major research centres

namely BARC at Trombay (Bombay). IGCAR at Kalpak-
kam (Tamilnadu), and CAT at Indore (MP) These cenires
spearhead research in atomic energy, fast breeder tech-
nology, lasers and accelerators. Following are the major
R&D activities during the year:

Research Reactors
The research reactors at Trombay, namely the 100MW

Dhruva, 40MW Cirus, and 1MW Apsara continued satis-
factory operation. Purnima III attained criticality and the
neutron source reactor Kamini at Kaip^kkam
approached completion. The year also witnessed Cirus
completing three decades of operation and Dhruva be-
coming the national facility for neutron beam research

Dhruva operated at its rated power level and was
utilized for production of radioisotopes and research.
Both Cirus and Apsara reactors continued to operate
safely and efficiently, and were used for research, iso-
tope production, and training of personnel Experiments
of operational and safety interest continued with Purnima

Accelerator Programme
The 14UD BARC/TIFR pelletron accelerator at Colaba.

Bombay logged 3900 hrs. of operation. Research activi-
ties were intensified with the availability of energetic
heavy ion beams. Research also continued with the
Van-de-Graaf accelerator at Trombay.

The VEC at Calcutta was used for production of
isotopes for diagnostic purposes.The Variable Energy
Cyclotron Centre (VECC) designed and completed the
electron cyclotron resonance heavy ion source which will
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in1 operat ona; shorty VECC a.so entered into a coi
'-itjoration f i t ' tf.(? CLRfJ 'aboratory m Geneva (Swit/er-
andj tor research related :o quarks

High temperature superconductors
Frontline research work m the development of high

critical temperature superconducting materials con-
tinued at Trombay High temp<-\ature superconductots
were investigated theoretically which resulted in in-
creased understanding ol their structure and properties
Development ol procedures for the preparation of a
bismuth based superconducting material with critical
temperature close to the highest critical temperature
92 -IK obtained so tar elsewhere for this phase of lead-
iree superconductor was a notable success

Work also continued on the synthesis and character-
isation of high lemperature superconducting oxides and
significant findings were made with respect to the influ-
ence of impurities, bulk density and grain size on the
superconducting properties of a yttrium based super-
conductor

Under the programme on low temperature supercon-
ductors for indigenous development of niobium-titanium
cables for accelerator magnet application, about 160m
of 1 85mm dia 7-strand round cable was produced

Robotics
A remote boring-and-grooving machine for use in

MAPS calandria rework, a CNC machine for hot cell use.
and a number of systems in the areas of automation,
remotisation and robotics were developed.

Notable activities related to the computerised robotic
system for laboratory application (LABOT), work on
mobile robot mechanisms for survey, inspection, mainte-
nance and waste disposal tasks and computer aided
telemampulation systems. Work continued on the pick-
and-place device for use in fuel fabrication. This seg-
ment of robotics has good potential in automation of
monotonous operations Studies were intensified in the
field of logic-controlled and servo-controlled pneuma-
tics.

Plasma research
Testing of the prototype plasma cutting torch designed

for underwater cutting operalions, passing of the tech-
nology for plasma spraying of oxide ceramics to the Steel
Authority of India for evaluation, and preparation and
evaluation of the plasma sprayed superconducting coat-
ings of yttrium based high temperature superconductors
were the major activities.

Cold fusion
The nascent discovery of 'cold fusion' is full of fascinat-

ing possibilities Experiments to study the phenomenon
of 'cold fusion' were continued at BARC. These indicated
tritium formation in the metal phase.

Nuclear Agriculture
Continuance of certified seed production programme

of the crop varieties developed at BARC for distribution
to farmers, production of 480 tonnes of improved pulse
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Food Technology
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ral products continued

During the year attempts were mauc to stanaaru .-e
irradiation lor the p r e s e t : a t m of onion potato*3; ann
spices for commercial venture F'eclron \,\yu r e s o n a t e
spectrosco[)y was success!', i 'y employed to d'SHiqu'S*'
irradiated mangoes USTICJ soiat d iye ' BoiTihav DCJ;1«
(fish) laminates with improved colour and ie>ture vveic
obtained which were superior 10 the mectianicai'v dn<"d
laminates The method lot pu -pa ia ton ol delatu-d
peanuts was also developed

Desalination
In view of the immense need of good quality water

both for industrial use and human consumption research
continued at Trombay on desalination of water by multis-
tage flash and reverse osmosis (ROl techniques During
the year, operation of the 30cum day capacity shipbome
thermal desalination plant was demonstrated for technol-
ogy transfer and evaluation ot a 425 cum day multistage
flash (MSK) desaimation plant continued Baich manu-
facture of polyamide hydra/>de polymer for desalination
of sea water by RO was an important step towards
indigenisation of imported memberane

Seismology
Seismic arrays at Gauribidanur and Delhi continued to

monitor global seisimcily The radio telemetered seismic
network at Bhatsanagar collected useful data for seis-
micity and seismotectomc investigation

Basic & Applied Research
During the year, other signal research activities of

BARC related to
- investigation of materials such as femtes. ferroelectic

ceramics, magnetic alloys etc
• extensive research work in gamma-ray astronomy at

the Nuclear Research Laboratory. Srmagar and the
High Altitude Research Laboratory. Gulmarg

- development of devices for garter spring repositioning
in nuclear power reactors, rolled joint detachment and
fuel fabrication, and commissioning of a pulse power
system KALI-1000

- research and development of laser systems for adv-
anced spectroscopy and photo-chemistry studies, de-
position of thin ox:de film by excimer laser, a computer
controlled dye laser spectrometer and an optically
pumped ammonia laser

- commencement ol the work on laser induced chemistry
and preparation of advanced fucJs using sol-gel pro-
cess
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Other activities related to indigenous development of
the electron beam welding machine, recovery of uranium
from crude tetrafluoride, successful testing of a process
flow sheet for the production of high grade neodymium
oxide which will make India as one of the few countries in
the world having this knowhow. Several new coordination
compounds of uranium, thorium, rare synthesis of earths,
tin, titanium, capper, iron, palladium and platinum, were
developed at Trombay. A new "3-exit process' for simul-
taneous recovery of three metals as high purity products,
was developed.

The research and development programme in reactor
engineering continued its thrust in generation of design
information and design details for PHWRs, fuel handling
system of 500MWe prototype fast breeder reactor1, tech-
nology development for performance improvements, re-
pair and maintenance work on operating reactors, and
studies for developing a thorium based heavy water
reactor.

The work for 500 MWe PHWR made further progress.
New facilities were commissioned for evaluating and
optimizing designs of various components and subsys-
tems of fuel handling system and spent fuel transfer
system.

Development of a simple dot blot ELISA technique for
the detection of TB antigens and standardisation of an
inhibition assay for detection of antibodies to an antigen
of leprosy were notable successes.

Technology Transfer
The technologies of microprocessor based electromy-

ograph for use in hospitals, and liquid scintillation count-
ing system were transfered to industry.

The manufacture of four-axis articulated robot is being
taken up by ECIL. The know-how of thyristor traction
chopper drives for use in locomotives, pneumatic pick-
and-place robot, AC drag cup induction servo-motor and
AC servo-amplifier are in the process of transfer to indus-
try. The technologies of the 4 and 5 axis articulated robot,
variable frequency-variable voltage servo-drives, DC
brushless servo motor, 3-phase servo-motors and
pneumatic servo-drives, will soon be ready for transfer.

Technical knownow of the PC-based multipurpose
front office posting machines (FOPMA) is being trans-
fered to the Computer Maintenance Corpn., of India.

Radiation Medicine
Over 13000 patients were investigated at the Radiation

Medicine Centre (RMC) Bombay. During the year
1.63TBq of radioiodine was handled for therapeutic pur-
poses.

Radioisotopes
Dhruva and Cirus are the major facilities for production

of radioisotopes. The Five Year Plan Project on Dhruva
Utilization for Isotope Technology was completed during
the year. Under this project, updating the shielded facili-
ties for handling multicurie amount of iodine-125, molyb-
denum-99 and other isotopes, was carried out.

Isotopes were employed byBARC in the study of origin
of groundwater and its salinity in some parts of the
country.

The Board of Radiation and Isotope Technology (BRIT)
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continued production and supply of a variety of radioiso-
tope products such as radiochemicals, radiation
sources, radiopharmaceuticals and RIA (radioimmu-
noassay) kits.

The sale value of radioisotopes and related services
offered during the year was Rs. 5.05 crores.About 800
user institutions availed of the services extended by
BRIT. Radioisotope products were also exported to Nep-
al, UK and France.

During the year 220 batches of reactor produced
radioisotopes (53.1 TBq) were processed for supply to
various users,'2600 consignments of radiation sources
were supplied for applications in cancer therapy, non-
destructive testing, industrial process control, radiation
processing etc. Other supplies included: lridium-192
sealed sources (600-TBq) for industrial radiography, 14
sources of cobalt-60 (3607-TBq) for teletherapy and
cobalt-60 (1850-TBq) for the radiation sterilisation plant
RASHMI at Bangalore. Specially fabricated antimony-
124 sources (51-TBq) were supplied for start-up of FBTR
at Kalpakkam.

About 54,000 consignments of various radiophar-
maceuticals were supplied which are expected to benefit
6 lakhs patients. The regional centres at Bangalore and
Delhi processed about 2.44 TBq of ready-to-use Tc-99m
products. During the year regular production oi Tc-99m
column generators was undertaken and work was initi-
ated for the regular production of RfA kits.

4300 consignments of carbon-14 and tritium labelled
compounds, and P-32 labelled biomolecules were de-
spatched. Production of P-32 labelled nucleotides con-
tinued at the JONAKI laboratory, Hyderabad. These pro-
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ducts were supplied to 40 user institutions. Supplies in
the field of gamma radiography equipment covered 38
radiography cameras (740 GBq) housing iridium-192
sources, and one cobalt-60 camera.

Radiation Sterilization
Services of JSOMED pJant a) Irombay were extended

to the user industries and over 6700 cum of medical
products were sterilized. A total of one million radiation
indicator buttons were produced and supplied. The irra-
diation facility at the Shri Ram Institute of Industrial Re-
search, New Delhi was upgraded and the plant commis-
sioned.

A number of projects such as extension of nuclear
medicine and teletherapy facilities, setting up of demon-
stration plant at Cochin for irradiation of spices for export,
upgrading of facilites for radiopharmaceuticals produc-
tion, and testing of radioisotope equipment and pack-
ages were formulated for inclusion in the 8th Five Year
Plan. The financial sanction for the radioisotope equip-
ment production facility project was also received The
project report related to extension of nuclear medicine
facilities in the country was prepared.

The NRL, Snnagar provided the gamma ray radiation
sterilization facility to one of the local hospitals and to
some industrial units in Srinagar.

Fast Breeder Research
The Indira Gandhi Centre for Atomic Research

(IGCAR) at Kalpakkam, Tamilnadu, has been working on
the development of fast breeder reactor technology.

During the year the Centre successfully overcame the
problems faced by Fast Breeder Test Reactor (FBTR).
The reactor was operated at power levels upto 500 kWt
for 40 days on demonstration run during August-
September, 1990 Four reactor physics experiments
were conducted and total 1800hrs of operation were
logged The reactor is now poised for electricity genera-
tion.

The major thrust areas of activities on the 500MWe
Prototype Fast Breeder Reactor (PFBR) were she pool
hydrualic studies,sodium pump development, safety and
instrumentation.

A 316 SS sodium loop for in-sodium material studies
was commissioned and an extensive programme for the
study of microstructural stability in materials was initi-
ated. For FBTR fuel reprocessing, the Reprocessing
Development Laboratory reached completion stage.
Phase I of the Mini Plant for processing of irradiated fuels
from FBTR was completed and Phase II will be ready
shortly. Construction of the larger plant for reprocessing
of FBTR fuel continued. In the project KARP construction
of the main process building has been almost com-
pleted.

Advanced Technology
The research in advanced technologies such as

accelerators, and lasers is spearheaded by She Centre
for Advanced Technology (CAT) at Indore (Madhya
Pradesh). The Centre was identified as the main Indian
Laboratory for developing lasers and systems, under the
National Laser Programme. In the laser programme,
development of various types of lasers such as copper

vapour lasers, nitrogen lasers and excimer lasers were
taken up. The Centre also developed a 30 W average
power copper vapour laser and a 40 W surgical CO?

laser for general surgery.
In the field of cryogenics, a closed cycle helfum

cryorefrigerator was developed by CAT and a prototype
of cryoprobe for use in gynaecology was designed and
fabricated.

At Trombay, a high power narrow band Rhodamme 6G
laser amplifier was set up and significant increase in
output power of the axial fast flow CW CO? laser resulted
in a power level of 650 watts A Laser Enhanced lonisa-
tion (LEI) Spectrometer with a detection limit of 1 nano-
gram/millilitre, and an optical data link system for a one
kilometre range were developed at BARC

Inaian Rare Earths Limited
During 1989-90, IRE's turnover was Rs. 63 96 crores

as against Rs. 60.16 crores in the previous year includ-
ing Rs 30 69 crores as foreign exchange earning. The
net profit from Southern units was Rs. 23.47 crores.
however, OSCOM incurred a loss of Rs 21.17 crores.
reducing the total net profit to Rs. 2.29 crores.

The production from the Southern units and OSCOM
together was of Rs. 73.61 crores as against previous
year's production of Rs. 62 30 crores.

Chavara and Manavalakurichi plants continued to per-
form well and the mineral production in OSCOM im-
proved substantially. Efforts wjre made to liquidate the
stocks of Orissa ilmenite and rare earths chloride which
had accumulated due to adverse market situation and
recession in demand. The Thorium Factory at Trombay
continued to perform well. The work on the new Thorium
Plant at OSCOM is in an advanced stage of completion

The projects commissioned include the Dredge &Wet
Gravity Concentration Project (DWGC) at Chavara. Con-
centrate Upgrading Plant (CUP) at Manavalakurichi. and
the Heavy Rare Earths Oxide (HERO) Project at Udyog-
mandal. The production of Minerals Separation Plant at
OSCOM increased considerably with the commissioning
of Concentrate Upgrading Plant. The technical problems,
af Synthetic Rufite Rant were solved

Future Plans and Outlook
For 1990-91, the Company's sales target is set at

Rs. 60 crores with foreign exchange earning of Rs 25
crores.

To overcome the sluggish demand for ilmenite and
rare earths chloride, efforts are geared towards impro-
ving quality, reducing the cosi, and developing new
products to compete in international market

Electronics Corporation of India Limited
Performance of ECIL was satisfactory during 1989-90.

Production and income increased by 18% and 25%
respectively The turnover and profit before tax were
Rs. 268 crores and Rs 3 92 crores as compared to
Rs 203 9 crores and Rs. 3 18 crores respectively in the
previous year

ECIL executed the Rs 37 crore order of electronic
voting machines, and supplied Rs 21 crores worth of
nuclear and industrial instruments and systems. Technic-
al assistance was extended to a Uganda firm in setting



up a TV assembly line and TV sets were exported to
Bangladesh and Television Receive Only Systems
(TVROS) to Dubai

The targets tor 1990-91 for production and sales are
set at Rs 272 crores and Rs. 321 crores respectively.

Uranium Corporation of India Ltd.
During 1989-90. UCIL's income increased by 15.6%,

to Rs. 38.82 crores. The net profit was Rs. 6.57 crores as
against Rs. 5.52 crores in the previous year. The con-
tribution to the exchequer was Rs. 5.45 crores.

During the year, the production of uranium concen-
trates remained constant. The capacity utilisations of the
Jaduguda and Bhatin mines were 83.4% and 55.1% as
compared to 89.6% and 76.5% respectively in the pre-
vious year. For the Jaduguda mill, the capacity utilisation
was 88.63% as compared to 95.7% for the previous year.
The production of uranium mineral concentrates from the
three uranium recovery plants exceeded the target set
for the year but the production of copper and molybde-
num concentrates, and magnetite, remained slightly low-
er as compared to the previous year.

The Corporation took up construction of two new pro-
jects — the underground mines at Narwapahar and
Turamdih (Singhbhum district, Bihar) and the Uranium
mill at Turamdih. To exploit further potential of Jaduguda
mines sinking of an auxiliary shaft to 900m continued. An
effluent treatment plant was also commissioned at Jadu-
guda.

At the Bagjata mine underground operations by AMD
continued. In the near future the mine will be taken over
bv UCIL for production and processing of uranium ore.

Financial Support
The Board of Research in Nuclear Sciences (BRNS) of

DAE provided financial support for the research projects
fellowhips, and sponsored symposia, conferences and
seminars organised by DAE units and outside agencies.
During the year, financial assistance of Rs. 3.2 crores
was recommended for 125 ongoing projects and 56 new
research projects. Rs. 30 lakhs were provided to various
units of DAE and outside agencies for organising sympo-
sia/conferences/workshops etc. Rs. 50 lakhs were pro-
vided in the budget for award of fellowships. By way of
recurring and non-recurring grant to its aided institutions,
the Department provided Rs. 35.22 crores to the Tata
Institute of Fundamental Research (TIFR), Bombay;
Rs. 18.54 crores to the Tata Memorial Centre (TMC),
Bombay; Rs. 5.4 crores to the Saha Institute of Nuclear
Physics (SINP), Calcutta; Rs. 2.55 crores to the Institute
of Physics (IOP), Bhubaneswar, Rs. 2.06 crores to Insti-
tute of Mathematical Sciences, Madras, and Rs. 1.3
crores to the Mehta Research Institute, Allahabad. For
the development of mathematics in the country, Rs. 1.65
crores were provided to the National Board for Higher
Mathematics, Bombay.

GROWTH OF MANPOWER
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* Does not include staff transferred to NPC

SCIENTIFIC & TECHNICAL
AUXILIARY & ADMINISTRATIVE

International Relations
For the 34th year in succession, India was designated

to the Board of Governor of IAEA. The country continued
to offer training facility, fellowships, scientific visits and
made available the services of its scientists for expert
assignments through IAEA and to the countries with
which we have entered into bilateral agreements for
cooperation in the field of peaceful uses of atomic
energy.

Secretary, DAE led the Indian delegation to the 34th
Regular Session of the IAEA General Conference held in
Vienna, Austria in September, 1990. Bilateral discussions
were held with the delegations of Argentina, Brazil, Viet-
nam, Egypt, Algeria and other countries for strengthen-
ing the cooperation in the field of peaceful uses of atomic
energy. The Indian Indo-USSR Working Group on Nuc-
lear Power held in Moscow. A Working Group was set up
under the Indo-USSR Intergovernmental Agreement of
November, 1988 for cooperation in the construction of
nuclear power station in the country. A cooperation
agreement for the peaceful uses of atomic energy be-
tween the Indian Government and Government of the
Democratic and Popular Republic of Algeria was con-
cluded.
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Control Room of a nuclear power station

NUCLEAR POWER
CORPORATION

1 Gross generation of electricity dur-
ing 1991 : 6182MU

: Radiation dose to the public
below permissible levels

NAPS-commenced commercial op-
eration and NAPP-2 expected to
achieve criticality during 1991.

: Civil works and setting up of the
infrastructural works continued at
RAPP-3&4 and Kaiga-1&2 sites
Environmental clearance of the Gov-
ernment for the site for TAPP-3&4
(2x500MWe) obtained.
Energy conservation measures in-
troduced at stations.
During 1989-90, NPC-made a net
profit of Rs.32.84 crores

NUCLEAR POWER STATIONS IN
OPERATION

The gross annual electricity gen-
eration during the calender year 1990
from the nuclear power stations in op-
eration was 6182 MUs including 389
MUs from the first unit of NAPS. The
generation increased by about 54%
over the previous year's (1989) opera-
tion. In addition, 186 MUs of electricity
equivalent of steam was also supplied
from RAPS to nearby Heavy Water
Plant. For the period from 1st April to
31st December, 1990, the total elec-
tricity generation was 4737 MUs. The
gross generation of electricity during
the full current financial year is esti-
mated at about 5860 MUs which is
about 27% more compared to the
previous financial year. The cumula-
tive generation of electricity from the

operating stations since the com-
mencement of commercial operation
till end December, 1990 amounts to
68366 MUs.

The liquid and gaseous radioactive
releases from all the stations were
well within permissible limits. Environ-
mental survey of atmospheric, aqua-
tic and terrestrial environment upto a
distance of 30 km from stations
showed that radiation dose to the
public due to operation of stations
was far below the permissible limits.

To meet the training needs of the
operating stations, cost effective
training infrastructure having sophisti-
cated special training tools was set
up at TAPS and MAPS. The RAPS
Training Centre was upgraded by
adding a training simulator.



Tarapur Atomic Power Station- 1 & 2

The station comprising of two boil-
ing water reactor (BWR) units with the
present capacity of 2 x 160 MWe has
completed over 21 years of success-
ful commercial operation logging ab-
out 42 reactor years as of
December, 1990. The cumulative
electricity generation from the station
since the date of commencement of
commercial operation till end Decem-
ber, 1990 was 38862 MUs. The sta-
tion generated 2002 MUs during the
calender year 1990 and 1525 Mils
during the nino months, period from
1st April, 1991 to 31st December,
1990

The details of unit-wise generation,
capacity and availability factors dur-
ing the year are as follows:

Tarapur Atomic Power Station

TAPS Unit-1 Unit-2

01.01.90
to

31.12.90

01.04.90
to

31.12.90

01.01.90
to

31.12.90

01.04.90
to

31.12.90

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

1142
81.5

88.7

829
78.5

87.9

860
61.3

89.3

696
65.9

87.9

The performance of Unit-1 was ex-
tremely good during the above
period. There was also distinct im-
provement of performance of Unit-2
over the previous year. The 100 MVA
main transformer of Unit-2 which was
installed as an interim arrangement,
was replaced by the 260 MVA trans-
former.

The Unit-1 recorded 100% availa-
bility factors in February, March, June,
October and December, 1990. The
Unit-2 recorded 100% availability fac-
tors in March, April,July, August,
October and December, 1990.

Away-From-Reactor (AFR) spent
fuel storage facility for long term stor-
age of spent fuel was inaugurated in
November, 1990 by transfer of spent
fuel from plant storage pools. A satel-
lite communication centre was instal-
led and commissioned. On 20th May,
1990 an off-site emergency exercise
was successfully conducted. The sta-
tion's occupational collective radia-
tion dose was the lowest achieved so
far.

Rajasthan Atomic Power Station 1 & 2

The Unit-2 of the station comprising
a pressurised heavy water reactor
(PHWR) of capacity of 220 MWe per-
formed well during the year 1990. The
cumulative generation of electricity
from the unit was 10348 MUs since
the date of commencement of com-
mercial generation to end
December, 1990 (excluding 821 MUs
electricity equivalent of steam sup-
plied to Heavy Water Plant, Kota). The
details of generation of electricity,
capacity and availability factors dur-
ing the year 1990 are as follows:

* The unit recorded availability factor
of 100% in March, April, July,
September, November and Decem-
ber, 1990.

The Unit-1 continued to operate at a
restricted power level of 100 MWe.
The limit on power level has been
stipulated by AERB consequent upon
the repair of the south end shield,
since the year 1987. The cumulative
generation of electricity from the unit
since the date of commencement of
commercial operation to end
December, 1990 amounted to 7662
MUs (excluding 80 MUs of electricity
equivalent of steam supplied to near-
by Heavy Water Plant). The unit
generated 445 MUs of electricity dur-
ing the calender year 1990. The gen-
eration of electricity during the period
of nine months from April 1,1990 to
December 31,1990 was 331 MUs. In
addition, steam was supplied to
Heavy Water Plant, Kota from the unit

RAPS UNIT-2

Generation (MUs)

Capacity Factor (%)

Availability Factor (%)

01.01.90
to

31.12.90

1123
1298*

58.3
67.3*

81.6

01.04.90
to

31.12.90

845
974*

58.2
67.1'

83.5

' Performance figures include electricity equivaleni of steam
supplied to nearby heavy waler plant
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equivalent to an electicity generation
of 12 MUs during the year. The perfo-
mance of unit-1 was satisfactory dur-
ing the year. The unit achieved an
availability factor of 66% during the
year 1990. During the year off-site
emergency exercise was conducted
successfully on November 24,1990.
The occupational radiation exposure
(collective dose) of the station during
the year has come down as com-
pared to the previous year due to
consistent efforts made in this regard
The Nuclear Training Centre of RAPS
commissioned the simulator for re-
training of operating personnel.

Madras Atomic Power Station-1 & 2

The station comprising two indige-
nius PHWRs with a capacity of 2 x235
MWe, recorded a cumulative electric-
ity generation of 11494 MUs from the
date of commencement of commer-
cial operation till end
December, 1990. The station gener-
ated about 2223 MUs of electricity
during 1990. The generation from the
station during the period of nine
months from April 1 to December
31,1990 was 1755 MUs. The details of
generation of electricity, capacity and
availability factors during the year
1990 are as follows for the individual
units of the station:

Rajasthan Atomic Power Station

Both the units recorded impressive
overall availability factors during the
year. Capacity factors were restricted
since operational power of both the
units was limited upto75% of full pow-
er level due to regulatory limits stipu-
lated by AERB consequent upon the
implementation of interim solutions to
tide over the moderator inlet manifold
damage. The first unit recorded
availability factors close to 100% in
May, November and December, 1990

MAPS

Generation
(MUs)
Capacity
Factor (%)

Availability
Factor (%)

01

31

Unit-1

01.90
to

12.90

1002

48.70

83.60

01.04.90
to

31.12.90

862

55.60

94.40

Unit-2

01.01.90
to

31.12.90

1221

59.30

88.20

01.04.90
to

31.12.90

893

57.60

85.90

Madras Atomic Power Station

I

and the second unit recorded availa-
bility factors close to 100% in Janu-
ary, February, May and December,
1990. In February, 1991 the generator
transformer for the first unit failed. Ac-
tions to replace the transformer and
its repair are in progress.

Efforts for restoration to full power of
the units continued. In this connec-
tion, BARC has designed and fabri-
cated manipulators and tooling for the
repair work relating to moderator inlet
manifolds. The installation techniques
and feasibility of routing the new mod-
erator piping were established and
preliminary mock-ups were carried
out successfully. Full scale mock-up
in presence of AERB will be taken up
after incorporating refinements in the
procedure and tools. After a complete
review, further course of action will be
decided.

Containment leak rate test was con-
ducted for Reactor Building-ll during
June, 1990 which demonstrated that
the integrity was excellent and leak
rate was well within limits. The Nuc-
lear Training Centre at MAPS im-
parted training to two batches of en-
gineers and several batches of super-
visors and technicians for its own re-
plenishment and other project
sites. Personal Computer (PC) based
simulator training for primary coolant,
moderator and electrical systems
commenced and PC based animation
of fuel handling system continued.

Measures were instituted to reduce
further the occupational radiation ex-
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posure (collective dose) of the station
during the year which has come down
significantly compared to the last
year.

Narora Atomic Power Station (Unit-1)

The first unit of NAPS with a
235MWe PHWR is the first of the stan-
dardised reactor design of Indian
PHWRs. NAPS-1 generated 389 MUs
upto December, 1990 with an availa-
bility factor of 42% during the year.

The clearance of AERB for Unit op-
eration upto 75% of full reactor power
was obtained in July, 1990. Subse-
quently the power level was raised
upto 80% with the authorisation by
AERB. The unit commenced commer-
cial operation from January 1, 1991

The fuel transfer system was com-
missioned during the year and
onpower refuelling of reactor was
established. The reference para-
meters of unit-l at various power
levels were also established. The load
rejection test was conducted. An ap-
plication for raising the power to
100% was made which is under re-
view by AERB.

PROJECTS UNDER CONSTRUC-
TION

Narora Atomic Power Project (Unit-2)

Unit'scommissioningactivities were
carried out in parallel to the comple-
tion of construction. The reactor
coolant system hydro test was con-
ducted satisfactorily. The hot con-
ditioning was completed and require-
ments were met.

Tests on various systems as stipu-
lated by NAPS Design Safety Commit-
tee of AERB continued. The unit is
Kakarapar Atomic Power Project

Narora Atomic Power Station

expected to achieve criticality during
1991.

Kakrapar Atomic Power Project 1 & 2

Civil construction of two reactor
buildings, two turbine buildings, ser-
vice building, reactor auxiliary build-
ings and stacks for both the units
were completed. Construction of
buildings for PHT purification plant,
cooling water pump house, plant wa-
ter pump house, demineraliser plant
system and raw water intake system
were also completed. Waste Manag-
ment Plant building and administra-
tive building are nearing completion.
Construction of two Induced Draught
Cooling Towers and one Natural
Draught Cooling Tower were com-
pleted and construction of Natural
Draught cooling Tower for unit-2 con-
tinued.

Process related common services
such as plant water system, deminer-
aliser system and compressed air
system were commissioned and
switchyard was energised.

After installation or coolant channel
assemblies the work on feeders was
completed in unit-1. Installation of tur-
bine generator and condenser sys-
tem for unit-1 was completed and
commissioning continued. The work
on installation of reactivity control sys-
tem, fuelling machines, instrumenta-
tion system, and the piping work relat-
ing to primary and moderator system,
are nearing completion for unit-1.
Reactor building leak test of unit-1
was successfully completed. Pre-
checks and system commissioning
for hot conditioning of unit-1 will be
completed soon.

After completing the calandria-end
shield assembly work, installation of
calandria tubes was completed and
installation'of coolant channel assemb-
lies for unit-2 is nearing completion.
Four numbers of steam generators for
unit-2 were erected and the nuclear
and conventional system piping
works made good progress.

Execution of transmission system
for power evacuation, entrusted to
Gujarat State Electricity Board, made
progress.

The anticipated dates for achieving
criticality by the two units are Decem-
ber, 1991 and December 1992.
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Rajasthan Atomic Power Project 3 & 4

Main plant civil works of the project
and setting up of site infrastructural
works continued at the site. Raft found-
ations of reactor building-3, turbine
buildings-3&4 and control building
were completed. Work on raft founda-
tion for reactor building-4 continued
and construction of outer containment
wall of reactor building-3 com-
menced.

Equipment and components per-
taining to nuclear and conventional
systems of the plant are in different
stages of procurement, manufacture
and delivery. The calandria and mod-
erator heat exchangers for both the
units, reactor headers, end shields
and primary coolant pumps for unit-3
were among the major equipment del-
ivered. The first two steam generators
were also delivered at site and the
third was despatched from works.

Tender document including tech-
nical specification for nuclear piping
contract is under review. Procurement
actions in respect of supply-cum-
erection packages in conventional
systems were continued. Orders are
being placed.

The scheme for transmission sys-
tem for power evacuation is under
finalisation.

The target dates for attaining criti-
cality are May, 1995 and November,
1995 for units-3 & 4 respectively.

Kaiga Atomic Power Project 1 & 2

Main plant civil works of the project
and setting up of the infrastructural
works continued during the year at
the site.

Concreting of foundation rafts of
Reactor Building 1 & 2 was com-
pleted. The works of internal structure
upto 95.0 mEL and outer containment
wall upto 91.92 mEL for reactor build-
ing-1 and footings of
both the turbine buildings 1 & 2 were
completed. Foundation rafts of tur-
bine generators 1 & 2 were com-
pleted and deck work progressed
upto 95.45rr,ELThe works in these
areas continued. For other buildings
the work has commenced.

The equipment and components
pertaining to nuclear and convention-
al systems of the plant are in various
stages of procurement, manufacture

and delivery. The calandria, reactor
headers and primary coolant pumps
for both the units and end shields for
unit-1 were delivered. Steam gener-
ators for unit-1 are in advanced
stages of manufacture.

Work order for 220 KV switch yard
civil works was awarded and work
has commenced. Tender for switch-
yard electrical works has been
issued.

Tender document for nuclear pip-
ing contract was finalised and tender
floated. The technical offer is under
evaluation. Procurement action in re-
spect of supply-cum-erection pack-
ages in conventional systems was
continued and orders are being
placed.

The scheme for transmission sys-
tem for power evacuation was final-
ised.

The target criticality dates are June,
1995 and December, 1995 for unit-1
and unit-2 respectively.

NEW STARTS

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

Environmental clearance for the site
from the Union Ministry of Environ-
ment and Forests was obtained. The
project financial sanction for setting
up of 2 x 500 MWe PHWRs has been
accorded in January, 1991.

As part of advance actions, tender
for main plant civil works was floated
and technical evaluation of bids re-
ceived from prequalifed tenderers
was completed. Detailed site inves-
tigations for design basis and bath-
ymetric survey were completed. Work
on setting up of essential site infras-
tructural facilities such as power
supply, warehouses, access roads
etc. have been taken up and partly
completed. The proposals for addition-
al land acquisition for the project were
submitted to the State Revenue au-
thorities and a comprehensive rehabi-
litation plan was finalised in consulta-
tion with State administration and pro-
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ject affected families.

Detailed engineering of nuclear
and conventional systems continued
to progress and advance procure-
ment of selected long delivery and
critical equipment and components,
earlier initiated, also progressed.
Design and analysis of main plant
buildings were completed. Review
and revision of design and analysis of
main plant buildings are being carried
out on the lines of design approach
stipulated by AERB. Designs of reac-
tor equipment (calandria, end shield
and coolant channel), nuclear proces
equipment (reactor headers, press-
urisers, main pumps, steam gener-
ators etc.) and reactor fuel were com-
pleted. Designs of reactor control sys-
tem, fuelling machine and convention-
al systems (turbine generator, elec-
trical system, water service and
mechanical systems) continued to
progress. Fabrication of calan-
dria and end sheilds for the two units
continued. Primary coolant pump
motor assemblies for the first unit
were received. Orders for turbine
generators were placed and work
continued. Manufacture of forgings
for steam generators is in progress.

FUTURE UNITS

Kaiga 3 to 6 (4 x 235 MWe)

Environmental clearance for the site
from State Government was obtained
while that from the Union Ministry of
Environment and Forests is awaited.
Environmental appraisal in this regard
is in progress. The site was
cleared from safety angle by AERB for
the proposed expansion.

Technical specification for detailed
sub-soil investigations was com-
pleted. Advance procurement of long
delivery and critical components and
equipment continued to progress.
Fabrication of calandria and end
shields is in progress. The orders for

manufacture of primary coolant pump
motor assemblies and steam gener-
ators have been placed.

Rajasthan Atomic Power Project —
5to8 (4x500MWe)

Environmental clearance for the site
from State Government was obtained.
Environmental appraisal of the site by
Union Ministry of Environment and
Forests is in progress and clearance
is awaited. The site was cleared from
safety angle for setting up of addition-
al units by AERB. Detailed engineer-
ing activities of nuclear and conven-
tional systems continued to progress.
Advance procurement of selected long
delivery and critical equipment and
components, and planning of site in-
frastructural facilities are in progress.

Kudankulam Project (2 x 1000 MWe)

Discussions between USSR and In-
dia continued during the year in terms
of the Inter-Governmental Agreement,
on the various techno-commercial
aspects of setting up the proposed
units. Technical assignment and
appendices to detailed project report
have been finalised. The high level
working group on 'Nuclear Power'
constituted under Indo-Soviet Inter-
Governmental Commission on tech-
no-economic and scientific co-
operation met in October, 1990.
Agreement on maximum basic cost of
the project has been arrived at. A
contract for preparation of Detailed
Project Report for the project is to be
entered into for which action is in
progress to get approvals.

Detailed site investigations to give
design inputs continued at the site.
Design work on fresh water pipe line
is in progress. Requisitions for land
acquisition are being issued progres-
sively. Work on the design and en-
gineering of other infrastructural facili-
ties including Jetty are in progress.

Scheme of construction power supply
was finalised.

Public Awareness

Nuclear Power Corporation in asso-
ciation with the Department of Atomic
Energy (DAE) continued the task of
wider public information. A number of
public seminars-cum-exhibitions
were held during the year all over the
country. A special public information
campaign on "Nuclear Power and
You" was conducted through publica-
tion of 10 serials covering all aspects
of nuclear power in news papers and
magazines in English, Hindi and other
regional languages. Visits to power
stations were arranged for the inhabi-
tants in and around the power stations
to enhance their awareness with re-
gard to nuclear power.

Energy conservation

Energy conservation measures
were introduced at stations. Loading
of equipment was optimised and
efforts were put in to improve the pow-
er factor. Additional measures are
being taken to switch over to less
energy intensive equipment.

Financial Performance

During the period from 1st April,
1989 to 31st March, 1990 the Com-
pany made a net profit of Rs. 32.84
crores taking into account prior
adjustments and after providing a tot-
al Rs.12.81 crores towards appropria-
tion for contingency, general, invest-
ment allowance and decommission-
ing reserves. During the period 1st
April,1990 to 31st December, 1990
the provisional net profit after approp-
riation towards decommissioning and
contingency reserve is placed at ab-
out Rs.53.21 crores. During the finan-
cial year 1990-91, an amount of
Rs.400 crores was raised by NPC
through borrowing from the capital
market for investment in its projects.
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Hazira Heavy Water Plant

HEAVY WATER PLANT

* Heavy Water Plant Hazira commis-
sioned.

* The plants at Baroda, Tuticorin, Thai
and Kota continued satisfactory op-
eration

* Trial production commenced in one
of the two streams of Manuguru plant

Heavy Water Board is responsible
for production of heavy water for
meeting the requirements of nuclear
power stations and reactors in India.
Six heavy water plants are operational
at Nangal, Baroda, Tuticorin. Kota,
Talcher and Thai

The heavy water plants at
Baroda, Tuticorin, Thai & Kota con-
tinued satisfactory operation and
production of heavy water com-
mensurate with the inputs.

Out of the two plants, which were
under construction, the Heavy Water
Plant at Hazira completed and com-
missioned

In the plant at Manuguru,
trial production commenced in one of
the two streams.

Sites identified for additional heavy
water plants proposed to be set up to
meet the demand of heavy water for
the nuclear power programme envis-
aged to be implemented till end of the
century

Heavy Water Plant (Nangal)

Due to non-availability of power to
the energy intensive Electrolysis
Plant, NFL put up an alternate unit for
generation of pure hydrogen by
naptha reforming and pressure swing
adsorption. The operation of the
Heavy Water Plant was switched over
to processing feed gas produced
from this new unit and production of
heavy water is expected to improve



Heavy Water Plant (Baroda)

The plant continued to operate and
produce heavy water on sustained
basis consequent upon the improve-
ments carried out so far, maintained a
very high level of safety record and
worked for 430 days without any re-
portable incident Civil works for the
facility being set up for upgrading
heavy water to nuclear grade was
completed. Erection work will com-
mence after receipt of major equip-
ment. This facility is expected to be
commissioned next year.

Potassium metal is also produced
in the plant for making potassium
amide, a catalyst required for ammo-
nia based heavy water plants, whose
entire requirement is supplied from
this plant. The potassium metal pro-
duction facility performed well during
the year.
Heavy Water Plant (Tuticorin)

The performance of the plant dur-
ing the year was very satisfactory. The
improvements carried out in the previous
year have yielded expected results. The
plant was run for continuous period of
28 months without any annual turn
around in between. After the last
annual turn around, taken in August-
September 1990 to coincide with the
annual shut-down of the SPIC fertilizer
plant, the plant was re-started and is
running normal.
Heavy Water Plant (Kota)

During the year, the performance of
the plant was satisfactory, and heavy
water was produced on a sustained
basis. However, the capacity utilisa-
tion was influenced due tc restraint
imposed by AERB on operating
pressure of the plant This restraint has
since been partially removed and
pressure will be increased gradually.

The constraint of availability of unin-
terrupted steam from RAPS was par-
tially overcome after one of the two
boilers of the Captive Steam Genera-
tion Unit was commissioned. Erection

work of the second boiler was com
pleted.which is being commissioned
This would further improve the per-
formance of the plant in the next year

Heavy Water Plant (Thai)

The plant continued to run on sus-
tained basis but for the failure of a
heat exchanger in main cracker of 'A1

streamof the plant.The exchanger was
repaired and this will improve produc-
tivity of the plant. Concerted efforts
were put in by the management of
RCF Thai to have more effective; con-
densate recycle in the ammonia
plants. These efforts yielded results in
sustaining higher concentration of
deuterium in the feed synthesis gas,
resulting in improved production. Me-
asures were also taken to conserve
energy by integrating common
machines and optimising operations.

Work of civil and structural con-
struction for the additional upgrading
unit was taken up.

Heavy Water Plant (Talcher)

The performance of the plant could
not be established for want of inputs
from the ammonia plant of Fertilizer
Corporation of India (FCI). The plant
was under annual shutdown coincid-
ing with the annual shutdown of FCI's
ammonia plant for almost 5 months
during the year. During this period,
besides statutory NDT examinations,
preventive maintenance work was
also carried out The plant was on-
streamed in September 1990 and has
been operating since then.

Heavy Water Project (Hazira)

During the year construction work
of the plant was completed. Various
utility systems were commissioned as
and when ready. Pre-commissioning
activities of the whole plant were com-
pleted and clearance from AERB
obtained to start the plant Both the
streams of the plant were commis-
sioned and production started. Op-

eration of the plant is being stabilized

Civil and structural works for the
upgrading unit were completed Erec-
tion work of equipment and commis-
sioning of this unit will be completed
next year

Heavy Water Project (Manuguru)

In the main Heavy Water Plant, the
erection work of both the streams was
completed. In one of the streams, the
precommissioning activities are on
hand while the other one has been
commissioned and operated
for trial production. Commissioning
and production activities were ham-
pered by power interruptions from the
grid and the Captive Power Plant. Pro-
duction from one stream is expected
to be stabilised shortly.

Two of the three units of
the Captive Power Plant, set up to
provide power and steam to the main
plant, are operating and supplying
power and steam to the main plant
The third unit is under commissioning
The external coal handling system is
expected to be operational by middle
of next year.

Proposed Heavy Water Projects

To meet the additional demand of
heavy water for the projected nuclear
power profile upto 2000 AD., pre-
liminary work on setting up of four new
projects was taken up Sites for the
proposed projects were identified
from technical considerations. Project
report in respect of an ammonia
based heavy water plant to be inte-
grated with a two-stream ammonia
plant of a large capacity fertilizer
complex was approved by AEC. Work
on this project would be taken up next
year after receipt of financial sanction
from the Government. Work on de-
velopment of process package for
sulphide based plants is on hand.
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Indigenously fabricated twin end cap-welding machine

NUCLEAR FUEL
COMPLEX

Supplied fuel bundles for the oper-
ating power reactors and zircaloy
calandria tubes for KAPP-II and
RAPP-III.
Completed fabrication of zirconium-
2.5 niobium coolant tube and garter
springs for KAPP-II.
A microprocessor controlled
vacuum annealing furnace put into
operation.
Flow tube assemblies, sparger
tubes for MAPS and calandria
tubes for Kaiga-I and fuel bundles
for NAPP-II fabricated.
Front-end expansion activities for
fuel and zircaloy planned to be
completed during 8th Plan and ear-
ly 9th Plan period.

FUEL

During this year, apart from regular
supply of replacement fuel assemb-
lies for RAPS, MAPS and NAPS, addi-
tional assemblies for NAPP-II con-
tinued to be manufactured. BWR bun-
dles of 6x6 and 7x7 array designs
were also fabricated and supplied to
TAPS. Besides the large scale regular
production work, the following pro-
cess improvements and installation of
new equipment were also completed:

1. Introduction of turbo-dryer for
drying ammonium cfiuranafe in
UOP, a new solvent extraction and
stripping unit in EUOP, a stabiliza-
tion unit at Gadolinia Facility, and
an automatic die wall lubrication
system in the final compacting

press of EFFP.
2. Filtration of uranium nitrate raffin-

ate slurry with a new precoat
vacuum filter.

3. Regular use of graphite coated j i r -
caloy tubes for PHWR bundle pro-
duction.

4 Installation of an indigenously
fabricated automatic twin end plug
welding unit and an automatic
spacer welding machine for PHWR
fuel pins.

5. Indigenous development of X-750
inconel springs required for use in
TAPS fuel bundle spacers.



oo
Garter springs for PHWRs

ZIRCALOY PRODUCTS

Production of zirconium oxide ex-
ceeded the rated capacity of the Zir-
conium Oxide Plant. Introduction of a
turbo dryer for routine drying of zirco-
nium frit and a centralised ventillation
system with 40 meter tall FRP stack
resulted in improved working atmos-
phere. At ZSP, installation of one set
of high capacity (750 Kg batch) re-
duction and vacuum distillation units
was completed.

In ZFP, melting of zircaloy ingots
were carried out at an enhanced
pace. An all time high recycling of
zircaloy scrap was done this year and
a record number of ingots comprising
of zircaloy-2, Zr-Nb and Zr-Nb-Cu
alloys were melted. Fabrication work
on fuel tubes and seam welded calan-
dria tubes for KAPP-II and RAPP-III
were completed and supplied. RAPP-
IV and Kaiga-I calandria tube fabrica-
tion is in progress. Garter springs for
KAPP-II, flow tubes assemblies for
KAPP-II, RAPP-NI and Kaiga-I are
under process.

During the year, fabrication of In-
core flux mapping assembly was suc-
cessfully executed. Also the full cir-
cumferential welded flow tubes for
KAPP-I, tubes for cobalt absorber
assemblies for use in NAPP-II and
other reactors were produced.

Seamless zircaloy tubes of different
sizes were fabricated for use in
BARC. The manufacture of garter
springs with end hook design was
continued on standardizing the fab-
rication techniques.

As a part of import substitution, a 43
meter long 500 mm dia horizontal
vacuum annealing furnace was de-
signed and fabricated in-house,
which incorporated several advanced
features and is capable of bringing
down considerably the power con-

sumption for the zircaloy tube anneal-
ing process.

Procedures were standardised to
produce band sheets for preparing
TAPS bundle spacers. Besides regu-
lar zirconium alloys, special alloy
tubes extruded include MDN-350.
250 and 72 grades

Special Tubes and Stainless Steel
Tubes

The seamless stainless steel tube
plant (SSTP) and special tube plant
(STP) were engaged in the regulai pro-
duction of seamless tubes comprising
of stainless steel , zircaloy-2 and Zr-
Nb alloy. The entire requirement of
Zr-Nb coolant tubes for KAPP-II reac-
tor was fabricated. Liner tubes were
produced by modified route incorpor-
ating cold reduction process for get-
ting better dimensional control with
improved recoveries. Besides these,
a process was developed for the
manufacture of fuel clad tubes re-
quired for PFBR and FBTR reactors.

The Sparger tubes needed for re-
habilitation of MAPS reactor were also
fabricated.

Indigenously built cold reducing
HPTR mill was put into regular opera-
tion for the production of zircaloy fuel
tubes for PHWRs, and seamless
stainless steel hexagonal tubes re-
quired for PFBR were also developed
and produced.

Fast Breeder Reactor Component
Facility

Progress was made m fabricating
components an-i sub-assemblies tor
carrying out hydraulic and handling
tests at IGCAR Machining and fab-
rication techniques were evolved for
different types of components rnd
sub-assemblies

Special Materials

The production of high purity mate-
rials such as gallium, indium, phos-
phorus trichloride and tellurium were
continued in addition to the produc-
tion of magnesium granules and zir-
conium metal powder

The technology for production ot
zirconium metal powder was transfer-
red to two private parties

A new product developed wac the
high purity silver cyanide

Critical equipment

Special efforts were pui in at NFC
for design,development and commis-
sioning of the following sophisticated
equipment.

a) Vacuum Annealing Furnace

b) Piiger Mill.

c) Split Spacer Welding System.

d) Bearing pads Welding
System.

Vacuum annealing furnace fabricated at NFC
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Incore flux mapping system for PHWRs

Prototype fast breeder components
fabricated at NFC

Process and other Development Work

Developments carried out this year
include:

1 Introduction of a complete induc-
tion heat treatment system for beta
quenching of i.rc^.iiLjm alloy bil-
lets

2 Development and installation of a
polishing unit for precision
polishing of graphite coated fuel
tube ends

3 Separation of hafnium through
amme-sulphate extraction route.

4 Standardisation of the chlorination
method for recovering pure zirco-
nium oxide from insolubles of ox-
ychloride waste, and the ion-
exchange process for the recovery
of hafnium from nitrate bearing
effluents.

5 Fabrication of shear strength test-
ing equipment with improved de-
sign and direct display of weld
strength values.

6. Design and development of bear-
ing pad coining unit

7. Devefopment and installation of a
versatile, microprocessor based
control system for bearing pad
welding unit and bearing pad coin-
ing unit.

8. Scaling up of the lab scale pro-

Induction heat treatment system for beta
quenching of zircaloy billets

duction of UO2 powder through
AUC Process

Quality Assurance and Quality Control

Continued support to the produc-
tion programmes in NFC was ren-
dered by the Contra! Laboratory as
well as the Inspection groups sta-
tioned at various plants. A total num-
ber of 26240 samples comprising of
raw materials, intermediates and final
products were chemically analysed,
amounting to 1,90,600 determina-
tions. Various trace fevef anafyti'caf
techniques were adopted for this pur-
pose.

A number of non-destructive tech-
niques were employed for the quality
control of fuel, zircaloy components,
tools etc.

A new automatic computer control-
led ultrasonic fuel tube testing system
was installed and put into regular use.

New test methods standardised
this year include:

1. Solution X-ray fluorescence
methods for the determination of
alloying elements in steel, zirca-
loys, selected elements in process
stream samples and effluents of
various plants.

2. Copper de-jacketing process for
fuel blank & coolant tubes using
hydrogen peroxide — sulphuric

acid mixture.

3 Recovery of uranium from uran.yl
nitrate raffinate solution of UCP

4. Volumetric, spectrophotometnc
ana1 differentia/ pu/se po/arog-
raphic methods for the determina-
tion of O/U in UO2 powder and
pellets based on sulphuric acid
dissolution.

5. Preparation of coils for eddy cur-
rent testing of nimonic ailoy rods
used in defence applications.

As a part of Quality Assurance
programme, quality assurance manu-
al was prepared

Data related to nondestructive test-
ing was computerised and utilised to
prepare a directory of NDT standards
and a directory of NDT machinery and
service. A Quality Quiz was con-
ducted to increase the quality aware-
ness. The work of calibration and cer-
tification of instruments was con-
tinued.

Human Resources Development

Several training programmes were
conducted for personnel on trade,
safety and management aspects. A
national training and certification
course on ultrasonics level-lil was
conducted in collaboration with
UNDP/IAEA/DAE.

Medical, Health Physics and Safety

Separate groups functioningfor the
purpose of medicaf, heafth physics
and safety continued their work A
new DC difibrillator equipment was
installed for coping with cardiac
emergencies.

Computerisation of patient care
was improved by the introduction of
multiuser terminal with multi-tasking
capability

The newly established whole body
counting facility continued to serve
the regular monitoring of lung uranium
burden of the personnel Other per-
sonel monitoring and environmental
surveillance works were also regularly
carried out.

The Safety Engineering Division,
apart from normal plant-wise safety
monitoring work, organised several
audio-visual programmes to instil the
safety consciousness amongst staff
members.
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Civil Works

The major civil construction work
completed this year include the new
Administrative Complex, additional
residential quarters, expansion and
modification of CFFP building, addi-
tion and alterations to UOP building,
7.5 MVA captive power generation
station and formation of a foot ball
ground. The Civil Engineering Divi-
sion also executed works connected
with safe handling of effluents within
the premises. Traverse and contour
survey work pertaining to fuel plants
expansion site.site survey and estab-
lishment of reference grids for new
uranium oxide fabrication plant were
also carried out.

Energy Conservation Measures

An energy conservtion committee
was constituted to look into various
aspects of energy management and
conservation in NFC. Several process
modifications were carried out which
include replacement of tray oven
drying facility with a new turbodrier at
ZOP and UOP plants, introduction of
rotary furnaces at UOP and the in-
stallation of a new vacuum annealing
facility with high efficiency 'Fibrothal'
insulation.

Power Suppiy

To cater to the power requirements
of existing as well as future projects of
NFC, a 31.5 MVA capacity 132 KV
sub-station with several unique facili-
ties was commissioned. To make up
partially the power shortages, a 7.5
MVA capacity captive power genera-
tion plant has been ordered.

Revenue Receipts

The estimated revenue receipts for
the year 1990-91 was Rs.110 crores.

Expansion of Fuel & Zircaloy-New
Projects

For meeting the requirements of the
reactors upto KAPP-II, augmentation
of zircaloy and fuel is envisaged in the
existing plants at Hyderabad, to a tot-
al capacity of 80tpy and 300tpy re-
spectively — under two continuing
schemes, namely Phase-I Expansion
& Augmentation. Similarly, for meet-
ing the requirements to attain an over-
all level of 6050MWe by the year
2000, the following 4 new projects
with appropriate revision of capacities

Project

Fuel
1. New Uranium Oxide

Fuel Plant-1,
Hyderabad

2. New Uranium Fuel
Assembly Plant-1,
Hyderabad

Zircaloy
3. New Zirconium

Sponge Plant,
Palayakayal, Tamil
Nadu.

4. New Zircaloy
Fabrication Plant,
Hyderabad.

Capacity

660 te-of U02 pellets per year.

PHWR fuel assemblies containing
600 te of U02 per year.

300 te/y Zirconium sponge

150 te/y
Zircaloy products

To be
commissioned

by

1994

1994

1994

Phase-1 1994
Phase-11 1996-97

were envisaged with a total invest-
ment of about Rs.700 crs during the
8th Plan and early 9th Plan.

Implementation of Continuing
Schemes

Civil construction for augmentation
of Fusion Section of ZOP was com-
pleted and equipment erection con-
tinued. In the Zirconium Sponge Plant
one set of large-scale Reduction
Vacuum Distillation Equipment, pro-
ducing reactor grade zirconium
sponge in 750 Kg batch is under
commissioning.

For Zircaloy Fabrication Plant, Con-
sumable Vacuum Arc Melting Fur-
nace was received and erection con-
tinued. The major process equipment
such as indigenously developed tur-
bo drier and micro- processor oper-
ated 500mm dia rotary reduction, cal-
cination furnaces and stabilisation
equipment in Uranium Oxide Plant
and assembly equipment such as,
End-cap Welders, Spacer Welders in
Ceramic Fuel Fabrication Plant were
commissioned. The custom-designed
magazine-type End-cap Welder and
additional Micro-processor operated
Hydraulic presses for the pelletisation
of UO2 powder, are under commis-
sioning. With progressive induction of
these new equipment, PHWR fuel pro-
duction has been enhanced, and the
targetted capacity of 300te will be
achieved during 1990-91.

New Projects

For all the four new projects, site
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authorisation was secured from
AERB. Clearances from the State
Pollution Control Board and Dept of
Environment were also secured for
the NUOFP to be set up at Hyder-
abad. For the remaining three pro-
jects, NUFAP, NZSP and NZFP, dis-
cussions were held with State and
Central agencies.

Sanction for the projects are being
processed. Meantime preliminary
sanctions to the extent of Rs.154
crores were obtained for advance ac-
tions such as site acquisition, detailed
engineering and procurement of cri-
tical and long delivery imported
equipment.

New Uranium Oxide Fuel Project

Preliminary sanction was obtained
for procurement of critical equipment
and indents were released for hyd-
raulic presses, sintering furnaces,
centreless grinders etc. Tenders re-
ceived for some of these are being
evaluated.

New Uranium Fuel Assembly Project

The detailed project report is
ready. Preliminary sanction is ex-
pected for procurement of critical
equipment and for seed manpower.
Tender work for detailed engineering
consultancy continued. The site sur-
vey and soil investigation for setting-
up the above 2 projects were com-
pleted and project teams took posse-
sion. The Civil works are expected to
be initiated soon.

Continued on page 2.16



Uranium-titanium complex within a clast of quartz from Turamdhih

ATOMIC MINERALS
DIVISION

* Identification of new surface ura-
niferous zones through ground
radiometric surveys and sub-surface
continuity of uranium mineralisation
as a result of 67,200 m of exploratory
drilling.

* Estimation of 3.7 million te of ilme-
nite and 0.027 million te of monazite.

* Assessment of about 60 te of Y203

contained in xenotime and 39.40 te of
columbite-tantalite.

* Recovery of 3000 kg of tantalite
concentrate and 13,000 kg of heavy
mineral concentrates containing 3 -
5% xenotime.

The Atomic Minerals Division was
involved in the exploration for atomic
minerals required for the Indian Nuc-
lear Power Programme. Given below
is an account of achievements under
each of the principal exploration and
allied activities:—

Uranium Exploration

Airborne Surveys

Airborne gamma-ray spectrometric
and magnetometric surveys of over
10,400 sq.km. covering parts of Ra-
jasthan and Gujarat, resulted in identi-
fication of eight radioactive anoma-
lies.

Ground Surveys

New uraniferous zones were lo-

cated and extensions of known
occurrences traced at eight different
places through ground radiometric
surveys (18,934 sq.km reconnaiss-
ance & 569 sq.km detailed). Signifi-
cant gold values associated with the
uraniferous zones at Otha, Shimla dis-
trict, Himachal Pradesh were re-
corded.

Gondwana basins of Palamau,
Bokaro, Karanpura, Hasdo-Arand,
Tatapani-Ranikala, Satpura and Palar
have been selected for further inves-
tigations on the basis of basin evalua-
tion studies.

Geochemical surveys (over 16,600
sq.km) brought out twenty uraniferous
zones in granitic terrain in Anantapur
and Cuddapah districts, Andhra
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Pradesh. An anomalous zone has
been identified in the Bijawars of Son
valley. Scattered anomalies were also
located in the sedimentaries of
Wagad and Kachach bas ins,
Kachach district, Gujarat.

Geophysical surveys conducted in
Sonrai - Pisnari tract, Lalitpur district,
Uttar Pradesh; Northeastern exten-
Bore hole planning in lower Mahadeks by

TARGET 1990-91 ACHIEVEMENTS 1990-91 TARGET 1991-92

sion of Umra, Udaipur district, Rajas-
than; Kasha, Shimla district, Himachal
Pradesh and T. Sundapalle-Sanipaya,
Cuddapah district, Andhra Pradesh
have helped in delineation of fault
zones and lithic units of interest.
Sub-surface drilling and exploratory
mining:

Total drilling of about 67,240m was
tacheometric survey

completed at 44 prospects.

Evaluation drilling added sub-
stantial quantities of U3O8 to the
resource inventory in the indi-
cated/inferred category, and explo-
ratory drilling established continuity
of mineralisation at 1)
Kasha (Project Rampur Window),
Himachal Pradesh; 2) Umra, North-
eastern extension area and Ladi-ka-
Bas (Project Delhis and Aravallis), Ra-
jasthan; 3) Sonrai- Pisnari tract (Pro-
ject Bijawars), Uttar Pradesh; 4)
Turamdih (East) extension (Project
S T B ) , Bihar; 5) Rangam block
(Domiasiat Uranium Mining Project),
Meghalaya; 6) Jirhat (Project Central
Sarguja Shear); Madhya Pradesh;
and 7) Mogarra, (Project Khairagarh).
Maharashtra.

Exploratory mining tor evaluation of
uranium deposits at Bagjaja (Project
S T B ) , Domiasiat (P.roject
Mahadeks) and Andalada (Siwallk In-
vestigations) totalled 560m and ex-
ceeded the target. Exploratory mining
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is proposed at Otha, Shimla district,
Himachal Pradesh and Tummalapal-
le, Cuddapah district, Andhra
Pradesh in the coming year.

Beach Sand And Offshore Investiga-
tions

llmenite and monazite reserves of
3.709 and 0.027 million tonnes re-
spectively were assessed in three
areas, viz., 1) Lawson's Bay - Bhimu-
nipatnam, Visakhapatnam and
Vizianagaram districts, Andhra
Pradesh over a coastal length of 18.6
Km. (0.80 million te of ilmenite and
0.009 million te monazite), 2) Kudir-
aimoli Teri deposit (Phase-ll), Chi-
dambaranar district, Tamil nadu
(2.757 million te. of ilmenite and 0.018
million te of monazite), and 3) Kal-
badevi, Ratnagiri district, Maharash-
tra over a coastal length of 4.5 Km.
(0.152 miiion te of ilmenite).

Offshore investigations in col-
laboration with the Marine Geology
wing of the Geological Survey of India
were continued off Chavara, Gopal-
pur and Kalingapatnam coasts using
Vibro-Core sampler. Samples from
these areas indicated 2 - 34% heavy
minerals.

Rare Metal And Rare Earth Investiga-
tions

Investigations for Rare metals and
Rare earths (RMRE) enhanced the
potential resources of yttrium by 60 te
of yttrium oxide contained in xeno-
time at Girma and Halwai riverine
placers, Gumla district, Bihar; and
also resulted in delineation of poten-

tial xenotime resources in Banki river,
Gumla districts, Bihar and Purulia
Bankura districts, West Bengal.

Assessment of the- placers at
Metapal and Jamair, Bastar district,
Madhya Pradesh indicated reserves
of 14.7 te and 24.7 te of columbite-
tantalite respectively.

Pilot recovery plants at Marlagalla,
Karnataka and Siri River, Madhya
Pradesh produced 3000 kg of tanta-
lite concentrate and over 12,850kg of
xenotime (3 to 5%) bearing heavy
mineral concentrates respectively.
Pilot plants for recovery of Nb-Ta and
xenotime are proposed to be set up at
Jamair and Metapal, Bastar district,
Madhya Pradesh and Kanyaluka,
Singhbhum district, Bihar.

Geotechnical Investigations

Geotechnical investigations related
to the selection of sites for nuclear
installations in the country and geolo-
gical, geochemical and seismotecto-
nic investigations of 8 reactor sites
and 3 heavy water project sites were
taken up.

Laboratory Investigations

The various laboratories of AMD
provided analytical support to field
investigations besides carrying out
R&D related to exploration.

The Physics Group was involved in
processing of airborne survey data
covering 78,000 line Km and produc-
tion of 209 contour maps, develop-
ment of expert system for mineral
identification, radiometric analysis of

Ilmenite enrichment in the sand dunes Newra coast — Ratnagiri district — Maharashtra

samples (13187 nos.), gamma-ray
logging of boreholes/probe holes
(86,183 m), radiometric assay of
borehole cores (8770 m), shielded
probe logging of trenches/mine faces
(3192m), grading of ore (1310 tubs
and 14 stacks) and estimation of sam-
ples for trace elements by neutron
and gamma activation (209 nos), fab-
rication of borehole logging and field
equipment fabrication of a special
G.M. counter, gamma-ray spectro-
meter for use in Antarctica expedi-
tions, and study of low energy gamma
spectra of U and Th samples using
intrinsic germanium detector. The
Group also studied 14 whole rock
dolostone samples for thermolumi-
niscence measurements.

The Chemistry laboratories carried
out over 96,800 determinations and
whole rock analysis for about 300
samples. Over 42,000 on-spot deter-
minations were carried out by mobile
geochemical laboratories.

In the Geochronology laboratory,
146 rock samples were dated and
141 samples analysed for sulphur iso-
topic studies.

The Petrology laboratories investi-
gated over 1680 samples, for petrog-
raphic and mineragraphic character-
isation of rocks and identification of
atomic minerals. The Spectrograph,
X-ray fluorescence and X-ray Diffrac-
tion laboratories analysed over 1400,
1000 and 150 samples respectively.

The Mineral Technology laborator-
ies treated over 180 samples for
teachability and beneficiation studies,
and the field units carried out ex-
perimental heap leaching of over 850
te of uranium ore.

The Geomicrobiology group was
engaged in bacterial leaching of ura-
nium ore and copper tailings.

Human Resource Development

Human resources development
programme of AMD comprised:—

— Conducting of three refresher
courses by AMD Training School
for inservice scientists.

— Participation of 109 and 56 scien-
tists in various national seminar/
symposia/workshops and training
courses respectively and deputa-
tion of 7 scientists for participation
in international seminar/training
courses.
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— Sixty technical papers were pub-
lished / presented in Symposia by
AMD scientists. The second
volume of AMD's Publication 'Ex-
ploration and Research for Atomic
Minerals' was released.

— A one day scientific seminar in
Hindi was also organised.

Collaboration

Ongoing collaborative programmes
of AMD include a) Generation of
Geostandards (DST); b) Antarctica

research (GSI); c) Antarctica expedi-
tions (DOD); d) Airborne Gamma-ray
spectrometric surveys and Geochro-
nological studies (ONGC); e) U-Cu
investigations at Sonrai, U.P.
(UPDGM). Analytical facilities were
extended to various universities/re-
search institutes and Central and
State Government organisations.

Under the UNESCO sponsored, in-
ternational Geological Correlation
Programme (IGCP), AMD continued
its participation in four projects.

Under bilateral agreement between
India and respective Governments, 8
scientists (6 from Vietnam and 2 from
Syria) received training in AMD in ura-
nium exploration and laboratory tech-
niques. Senior scientists (2 from Viet-
nam and 1 from Syria) made scientific
visits to AMD. Three scientists (2 from
Vietnam and 1 from Indonesia) had
similar training in AMD under IAEA
fellowship.

Continued from page 2.12

New Zirconium Sponge Project

With the downward revision of the
power programme, the capacity of
New Zirconium Sponge Project to be
set up at Palayakayal, Tamilnadu and
New Zircaloy Fabrication Project at
Hyderabad were revised to 300tpy of
sponge and 150tpy of zircaloy pro-
ducts respectively and the proposals
submitted for approval.

The site for setting up the New Zir-
conium Sponge Project was ac-
quired.

The proposal for the sanction of the
1000 TPA Titanium Sponge Plant was
already submitted to the Government.
In parallel, efforts continued for iden-
tifying suitable parties for collabora-
tion and participation for the setting-
up of the New Zirconium Sponge Pro-
ject and Titanium Sponge Plant. For
this purpose, formation of a joint sec-
tor firm was proposed as a model, as
this would help in inducting new cul-
tures of management to enhance pro-
ductivity in addition to mopping-up
capital from the organised sector for
the nuclear power programme.

Papers Presented
Seventeen Technical Papers were

presented by the staff members of
NFC at various national and interna-
tional symposia.

Following awards were bagged:
* Choudhry Charan Singh Memorial

National Awards for 'Best Organisa-
tion' and 'Uttam Kareegar' by A.P.
Working Journalist Press Guild.

* NOCIL award
* Chief Minister's (A.P.) May Day

Commendation Certificate
* Young Scientists award by AP

Akademy of Science
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Dhruva with experimental setup

BHABHA ATOMIC
RESEARCH CENTRE

PHYSICAL SCIENCES

Nuclear Physics

With the availability of the energetic
heavy ion beams from the the 14UD
pelletron accelerator, there was in-
tense research activity. Several re-
search programmes were carried out
with the charged particle beams from
Trombay Van-de-Graaff accelerator
and the Variable Energy Cyclotron at
Calcutta. Neutron beams from CIRUS
reactor were also utilised for nuclear
fission studies.

In the programme of study of reso-
nances in heavy ion collisions, '6O
beam from the Pelletron accelerator
was utilised to study the reaction
12C(16O,8Be)20Ne in addition to
12C (16O, 4He)24Mg which produced

new evidence for a resonance at 43.8
MeV excitation in 28Si.

Angular distribution of fission frag-
ments were measured for the system
i9F + 232Tn i n t n e i9p bombarding
energy region of 94 to 108 MeV to
further investigate the abnormally
high anisotropies. These anisotropies,
much smaller than reported earlier,
were consistent with the predictions
of the 'pre-equilibrium fission' model
developed at Trombay. The extent of
contribution of incomplete momentum
transfer events in the 19F + 232Th sys-
tem was obtained. The folding angu-
lar distribution was observed to be
peaked at 157.9 degrees corres-
ponding to 95% of full momentum.
The yields and angular distributions of
projectile-like fragments emitted in

12C + 232jh a n d 16Q + 232jh reaCti0nS
at 80 and 90 MeV were measured.
Notable differences in the variations
in the projectile-like fragments were
observed in the two cases suggesting
different mass transfer processes.
With a view to studying the depend-
ence of emission barrier for proton
and alpha particles on the tempera-
ture of the compound nucleus, the
proton and alpha particle energy
spectra emitted in 19F+93Nb and
7|_| + iosA g a t 7 0 a n d 34 Mev respec-
tively were measured. The fusion ex-
citation function data for the systems
37CI + 59Co, and 28Si + 68Zn were
measured both at sub-barrier and
above barrier energies. The cross
section data showed the expected
'enhancement' at sub-barrier ener-
gies.



Using Trombay Van-de-Graaff
accelerator, evidence of direct 9Be
cluster transfer in 3He bombardment
of 13C at sub-barrier energies was
established for the first time. Utilising
neutron beam from CIRUS reactor,
the energy spectra of prompt neut-
rons emitted along the direction of
fission fragments were measured in
thermal neutron induced fission of
235U with a view to obtaining informa-
tion regarding fragment temperatures
and level density parameters. Two
methods, one semiconductor detec-
tor and the other back-to-back grid-
ded ion chamber, were used to detect
fragments. The angular distributions
of prompt neutrons from a mass and
kinetic energy selected fission frag-
ments were measured and the de-
pendence of fragment temperature
on mass was determined.

The cnarge-exchange reactions
were theoretically studied in the one
pion - and one rho-exchange model
and compared with the experiments.
The (p, A + + ) leaction in nuclei was
studied theoretically. These studies
were necessary for the experiments
proposed to be carried out at various
international advanced accelerator
facilities. A new mode for knockout
reactions was formulated to treat the
3-body coupling in the final state
accurately.

Theoretical investigations into the
physical processes which cause mul-
tiparticle breakup in hadron collisions
at high energies were completed.
One interpretation of the process in
terms of a leading component and a
central fireball was very successful in
explaining the data. A further im-
provement of the picture was made
by assuming that the charged parti-
cles are emitted by the system acting
as a single entity without the bran-
ching of the partons. The intermitten-
cy behaviour of the multiplicity dis-
tributions predicted by this model was
also examined and compared with
the data. The fruital nature of ideal-
ised collision cascades generated by
low energy heavy ions in amorphous
targets were used to obtain their spa-
tial extent and range distributions.
The forward-transverse energy cor-
relation in ultrarelativistic heavy ion
interactions was studied to under-
stand reaction dynamics.

Accelerator Programme

The BARC/TIFR Pelletron accelera-
tor was operated for about 3950 hours
during the year. A total of about 50
experiments were performed. A wide
range of ion beams of different atom
species, from 6Li to 37CI, were pro-
vided for these experiments at ener-
gies and particle currents as per the
experimental requirements.

A data acquisition system was set
up for in-beam experiments with the
Pelletron Acclerator Facility.

Modifications and improvements in
the accelerator and its supporting
systems were carried out. The 150
keV deuteron RFQ accelerator
reached an advanced stage of com-
pletion. The duoplasmatron high cur-
rent ion source, which serves as an
injector, went into operation. An un-
analysed 12 mA hydrogen beam was
extracted from the ion source. A de-
tailed analysis of the beam was
undertaken. Almost all the compo-
nents of the RFQ linac have been
fabricated and assembled, and the
RFQ system is being made ready for
the low power RF tests.

Reactor Physics

The lattice and core computational
models, developed for PHWRs, were
validated with the NAPS-1 reactor cri-
tically experiments, subcritical drop
tests of shut down systems (SDS).
The dynamic reactivity worths of
SDSs were computed and compared
with experimental data. The axial flux
profile along an empty channel was
calculated, which compared well with
measurements. The NAPS-1 reactor
was followed up to ~ 80 fpd.

The standardised calculational
methods were applied for 500 MWe
PHWR design problems. For on-line
flux mapping and power-tilt control
two mathematical, models were de-
veloped. Validation of these calcula-
tional procedures continued.

With the possibility of simulating a
rod cluster type control absorbers
(RCCA) in a square or hexagonal
PWR fuel assembly and enabling
proper depletion of burnable absor-
ber 10B along with fuel, the LWR fuel
design codes were capable of tack-
ling nearly all types of heterogenie-
ties encountered in a LWR fuel. De-
sign calculational models were vali-
dated with more accurate methods.

All thermal reactor calculational
models (for PHWRs as well as for
LWRs, i.e. BWRs, PWRs, and WERs)
were applied for the solution of cor-
responding IAEA benchmark prob-
lems. Feedback from international
solutions submitted to the Agency
proved the credibility of these calcu-
lational schemes even for some of the
most complex fuel designs practised
in modern LWRs.

Condensed Matter Physics

Neutron Scattering technique was
used to investigate a variety of mate-
rials such as high temperature super-
conductors, special class of ferrites,
feroelectric ceramics, magnetic
alloys, etc. Small angle neutron scat-
tering (SANS) studies were used to
understand inter-micelle interactions
and the shapes of micelles in several
micsllar solutions. A general formal-
ism on multiple small-angle scattering
was developed.

A neutron interferometric experi-
ment was proposed to test the de-
pendence of spinor phase on the
orientation of the precession axis.

The shock anomally in Hf at 44 GPa
was shown to be due to an alpha to
omega phase change. An elastic
anomaly change in zinc at high press-
ures was investigated. The pressure-
induced amorphous-phase transition
in quartz, and the atomic disorder in
Ti2CaBa2Cu208 were investigated
using molecular dynamic computer
simulation. Phonon-plasmon dyna-
mics in n-type lnO53 GaO47- As
grown at TIFR was investigated using
Raman scattering technique. From an
analysis of line shape and position,
information about carrier concentra-
tion as well as electron collision re-
laxation time was obtained in this im-
portant alloy semiconductor which
finds application in optoelectronic de-
vices. To understand the microscopic
difference in semiconducting (grey)
and metallic (white) tin a self-consis-
tent LMTO calculation based on de-
nsity functional method was carried
out.

Mossbauer spectroscopy studies
were conducted on the quasicrystals
AI65Cu22Fe13. The indigenously built
Mossbauer spectroscopy was used
for the study of Hi-T superconductors.
This is believed to be the only low
temperature-high magnet facility of
this type in India for Mossbauer stu-
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dies. In the field of protein crystal-
lography the activities are noteworthy:
(a) A multienzyme complex was
crystallised and characterised, (b)
high resolution X-ray diffraction data
for human carbonic anhydrase 1 and
6 inhibitor complexes were collected
and the native HCAI structure was
refined, (c) The first protein structure
was solved, and that of bovine carbo-
nic anhydrase II from Indian buffalo
blood, was refined. Studies were con-
ducted on the single as well as mixed
lipid model membranes. A data ac-
quisition system for energy dispersive
x-ray diffraction experiment under an
Indo-USSR project was built. A Mao-
Bell type high pressure diamond anvil
cell was fabricated and tested for x-
ray and Raman studies. Two linear,
high pressure 3He filled position-
sensitive detectors were fabricated
and a charge division data acquisition
system was built. The neutron
radiography facility at Apsara reactor
was extensively used for checking
overall integrity of critical pyrotechni-
que components for use on PSLV and
INSAT test flights. The polarisation
analysis neutron spectrometer was
made operational during the year.
Work on the fabrication of a triple axis
spectrometer for Bangladesh Atomic
Research Centre has progressed as
per schedule. A High Gradient
Magnetic Seperator (HGMS) for ore
beneficiation studies was fabricated.
A 6th order solenoid magnet was
wound with indigenous supercon-
ducting wire and a neutron spin-echo
spectrometer was designed and de-
veloped. A new design was devised

for the plane mirror drive of plane
grating soft x-ray monochrornator for
CAT.

Superconductor

Single crystal platelets of 2212 and
2201 high Tc superconducting mate-
rials based on bismuth were grown by
flux method. Superconducting-
insulating-normal (S-l-N) metal type
quasiparticle tunnel junctions were
fabricated. To record the tunneling
spectra of these junctions a sensitive
modulation technique was used, and
multiple features in the tunneling
spectrum were observed at liquid nit-
rogen temperature.

In the investigations on the charac-
terisation of structure and stability of
high-Tc superconducting materials
some important findings include (a)
the neutron structural investigation on
a three and a half year old 90K super-
conductor, YBa2Cu307. The sample
remained stable and retained the fully
ordered orthorhombic structure, (b)
the neutron structural study con-
ducted on the double-chain super-
conductor (Tc = 78K) YBa2Cu408.

The hysteresis loops in YBaCuO su-
perconductors as a function of
temperature were studied in detail.
Effects of the sample's thermomagne-
tic history on the measured Jc were
also observed. Both these measure-
ments were explained in detail using
a model developed earlier to explain
the magnetisation of hard supercon-
ductors. The phonon spectrum in the
high-Tc temperature superconductor

Solenoid magnets wound with indigenous superconducting wire

TI2CaBa2Cu2O8 was obtained using
inelastic neutron scattering experi-
ments at Dhruva.

A procedure for preparation of
Bi2Sr2CaCu2O8+ was developed
which gave Tc of 92.4K. This is close
to the highest Tc obtained so far else-
where for this phase of the lead-free
superconductor (93K). Procedure to
prepare good quality Fe-doped 2212
phase of the bismuth superconductor
was perfected.

Work on synthesis and character-
isation of HTSC oxides was continued
and significaant findings were made
particularly with respect to the influ-
ence of impurities, bulk density and
grain size on the superconducting
properties of YBa2Cu307. For better
accuracy of oxygen analysis, an
iodometry set up was assembled and
standardised. Also, an ion milling was
procured and installed for the prepa-
ration of thin sections for electron mic-
roscopy studies. The feasibility of
cold rolling 40-50 wt % Ag —
YBa2Cu307 composites was success-
fully demonstrated and standardisa-
tion of the successive steps in the
rolling sequence progressed. Inves-
tigations continued on melt proces-
sing and flux growth techniques for
improvement of grain orientation in
YBa2Cu307 compacts and very en-
couraging results were obtained by
using K2CO3 flux. Extensive studies
were carried out on Pb2Sr2R,.x

CaxCu302 systems, and a modified
procedure was evolved for the synth-
esis of several of these compounds
containing different rare earths (R).
These studies led to the discovery of
superconductivity in many rare earth
compounds of the type
Pb2Sr2RCu3O2 with calcium substitu-
tion. The modified thermogravimetric
technique, developed earlier for the
evaluation of oxygen stoichiometry in
1:2:3 compounds, was successfully
extended to calcium containing Pb-
Sr-R-Cu-0 compounds, with or with-
out metallic substitutions.

Direct microwave absorption at x-
band in superconducting single
phase compounds containing yttrium,
bismuth and thallium was investi-
gated. An important finding of EPR
spectrometric studies on gadolinium
cuprates was the observation of low
field signal below 250K.

A programme on low temperature
superconductors was initiated in col-
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laboration with M/s. Hindustan Cables
Ltd., Calcutta, to indigenously de-
velop Nb-Ti cables for accelerator
magnet applications. About 160
meters of 1.85 mm dia. 7 strand round
Nb-Ti cable was produced in col-
laboration with M/s. Hindustan Cables
Limited. The development and fab-
rication of high temperature super-
conductors (HTSC) is on hand under
DST project. Short samples of Ag
alloy sheathed Y-Ba-Cu-0 flexible
tapes of 0.2 to 0.5 mm thickness X 4
mm width were successfully fabri-
cated. The maximum current density
of 170 A/cm2 at 77K has been
achieved.

Theoretical Physics

In the area of Feynman path integ-
rals, new expansions of the propaga-
tor were developed and eigenvalue
problems associated with the Feyn-
man — Dyson perturbation series
were investigated. A path integral for-
mulation was used to study the prop-
erties for Frohlich bipolaron at finite
temperatures.

In quantum optics, an extensive
work was carried out on the quantum
electrodynamics of Rydberg atoms in
microwave cavities. The basic
Jaynes-Cummings model used for
such studies was modified to include
various new effects. Quantum jump
like behaviour in some systems, tem-
poral correlations of the sidebands in
optical double resonance spectra
were investigated. A new method for
testing Bell's inequality was prop-
osed.

In the theory of stochastic proces-
ses, Seigert's integral equation
approach was developed to study the
first passage time distribution in a
noisy linear dynamical system with a
swept control parameters. In another
piece of work, Baxter's sticky hard
sphere model in equilibrium statistical
mechanics was employed to interpret
the phase separation phenomena
and neutron scattering data from
micellar solutions.

The finite difference iterative algor-
ithm was modified and implemented
on a parallel computing system. In
neutron transport theory, new work on
criticality and time eigenvalues of one
speed Boltzmann equation was com-
pleted. Under inertial confinement fu-
sion studies, work related to the de-
velopment of a software package for

calculating various atomic properties
was pursued further.

Laser and Spectroscopy

A 300 mJ excimer laser was used
for depositing oxide thin films from
high Tc superconducting ceramic pel-
lets using ablation technique. Plume
emission spectra of Cu, Zr and Y Ba
Cu O following laser ablation were
investigated. Cooling of metal vapour
following laser ablation in buffer gas,
has resulted in observation of micron
sized aerosol particles. Excimer laser
interaction with Cu aerosol medium
showed formation of copper dimers.
A Laser Enhanced lonization (LEI)
spectrometer was set up for trace
analysis. Detection limit of about 1
ng/ml was achieved for sodium in wa-
ter using one photon and two photon
excitations. For further enhancing the
trace detection sensitivity a laser in-
duced resonance ionization facility
coupled to a time-of-flight mass spec-
trometer was set up. Multiphoton
ionization of Barium atoms using ex-
cimer laser pumped dye laser was
investigated. Some new excitations
were found. Multiphoton excitation
and dissociation of C32 in gas phase
was carried out in 285-305 nm
wavelength region. The excited state
of photo fragments was correlated to
the states of CS2 involved in excitation
and dissociation.

The Bomem DA3 Fourier Transform
Spectrometer became fully operation-
al. The infrared spectra of a large
number of samples related to high Tc
superconducting materials were re-
corded on this instrument as well as
the very high resolution vibration rota-
tion spectra of several gaseous sam-
ples such as deuterated methyl
acetylenes and phosphine. High re-
solution electronic spectra measure-
ments of SiSe, SiTe, InO etc. were
carried out yielding accurate molecu-
lar parameters. Theoretically, accu-
rate rovibrational intensities in the
quadrupolar fundamental band of O2
was calculated. In the area of infrared
spectroscopy of solid H2, theoretical
work aimed at developing a general
formula for integrated absorption
coefficient of some double transitions
in solid para hydrogen was com-
pleted. The rotational analysis of A-X
bands cf Si130Te, Si80Se, Si78Se were
carried out. A number of perturbations
in A' state of Si80Se, Si78Se were
observed. Raman spectra of LiNaSO4

in capillary was recorded. The sample
was also studied in an indigeneously
fabricated diamond anvil cell at 10
kbar-100 kbar pressure and several
phase transitions were observed. Vib-
rational frequencies of DPPC, DDS
and DPPS + drug (DDS) were calcu-
lated. An experimental facility was set
up for EXAFS and allied studies. In
plasma spectroscopy, line broaden-
ing studies of the autoionized lines of
Cu I was completed. In beamfoil
spectroscopy several new transitions
belonging to Ar II and Ar III were
obtained using the argon ion beam
from 280 KeV TIFR accelerator.
Several new methods of trace analy-
sis such as boron in steel, rare earths
in solution, were developed on the
ICP system. A 1 meter scanning-
recording monochromator was fabri-
cated for absorption and site selec-
tion spectroscopic studies using
pulsed dye laser system.

Suitable hardware and software
were developed to increase the dyna-
mic range of measurement of signal
detection system employed in the in-
digenously developed inductively
coupled plasma (ICP) unit. A ray trac-
ing program was developed for eva-
luating the high resolution VUV beam-
line of INDUS-I synchrotron source.
An ionization chamber and a time-of-
flight spectrometer for RIMS, a 2
meter path length cell for FTIR, and a
rotating target and substrate assem-
bly for high Tc superconducting thin
film formation by laser ablation were
designed and fabricated. About 1250
samples involving 14000 determina-
tions were analysed.

Studies in resonant multistep
photoionization spectroscopy of ura-
nium were continued, in order to un-
ravel its complex spectrum. A new
spectroscopic chamber was de-
signed and got fabricated. A compu-
ter controlled dye laser spectrometer
was developed for tuning control, dif-
ferential wavelength change monitor-
ing and locking the laser frequencies.
Developmental work on electron-gun
to produce atomic beam with steady
number density and grazing-
incidence grating (GIG) dye laser was
continued.

The resonant features observed in
the single colour photoionization of
uranium were analysed on the basis
of various pathways involving 3 and 4
photon processes. More than 80% of
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the peaks were identified with known
or new levels of uranium based on
three photon process A Single hollow
cathode discharge lamp (HCDL) was
used to measure the absolute transi-
Uon probabilities o) various U) transi-
tions This was done to remove the
ambiguity in the values reported by
other laboratories. Saturated absorp-
tion spectroscopy of U-5915A transi-
tion was carried out in a hollow
cathode discharge lamp (HCDL) by
pump/probe technique using a CW
laser. A strong suppression of the
Doppler pedestal was observed and
studies were carried out to under-
stand the collision processes in
HCDL.

An optically pumped ammonia las-
er operating around 12 micron was
developed and a line tunable output
of 200 mJ per pulse was achieved
with energy conversion efficiency of
25-30%

A high average power narrow band
Rhodemine 6G dye laser amplifier
was set up. Experiments were con-
ducted to optimize the various para-
meters of the amplifier and encourag-
ing results were obtained Such laser
systems are extremely useful in re-
search and development pertaining
to advanced spectroscopy and
photo-chemistry.

Significant increase in output power
of the axial fast flow CW C0 2 laser
was achieved The laser was oper-
ated at an output power level of 650
watt Parametric studies of this teser
are being undertaken with a view to
raising its output to 1 kW.

An avalanche transistor circuit cap-
able of switching 3.6 kV in about 5 ns
was developed for Q switching of
Nd:glass laser oscillator. A power
supply was developed for operating
Nd:glass oscillator at 10-15 Hz. This
oscillator is used to align the various
subsystems of 1 kj Nd:glass laser
chain.

X-rays provide an excellent means
for the diagnosis of dense plasma's.
Laser produced plasmas provide a
convenient x-ray source for this pur-
pose. X-ray emission from targets
made of tungsten and silicon were
studied and encouraging results were
obtained Further experiments are
planned with more powerful laser
beams. A study of the laser generated
shocks in aluminium foils was con-

ducted A theoretical study of the in-
stabilities leading to two plasmon de-
cay of laser produced plasmas was
carried out.

Computer Centre

During this year, two systems
based on 80486 microprocessor us-
ing UNIX operating system and pro-
viding a processing speed of about
5-6 million instructions per second for
scientific computing were added to
the central computing facilities con-
sisting of a network of Norsk Data ND
560 and ND 570 super mini computer
systems at BARC

The graphics facilities were up-
graded by procuring two advanced
colour graphics workstations. A large
amount of software development work
was carried out in the fields of parallel
processing, expert systems, compu-
ter graphics, data base management
systems and system utilities. A prog-
ram for computation of electronic
structures of materials was parallel-
ised on a network of transputers using
'processor farm' approach. Another
parallel algorithm for the solution of
nonlinear reactor physics problems
was implemented on a multiple in-
struction multiple data configuration
of the transputers A cross compiler in
Occam language on UNIX based
machines, and an expert systems
shell based on Connectionist Model
on neural network were developed
FRODO molecular modelling software
running on Vector General 3400
graphics workstations and 3D solid

A dye laser setup

modeller package running on Norsk
Data systems was implemented on
the advanced colour graphics work-
stations This greatly increased the
speed of execution of these pack-
ages

A software development project
was initiated for information manage-
ment and speedy recovery of medical
records in a comprehensive manner
for BARC Hospital. Various dispen-
saries located away from the hospital
will also be provided with access to
this data base through dial-up com-
munication links

A data base was developed on per-
sonal computer for maintaining the
records of information of about 2000
periodicals of BARC Library

An information system for the
maintenance of records about the
starting materials, processing in-
termediates and finished fuel ele-
ments, physical inspection reports,
chemical and analytical test reports
etc.. is being developed for fuel Fab-
rication Faclity. The data base system
provided high level of security with
lournalling facility.

A package was developed for the
management of disaster in nuclear
reactors. A general purpose text
mode page editor was implemented
on UNIX based system. A Norsk Data
command shell on UNIX was de-
veloped to simulate the commands of
the SINTRAN operating system This
would facilitate the transfer of users
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from Norsk Data computer systems to
mini computer system based on UNIX
operating system. Extensive work was
carried out in the development of data
acquisition, monitoring and control
system using personal computers.A
high speed data acquisition and pro-
cessing system was developed for
detecting mining induced microseis-
mic events in Bharat Gold Mines at
Kolar. A PC/AT was coupled to SCAN-
DIG microdensitometer. Replacing
the PDP/11 computer with PC/AT. A
data acquisition and control system
for controlling and monitoring a large
number of lasers operating in MOPA
configuration is being developed.

Seismology

Global seismicity continued to be
monitored by the arrays at Gauribida-
nur and Delhi on round-the-clock
basis.

The PC-386 system to monitor
underground areas at Bharat Gold
Mines was completed and commis-
sioned at a depth of 2 '<m below the
surface in a specially built laboratory.

The radio telemetered seismic net-
work at Bhatsanagar was operated
continuously. Valuable data for seis-
micity and seismotectonic investiga-
tion were obtained in the region sur-
rounding Bhatsanagar.

The multi-channel seismic data sys-
tem was utilised also for recording
and analysis of ground vibrations due
to movement of vehicles.

Nuclear Research Laboratory, Srina-
gar and High Altitude Research
Laboratory, Gulmarg

Gamma-ray astronomy is one of the
thrust-areas in which extensive re-
search work was carried out at NRLV
HARL.

Gulmarg atmospheric Cerenkov
telescope was used to track and iden-
tify possible steady and pulsed gam-
ma-ray signals from a number of
potential cosmic sources, including
the Crab pulsar (0531+21), Cygnus
X-3 and the 156 ms period radio-
pulsar PSR 0355 + 54. A marginally
significant signal was observed in the
PSR 0355 + 54 and Cyg X-3 data and
detailed analysis is in progress.

In theoretical astrophysics, in-
depth study was made of the evolu-
tion of millisecond pulsars and a

mechanism suggested for a pro-
longed phase of angular momentum
transfer necessary for attaining the
observed millisecond periods. It was
shown thai a shock-accelerated pro-
ton beam generated in Cygnus X-3
can interact with the strong X-ray
background to convert more than
20% of the energy of the proton beam
into neutral pions which promptly de-
cay to give TeV/PeV gamma-rays
near the shock front.

The gamma-ray radiation steriliza-
tion facility was provided to one of the
local hospitals and to some industrial
units in Srinagar.

A programmable three-level pulse
generator was developed which was
awarded a prize for being an excel-
lent circuit idea.

A total of 5 PC-based multipurpose
Front Office Posting Machines (FOP-
MA) were developed and tested. The
machine was approved by the De-
partment of Posts for installation in a
number of major post offices in the
country and technical knowhow for its
large-scale procurement/manufac-
ture is being transferred to M/s. CMC.
India.

An extension centre of NRL was
started at Jammu to collaborate with
scientific institutes in the region to
further promote research and de-
velopment in areas relevant to the re-
gion.

Plasma Physics

Investigative studies were carried
out on the basic processes and tech-
nological applications connected with
plasma jet devices.

A 1 MW underwater plasma cutting
torch system was under develop-
ment. The prototype plasma cutting
torch designed for underwater cutting
operations was tested under reduced
power levels with existing power sup-
plies.

Plasma spraying of oxide ceramics
were carried out and trial samples
were given to the R & D Centre of the
Steel Authority of India Ltd. for evalua-
tion as wear resistant coatings re-
quired by the steel industry.

Plasma sprayed superconducting
coatings of yttrium based high
temperature superconductors were
prepared and evaluated for electro-
magnetic shielding applications.

Similar evaluation was carried out for
pellets also. Transient voltage sup-
pressor devices based on the zinc
oxide doped with manganese and
bismuth oxides and new materials
based on solid solutions of oxides
were fabricated and surge protection
characteristics were determined. New
materials based on solid solutions of
oxides of zirconium, terbium and tan-
talum were developed and characte-
rized for potential applications as hot
electrode materials.

Under plasma diagnostic investiga-
tions, experiments were carried out to
measure the heat flux distribution in a
non-transferred dc plasma jet imping-
ing on a surface. Plasma velocity in
the range of 50 m/s to 110 m/s and
turbulent intensity were measured in a
dc plasma jet.

Experiments were carried out on
the mercury-air two phase liquid met-
al magnetohydrodynamic (LMMHD)
system to study the effect of circulat-
ing currents and vane locations on the
generator performance. Gamma ray
attenuation technique was used to
measure void fraction in the two-
phase flow. The installation of most of
the components in the main loop of
the 500MWe steam-mercury system is
complete and the final piping work is
in progress.

Pulse Power and Particle Beam Tech-
nology

Energy storage capacitor bank and
pulsed high magnetic fields find spe-
cial applications in nuclear power
reactors for garter spring reposition-
ing, rolled joint detachment and fuel
fabrication. A high performance 85 kj
capacitor bank with novel idea of dou-
ble mode trigatrons was developed
and operated for more than 10,000
discharge shots for generation of
pulsed magnetic fields especially for
garter spring repositioning in PHWRs
The high magnetic field coils based
on edg° wound helix of hard copper
and electrically insulated by Nomex
insulation were also successfully de-
veloped. The mechanical strength for
the coil to withstand enormous
mechanical stresses arising from high
magnetic flux density was achieved
by a combination of radial banding
with glass fibers and axial clamping
with non-magnetic stainless steel
bolts. The displacement of garter
springs was successfully achieved in
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the coolant-calandria mock-up chan-
nel. It was proposed to transport this
equipment to Narora for repositioning
of garter springs in NAPP-2. Compo-
nents continued to be procured and
design/fabrication made progress to
further enhance the energy from 85 kJ
to 120 kJ for future PHWRs.

The pulse power system KALI-1000
was commissioned.

For the programme on protection of
electronic equipment against intense
electromagnetic interference (EMI),
nested electromagnetic shields of va-
rious sizes were developed and char-
acterized for shielding effectiveness.
Extensive studies continued for the
transip^t breakdown behaviour of low
pressure gas gaps.

Experiments on beam-plasma in-
teraction using KALI-200 system
made further progress. A relativistic
electron beam (REB) of 150-300 keV,
1-2 kA and 40-80 ns generated in a
plasma filled diode was injected into
magnetized hydrogen plasma of de-
nsity 10"-101 4 c m 3 and beam-
plasma interaction was studied. Ex-
periments continued to measure the
intense micro-wave emissions.

The ion-diode design for the KALI-
1000 system presently operating was
undertaken. The design of ex-
perimental system for studying the
physics of collective ion-acceleration
made progress.

Electron Beam Technology

Necessary expertise and equip-
ment were developed to carry out
electron beam welding of fuel assem-
bly components used in Purnima III
reactor. The electrom beam welding
machine used for this purpose was
developed indigenously. Zircalloy-2
cans loaded with toxic beryllium oxide
slabs to be used as modules in the
neutron reflector of KAMINI reactor
were welded successfully.

A microcomputer based controller
for the electron beam welding
machine and a transient digitizer with
a sampling rate of 1 mega samples
per second were developed and
tested. A synchronization control us-
ing modular plug-in-units was fabri-
cated for the 200 J pulsed gigawatt
relativistic electron beam system.

Industrial Design

Technical expertise was provided
for a 500 litre ultra high vacuum
chamber installed at Gauribidanur by
TIFR for the purpose of conducting
sensitive experiment on gravitation
phenomenon.

Another ultra high vacuum system
enveloped inside a high vacuum sys-
tem was designed as per the require-
ment of the research group.

An experimental RF sputtering sys-
tem, operating at a frequency of 12.8
MHz was assembled. Powers of upto
1.8 kW were successfully coupled
into the glow discharge. Efforts were
continued to minimise the RF interfer-
ence produced during the operation
of the system. Investigations of va-
rious parameters with a view to opti-
mize the sputtering yield as well as to
increase the power beyond 2 kW are
in progress.

Field testing upto a range of 1 km of
an Optical Data Link was carried out
at PREFRE in Tarapur. The results of
the test were found satisfactory. Work
is in progress for installing a data link
between the Meterological Laboratory
and the computer room of the Health
Physics Division at Tarapur. An ex-
perimental voice communication sub-
system was developed for use along
with the existing IR digital communi-
cator. Work on a prototype system is
in progress.

Cold Fusion

Experiments to study the phe-
nomenon of "cold fusion" were con-
tinued using electrolytic loading of
palladium and palladium-silver alloy
and pressure loading of these as well
as titanium with deuterium gas. Tri-
tium formation in the metal phase was
observed to be significantly higher
than the background.

Experiments were conducted on
electrochemically induced cold fusion
at low temperature and high current
densities by electrolysing LiOD solu-
tions in heavy water using palladium
as cathode and platinum as anode.
Relevant data on heat measurements,
neutron emission and tritium produc-
tion were collected. A computer code
was also developed for analysis of
temperature transients during cold fu-
sion.

CHEMICAL SCIENCES

Basic Chemistry

The main thrust of the work during
the year was on basic research and it
covered some of the frontline areas
such as superconductivity, chemical
dynamics, radiation and photoche-
mistry, laser chemistry, mterfacial
phenomena, isotope effects, cataly-
sis, radiation damage studies, mate-
rial science, and organometallics. Be-
sides this, a great deal of attention
was also given to applied research
such as catalyst development for nuc-
lear reactor-oriented problems, stu-
dies on hydrogen storage materials,
cold fusion studies, development of
high technology materials for different
end-uses, etc.

To understand the behaviour of
materials at elevated temperatures in
the nuclear context, thermophysical
and thermochemical properties of a
number of relevant materials were
studied. Vapour pressure measure-
ments on Pd-Pt alloys and on TeO?

were performed at high temperatures
to generate thermodynamic data of
these materials. In the area of high Tc

materials, feasibility of preparation of
fluorine substituted 1,2,3,7 oxide and
neodymium cuprate was explored
and thermal expansion behaviour of
Y1.dBa2Cu3O7(-x was studied. In the
field of pulse radiolysis, compounds
such as pyridinols, sulpha drugs and
thiazine dyes were studied with a view
to understanding their one electron
redox behaviour. In the context of
cold fusion, burst emission of neut-
rons from a D2C electrolytic ceil with
Pd cathode was confirmed but not the
excess enthalpy generation. A num-
ber of complex species in the Cu-
volatile amine systems as well as
those in the aluminium-tartaric acid
system were characterised by diffe-
rent techniques.

Two superconducting compounds
in the single-thallium layer series,
namely, T ^ B a ^ C i ^ O s (Tc = 43 K)
and TI1CaiBa1Sr1Cu2O7 (Tc = 94 K)
were prepared and the highest re-
ported Tc values were obtained for
them under controlled conditions.
Elaborate investigations on the prepa-
ration of thallium-based high Tc su-
perconductors TI-2122 and TI-2223
have enabled successful preparation
of single-phase compounds.
YBa2Cu408 (Tc ~ 80 K) was synthe-
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sised using an exclusive ambient ox-
ygen pressure route without em-
ploying any alkali oxidants. A number
of compounds of the general formula
Bi2.xPbxSr2.)<LaxCu1Oy(Tc = 8 Kto25
K) were synthesised in single phase
form for investigations.

The noble metal based catalyst de-
veloped for hydrogen mitigation in
nuclear reactors gave satisfactory
performance for hydrogen-oxygen re-
combination in a prototype stainless
steel reactor even at 100% relative
humidity. A series of new gold-based
catalysts were developed for gas re-
combination to increase the life and
efficiency of sealed-off carbon diox-
ide lasers and were found to give
superior performance as compared to
the catalysts prepared earlier.

A procedure for low temperature
hydriding of metals down to -80°C
was developed and by this method
appreciably higher amount of hyd-
rogen absorption could be achieved.
Unusual changes in magnetic char-
acteristics were observed in the case
of intermetallics like TbFe2, TbFeMn,
and noble metal-doped Fe,.xMnxTi,
on incorporation of hydrogen in the
lattice.

A novel ferromagnetic-to-
antiferromagnetic transition was
observed in the case of Hf1.xTaxFe2

intermetallics, and the microscopic
and macroscopic nature of this transi-
tion was investigated to understand
its origin and thermodynamic charac-
ter. The disordered concentrated
magnetic system Co0 5Zn0 5FeCrO4

was investigated down to 4.2 K, and
its perturbed magnetic structure and
the novel feature of the onset of semi-
spin glass behaviour at —20 K were
explained.

In the field of laser induced chemis-
try, progress was made in areas such
as infrared laser-induced reactions
and multiphoton processes, infrared
laser chemistry at surfaces, photo-
chemistry and photophysics of mole-
cules, fluorescence quenching, ener-
gy transfer processes in
homogeneous and microheter-
ogeneous media, etc., involving
selected molecules. Direct evidence
for a concerted reaction product was
obtained in time-resolved experi-
ments in infrared laser-induced de-
composition of 1:4 cyclohexadiene.
Extensive studies on the photophy-
sics of tyrosine derivatives were car-

ried out and as a spin-off from these
studies a novel fluorescence detec-
tion technique was developed for the
possible identification of irradiated-
food containing phenyl alanine. A
continuous light generation source re-
quired for use with the recently pro-
cured Nd-YAG picosecond laser sys-
tem for setting up a laser flash photo-
lysis unit was developed and opti-
mised for pulse energies of about 50
microjoules.

Pulse radiolysis studies were car-
ried out on solutions of biological
molecules for a better understanding
of the oxidation reactions of these
molecules in living systems. These
studies include (i) the reactions of
peroxyl radicals formed from halocar-
bons with selected biological mole-
cules to evaluate the toxicity of halo-
carbons found in the environment, (ii)
the reactions of organic sulphur com-
pounds which can be considered as
models for sulphur-containing drugs
and biological compounds, and (iii)
the reactions of several substituted
anthraquinones which can be model
compounds for anticancer drugs.

Radiation damage studies on V-Zt
and Ni-AI alloys, and TiC coatings
with helium ions showed that the
alloys have higher threshold for blister
damage as compared to metals, and
that TiC coatings are superior to bulk
material for similar reasons, implying
that these alloys and coatings could
be potential candidates as first wall
materials in nuclear fusion reactors.

In studies on electrolytic cold fu-
sion, the extent of deuterium loading
of palladium cathodes was investi-
gated by in-situ neutron diffraction,
and tritium build-up was monitored in
a variety of specially designed elec-
trolytic cells.

Several new co-ordination com-
pounds of uranium, thorium, rare
earths, tin, titanium, copper, iron, pal-
ladium and platinum were synthe-
sised, and crystal structures deter-
mined for some of these compounds,
showed interesting features. A large
number of special compounds were
prepared for the research and de-
velopment activities of various units of
DAE. Aluminium nitride with low car-
bon content (less than 30 parts per
million) which is used as the target
material for 14C production and
CaSO4: Dy phosphor required for fab-
rication of TLD monitors were pre-
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pared and supplied in kilogram quan-
tities.

A multistream hydrogen monitor
designed and developed earlier, was
equipped with a microprocessor-
based data processing system and is
on field trials.

Several compounds of alkali ura-
nium molybdates were synthesized
by solid state reactions under diffe-
rent experimental conditions and
characterised by chemical and X-ray
methods.

Chemical, X-ray and thermodyna-
mic studies on the R b ^ O - n com-
pound revealed an interesting oxida-
tion behaviour directly to Rb2U4O13

without any intermediate Rb2U4O12.

The composition of the ion beam
formed in the spark discharge ion
source was investigated as a function
of experimental conditions. The varia-
tion in the intensity of homonuclear
isotopic diatomic molecular ions was
shown to be possibly due to the con-
tributions from the charge exchange
peaks.

Applied Chemistry

Studies pertaining to on-line decon-
tamination of the PHT system of
PHWRs continued to be a major activ-
ity. The composition of a dilute che-
mical decontaminant formulation was
optimised to achieve efficient dissolu-
tion of the surface deposits with mini-
mum base metal loss by corrosion.
The methodology for regeneration of
the components of the formulation
was worked out. Based on this work, a
conceptual design of a dynamic
mock-up loop for on-line decon-
tamination studies was completed.

In connection with the possible use
of gadolinium nitrate as a chemical
poison in Indian PHWRs, different
aspects were investigated.
Solubility behaviour of lithium
pentaborate was also studied to
understand its deposition problem.

In the field of corrosion, studies on
dissolution of magnetite and nickel
ferrite, pitting corrosion of Al in buf-
fered chloride solutions and influence
of additives on high temperature ox-
idation of carbon steel surfaces under
deoxygenated conditions were pur-
sued. High temperature pH of
aqueous solutions containing LiOH
and boric acid was computed and its



dependence on changes in dissocia-
tion constants of these compounds
and ionic strength of the medium
assessed. Mass transport studies of
Fe in Zr-2.5% Nb and migration/seg-
regation of Cr and Fe in steam gener-
ator tube materials (lncoloy-800) were
extended to higher temperatures.

Radiolytic studies of water in pre-
sence of air/nitrogen employing both
gamma rays and high energy elec-
trons gave a better understanding of
moderator chemistry changes during
accidental air ingress. The chemistry
control parameters of PHWRs were
reviewed and fresh guidelines given.

Different aspects of marine biofoul-
ing, microbial film formation and
microbial growth were investigated in
detail. The influence of polyphos-
phate addition on corrosion rates in
FBTR coolant water was studied.
Optimum conditions for growth of
bacterial exopolymeric substance
were established. Studies on coolant
water systems at both FBTR and
MAPP jetty were pursued and suitable
chlorine practice recommended to
ensure smooth operation of the cool-
ing systems. A one year analysis of
the sea water at TAPS intake for mic-
ronutrients and biofouling character-
istics continued to obtain base data of
importance for TAPP 3 & 4 condenser
cooling system design.

An automatic X-ray powder dif-
fractometer was commissioned dur-
ing the year. Modifications were car-
ried out in the Knudsen effusion-mass
spectrometer assembly to enhance
its utility. Extensive use was made of
personal computer both for com-
putation and for information retrieval.
An interface was developed to couple
PC to an electrochemical analyser for
faster acquisition and processing of
the data.

Experiments on laser separation of
tritium by multiple photon dissociation
(MPD) of CTF3 were continued to de-
velop a complete separation proces-
ses for both H/T and D/T systems.
Detailed studies of the MPD process
were made to improve both the effi-
ciency and selectivity of the process.

Laboratory scale enrichment of
Carbon-13 isotoppe was undertaken
using two stage photolysis scheme.

Application of sol-gel process,
used in the preparation of fuel micros-
pheres, to the conventional ceramic

technology continued. High tempera-
ture superconducting ceramic pow-
ders of the form YBa2Cu307 pre-
pared using glycerol and glucose as
the reducing agent were found to give
high critical current densities in the
range of 350-485 A/cm2.

Fuel Chemistry
Studies on the preparation of adv-

anced fuels using sol-gel process
were continued. High density UN mic-
rospheres were prepared by car-
bothermic reduction of UO3 + C gel
particles. The study of kinetics of this
carbothermic reduction process was
completed and a mechanism for the
reaction was proposed.

Kinetic studies on hydrolysis of UN
were carried out using thermogra-
vimetric method. A reaction model
was proposed.

Basic thermodynamic information
was obtained on compounds relevant
to the understanding of fuel-clad-
coolant interaction by various ex-
perimental techniques.

Reaction of anhydrous hydrofluoric
acid with plutonium dioxide was stu-
died to obtain plutonium tetrafluoride.

In continuation with the studies on
fluoride complexing of actinides, the
stability constants for Np(IV) was de-
termined potentiometrically.

The crystal structure of
K4Pu(SO4)4.2H2O was determined
from single crystal X-ray data. It
showed dimeric [Pu2(SO4)8]8 ions
with no coordination of water mole-
cules to plutonium ion. This indicated
that the compound could be easily
dehydrated by heating to yield
stoichiometric anhydrous
K4Pu(SO4)4 of known stoichiometry
which was established experimental-
ly. The anhydrous sulphate had very
little tendency to pick up moisture
thereby suggesting its suitablility for
use as plutomium standard.

Two new sensitive methods were
developed for the determination of
trace concentrations of fluorides.

The thermal ionisation mass spec-
trometer coupled with multicollector
detection system was used for the
determination of isotopic composition
and concentration of a number of ele-
ments including Li, Rb and Ti. A new
method of monitoring lithium metabo-
rate ion for the isotopic analysis of Li

was standardised.

Methodology was developed for
the simultaneous analysis of uranium
and plutonium in the dissolver solu-
tion of irradiated fuel employing the
multicollection detector system. This
eliminates the need for their chemical
separation and purification followed
by individual mass spectrometric
analysis.

The multielemental analysis facility
of spark source mass spectrometer
was used for the determination of
trace constituents in zircalloy clad.
Methodology was developed to con-
firm the presence or absence of hyd-
rogen/deuterium in zircalloy enabling
to identify the causes of failure either
due to hydride formation or due to
deuteride formation.

In the context of metallic fuels for
fast reactors, fuel scrap continued to
be processed for the recovery and
recycling of plutonium into the fab-
rication stream.

Studies were undertaken to remove
transplutonium elements such as Am
from highly acidic radioactive waste
streams. Extraction of actinide ele-
ments by commercially available
DHDECMP reagent after purification
is being investigated for this purpose.

Radiochemistry

Investigations were carried out on
basic aspects of nuclear and chemic-
al properties of actinides and fission
products. The chemical quality con-
trol of plutonium fuels for trace metal-
lic constituents by spectroscopic
methods and supply of radioactive
sources to different organisations
were continued.

Nuclear Chemistry

The isomeric ratios of reaction pro-
ducts in the nuclear reactions in-
duced by carbon-12 ions on yttrium-
89 were measured with a view to
studying the contribution of incom-
plete fusion reactions. Studies were
carried out on mass resolved angular
distribution in oxygen-16 and carbon-
12 induced fission of thorium-232.
Measurements were carried out on
the angular distribution of fission frag-
ments formed in the interaction of ox-
ygen-16 ions with lutetium-175, hol-
mium-165 and gold-197 and the
values of anisotropy determined.
These studies using the pelletron
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have thrown light on the mechanism
of nuclear fission and nuclear reac-
tions. Studies in nuclear chemistry us-
ing VEC included those on the emis-
sion angle dependent fragment angu-
lar momentum of fission products in
the alpha particle induced fission of
uranium-238, fission product yields in
the fission of erbium and gold in-
duced by helium ions using the sensi-
tive fission track technique, produc-
tion of promethium-144 by helium ion
reaction on praseodymium-141 and
formation cross-sections of reaction
products in the nuclear reactions in-
duced by helium ions on aluminium-
27. The fission barrier values obtained
for ytterbium-171 and thallium-201
agree well with the simple liquid drop
barriers with corrections for shell
effects. The cumulative yields of short
lived cerium isotopes in the spon-
taneous fission of 252Cf were deter-
mined by gamma ray spectrometry
after fast separation by solvent ex-
traction. The alpha to fission bran-
ching ratios of californium-252 and
curium-244 were measured by solid
state nuclear track detection techni-
que. Spectrometric measurements
were carried out on mercury-197
formed in the helium ion reaction on
gold-197. Studies on the decay of hol-
mium-164 were completed. High pur-
ity 236Pu in trace quantities was pre-
pared by helium ion reaction on ura-
nium-233 for use in environmental stu-
dies.

Actinide Chemistry

The chemical species formed dur-
ing the synergistic extraction of amer-
icium by aliphatic amides and pyrozo-
lones were identified. A number of
complexes of hexavalent uranium and
Plutonium with acylpyrazolones and
amides were prepared and characte-
rised. An important development has
been the synthesis of CMPO and its
use for the extraction of Am from solu-
tions containing actinides and fission
products. As part of studies on new
extractants for actinides the solvent
extraction behaviour of phenyl benzyl
isoxazolone for actinides was investi-
gated. A new structural phase transi-
tion around 120°C was discovered in
ammonium uranyl fluoride using EPR
method. The hyperfine coupling con-
stant of 233U was determined by EPR
of U(V) doped lithium niobate and it
followed the expected trend from the
available data on 235U(V) doped
fluorine substituted complexes.

Analytical Chemistry

Over eighty different types of sam-
ples, aggregating to nearly 2000 sam-
ples involving 5000 determinations,
were analysed. Several existing
analytical methods were standarised
and several new analytical proce-
dures were developed. These in-
clude, ICP-OES method for the deter-
mination of rare earths in yttrium oxide
and the Ion Beam Analysis methods
for metal and alloy coupons im-
planted with nitrogen for uptake and
depth profiling of fluorine. Traces of
platinum in human blood serum were
determined by GFAAS and ICP-OES
and the method of GFAAS was util-
ised for the determination of fluoride
in water. The method of ion exchange
separation and preconcentration was
utilised for the determination of as
many as 7 elements in gallium matrix.

Basic studies in electrochemistry
included the investigations of adsorp-
tion and underpotential deposition of
Tl(l) on mercury electrode, elec-
trochemistry using aluminium wire
electrode and impedence studies on
platinum, ion and nickel in 0.1 N sul-
phuric acid. Thermal decomposition
studies of the oxinates and adduct
oxinates of uranium and thorium re-
vealed many new factors and could
establish the mechanism of thermal
decomposition. Several ion exchange
systems in aqueous and mixed sol-
vents were studied from the point of
view of thermodynamics. Support was
provided to the Beryllium Plant for the
design and fabrication of the powder
classifier for optimising conditions for
obtaining maximum efficiency. A
general scheme was prepared and
provided to NFC, Hyderabad for the
recovery of uranium from waste solu-
tions. Analysis of deposits in coolant
loops yielded significant information
on the nature and cause of the de-
posits. Several elements in Polish
tobacco were determined by In-
strumental Neutron Activation Analy-
sis (INNA) and other methods for inter
laboratory comparison of results.
Technical guidance to the personnel
of Central Forensic Science Labora-
tory, Calcutta based at Trombay for
the application of neutron activation
analysis (NAA) for forensic purposes,
was continued. The collaborative
programme with Geological Survey of
India was reviewed and was pro-
nounced to be highly satisfactory.

The National Centre for Composi-
tional Characterisation of Materials
(NCCM) is being set up at NFC Cam-
pus, Hyderabad. This centre will de-
velop new analytical methodologies,
with results of assured quality, for
compositional characterisation of
pure materials used in high technolo-
gy areas such as atomic energy and
electronics. It will also provide valida-
tion support to national programmes
through standard reference materials
and specialised training in trace and
ultratrace analysis.

MATERIALS & MATERIALS SCI-
ENCE

Heavy Water

Reconcentration plant at BARC
continued to operate satisfactorily
during the year. Downgraded heavy
water received from Dhruva and Cirus
reactors was enriched to greater than
99.86% concentration. Cleaning of
acidic heavy water received from va-
rious heavy water projects was car-
ried out for further enrichment to reac-
tor grade.

Studies for determining the opti-
mum process parameters for photo-
chemical enrichment of deuterium on
a pilot plant scale using monomeric
formaldehyde as feed material were
continued. A xenon chloride excimer
laser pumped UV dye laser in asso-
ciation with an in-house built multi-
pass absorption cell system was util-
ised for these studies.

Studies on the feasibility of an on-
line upgrading plant to increase isoto-
pic purity for better fuel economy
were carried out. Performance eva-
luation of various heavy water up-
grading plants at reactor sites and
final enrichment plants at heavy water
project sites was carried out. Reac-
tivation of two more distillation col-
umns of Manuguru heavy water pro-
ject was achieved, and improvement
in performance is under review. Fab-
rication of tower internals and per-
formance evaluation of individual sec-
tions of heavy water upgrading plant
to be set up at KAPP continued.

Work on setting up an additional 1 0
metre diameter enrichment column
unit at Thai and Hazira upgrading
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Laser setup for enrichment of deuterium

plants and 0.6 metre diameter unit at
Baroda plant also continued. The
work on setting up the chemical labor-
atories at Heavy Water Projects at
Manuguru ^nd Hazira made prog-
ress.

A number of deuterium labelled
compounds were prepared and sup-
plied to various research institutions
in the country. The aggregate value of
the products was approximately Rs.
2.00 lakhs. Deuterium gas and heavy
water demand of various users was
also catered to.

Rare Earths and Other Materials

Work on preparation of ammonium
uranyl carbonate (AUC) for convert-
ing to sinterable uranium oxide, re-
covery of uranium from crude uranium
tetrafluoride, preparation of stable
isotopes, scintillation chemicals, car-
bon specialities and elemental
fluorine was continued. An ex-
perimental set up was installed and a
number of runs were carried out to
determine process conditions giving
free-flowing AUC from which sinter-
able uranium oxide csuld be pro-
duced. Bench scale work on recovery
of uranium from crude tetrafluoride
was completed and the process is
being tested on pilot scale. Study of
hydrogen-deuterium isotope effect in
decomposition of sodium amalgam
using a continuously operating ex-
perimental system, continued. Enrich-

ment of boron-10 by ion-exchange is
being studied. Work on synthesis of
newer scintillation solutes and prepa-
ration of colloidal graphite suspension
for zircalloy coating was taken up.
The large fluorine cell of improved
design and the accessory systems
were operated satisfactorily and the
fluorine gas produced was utilised for
production of metal fluorides. Opera-
tion of the pilot plant for production of
scintillation chemicals PPO and
POPOP was continued to meet the
demand of nuclear power plants and
research organisations. Production
and supply of polystyrene based
plastic scintillator blocks was con-
tinued.

The research programme on
separation of rare earths too obtain
high purity individual rare earth ox-
ides made rapid progress. New
approach to develop process flow
sheets based on mathematical mod-
elling and computer simulation stu-
dies was standardised. Based on this,
a process flow sheet to produce high
grade neodymium oxide was evolved
and tested successfully. This technoL-
ogy would be utilised by Indian Rare
Earths Ltd. to produce large quanti-
ties of neodymium oxide required for
making permanent magnets. India will
be one of the few countries in the
world to have such know-how.

A new concept in solvent extraction
technique called "3-exit process" was

developed for simultaneous recovery
of three metals as high purity pro-
ducts. Work on preparation of rare
earth phosphors used in trichromatic
lamps and TV. screens was initiated.

A pilot plant to test process flow
sheet for recovery of uranium from
wet process phosphoric acid is being
set at FACT-Cochin Division. This pilot
plant is expected to be ready for trial
runs by October 1991. It will help in
finalising the indigenous technology
for recovery of over 150 T of U3O8 per
year from this source. This process is
based on solvent extraction techni-
que using DEHPA and TOPO as ex-
tractant for uranium. These costly rea-
gents are at present being imported.
The know-how for preparation of such
reagents is being developed in
BARC. The work on preparation of
DEHPA using indigenous raw mate-
rials was completed. Work on prepa-
ration of other reagents was studied.

Work on development of suitable
process flow sheet for recovery of
uranium from the newly discovered
high grade ore deposit in Meghalaya
continued. The technology for pro-
duction of uranium metal used in re-
search reactor fuel, was further up-
graded.

Metallurgy

Installation of an experimental elec-
trothermal fluidised bed chlorimeter
was completed and the unit was suc-
cessfully operated producing crude
zirconium/hafnium chloride by direct
chlorination of zircon mineral. Trial
runs were conducted on hafnium
separation by extractive distillation of
the crude chloride mixture in a 12 —
stage distillation column assembled
for the purpose. These runs demons-
trated the feasibility of the totally non-
aqueous pyrochemical process for
effective hafnium separation for the
production of nuclear grade zirco-
nium. Work on ultrapurification of haf-
nium by hot filament technique was
continued, and a bright shining haf-
nium crystal bar, 20.5 mm in diameter
and over 2 kg in weight was grown on
a thin filament in a single campaign.
For the production of low carbon spe-
ciality ferroalloys of refractory metals,
a general process involving an alumi-
nothermic reduction technique was
successfully developed. The process
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was fully tested in the production of
alloys such as Fe-Nb, Fe-V, Fe-Mo,
Fe-W, Fe-Ti, Fe-Cr and Fe-B. Action
was initiated for the transfer of this
technology to interested entrep-
reneurs.

Work continued on the preparation
of ceramic-metal seals for ultra high
vacuum applications. The earlier pro-
cess, based on electroless nickel
overplating and flame brazing of
moly-manganese metallised alumina
tubes was modified. By this method it
was possible to prevent surface con-
tamination and to produce clean
brazed joints capable of withstanding
vacuum better than 10-9 torr. It is
planned to take up mass production
of brazed joints for use in ultra high
vacuum systems.

Materials Science

In the area of materials research,
the main emphasis was on structure-
property correlations; deformation
structure and characteristics, phase
transformations, characterisation of
laser treated materials and corrosion
studies. High temperature deforma-
tion studies were carried out at diffe-
rent strain rates on important reactor
materials such as zircaloy-2, Zr-2.5
Nb and Zr-2.5 Nb — 0.5 Cu alloys and
on pure zirconium with a view to opti-
mising their hot forming parameters.
Tests were conducted under com-
pression and the efficiency para-
meter, which closely related to strain
rate sensitivity, determined in each
case. Based on this, a map represent-
ing the temperature — strain rate
field, was constructed, which was
very useful in deciding the hot opti-
mum forming conditions. This new
concept of deformation modelling
gave axcellent results when applied
to hot extrusion of zircaloy-2 and Zr-
2.5 % Nb tubes.

Annealing studies were carried out
on Zr-2.5 Nb coolant tubes to develop
a model to determine the exact level
of annealing required after cold work
for achieving the specified strength.
For this, apart from microstructure
studies, some empirical constant re-
lating stress and plastic strain, were
chosen as markers to follow the pro-
cess of annealing recovery. The con-
stants were evaluated from tensile
test results, and for any given amount
of cold work, a definite correlation of
time and temperature of annealing is
evident.

A new technique based on projec-
tions from higher dimensional lattices
was made use of in explaining the
structure and stability of long period
superlattices occurring in alloys. The
predictions based on this model were
found to be in good quantitative
agreement with the reported ex-
perimental data for a 2-dimensional
long period superlattices in Al-Ti inter-
metallics.

The effect of cascade forming
radiations on the order-disorder trans-
formation, and on the formation of
non-equilibrium phases in the
stoichiometric Ni4Mo alloy, was ex-
amined. On the basis of TEM studies,
phase stability diagrams were pre-
pared for the relevant ordered struc-
tures over the temperature range of
300-1050 K.

Laser Surface Alloying (LSA) was
studied as a means for surface mod-
ification and improvement of corro-
sion resistance. Laser irradiation was
carried out on chromium electropla-
taed mild steel coupons using a
pulsed Nd-YAG laser. The study has
shown that LSA is an elegant and
inexpensive technique for producing
surfaces highly resistant to wear and
corrosion attack.

A comprehensive project study was
initiated under the Indo-Soviet Scien-
ce Co-operation Programme in the
field of laser materials processing.
Different modes of laser processing
involving heat-treatment, surface
melting and surface cladding, are
under investigation to study the mic-
rostructural and compositional
changes that occur, as well as to opti-
mise the process conditions and to
work out structure-property correla-
tions.

Significant progress was made in
the corrosion evaluation of stainless
steels and nickel based alloys which
find use in nuclear reactors. The Ti/C
ratio and the molybdenum content
necessary to drastically reduce inter-
granular corrosion in austenitic stain-
less steels were established. Studies
on localised corrosion in nitrogen
containing stainless steels were con-
tinued and the resistance to pitting
corrosion observed in these steels are
attributed to nitrogen enrichment at
the pit surface. A model was de-
veloped to predict stress corrosion
crack velocity under different environ-
mental conditions. The specification

tests for the acceptability criteria of
SS 304 L for use in nitric acid media
were upgraded for better reliability,
and laboratory tests showed Alloy-
690 to be far superior in its resistance
to pitting corrosion as compared to
the most widely used steam generator
tube material, Alloy-800.

Nd-YAG laser crystals were grown
and rods of size 4 mm dia x 30 mm L
were fabricated.

Thermal conductivity upto 1873 K
and hot hardness upto 1473 K were
determined for mixed nitride fuels.
Out-of-pile chemical compatibility be-
tween (U0.45 PuO.55)N and SS 316
was established upto 973 K for 1000
hours.

The fuel temperature history and
fuel microstructure evolution in the
highest rated fuel pins of an irradiated
PHWR fuel bundle were generated
using fuel modelling code.

Quantitative fractography was car-
ried out on several impact tested
specimens and a linear correlation
was obtained.

Under an IAEA co-ordinated re-
search programme impact speci-
mens of pressure vessel steel irradi-
ated at Cirus upto a fluence of 1 x
1019 n/cm2 ( E> 1 MeV ) were tested.
Impact tests were also carried out on
samples of TISCON — 50 Steel rein-
forcement bar after irradiation in Cirus
reactor. Materials and components
received from reactor sites and va-
rious DAE Units were evaluated.

Desalination and Hydrogen Produc-
tion

The 425 Cu m/day Multistage Flash
(MSF) Desalination Plant continued
operational runs for the evaluation of
the plant performance and reliability
of various process equipment. Opera-
tion of the 30 Cu m/day Shipborne
Thermal Desalination Plant was suc-
cessfully demonstrated for technolo-
gy transfer.

Following the successful demon-
stration operation of the Reverse
Osmosis Plant for the treatment of
radioactive effluents, design work for
a 300 Cu m/day capacity plant was
taken up. Decontamination of Ura-
nium Oxide Plant (UOP) effluents
were also achieved in bench scale
units using reverse osmosis and ultra-
filtration processes at NFC. A 500 g
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425cum/day multistage flash desalination plant developed at BARC

batch Polyamide Hydrazide Polymer
was successfully prepared. This is
one step nearer to the commercialisa-
tion of sea water Reverse Osmosis
Technology. Evaluation of the mem-
branes made from the above polymer
continued. Development of mem-
branes with improved performance,
compact modules and some new
membrane processes such as nano-
filtration etc. for wider applications
made progress. A 6 Cu m/day Ship-
borne Desalination Plant based on re-
verse osmosis process was designed
and fabrication continued.

The 33N cum/hr Hydrogen Pilot
Plant was operated, and based on its
performance some modifications are
being made to enable the plant to
operate at higher pressures.

RADIOISOTOPES

Radioisotope Production

Radioisotope production in Dhruva
and CIRUS was carried out. During
the year, about 1,200 sample cap-
sules were irradiated. Major radioiso-
topes produced included 35.18 TBq
(950 Ci) of molybdenum-99, 16.66
TBq (450 Ci) of iodine 131, 629.6 TBq
(17,000 Ci) of iridium-192 and 1.48
TBq (40 Ci) of phosphorus-32. Irradia-
tion is also being carried out for the
special neutron start-up source
assembly for Fast Breeder Test Reac-
tor at Kalpakkam with an estimated
total activity of 51.85 TBq (1,400 Ci) of
124Sb.

The Five Year Plan Project on Dhru-
va Utilization for Isotope Technology

was completed. Under this project,
updating and setting up of new
shielded facilities for handling multi-
curie amounts of iodine-125, molyb-
denum-99 and other isotopes were
carried out.

Radiopharmaceuticals

Radioimmunoassay procedures for
the measurement of drug clonidine
and theophylline were developed and
standardised. Apart from these, de-
velopment of RIA techniques for the
steroid hormones, useful in the di-
agnosis of endocrinological dis-
orders, were also taken up.

Work was carried out for standar-
dizing the labelling methods of va-
rious antibodies with "<m>Tc and
'i3(m)|n u s j n g differing ligands. An
alumina column generator for the pre-
paration of " ( m ) T c from low specific
activity 99Mo was developed. This
generator is now routinely used for the
preparation of new technetium based
radiopharmaceuticals.

Tracer applications in Industry and
Hydrology

Isotopes of hydrogen, carbon and
sulphur(2H,3H,14C), were employed to
study the origin of groundwater in
parts of Haryana, the salinity and
recharge to groundwater at Midna- •
pore, West Bengal and the effect of
salt pans on the quality of groundwa-
ter in coastal areas of Palghar District,
Maharashtra.

A radiotracer experiment was done
to study the movement of sediment in
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sea bed near Karwar, Maharashtra. A
similar radiotracer experiment using
0.29 TBQ (8 Ci) of 46Sc in the form of
scandium glass was carried out in
Hooghly Estuary to study the move-
ment of bed load sediment. The study
will be useful to select a suitable
dumping site for the dredged mate-
rial.

Radiation Technology

Work was undertaken for the de-
velopment of Computerized On-Line
Isotopic Radiographic Imaging Sys-
tem (COLIRIS) and Computerized
Isotopic Tomographic Imaging Sys-
tem (CITIS). Design of the various
components is in various stages of
completion. These systems will be ex-
tremely useful for the on-line radiog-
raphic inspection of engineering
materials.

As part of radiography services
shielding integrity tests of a number of
coolant tube flasks and end fitting
tubes were radiometrically tested for
NPC.

Cu-Be blocks for Defence Services
were radiographically inspected for
cavities, voids and other discon-
tinuities. Pre-commissioning Safety
Reports for the multi-purpose irra-
diator for Defence Laboratory, Jodh-
pur was submitted to AERB for
approval. Civil works were started for
the RVNRL irradiator for Rubber
Board, Kottayam.

In the Electron Beam Accelerator
dosimetry, studies on linear and
circular conveyor systems were com-
pleted. Work on the irradiation of thyr-
istors and polyethylene 'O' rings for
improved properties was continued.
For various agencies, including some
of the universities, electron beam irra-
diation services were carried out, for
their research investigations. The
continuous wire mesh type variable
speed conveyor in the electron beam
facility was modified to achieve
batch- to-batch reproducibility of the
results in the samples irradiated.

Radiation degradation studies of
different grades and types of Teflon
were continued. Several Kg quantities
of Teflon of various grades were
irradiated in the presence of CCU and
were found to give products which
could be pulverised to fine powder.
New radiation polymerised systems
for controlled release of drug like



HEMA-MMA system are being de-
veloped.

Under the Fission Product Sources
Project, the facilities for the prepara-
tion of cesium-137 medical and in-
dustrial sources were set up and
commissioned. A number of trial runs
were carried out.

The installation and commissioning
of a Sewage Hygienization Research
Irradiator (SHRI) at Baroda was com-
pleted.

REACTORS

Reactor Engineering

The thrust of R & D programme in
reactor engineering continued to be
towards generation of design informa-
tion and design details for the PHWR
fuel handling system of 500 MWe
PFBR, technology development for
performance improvements, repair
and maintenance work on operating
reactors, and studies for developing a
thorium based heavy water reactor.

As a part of the programme for
qualification and development test-
ing, a number of pieces of equipment
and components were tested under
simulated high pressure high temper-
ature conditions similar to those in
power reactors. Notable among them
are two fuelling machines for KAPP,
various hardware components used
in the primary heat transport system,
special solenoid valves, and resist-
ance temperature detectors. To cater
to the enhanced requirements of
qualification of fuelling machines for
future reactors, one of the test facili-
ties was renovated. An online data
logging system for MAPS fuel hand-
ling system was developed. This is
now being installed at MAPS.

Taking advantage of the develop-
ment work carried out for secondary
shutdown system for NAPP, modifica-
tions were planned for incorporation
in later units with a view to simplifying
the system. These were qualified in a
full scale mock up facility. Evaluation
of level transmitters of various types
was carried out to identify more reli-
able instruments for field use.

A high temperature facility was set
up to take up corrosion studies on
zircaloys. Experimental studies were
started to optimise water chemistry
conditions. Some descaling studies
were also carried out. For safety im-

provement, engineering scale ex-
perimental studies were planned for
evolving hydrogen mitigation systems
for use in power reactors.

Testing and evaluation of electrical
components and insulating materials
used for nuclear power reactors were
continued.

Design and development activities
relating to 235 MWe/500 MWe PHWR
coolant channels continued. To im-
prove assurance of safety of zircaloy-
2 pressure tubes a comprehensive
study was carried out and a number
of recommendations were made.
Optimum locations of four garter
spring spacers of KAPP-2 type
coolant channels were worked out.

The programmes for repair technol-
ogy development were further pur-
sued. A Coolant Channel Replace-
ment Machine (CCRM) is being de-
veloped under this programme. De-
sign scheme for alignment system us-
ing image processing technique was
finalised. Self-elevating work table,
transmission system and shielding
curtains etc. were designed. De-
velopment of an electromagnetic gar-
ter spring repositioning device con-
tinued. Work for establishment of
Pressure and Temperature Cycling
Facility and Burst Test Facility con-
tinued.

Design and development work re-
lating to permanent rehabilitation of
MAPS reactors was carried out.
Theoretical and experimental studies
were made to estimate wear life of
dump ports under possible fretting
and rubbing contact with the debris
trapped into the ports. Various de-
signs of flow diverters of sparger
channels were tested on mock up
facility. The vibration acceptability of
the sparger was established using a
full scale model. Procedures, tools
and fixtures were developed and
qualified for sparger installation and
sparger rolled joints.

The vibration laboratory provided
diagnostic help in solving the various
problems during commissioning of
power reactors. An extensive model
analysis of the shut off rod guide tube
for NAPP-1 was carried out. A poten-
tial application of the vibration signa-
tures is the on-line diagnostics of
structures and machinery. Preliminary
studies for identifying the most sensi-
tive discriminating parameter are

under way for observed and known
deviations in nuclear power plants.

Thermal and stress analysis of
RAPS-1 end shield was carried out
with the aim of increasing reactor
power further in steps. Studies were
initiated for improving the fuel dis-
charge burn up, in operating and fu-
ture reactors. Interim report for oper-
ating reactors was issued.

The work for 500 MWe PHWR made
further progress. New facilities were
commissioned for evaluating and
optimizing the design of various com-
ponents and subsystems of fuel
handling system and spent fuel trans-
fer system. Extensive testing were
carried out to generate pressure drop
data on coolant channel assembly
components. Endurance testing was
conducted on a prototype shuttle.
Modifications in the shuttle design are
in hand. Work of setting up of the test
facility for evaluating the various con-
cepts of the new fuelling machine,
also continued.

Seismic analysis and design of the
primary heat transport piping is being
revised to minimise the number of
snubbers. Refinements were
carried out in the seismic analysis of
the reactor building.

Preliminary design data for the
secondary shut down system for the
500 MWe PHWR had been gener-
ated. A computer code was de-
veloped for calculation of reactivity
worth taking into account the interac-
tion effects between the poison jets.
The design of the system was opti-
mised and a full scale mock up was
set up for qualification of the design.

After finalising the conceptual de-
sign of fuel handling system of PFBR,
detailed design of various compo-
nents of inclined fuel translift mechan-
ism was carried out.

Installation of equipment, and pip-
ing system loop instrumentation and
control system of the 2 MW Inpile
Engineering Loop at Dhruva and fab-
rication of some of the auxiliary sys-
tem progressed. Design manual and
safety report of the loop was prepared
and submitted to Reactor Safety
Committee. Requirement of emergen-
cy cooling system for the loop was
evaluated and suitable scheme was
finalised. Equipment and piping lay-
out of the 150 kW Inpile Engineering
Loop at Dhruva was finalised.
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Fabrication of most of the equip-
ment required was completed and
procurement of instrumentation and
electrical systems progressed. De-
sign report and safety report of the
loop is being prepared.

Manufacturing of buggy and buggy
drive system for the X-ray Inspection
Facility at Dhruva was completed and
of lead shield blocks is nearing com-
pletion. Design report of the facility
was prepared.

Studies were started for evaluation
and optimisation of a thorium based
heavy water reactor. Preliminary phy-
sics design was carried out.

Reactor Analysis

One of the abnormal conditions
considered for safety analysis is sta-
tion blackout which involves failure of
both normal and emergency AC pow-
er. Analysis was carried out for the
steam generator depressurisation.

The thermosyphon te^ts conducted
in NAPP-1 reactor were simulated.
Blowdown analysis was carried out
for a double ended guillotine rupture
of pump discharge line.

For measuring two-phase flow de-
velopment of a Drag Disc flowmeter
continued. Analysis was carried out
for the Standard Problem Exercise —
3 sponsored by the IAEA. The test
involved simulation of a rupture on the
top of the steam generator collector of
a WER type reactor. Work on the
analysis for International Standard
Problem — 27, was initiated.

Computer code ATHLET, for the
analysis of transient/accident condi-
tions in nuclear reactors, was com-
missioned. Two sample problems
provided along with the code were
solved successfully.

Experimental and analytical studies
were initiated to study the fuel and
coolant channel behaviour during a
postulated severe accident involving
LOCA followed by Loss of Emergency
Coolant Injection (LOECI). Ex-
perimental studies are being planned
to study the behaviour of a PHWR
coolant channel under a totally voided
condition. Preliminary design of the
experimental set up has been done.

A computer code, 'CONTRAN' was
developed for the prediction of press-
ure and temperature transients in the
PHWR containment, with suppression

pool, following a LOCA. Further mod-
ifications of the code progressed. Stu-
dies on hydrogen and aerosol be-
haviour in the containment were initi-
ated. Setting up of a facility for Integ-
ral System Behaviour Experiments
(FISBE) continued to study the PHWR
system behaviour under abnormal/
accident conditions.

Evaluation of the earthquake de-
sign basis of the sites for TAPP 3 & 4
and RAPP 5-8, including the design
basis peak ground acceleration and
design response spectra, was done
and seismic risk analysis was carried
out. Scaling law for Fourier Amplitude
Spectra (FAS) of earthquake ground
motion and a program for the genera-
tion of time-history compatible with
response spectra and FAS were de-
veloped. Preliminary seismotectonic
evaluation was done for the new prop-
osed sites in Andhra Pradesh and
Kerala. A number of safety reports
and reports on design basis, dynamic
analysis were reviewed for various
safety committees.

Development of a computer code
continued for System Dynamic Analy-
sis of standardised 235 MWe PHWR
and subsystem models were de-
veloped. All these models will be inte-
grated together to form a system
code for dynamic analysis of 235
MWe PHWR. Development of a similar
code for the dynamic anlaysis of 500
MWe PHWR power plant also prog-
ressed. Modelling work for other sub-
systems was initiated.

In addition to the development of
PSA models for 235 and 500 MWe
PHWRs, work related to the PFBR was
initiated. Emphasis is being given to
the application of PSA to the operat-
ing plants. Reliability Analysis of
Dhruva protective system and a trip
coverage analysis of various initiating
events applicable to Dhruva was also
carried out.

A symptom based diagnostic sys-
tem for the Initiating Event (IE) involv-
ing different types of LOCA was de-
veloped and demonstrated at MAPS.
Additional features suggested, such
as incorporating other lEs, multi-
tasking etc. are being incorporated. A
program for 'Living PSA' is also under
development. It is planned to use this
software towards PSA Based System
Inspection Plans.

Detailed testing including acceler-
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ated thermal and radiation ageing of
indigenously manufactured solenoid
valves and ageing tests for other pro-
cess instruments were carried out
and design modifications were sug-
gested. Scintillation survey meter and
atmospheric ion analyser were tested
for their worthiness in the Antarctic
environment.

Work on the development of a Safe-
ty Parameter Display System (SPDS)
continued. Work was done on the de-
velopment of guidelines for qualifica-
tion and assessment of safety critical
software and recommendations were
made for the improvement of PDCS
software design at KAPP.

In studies related to 500 MWe
PHWR a high flow, low pressure test
facility was fabricated and erected.

A correlation was developed for the
friction factor in 37 rod fuel bundles.
Experiments on the effect of diametral
creep of fuel channel on pressure
drop and subchannel analysis for the
creep affected fuel channel were car-
ried out. The experimental data were
analysed and correlations were
obtained for the loss coefficients for
the fuel locator at inlet/ outlet end
fitting. The effect of longitudinal creep
of channel on the fuel locator press-
ure drop was also studied.

As part of the work related to the
interim rehabilitation of MAPS reac-
tors, experiments were conducted on
a scale model of calandria to deter-
mine the flow field inside the calan-
dria, for different flow rates.

As part of the Co-ordinated Re-
search Project (CRP) sponsored by
the IAEA work on the compilation of
light water and heavy water physical
properties continued and computer
programs were developed to gener-
ate the thermodynamic and thermo-
physical properties of light and heavy
water.

A computer code for the prediction
of two-phase flow regimes in co-
current gas-liquid flow was de-
veloped and validated. A proposal for
the adoption of Constant Boiler Press-
ure Programme (CBPP), in the 235
MWe PHWRs is under consideration.
Necessary analysis for turbine end-
stage conditions and steam generator
performance under CBPP were car-
ried out. Temperature transients were
evaluated for the thermal reactor for
the extraction of uranium. Tempera-
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ture transients were evaluated for the
spent fuel handling system of the 500
MWe PFBft. Transient thermal analy-
sis was also carried out to predict the
temperature distribution and melting
of lead (or various spent fuel transfer
casks and transportation crates for
the gamma chambers of BRIT sub-
jected to fire-test as specified by
AERB.

Experimental Reactor Physics

Detailed analysis of axial flux
measurements made during commis-
sioning of Narora-I in different con-
figurations of reactivity devices was
completed. Software prepared for on-
line monitoring by computer.

Studies proceeded regarding com-
missioning stage measurements in
500 MWe PHWRs. For studying radia-
tion effects in zircaloy, monitors for
measuring neutron fluence were in-
stalled in Dhruva together with zirca-
loy samples. First set of monitors was
retrieved and measurements were
made.

Improved data-processing
methods were investigated in Dhruva
for use of noise-analysis techniques
for measurements and diagnostics in
power reactors. Work was pursued for
evaluation of nuclear data for thorium
cycle and studies were made in trans-
port theory,

Purnima III reactor attained critical-
ity on 9th November 1990. Experi-
ments of operational and safety in-
terest continued.

Chart showing Purnima-lll attaining criticality

Control room of Purnima-lll

Top view of Purnima-lll

Fuel assemblies for Purnima-lll and Kamini reactor
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Reactor Control

The instrumentation and control
systems for Purnima III critical facility,
the automated moderator pump and
dump system with level and tempera-
ture monitoring, control and trip were
installed, tested and commissioned.
The drive mechanisms for safety-
cum-control rods and fine control
rods were renovated.

Two Channel Temperature Monitor-
ing (CTM) systems using 8086 pro-
cessors were commissioned at
NAPP-2. The systems worked satis-
factorily during hot conditioning in De-
cember 1990. A microprocessor
based Programmable Digital Compa-
rator (PDC) system was installed and
commissioned at KAPP-1. The system
handles 360 field signals and thus
replaces equal number of convention-
al indicating alarm meters. The exper-
tise obtained through PDC will be fully
exploited for the development of fully
computerised protection system in fu-
ture.

A system to record reactor disturb-
ances for 64 parameters every 200 m
sec was developed and tested and
six units are being assembled for in-
stallation at NAPP, MAPP and KAPP
reactors.

The Ram Test Facility (RTF) at Engg
Hall-7 is being upgraded.

The Computerised Control System
for Fuel Handling System of NAPP-1
reactor was installed and commis-
sioned for full auto mode operations.
For future 235 MWe PHWRs, a new
control system using an indigenous
computer, and automated software
test system are being developed.

A scaled model of liquid zone con-
trol system of 500 MWe PHWR was
commissioned and the design and
development of state-of-art drive
mechanisms for shut-off rods and
control rods of 500 MWe PHWR was
taken up.

An indigenous clutch for shut-off
drive mechanism was designed and
satisfactorily tested to give higher tor-
que rating. The imported clutches will
be replaced by the indigenous ones
in a phased manner in NAPP — 1 & 2 .
A large number of precision potted
reed switch assemblies for installation
in shut off rod drive mechanisms of
KAPP — 1 & 2 and test console for
out-of-pile testing and qualification of

mechanisms at KAPP — 1 were fabri-
cated and supplied to NPC.

A prototype device consisting of an
inspection head and a drive mechan-
ism was designed, fabricated and
tested for measuring the annular gap
between the pressure tube and the
calandria tube in 235 MWe PHWRs.
Efforts for the phase-wise develop-
ment of inspection equipment and
drive mechanisms etc. for gauging
active coolant channels without isola-
tion and draining continued.

Four boron carbide control blades
were made and supplied to TAPS.
Fourteen Zr-2 guide tubes for primary
shut down system, twelve Zr-2 liquid
shut off tube and fourteen stainless
steel shut off rods of primary shut
down system for KAPP-1 were made
and supplied. Twelve Co slug absor-
ber assemblies were made and sup-
plied to NAPP-2. All this work involved
precision machining of components,
qualification of welding processes
and welding of long stainless steel/
Zr-2 components to the stringent spe-
cifications.

Reactor Operations, services and
maintenance

The 100 MWt research reactor
Dhruva continued to operate at its
rated power level and was well util-
ised for production of radio-isotopes
and research in basic and applied
sciences. Dhruva was declared a

Neutron beam tube of Dhruva reactor

National Facility for neutron beam re-
search under DAE-lnter-University
Consortium. Work on installation of
guide tubes was in progress for trans-
porting cold neutron beams to the
laboratory adjacent to the reactor
building for pursuing material science
research in low gamma and neutron
background. A notable achievement
of the year was the commencement of
handling of isotope tray rod assemb-
lies with reactor in operation. On-
power handling of the tray rods has
become a regular feature now. Irra-
diation of zircaloy samples of seam
welded and seamless calandria tubes
was commenced at Dhruva for
assessment of irradiation induced
growth under fast neutron fluence.
Considerable improvement in failed
fuel detection and location system
performance was achieved through
several modifications in the system
design and operating procedures.
Work on installation of the in-pile en-
gineering test loop of 2 MW thermal
capacity reached advanced stages.
Suitable modifications were carried
out in the fuelling machine towards
controlling drift of its carriage and trol-
ley. Developmental work was also
undertaken for improving the reliabil-
ity of the snubber system of the head
gear assembly of shut off rods.

In July, 1990, a significant landmark
was achieved when the 40 MWt re-
search reactor CIRUS completed
three decades of successful opera-
tion.
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C/ws af Trombay. The reactor has completed 30 years of successful operation

Both CIRUS and Apsara reactors
continued to operate in a sate and
efficient manner and provided facili-
ties for neutron research, neutron
radiography, testing of nuclear detec-
tors, isotope production, activation
analysis, irradiation of several mate-
rials and training of personnel. Moni-
toring of various equipment and com-
ponents of Cirus reactor was initiated
for assessing effects of ageing and
refurbishing requirements towards
extending the useful life of the reactor.
Setting up of a laboratory for condition
monitoring of various plant equipment
also progressed.

About 36,500 samples of light wa-
ter, heavy water, helium, ion-
exchange resins were analysed for
chemistry control of process systems.
Over 2;100 samples were evaluated
for reactivity effect, heat production
and radiation shielding requirements
and were irradiated for radioisotope
production.

Assistance was provided to NPC in
the analysis of raw water samples re-
ceived from project sites and in the
evaluation of hot conditioning of prim-
ary heat transport system of NAPS-2.

Trained man-power assistance was
also provided for the commissioning
of this unit. Studies were carried out
on various chemical aspects of gado-
linium nitrate solution in order to
assess its suitability for use as a nuc-
lear poison in the moderator system of
PHWRs.

Detailed studies were undertalon
towards freezing the conceptual de-
sign of a high flux multipurpose swim-
ming pool type research reactor using
low enriched uranium fuel. Detailed
engineering of associated systems
was initiated.

The design of a shipping cask for
transporting irradiated antimony ox-
ide capsules was completed. The de-
sign was approved by AERB. Tech-
nical specification for manufacture
were prepared and design of a facility
for shipping cask drop test was final-
ised.

FUEL CYCLE

Ore Dressing

Studies were continued on the
feasibility of preconcentrating ura-
nium values in copper plant tailings of

Singhbhum area by the application of
wet high intensity magnetic separa-
tion (WHIMS) before chemical
leaching. Analysis of the WHIMS pro-
ducts showed that very fine uraninite
particles are not recovered in WHIMS.
Further studies showed that a part of
these values can be recovered in the
overflow of small diameter hydrocy-
lones. Evaluation of cost of recovering
uranium from Mosaboni tailings by in-
troducing a WHIMS preconcentration
step showed a significant reduction
compared to the process using direct
acid leaching of the entire mass of
tailings.

Beneficiation studies on sandstone
type samples from Domiasiat in
Meghalaya continued. The samples
contain high density pitchy coal which
assay abnormally high uranium.

Detailed beneficiation studies were
carried out at the request of Mineral
Exploration Corporation Limited on
beneficiation of a wolframite-graphite
ore from Burugubanda, Andhra
Pradesh, and development of a pro-
cess flow-sheet to recover both the
valuable minerals (wolframite and
graphite) is nearing completion.

Studies were carried out at the re-
quest of Indian Rare Earths Limited on
beach and placer deposits of Kudir-
aimozhi (Tamil Nadu), Ratnagiri
(Maharashtra) and Bhimunipatnam
(Andhra Pradesh). The major heavy
mineral constituent in all the three de-
posits was found to be ilmenite, with
minor amounts of other valuable
minerals like rutile, monazite, zircon,
garnet and sillimanite. Preconcentra-
tion was achieved by spiralling and
further upgradation and final purifica-
tion by a complex circuit involving
magnetic and high tension separa-
tions.

Beneficiation studies were carried
out at the request of Orissa Mining
Corpoiation Limited on a high grade
chromite ore from Orissa to produce a
concentrate meeting market speci-
fications. It was possible to get a
chromite concentrate assaying 54%
Cr2O3 with Fe/Cr ratio of more than
3.1 at a recovery of greater than 91%.

Several fundamental studies on va-
rious unit operations of ore dressing
were continued. Important among
them were the studies on modelling
and simulation of differential com-
minution and liberation of minerals,
selective flocculation of minerals and
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floatation of minerals such as cas-
siterite and wolframite

Uranium Fuel Fabrication

The JueJ eJemente for the research
reactors CIRUS and Dhruva were
fabricated and supplied. More than
160 metallic uranium fuel rods and
1910 fuel sub-assembly components
were supplied to CIRUS, and more
than 150 uranium fuel clusters were
supplied to Dhruva. Nearly 220 alumi-
nium shields and more than 150 stain-
less steel seal plugs were also deli-
vered to Dhruva

Efforts were put in to achieve higher
productivity and yields in fuel fabrica-
tion.

Quality Assurance

Rigorous in-process quality con-
trol checks and final inspection was
carried out for all fuel elements and
components made and supplied to
Cirus and Dhruva, and all the special
reactor components supplied to pow-
er reactors.

QS was carried out regularly on
PHWR and BWR fuels and zircaloy
components.

Plutonium and 233U Fuel Fabrication

Mixed nitride is a strong candidate
fuel for operating FBTR (in place of
mixed carbide), and forthcoming
PFBR because of its excellent prop-
erties. Considerable progress was
made towards the development of
this fuel. A flow sheet was developed
for the fabrication of high purity
(U045 Pob&) and ((U0 8 F>0?)N pel-
lets in batches of 1 kg. A flow sheet
was also developed for the fabrication
of high purity fuel pellets on 150 g
scale via Sol-gel microsphere peile-
tisation (SGMP) route using micros-
pheres prepared by both internal and
external gelation routes.

The fuel core of the neutron
radiography reactor Kamini at IGCAR,
consisting of Al-U ?33 plate fuel sub-
assemblies were fabricated for phy-
sics experiments at Purnima III. In
addition three Al-Pu plate fuel sub-
assemblies were also fabricated and
handed over for testing at Purnima III.

A continuous motion X-ray
radiography set up was designed and
used for the inspection of Kamini fuel
plates. This technique allows move-

ment of the fuel plate together with the
X-ray film at a constant speed across
a narrow slit through which a nearly
parallel X- ray beam passes.

The Advanced Fuel Fabrication
Facility at Tarapur for the production
of Mixed Oxide (MOX) fuel com-
menced initial operations with Nat.
UO2 prior to the introduction of Pu in
the manufacturing line of glove boxes.
At present, production of sintered
Nat. UO2 pellets for PHWRs is under-
way in the glove box line. The
machine for resistance welding of end
caps of zircaloy tubes for the manu-
facture of PHWR fuel pins is under-
going qualification trials. In the analy-
tical chemistry area of the laboratory,
the glove boxes set up for performing
fuel chemistry quality analysis be-
came operational. One of these
houses a direct reading spectrometer
for the determination of metallic and
rare earth impurities in the fuel. Stu-
dies continued for the determination
of uranyl nitrate. In the area of physic-
al quality control, the active metal-

Hot cell facilities at BARC

lography klin became operational. A
laser based non-contact gauging sys-
tem for fuel pellet geometry control is
being set up.

Post-Irradiation Examination.

Examination of several high burn-
up Dhruva fuel assemblies were car-
ried out in radiometallurgy hot cells
facility. An assembly of fuel pins
made by extrusion process was also
examined and found to have per-
formed satisfactorily. Pieces of MAPS-
2 calandria tube were examined us-
ing visual metallographic and elec-
tron microscopic techniques to deter-
mine the nature and cause of defect
in the tube.

Fuel Reprocessing

The Fuel Reprocessing Plant at
Trombay was on an outage to intro-
duce an additional plutonium purifica-
tion cycle to achieve improved pro-
duct purity. This involved introduction
of additional extraction columns and
other equipment and laying the
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associated piping inside the process
cells. After the modifications, the plant
resumed its normal operations of pro-
cessing the spent fuel from CIRUS
reactor.

The PREFRE Plant at Tarapur suc-
cessfully completed a campaign
undertaken to polish the off-grade
uranyl nitrate solution accumulated
from the previous campaigns. A ura-
nium product of prescribed purity was
achieved as a result of this. The plant
is under an outage now to attend to
the maintenance of some vital in-cell
equipment as a prelude to starting the
next reprocessing campaign with
spent fuel.

Civil construction work on the Kal-
pakkam Fuel Reprocessing Plant Pro-
ject reached completion. Erection of
process vessels and equipment in
two of the six cells was completed
and work in other cells continued.
Process piping work also proceeded
as per schedule. Installation of va-
rious services and utility systems
reached different stages of comple-
tion. A major milestone reached dur-
ing this period is the transport to pro-
ject site of four large carbon steel
tanks of 250,000 litre capacity each
for storing intermediate level alkaline,
liquid waste and positioning of the
same in the underground reinforced
concrete vault.

The engineering design of the facil-
ity for U 2'33 separation from irradiated
thorium fuel continued to progress
steadily. The erstwhile rad waste eva-
poration plant cells of the Fuel Repro-
cessing Plant, Trombay where the
new facility will be installed, were
completely decommissioned and
thoroughly decontaminated.

A major achievement in the R&D
efforts during this period is the de-
velopment of a new type of electrolys-
er set-up in which 100% reduction of
uranyl nitrate to uranous nitrate was
possible in contrast to the 50-60%
achieved in a conventional electroly-
tic cell used hitherto. This will greatly
help in reducing the amount of ura-
nous nitrate solution used as a strip-
ping reagent in the plutonium purifica-
tion cycle of the process thereby im-
proving the product concentration as
well as substantially reducing the
amount of uranium recycled which
cuts into the plant throughput. After
the successful demonstration Oi the
prototype, a production unit is under

fabrication.

The indigenously developed CAL-
MIX mixer-settlers are now being tried
for a variety of solvent extraction ap-
plications. The ten stage CALMIX-20
Unit gave excellent results in the
Thorex separation system with very
good scrubbing and stripping per-
formances and uranium recovery bet-
ter than 99%. Studies on the spent
solvent clean-up with CALMIX-90 mix-
er-settler also gave very encouraging
results.

Radioactive Waste Management

The radioactive waste management
facilities at Trombay, Tarapur and
Rawatbhatta functioned satisfactorily
throughout the year, treating and con-
ditioning the low and intermediate
level radioactive wastes from the nuc-
lear installations at these sites. The
liquid effluents, after chemical treat-
ment, were discharged into aquatic
environment with activity levels far be-
low the limits prescribed by the Reg-
ulatory Authority. The solar evapora-
tion facility at Rajasthan site was oper-
ated continuously with the aim of
achieving 'zero release1 to the en-
vironment. The waste concentrates,
namely the chemical sludges, solar
evaporation pan sludges etc., were
immobilized in cement matrix before
disposing them into RCC trenches,
tile holes etc. in the solid Waste Man-
agement Facility at each site. These
facilities were regularly monitored
through the borewells around them
and no migration of radioactivity into
the surrounding soil was observed.
This bears testimony to the integrity of
the engineered containment.

At the Narora Atomic Power Project
site, the first phase of the waste man-
agement facilities was commissioned
during this period. Active laundry,
chemical treatment plant, decon-
tamination centre, liquid effluent
monitoring and discharge and solid
waste storage became operational
now. Other systems such as ion-
exchange, evaporation and solidifica-
tion are being commissioned.

Waste Immobilisation Plant (WIP) at
Tarapur was successfully operated
for the • vitrification of the high level
wastes from the Power Reactor Fuel
Reprocessing Plant (PREFRE) lo-
cated at that site. The wastes were
suitably diluted in the preliminary
runs. Several batches of the vitrified
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product were collected in SS canis-
ters and the canisters, each contain-
ing several hundreds of curies of fis-
sion product activity, were remotely
welded. The bituminisation plant was
also operated to 'fix' the secondary
wastes generated in the vitrification
process. Vitrification operations with
wastes at higher specific activity will
soon follow.

Civil construction work of the pro-
cess building in the Waste Immobi-
lisation Plant at Trombay reached
completion. Construction of the 100
metre high RCC stack is in an adv-
anced stage. Design of the process
systems continued to progress. Major
utilities equipment were procured/
ordered.

Efforts commenced for the standar-
disation of Waste Management Facili-
ties for the future nuclear power sta-
tiors. Work on detailed process de-
sign for a Centralised Waste Manage-
ment Facility, one each for RAPP 3-8
and Kaiga 1-6 power stations, was
taken up. Work on a similar facility for
TAPP 3-4 continued to progress.
Architectural and equipment layouts
are being worked out.

Augmentation of the waste man-
agement facilities is in progress as a
part of the Away From Reactor (AFR)
Spent Fuel Storage Facility at Tara-
pur. Civil and process design works
were completed. Installation of ser-
vice systems also reached comple-
tion. Procurement of process equip-
ment commenced.

The first phase of experiments con-
nected with the thermo-mechanical
studies at the 1000 m deep under-
ground chamber in KGF mines was
successfully completed. Data col-
lected on the behaviour of host rock
under the radionuclide decay heat,
simulated by electrical heaters in
these experiments, are being proces-
sed now. Work also progressed to
start another series of experiments
with multiple heaters in an adjoining
chamber.

In connection with the studies per-
taining to repository site selection, a
collaborative programme with other
expert agencies in the country was
chalked out. Action was initiated for
the mapping of granitic areas of cen-
tral and western India and for the
characterisation and evaluation of
host rocks in these areas for the in-
tended purpose.



The long term concern with regard
to high level wastes is mainly on
account of the presence of very long
lived actinides in them. Because of
this consideration, studies were taken
up on actinide partitioning from the
fission product waste concentrates
with emphasis on solvent extraction
route. Some organo-phosphorus
compounds and amides are being
tried as candidate solvents. Prelimin-
ary work with Am'i—TBP/Dode-
cane under a variety of conditions
continued and gave encouraging re-
sults.

As an alternative to the vitreous
matrices, studies continued on SYN-
ROC, a polycrystalline material hav-
ing excellent capacity to retain the
active waste without leaching, over
very long periods

Pot induction melting process is the
one being followed at present for vitri-
fication of high level wastes in the
Waste Immobilisation Plant at Tara-
pur. An alternative process for the
vitrification of these wastes using
Joule heated ceramic melter is also
being studied. The feasibility of the
process was established in an en-
gineering scale facility. Other aspects
like the feeding system, product with-
drawal, choice of the refractory mate-
rial that can withstand repeated ther-
mal cycles and corrosion by the mol-
ten glass are being studied now.

Services pertaining to the produc-
tion and testing of iodine and special
filters for the power stations and other
DAE units as well as NBC filters for
defence needs were continued.

RADIOLOGICAL SAFETY & PRO-
TECTION

Health Physics

Safety surveillance of the various
nuclear operations at all DAE installa-
tions in the country continued. Health
Physics Units at UCIL, NFC, IRE Ltd.
Udyogmandal and OSCOM regularly
carried out the operational and en-
vironmental surveillance. A new lung
monitoring facility started functioning
at NFC and all the radiation workers of

NFC were covered under this protj
ramme. In general, the levels de-
tected were well within the prescribed
limits.

The Health Physics Units attached
to the Nuclear Power Plants at Tara
pur, Rawatbhatta, Kalpakkam and
Narora provided round the clock
radiation surveillance and health phy-
sics services. At Narora, radiological
safety support was provided during
commissioning and early power op

Instrumental setup for environmental analysis

Pollution monitoring facility
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eration of Unit-I. A special programme
of surveys and measurements was
undertaken for verifying adequacy of
shielding and suggesting corrective
measures wherever needed. Routine
operational health physics service
and surveillance were provided for
research reactor operations, fuel fab-
rication, radiochemical, radiometallur-
gical, radiopharmaceutical, nuclear
medicine and BRIT operations, fuel
reprocessing and waste management
and accelerator facilities at Bombay
and Calcutta.

The Environmental Survey and
Monitoring Laboratories (ESML) at the
different nuclear sites continued to
monitor the environment around nuc-
lear power plants by conducting de-
tailed measurements en a large num-
ber of samples. Analysis of data
showed the radiological impact of
nuclear operations to be negligible
and far below the standards stipu-
lated by the international bodies. The
Health Physics units and Environmen-
tal Survey Laboratories participated in
emergency drills and exercises car-
ried out at the different sites. A Health
Physics Unit and an Environmental
and Radiological Laboratory are
under commissioning stage at Kak-
rapar.

Environmental impact assessment
for new upcoming plants of NFC, IRE
and Kaiga were carried out. Pre-
operational soil survey at Kakrapar,
Kaiga and Kudankulam was initiated
to establish background levels. Pro-
ject proposals for ESMLs at Kaiga
and Kudankulam were submitted.
Micrometeorological analysis was
carried out at BARC, Kaiga, Kudank-
ulam and Nagarjuna Sagar.

Environmental surveillance prog-
ramme around Trombay continued.
Long lived fission products and trans-
uranics were estimated in sea water,
bottom sediments, solar salt, sea
food, fresh water, vegetation and air.
Total external and internal exposure
to the population was less than 1 % of
the permissible limit. Detailed study of
vertical distribution of Pu and Am, and
137Cs in the bottom sediment, and
major trace element analysis of the
sediment were made to predict the
deposition and transport of radionuc-
lides.

Liquid effluents from various units
at Trombay were regularly monitored
for gross activity and Ra, Th and U

radionuclides. Apart from environ-
mental samples, various items such
as food materials, building construc-
tion materials, chemicals and con-
sumer products were examined for
radioactivity by gamma spectrometry
using bulk counter. Soil samples from
Trombay before and after Chernobyl
accident were compared for radioac-
tivity for any possible contribution of
the accident.

In order to make environmental im-
pact assessment for burial of high
level radioactive wastes in granite re-
positories, mathematical models were
developed to arrive at concentration
profile in the fractured zone waters.
Computations indicate major amount
of activity retention in the near zone of
repository for most radionuclides.
Leaching characteristics of nuclides
such as 14C and 134Cs were under
study for cement matrix.

Monitoring of radiation workers for
internal contamination as a part of the
overall radiation health surveillance
programme continued. Monitoring by
direct external counting as well as
indirect method, namely analysis of
urine samples, continued. The long
lived radionuclides like Pu, Am, U and
Th were monitored both by direct as
well as indirect methods.

Industrial hygiene surveys were
carried out during the various opera-
tions in BARC as well as other DAE
units with a view to assessing occu-
pational health hazards. Ventillation
measurements, noise level measure-
ments and ambient thermal condi-
tions in work areas were also con-
ducted.

Industrial safety promotional activi-
ties were continued as part of Acci-
dent Prevention Programme in col-
laboration with the Medical Division of
BARC. Investigation of accidents, fol-
low-up actions on implementation of
various recommendations made, and
releasing of quarterly reports on
analysis of accidents with findings
were carried out.

The R & D activities included (i)
development and installation of
based datalog systems, (ii) remote
dose logging with VHF telementry for
Site Emergency Control Centre at
Trombay and Tarapur, (iii) dosimetric
studies, (iv) tritium measurements in
'cold fusion" samples and tritium map-
ping of the Indian sub-continent and
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the Arabian Sea, (v) derived working
levels for surface contamination, (vi)
studies on bio-kinetics of thorium and
uranium, and application of activation
analysis for routine bio-assay of thor-
ium, and (vii) evolving radiation pro-
tection standards appropriate for Indi-
an conditions and collection and col-
lation of anatomical, physiological
and metabolic data to formulate an
Indian Reference Man'

At Trombay health physics cover-
age was provided for (i) removal of
high field strainers and 'on-powor tray
rod1 handling at Dhruva and failed fuel
detection and heavy water loss
measurements at Cirus and Dhruva,
(ii) fabrication of 233U and Pu bearing
alloys at RMD, (iii) thyroid cancer and
thyrotoxicosis cases, and (iv) special
maintenance jobs at Plutonium Plant
and modification jobs at PREFRE.

The air concentration of the che-
micals estimated during the year in-
cluded beryllium, ozone, dust, and
oxides of nitrogen. The values
obtained were generally found to be
below the respective 'Threshold Limit
Values'. Compressed air provided for
breathing at Filter House, RLG as well
as that used for filling self-contained
breathing apparatus at Fire Station,
Tarapur were tested for carbon mono-
xide, oil mists and paniculate matter.
Information on hazards and other
pertinent data were given to Central
Stores Unit for transportation and dis-
posal of surplus chemicals.

Ventilation measurements were
carried out to assess the face veloci-
ties in the fumehoods and process
tank openings at Beryllium Plant at
Vashi and the Control Laboratories of
Uranium Metal Plant at Trombay.
Noise level measurements were
made in the workshop area at many
places at Trombay. Some of the new
proposed facilities were examined
from health and safety point of view
and comments were offered. A review
was undertaken of dose apportion-
ment for various pathways of expo-
sure at different nuclear sites having
operating on proposed nuclear facili-
ties for members of the public from
release of radioactive effluents for
purposes of regulatory control.

Radiological Protection

A national network of environmental
radiation monitoring stations is being
established which will help to detect



accidental nuclear releases either
from within the countn/ or from across
the borders. This national network will
form a part of a global network known
as GERMON (Global Environmental
Radiation Monitoring Network). Each
station will have the capability to de-
tect even small increases in the levels
of the environmental gamma radia-
tion, activity in the atmospheric par-
ticulates and radioactivity in the sur-
face depositions. The entire instru-
mentation needed for these stations is
being done indigenously. These sta-
tions in the long run will provide an
invaluable data base on natural radia-
tion levels with all its temporal and
spatial variations. Five such stations
at Bombay, Tarapur, Kalpakkam, Cal-
cutta and Indore are operational since
October 1, 1990.

The countrywide monitoring prog-
ramme of assessment of indoor radon
exposures to the population con-
tinued for completing one +• jll year in
each house chosen for the monitor-
ing. Imported solid state nuclear track
detector films are being used for this
large scale monitoring exercise.
Efforts were initiated to develop these
films indigenously.

During the year, nearly 300 food
items were monitored for radioactivity
contamination, and cleared. Blood
lead analysis in suspected poisoning
cases referred by various hospitals in
Bombay were carried out and the pa-
tients were followed up after treat-
ment.

Environmental radioactivity suryey
in Antarctica regions was continued
for the second successive year by
participating in the ninth Antarctic ex-
pedition. Data on gamma radiation
levels, atmospheric ions, radon con-
centration in air, trace heavy metals in
air and water etc. were collected.
These form an invaluable data base
for a region not yet affected by human
activity.

The cancer deaths recorded
among the DAE employees and their
families stationed at Bombay and
Tarapur were analysed. The cancer
deaths were compared with that re-
ported for the Bombay city general
population by the city cancer registry.
The results do not indicate any situa-
tion that warrants anxiety; at the same
time it is realised that no conclusion
can be drawn from the present data
base which is rather limited. A con-

tinuous process of monitoring is being
planned.

Radiological protection and radia-
tion safety programme were con-
tinued in all institutions all over the
country using radioisotopes and
radiation sources for medical, indust-
rial and research applications. Per-
sonnel monitoring service was pro-
vided to both DAE and non DAE in-
stitu'.ons. More than 37,100 radiation
workers in about 3,000 institutions
were monitored with TLD and film
badges. In addition to the above
radiation workers receiving beta,
gamma and X-ray exposures, there
were around 1,240 additional radia-
tion workers in about 50 institutions
whose fast neutron exposures were
monitored on a bi-monthly basis. A
systematic computerized dose record
of all radiation workers is being main-
tained. A new. indigenously made TLD
card tape was developed. The card
has improved characteristics such as
shorter readout time, better repro-
ducibility and reusability of dosi-
meters.

Installation plans were approved for
18 beam therapy, 8 brachytherapy
and 14 open sources institutions. Au-
thorisations were issued for procure-
ment of 858 radionuclide consign-
ments and 67 new radiographic
cameras. Source loading operations
in 12 telegamma installations were su-
pervised. Certificates were issued for
safe transport of radioactive mate-
rials. More than 670 radiation sources
and 3.150 mg of radium from 9 institu-
tions were received from various in-
stitutions for disposal. Radiographic
cameras were inspected and tested
periodically for their functional de-
fects and adequate radiation shield-
ing. Type approval tests for 22 X-ray
units manufactured by 4 firms were
carried out. Performance test on 4
teletherapy units were carried out.
Nucleonic gauges containing Cs-137
and Co-60 from user institutions were
decommissioned for final disposal.
An Am-Be neutron source with 37
GBq activity was recovered from a
well logging tool. Four cases of
source-stuck-up in radiography
cameras were successfully attended.
Loading of Co-60 in a radiography
equipment was supervised. The
source loading operations for com-
mercial irradiation facility at Shriram
Institute for Industrial Research, New
Delhi was supervised and a radiolo-

gical survey of the installation was
conducted. Safety assessment of
transport container for FBTR startup
source was carried out and due re-
commendations were made to BRIT
for a shipment under special arrange-
ments. A computer code VAHAK was
developed to provide complete de-
tails regarding safe transport of
radioactive materials.

Fabrication of kits for quality assur-
ance tests in diagnostic radiology,
undertaken last year, was continued,
and 14 kits were loaned to outside
institutions for performing quality
assurance tests on their X-ray units.
Field data received from 9 institutions
were analysed. Some defects which
were observed during these tests
were rectified to give expected di-
agnostic image quality.

A new microprocessor controlled
semiautomatic TLD Badge Reader
with an interface to an IBM compati-
ble PC was developed to cater to the
increasing personnel monitoring re-
quirements. An interface unit was also
developed for connecting the manual
TLD Badge Readers to an IBM com-
patible PC for glow curve and data
storage. A TLD Badge Reader with
parallel processing of the three dosi-
meters of the badge was developed,
for fast readout of the badges. A mic-
roprocessor based portable therapy
dosimeter with a range of 0-20 Gy
was developed for use in cancer ther-
apy centres. A microprocessor con-
trolled kVp Meter/Timer was de-
veloped for quality assurance
measurements of diagnostic X-ray
machines.

To meet the growing demand for
radiation monitoring instruments, the
technical knowhow of some of the
dosimeters and portable radiation
monitors developed was transferred
to private manufacturers. The tech-
nologies for the manufacture of
Secondary Standard Dosimeter, Cli-
nical Dosimeter, Beam Therapy Dosi-
meter and Universal Dosimeter, and
of Digital Contamination Monitor
Radiation Monitor and Digital Indust-
rial Radiation Monitor were trans-
ferred.

A beta-gamma emitter Sc-46 was
standardised for participation in an
intercomparison organised by Bureau
International Des Poids et Measures
(BIPM), France. Standard samples of
Sc-46 were sent to Central Bureau of
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Nuclear Measurements (CBNM),
Geel, Belgium as requested by them.
In addition, this standard was used to
determine the calibration factor for the
gamma ion chamber which is used as
a Secondary Standard. An intercom-
parison of radioactivity measure-
ments in various nuclear medicine
centres in the country was organised
by using radionuclide 1-131 TLD
measurements were introduced for
special investigations in the
dosimetric intercomparison of diffe-
rent centres of oncology in the
country

Various types of radiation detectors
used in reactor control and radiation
monitoring, were calibrated for neut-
ron and gamma sensitivity. For
measurement of thermal neutron flux
density, a PC based on-line system
was incorporated in the beta-gamma
coincidence set-up. This system com-
putes directly the flux from the count
rates of the activation foils.

The work on the development of
chemical dosimeters for radiation pro-
cessing and radiotherapy applica-
tions was continued. Dose intercom-
parisons were carried out for high
energy accelerators using the FBX
system Coloured indicators for irra-
diation verification were supplied to
many companies who are using
radiation for the sterilization of medic-
al products. Radiobiological studies
related to the effects of low dose rate
irradiation were continued. Induction
of genetic damage in experimental
cell system was investigated under
continuous low dose rate irradiation
using a Co-60 gamma source. Dose
rate effect for the exposure to beta
rays was investigated for the induc-
tion of genetic damage in yeast cells.

ELECTRONICS AND INSTRU-
MENTATION

Instrumentation

A microprocessor based elec-
tromyograph was clinically evaluated
and approved for wider usage in hos-
pitals, and the technology was trans-
ferred for commercial production. A
sophisticated electronics system re-
quired for transient image capture
and analysis was evaluated for beam
— profile studies. The manufacturer
who has absorbed this technology
from BARC has successfully pro-
duced first production unit.

Gas gun facility for high pressure physics studies

Technologies for Liquid Scintillation
Counting System, 4K Nuclear ADC
with fixed conversion time of 12.5 sec
and 100 MHz sealer were transferred
to ECIL for production.

A number of health monitoring in-
struments were supplied to NAPP-II.
A Data Acquisition System for moni-
toring the radiation in different areas
of KAPP reactor building was de-
veloped.

A process mass spectrometer for
on-line analysis of gaseous nuclear
fuel was installed, commissioned and
made operational at site. Mass spec-
trometers for heavy water analysis
were delivered one each at Manuguru
and Hazira. A number of modifica-
tions were effected in the double
focussing mass spectrometer result-
ing in an improved resolution. All the
subsystems of the thermal ionization
mass spectrometer were developed.

Performance of the 600 KW power
unit was improved through better ven-
tillation. RF generator for ICP torch
assembly was tested at 2 KW and its
performance was found satisfactory.
A DC constant current power supply
rated at 40 amps, 300 V with regula-
tion better than 0.1% was made for
use with Argon ion laser. Another las-
er power supply rated at 7.5 KV, 120
mA with stability of 0.1% was de-
veloped for use with He-Ne gas laser.

A number of room temperature
operable MCT detectors for CO? laser

were developed. Development and
production of surface barrier detec-
tors continued.

Production of flash lamps, hollow
cathode lamps, pocket dosimeters
and different types of GM seals was
continued. A number of ultra high
vacuum components like metal tees
and crosses, precision linear and rot-
ary motion feedthrough etc. were de-
veloped for use in the analytical in-
struments

Computer Based Instrumentation

Engineering design was completed
and material procurement is in prog-
ress for the 20 sets of thyristor traction
chopper drives to be installed on 20
motor coaches of 1500 V DC EMUs of
the suburban services of Central Rail-
way at Bombay. The equipment de-
sign is evolved by BARC and the
assembly is to be done by BHEL and
ECIL.

BARC at the request of Indian Rail-
ways has developed and supplied 2
energy meters for use in AC locomo-
tives. The know-how will be transfer-
red to outside agencies for produc-
tion.

A prototype DC servo-drive and
control system developed for the
Giant Meter Radio Telescope (GMRT)
Project underwent testing. A pro-
totype station servo-computer was
commissioned for testing.
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Manufacturing and supply of 150
canned motors for Hazira Heavy Wa-
ter Plant was completed.

An indigenous personnel access
control system based on magnetic
card readers was developed. Three
personnel access control systems
were installed. Design of physical
protection system for KAPP was com-
pleted.

A system for Electron Image Pro-
cessing and X-ray Spectroscopy cou-
pled to a Scanning Electron Micro-
scope was installed at IGCAR Kal-
pakkam.

A scheme was worked out for de-
veloping Image Processing System
for alignment of Coolant Channel Re-
placement Machine for reactors. Soft-
ware was developed to determine
central line offset for the coolant chan-
nel to be aligned.Image processing
facilities were also provided for
structural investigation of fractals
study of characteristics of pico-
second laser phenomenon and
alpha-track counting operations.

An explosive detector providing
analog and digital indication of count
rate for detection of explosives was
made. Electronic hardware was
assembled and tested for five units.

A multi-stream hydrogen monitor-
ing system was developed, for con-
tinuously monitoring hydrogen con-
centration.

A prototype Adaptive Controller
was developed and tested on a mini-
thermal plant at Training Division,
BARC.This has application in dyna-
mic process environment where auto-
matic tuning of controller gains be-
comes essential. IBM-PC based reac-
tor process modelling and simulation
package was developed in collabora-
tion with NPC to study the effect of
many parameters in the working of
reactor subsystems which is useful to
study the performance of control sys-
tems at the design stage.

Data were collected for the state of
Jammu & Kashmir for the preparation
of Phonetic Place Code Grid. The
Place Code Grid incorporating the
first two digits of the phonetic charac-
ters, indicating the broad zone and
medium zone, were also prepared for
Jammu & Kashmir. The instruction
booklet, originally written in Hindi, was
revised, enlarged, and translated into
Urdu and English.

ENGINEERING SERVICES

Civil Engineering

The main construction activity dur-
ing this year was the continuation of
the superstructure works for the
Waste Immobilisation Plant, which
was commenced in July 1987. Con-
struction of 100 metre high RCC stack
was almost completed.

Construction of (i) Underground
water tank of 50 lakh litres capacity for
Alternate Water Supply line to BARC,
(ii) Low cost covered shed for DPS at
Trombay Village, (iii) RCC trenches in
Zone 12 in RSMS area, Trombay and
other miscellaneous works were com-
pleted.

Work on expansion to Hospital
at Anushaktinagar and Bank and Post
Office building at Trombay progres-
sed. Certain major structural repairs
and refurbishing works on Modular
Laboratory building, Central Stores
and Central Complex were taken up.
Structural repairs, for RCC jetty, pre-
stressed saucer type water tanks, and
FIPLY Complex were carried out in
phases. Several new schemes viz. (i)
Hot Cell Facility for post-irradiation of
nuclear fuels and reactor compo-
nents, (ii) New Guest House and
Technical Staff Hostel at Anushaktina-
gar (iii) Component Decontamination
and Conditioning Facility, (iv) Ex-
perimental Facility for internal system
behaviour, (v) a Workshop Building
for DEED, (iv) Extension to Library,
(vii) Development of Production and
Scintillation Materials Facility and (viii)
Extension to Plutonium Plant and
other miscellaneous facilities are in
planning, estimation or sanction
stage.

Architectural, structural and public
health design services including bills
of quantities for Township and infras-
tructure works of NPC for their 2x500
MWe project at Tarapur etc. were pro-
vided. The maintenance of all BARC
installations at Trombay including
BARC Hospital and Trainee's Hostels
at Anushaktinagar were continued.

During the year, certain new de-
velopmental activities were taken up.
One of the thrust areas is to construct
a scale model of a nuclear power
reactor concrete containment and
test it under instrumented conditions
to study its behaviour as well as pat-
tern of failure. The results of this study
would be very useful to build up pub-
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lie opinion on safety of nuclear power
stations apart from giving insight to
the designers.

Extension to Beryllium Machining
Facility at Vashi, New Bombay was
completed. Construction of new dis-
pensary building commenced and
work for setting up new dispensary at
Andheri, Bombay continued.

Construction of 230 quarters and
school building including all ancillary
works were completed. Sanction for
augmentation of water supply at plant
site was received and construction
work commenced. An inactive in-
cinerator plant was also taken up. At
Waste Management site, construction
of 8th set of RCC trenches cement
based waterproofing over trenches in
Zone VII and construction of roads
was taken up. Detailed planning for
construction of further 479 quarters
under VIII Plan and extension to tran-
sit accommodation were completed
and estimates were submitted for
sanction. For the expansion of TAPS
Hospital planning was completed and
tender action is on hand. Due to
change in the policy adopted by
MIDC, efforts for identification of other
sources for water supply to BARC in-
stallations were made.

Financial sanction for construction
of National Centre for Compositional
Characterisation of high purity mate-
rials at Hyderabad was received. De-
tailed planning for all the buildings
and facilities was completed. Con-
struction of compound wall around
the allotted area and other infrastruc-
ture works were completed. The Bulk
Analysis and Profile Laboratory,
Administrative Building, AC. plant
and substation were nearing comple-
tion. Tender action for main Ultra
Trace analysis laboratory is in prog-
ress.

The construction work for expan-
sion of NRL Phase-Ill, commenced
during July 1989, remained sus-
pended due to distrurbed conditions
at Srinagar.

Certain major refurbishing works in
the existing laboratory building in
Gauribidanur were carried out during
this year. The maintenance of all non-
residential and residential buildings
was continued.

The Architectural Section continued
to handle architectural design work of
various projects of DAE. Some of the



major jobs were related to Waste Im-
mobilisation Plant, Bank and Post
Office Building, Remodelling of Lec-
ture Halls of Modular Labs., Extension
to electrical Sub-stations at North Site
and South Site, BARC Hospital Ex-
pansion at Anushaktinagar, CHSS
Dispensary at New Bombay, Labora-
tory/Buildings of Centre for Composi-
tional Characaterisation of Materials
Project at Hydrabad, BARC Housing
at Tarapur TAPS Hospital Expansion
at Tarapur, Lab. Building at Nuclear
Research Lab., Srinagar, Trombay
Township Project at Anushaktinagar,
Bombay, Atomic Minerals Divisions
Projects at Tatanagar, Shillong. Nag-
pur, Hyderabad and executions of
DAE Exhibitions at various locations in
the country.

Work was also done for aided in-
stitutions of the Department such as
T!FR at Bombay, Hyderabad, Ooty,
Bangalore, G.M.R.T. at Pune, Kukadi,
Narayangaon, Khodad, New Annexe
tor TMC at Bombay, SINP at Calcutta,
Institute of Physics, at Bhubaneswar,
and Mehta Institute of Mathematics at
Allahabad, and for NPC at Tarapur.

Work was undertaken for other De-
partments such as extension to the
Institute of Catering and Hotel Man-
agement. Bombay, Sanjay Gandhi
Post Graduate Institute of Medical
Sciences at Lucknow. University
Grants Comnf sion at Delhi, and
Society for Applied Microwave Elec-
tronics Engineering and Research at
Powai.

Electrical and Mechanical Services

Mechanical and electrical services
were provided for various projects at
Tarapur, Vashi, additional water
supply project for BARC; RCnD work-
shop etc. The work of projects such
as Clean Lab. Project at Hyderabad,
NRL Srinagar, expansion of hospitals
of BARC and Tarapur, FISBE Project
for Reactor Safety Division, RCnD etc.
are on hand.

Design assistance to AERB, IRE,
BRIT, CAT, NPC etc. was continued.
Coordination work and close liaison
with other agencies such as Tata
Thermal Power Station, Bombay Mun-
cipal Corporation and Maharashtra
State Electricity Board was continued
for ensuring reliable power and water
supply. Major upgradation work of
electrical and mechanical utilities of
BARC was undertaken under Vlllth

Five Year Plan.

Round-the-clock shift operation
and maintenance work on all electric-
al and mechanical activities were
continued.

To achieve energy conservation va-
rious efforts are on hand in Centra!
air-conditioning plant and other loca-
tions. Attempts were made to rational-
ise chilled water distribution and con-
trol system. Various addition and al-
teration work, and installation of unit-
ary airconditioning and refrigeration
equipment at various locations were
also carried out.

Central Workshops

Central Workshops at Trombay
continued to design and manufacture
mechanical equipment required by
the various Divisions of BARC and
other units of DAE. Many pieces of
components and equipment for pow-
er reactors were also fabricated.

Some of the major pieces of equip-
ment designed and fabricated were:
Neutron Spectrometer for export to
Bangladesh and a model of the same,
a Diamond Anvil Cell for high press-
ure studies, Resonant Frequency
Quadrupole Accelerator assemblies,
and a Precision Scanning Stage for
scanning of irradiated fuel elements.
Detailed engineering and fabrication
was completed for long Cold Neutron
Shrouds for experiments on Cold
Neutrons, Multi Stage Centrifugal Ex-
tractor Bank, Monel Vessel for Ura-
nium Extraction, and a 7.5 tonne
Dipole Magnet with its chamber for
Recoil Mass Spectrometer. A number
of test coupons for metallurgical stu-
dies of materials were manufactured.
Welding and machining on special
canned motors for Heavy Water
Plants were carried out. Components
and equipment for remote handling
facilities for various BARC units
were fabricated.

Precision machines such as diffe-
rent types of goneometers, hydraulic
manipulator for handling of uranium
ingots, ion target chamber for beam
foil spectral studies, storage tanks for
methane and ultra high vacuum scat-
tering chamber for molecular studies
were designed. Manufacturing of
these is in progress. Detailed draw-
ings were made for process equip-
ment such as dissolver baskets, tilting
flask with supporting structure and

heat exchangers, Faraday cups, RF
resonator assemblies, onion irra-
diators, reduction retorts for zirconium
sponge units etc. These are presently
in advanced stage of manufacture

Central Workshops also manufac-
tured various pieces of equipment
such as fuelling machine heads,
secondary shutdown system compo-
nents, outer flow tube extensions, in-
core flux mapping equipment for 235
MWe power reactors, liner tubes and
end fittings for 500 MWe reactors.
Production trials for manufacture of
seal discs using diffusion bonding
technique developed earlier com-
menced. A prototype for an intricate
support guide tube casting for TAPS
was made.

A remote boring and grooving
machine, developed earlier, was suc-
cessfully tried on mock ups for even-
tua' use on MAPS calandria rework
Design of equipment for end shield
replacement project, cryostat for su-
perconducting linear accelerator, S.S.
chamber for high energy particle
duct, monochromator and Indus-1
UHV chamber, etc were undertaken.
A remote controlled CNC machine for
hot cell use was developed in asso-
ciation with IGCAR.CWS also pro-
vided metrology, NDT and machine
tool maintenance services to various
divisions in BARC.

Remote Handling and Robotics

A number of systems to respond to
the immediate needs of the nuclear
programme in the areas of automa-
tion, remotisation and robotisation
were developed, and efforts con-
tinued to transfer the technologies to
the industrial sector.

Appreciable progress was
achieved in automation by pick-and-
place devices. The automation sys-
tem for placement of helical spacer
pads on PHWR fuel elements for
welding was tested and despatched
to NFC for installation and commis-
sioning. The automation system for
orienting, feeding and placement of
end bearing pads on PHWR fuel ele-
ments for welding was refined
through process rationalisation by in-
corporating an infrared sensor system
for achieving exclusive feeding of
pads with the right orientation and
elimination of pads oriented other-
wise. The sensor consists of infrared
detectors, the appropriate electronics
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and a stepper motor The sensor and
orienting system was performance
tested and its integration with the
main assembly is underway.

Further work continued in respect
of the 'Pick-and-Place' device for
gathering pellets and placing them in
molybdenum boats for sintering. All
the above systems developed for
NFC incorporate simple and inexpen-
sive PLCS. The automation systems
developed have application potential
for fuel fabrication in other facilities
also Another pneumatic 'Pick-and-
Place' robot was evolved, fabricated
and installed at Radiometalurgy
Laboratory for carryingout the compli-
cated operation of handling impact
test specimen

The computerised cylindrical confi-
gured robotic system tor laboraotory
applications (LABOT) incorporating
indigenous components and electro-
nic hardware was demonstrated A
second unit is being built for handling
radioimmunoassay samples at RMC.
Development of appropriate software
for elimination of elborate written re-
cords is also under way as part of the
overall development of the LABOT.

Development work continued in re-
spect of Articuiated Robots Fou'-
Axis/Five-Axis Articulated Robots
equipped with sensors (Encoders)
and a Personal Computer, for moticn
and control developed already, are
suitable for delicate low pay-load
duties such as handling of radioactive
liquid samples, stacking of fuel pellets
etc even >n a constrained space and
hostile environment An improvement
over this non-servo version is the A C
Induction motor driven servo-robot
characterised by compatibility with
radioactive environment, higher pay-
load of 5 kgs and a range of speeds
and continuous path control Deploy-
ment potential for this system in-
cludes assembly and dismantling of
fue' bundles and a wide range of ap-
p'lcations in hot cells The proposed
induction of advanced sensors, vision
r.ystems, mstrumen'ed gnppers and
adaptive control in the existing servo
robot system, will lead to evolution of
intelligent robots capable of interac-
tion with external environment as re-
quired for complex tasks. Studies on
dynamic modelling were continued
with the servo-robot system with a
view to generating detailed back up
information for motion planning, path
control etc required for advanced

robotic and idemanipulation systems.

Development work pertaining to
mobile robots — walking and crawl-
ing mechanisms — adaptible for sur-
vey, inspection, maintenance and
waste disposal tasks in difficult and
unusual terrains in nuclear installa-
tions continued Servo-amplifiers,
software and interfaces as well as
certain mechanical components
reached an advanced stage of de-
velopment for the 6 legged (18 de-
grees of freedom) walking mechan-
ism. Assembly and testing of the
mechanism will be taken up in the
near future. Refinements initiated in-
clude wireless control, vision, feed
back, sensors for leg reaction, pro-
ximity sensing and on board power
supply. A further range of applica-
tions in non-nuclear environments is
envisaged for such walking mechan-
isms.

Stress has been laid on further R&D
studies related to logic-controlled as
well as servo-controlled pneumatics.
Mock-up trials for the pneumatic ser-
vo robotic system developed for de-
bris handling and maintenance of
calandna vessel of the MAPS reactor
was carried out at site. The overall
system. 8 m long, consists of a
mechanical manipulator for handling
debris inside the calandna, another
manipulator for handling a video
camera and a third one lor the repair
of the damaged inlet manifold. This
servo-robot with provision for informa-
tion feedback to the operator for re-
mote operation and a 2D CCTV dis-
play, employs pneumatic servo-
drives and other components de-
veloped through internal efforts.

Computer Aided Telemanipulation
(CAT) systerr:, with computer inter-
face between the operator and the
manipulator are being developed to
achieve total 'transparency' of the in-
accessible operational areas for
effective task performance.

The orbital scanning system de-
veloped for remote ultrasonic inspec-
tion of FBTR lines, secondary sodium
loop was tested here and installed at
site Fabrication of the Gamma Tele-
therapy unit continued.

The knowhow pertaining to
pneumatic pick-and-place robot. AC.
drag cup induction servo-motor and
AC. servo-amplifier is in the process
of transfer to private industry. The four
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axis articulated robot is being taken
up by ECIL for manufacture. Tech-
nologies relating to 4 axis and 5 axis
articulated robots, inexpensive PLCS,
variable frequency variable voltage
servo drives, D.C. brushless servo
motor, 3 phase servo motors and
pneumatic servo drives, are likely to
be ready for transfer soon.

LIFE SCIENCES

Molecular Biology

A novel mutant of transposon Tn9
was isolated and characterized in E.
coli K-12.

A gene which increases the drug
hyper-resistance of E. coli cells was
identified and mapped. Another gene
which makes E. coli resistant to high
concentrations of chloramphenicol
was cloned in a mini-Mu vector

A new recombination gene involved
in production of conjugation mediated
recombination by the RecBCD path-
way was identified and mapped.

Using cloned uvr-3 gene attempts
were made to see if homologous DNA
exists in mammals. Southern hybri-
disation was studied Some homoiogy
was observed between an H influen-
zae DNA sequence flanking uvr-3 and
human DNA.

Assessment of a 255 kbp giant
linear plasmid continued for its role in
oxytetracycline production, tetracy-
clme resistance and nutrition A
WHR05 lysogens of S. fradiae. was
found to produce a new antibacterial
compound which is being purified.
The lysogen also showed a new addi-
tional DNA band on pulsed-field gra-
dient gel electrophoresis.

Genes for utilisation of phenyl ace-
tic acid (PAA) as sole carbon source
were cloned from strain of E coli.

Ef'ect of UV on O2 evolution, iher-
moluminescence and slow compo-
nent of delayed light in spinach chlor-
oplasts and leaves was examined.

For better exploitation of biofertilizer
potential of cyanobacteria, response
of cyanobacterial N2 fixation to a vari-
ety of environmental stresses con-
tinued to be examined. Several salin-
ity stress regulated genes were
cloned from a salt tolerant strain Ana-
baena torulosa and their character-
isation for role in salt tolerance con-



tinued.

Presence of combined nitrogen, ox-
ygen and salt stresses impose severe
restrictions on the synthesis and
activity of nitrogenase enzyme. Nit-
rogen fixation by a marine heterocys-
tous strain AnabaenaCA is, however,
insensitive to these stresses. Nitrogen
fixation genes (nifKDH) and xisA from
this strain were mapped by restriction
enzymes to facilitate their cloning and
analysis of this regulation.

Transfer of a recombinant, mobilis-
able plasmid containing a 1.5 kb re-
plicon isolated from nonheterocy-
stous cyanobacterium Plectonema
boryanum was attempted from E.coli
to P. boryanum. Exoconjugant cyano-
bacteria (resistance to ampicillin,
kanamycin and chloramphenicol)
gave plasmids which could transform
E. coli to these antibiotic resistances.

Plasmids containing cloned B. thur-
ingiensis entomotoxin gene were
modified for expression of toxin gene
in plant cells. Toxicity of the products
of engineered gene is undergoing
test on larvae of agriculturally impor-
tant insect pests.

Theoretical analysis of published nif
gene sequence was extended to
analyse codon usage across a wide
variety of diazotrophs.

Three enzymes involved in photo-
synthesis by C3 and C4 pathways
and contributing to plant productivity
were characterised for their structure-
function relationships. Kinetic studies
on RuBP carboxylase, indicated a
strong possibility of RuBP channeling.
The enzyme is undergoing further
analysis. State of water molecules
was examined using pulse NMR tech-
nique and addition of BSA or
polyethylene glycol to enzymes
affected enzyme activity due to
changes in state of water.

Plant growth regulators, PGRs, (1)
gibberellic acid (GA3), Kinetin (KN)
and triacontanol (TRIA) enhanced the
RuBP carboxylase enzyme activity
and prolonged its maintenance in
barley. The effect was observed at all
stages of growth from initiation to
senescence except for a brief period
from 50-57 days after sowing.
Reasons for the intraspikal differ-
ences in grain size and numbers were
investigated.

Pollen formation in maize is energy

dependent and reduced ATP synth-
esis leads to cytoplasmic male steril-
ity (CMS). CMS plants showed some-
what altered NADH-dehydrogenase
with lesser oxidative efficiency in
state-S respiration.

Mechanisms involved in inhibition
of delayed hypersensitivity to dinitrof-
luoron benzene in whole body irradi-
ated mice were investigated. In vitro
proliferation assays using antigen
presenting cells from these animals
were also carried out.

Swiss mice exposed to the im-
munosuppressive agent cyclophos-
phamide at birth develop wasting dis-
ease at 6-8 months of age. Attempts
to transfer wasting syndrome by sera
and lymphoid cells to naive mice con-
tinued.

Blood ethanol level measurements
were done on mice. Search for
mutagenesis inhibitors was made.

Tissue biopsies and fine needle
aspirates (FNA) obtained from the pa-
tients of thyroid cancer or oesophagal
cancer were screened with flow
cytometry.

Screening of cervical smears of pa-
tients of gynaecological disorders
continued for the presence of dys-
plastic cells

Biochemistry

Studies were directed towards elu-
cidation of biochemical mechanisms
in living organisms responsible for
crucial regulatory events during
growth, development and differentia-
tion. Greater emphasis was laid on
newer methodologies and
approaches. Among the on-going
programmes were those aimed at
identifying the molecular basis for
certain human disorders.

Studies on delineation of the
biochemical mechanisms underlying
generation of immunodiversity in
vertebrates were continued. The key
to diversity of antigen-binding pro-
teins was postulated. For the first
time, in-vitro V(D)J recombination was
achieved. It was demonstrated that a
high level V(D)J recombinase activity
was tightly associated with high-salt
resistant nuclear matrix isolated from
thymus glands of 2 to 3 week-old rats.

De novo biogenesis of mitochon-
dria in Saccharomyces cerevisiae
during transition from anaerobic to

aerobic growth was studied.

Studies on halobacterial proteins
were conducted. In halophilic bacter-
ia, an unusual mode of fructose meta-
bolism was discovered. An enzyme,
ketohexokinase was identified as re-
sponsible for conversion of fructose to
fructose-1-phosphate. A genomic lib-
rary of Haloferax mediterranei in the
vector EMBL3 was constructed. Four
clones having DNA homology with the
gene encoding ribulose bis- phos-
phate carboxylase large subunit
(rbCL) of rice chloroplast genome
were obtained.

Extensive biochemical studies, in-
cluding determination of thyroid hor-
mones by highly sensitive radio-
immunoassays, were made.

An experimentally induced diabetic
condition in rats led to excretion of
higher urinary folates 2 to 4-fold, over
prolonged periods. Certain compo-
nents of partially purified preparation
from the pulp and seed of Jamun
(Eugenia jambolana) and bark of Ba-
nyan (Ficus Bengalensis) were found
to effectively lower levels of sugar in
the blood of diabetic animals. Admi-
nistration of toxic doses of paraceta-
mol resulted in impairment in liver
mitochondrial energy metabolism.

Programmes on identification of
cardiovascular impairment were con-
tinued. Exposure of rats to nitrous ox-
ide (NjO), a routine anaesthetic agent
used in surgical operations, resulted
in the enhancement of superoxide
dismutase and catalase activities in
the liver. Plasminogen activators from
tumour cells were purified and char-
acterized on the basis of structure-
functions displaying fibrin dissolving
potential.

Studies on biochemical mechan-
isms underlying malignant trans-
formation and investigations pertain-
ing to molecular changes during che-
mical carcinogenesis and their mod-
ulation by natural factors were con-
tinued.

The control of carcinogenic pro-
cess through regulation of mem-
brane-bound mono-oxygenase activity
was studied by interactions with natu-
ral and physiological compounds.
Antitumour activity of heat-killed
Streptococcus thermophilus cells
against fibrosarcoma could be attri-
butable to the modulation of host-
immune response. A role of T-
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lymphocyte cells was indicated in
tumour immunity developed by this,
organism.

The effect of whole body radiation
in rats was examined in terms of
biochemical functions particularly for
superoxide dismutase (SOD) which
protects biomembranes against
radiation injury. The disturbances in
the levels of peroxidation, endoge-
nous SOD and catalase activities
were pronounced due to exposure to
irradiation. Studies on the etiology of
kidney stone disease in relation to
dietary oxalate continued. A new pro-
cess of depleting oxalate content of
oxalate-rich leafy vegetables was de-
veloped.

Arginine amino peptidase partially
purified from Aspergillus parasiticus
was stimulated by CO2 + and Zn2 +
and these ions stabilized the enzyme
from heat and pH changes. An SH-
stimulated proteinase active at lower
pH, and different from cathepsin D
was detected in prawn muscle.

SH group dependent azo reduc-
tase that reduces azo food colourants
was identified in different regions of
rat intestinal tract. Functional prop-
erties of lysosomal membranes of rats
treated with pesticide endosulfan
were altered.

Blackening of the green pepper
during drying process was found to
be due to the oxidation of two major
pepper phenolics. Treatment of ber-
ries with 1% sodium metabisulphite
was effective in retaining the greer
colour in dried pepper.

Bio-Organic Chemistry

Investigations were carried out in
both basic and applied aspects of
Bio-Organic Chemistry. The harmful
ecological impact of synthetic insecti-
cides necessitated search for alterna-
tive strategies for insect control. Use
of pheromones in the integrated pest
management programme holds con-
siderable promise. Novel synthetic
routes to pheromones of sugar-cane
pests were developed and field trials
continued on the synthesized pher-
omones. Expertise in the important
area of asymmetric synthesis was
developed and exemplified by the
chiral synthesis of pheromone com-
ponents of stored grain pest.

A systematic screening of plant ex-
tracts for bioactive compounds has

resulted in the isolation of a number of
secondary plant metabolites which
showed insect antifeedant, insecticid-
al and antimicrobial activities. The
anti-ecdysial activity of the naturally
occurring compound, plumbagin led
to the extension of investigations to
other quinones.

Serious developmental abnormali-
ties were observed when red cotton-
bugs were treated with juglone, 1,4-
napthaquinones and methylated ben-
zoquinones. Effects of a natural juve-
noid, bakuchiol on mulberry silkworm
were studied. Al/itin, the insectic/dal
principle of garlic was found to have
fungistatic action on pathogens of
rice. Also, allitin is a potent inhibitor of
a reductase which plays crucial role
in lipid metabolism. A rare xanthonoid
with three prenyl side chains, was iso-
lated from a timber plant. Besides iso-
topic exchange and chemical reac-
tions, extensive use of NMR spectros-
copy was made for the structural elu-
cidation of the natural products.
Secondary metabolites of tissue-
cultures of medicinally important
plants were studied and a new analy-
tical method based on GC-MS for the
estimation of the anti-malarial com-
pound, artemisinin was developed.

Procedures for the microbial reduc-
tion using Rhizopus arrhizus were
standardised. With a view to under-
stand the basic mechanisms of the
microbial transformations, various
flavenones with different substitutents
in A and B rings were studied.

Preparation of several high-value
chemicals were carried out success-
fully. Ethyl cysteinate dimer (ECD), an
important radiopharamceutical, was
prepared by a convenient method.
Success was achieved in separation
of the bioactive isomer of another im-
portant radiopharamaceutical, name-
ly, hexamethylpropylene oxime
(HMPAO). Preparation of an actinide
extractant was standardised.

Basic researches in the front-line
areas of synthetic organic chemistry
were carried out and new syntheses
of preparative value were developed.
It was observed that ultrasonic irra-
diation and solvents exert remarkable
influence on the stereochemistry of
the reductive deoxygenation of car-
bonyl compounds. A titanium induced
deoxygenation of phenol ethers was
carried out for the first time. A short
synthesis of chromenes using mac-
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rorecticuiar resins was developed
and used in the preparation of several
bioactive natural compounds. In the
area of protein and peptide engineer-
ing, a new and efficient method of
peptide synthesis was developed.
The special feature of this method is
that the optical interities of the consti-
tuents are retained. Several natural
and engineered bioactive peptides
such as enkephalins ai.d antama-
nides were successfully synthesised
using this method.

Nuclear Agriculture

Certified seed production program-
me of the crop varieties developed at
BARC for distribution to farmers was
continued. Four hundred and eighty
metric tonnes seed of pulse varieties
was produced by the Maharashtra
State Seed Corporation and 110 met-
ric tonnes of rice variety Hari was
produced by the Andhra Pradesh
Seed Corporation.

Several crop varieties developed at
BARC were identified or recom-
mended for release or pre-release.
The spreading groundnut variety
TGS-1 (Somnath), recommended for
release by the Gujarat Agricultural
University last year was released for
Kharif cultivation in Saurashtra and
South Gujarat by the Gujarat State
Seed Sub-Committee. Another
groundnut variety TAG-24 was re-
commended for release in the Vidar-
bha region of Maharashtra for both
Kharif and summer seasons by the
Joint AGRESCO of the State Agri-
cultural Universities. Two high yield-
ing varieties of blackgram (Urid) TPU-
4 and TAU-2 were identified for re-
lease by All India Co-ordinated Pulse
Improvement Project (AICPIP) and
Joint AGRESCO of State Agricultural
Universities. TAU-2 was recom-
mended for release in Vidarbha re-
gion. TARM-2 (TPRM-2) a high yield-
ing selection of mungbean resistant to
powdery mildew was identified for
pre-release by Punjabrao Krishi
Vidyapeeth, Akola. New promising
selections of blackgram (TAU-5, TAU-
6, TPU-3, TPU-11 and TPU-12)
groundnut (TG-25 and TG-26) and
mustard (TM-17, TM-18 and TM-21)
are being evaluated in national and
state level yield trials.

The major seed storage protein was
purified and characterized from eight
Vigna species. The charge and mass
variations, and polypeptide composi-



Improved groundnut variety developed
at BARC

Solar dried fish slices have longer shelf-life

tion revealed considerable homology
among Vigna species. Rice seedlings
screened for salt tolerance showed
unique salt stress induced proteins
which may prove useful in the identi-
fication of genes involved.

Studies using 15N labelled fertilizer
showed that 60% of the nitrogen fixed
by stem nodulating Sesbania rostrata
was utilized by the successive rice
crop. Fertilizer nitrogen significantly
reduced the number, size and acety-

Improved moong been variety developed at BARC

Improved rice variety 'Hari' developed at BARC

lene reduction of stem nodules.

Sustenance of the egg parasite
Trichogramma brasilensis for sup-
pression of population build up of
potato tubermoth (PTM) was au-
gmented by repeated releases of
sterile females of PTM under fieid
conditions. Screening of 100 varieties
of pigeonpea, chickpea, blackgram
and greengram for stored grain pest
damage by bruchid (Callosobruchus
maculatus) resulted in identification of
resistance in three wild species of
pigeonpea and one greengram.

Field trials with ammonium
polyphosphate (APP) fertilizer were
continued under different Co-
ordinated programmes of the ICAR.
The data from All India Co-ordinated

Agronomic Research Project showed
that APP recorded significantly higher
yields in rice-rice sequence but with
rice-wheat sequence was at par with
DAP. These results were similar to
those reported previously.

Crude rice bran oil was fortified with
gamma-HCH and the fate of the in-
secticide was followed during the pro-
cessing procedures of degumming,
dewaxing, alkali refining, bleaching
and deodorisation. Deodorisation
procedure almost completely re-
moved HCH residues and the results
with direct deodorisaticn experiments
confirmed the same

Bio-Technology

Studies on the micropropagation of
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economically important plants sand-
lewood oil. palm and mulberry were
augmented.

Investigations on production ot
plants in sandalwood iissue cultures
were pursued and procedures were
developed for the production of
somatic embryos in bioreactors Con-
version of somatic cells to embryoge-
nic cells was achieved. The viabie
plantlets were regenerated from 8-
10% of the mature embryos upon
transfer from bioreactor to solid agar
medium. By this method around 20
plantlets were grown in :est tubes

Investigations were continued on
oilpalm micropropagation Leaf base
explants from two elite genotypes
from Palode and Costa Rica were
selected as source material, and
8200 explants were cultured on 40
different media combinations. Experi-
ments to regenerate plants from these
somatic embryos and studies on en-
capsulation of axillary buds of mulber-
ry were continued.

Studies on micropropagation of
groundnut were carried out using
shoot tip explants as well as other
parts such as cotyledons and
embryos. Methods were standardised
for rapid multiplication using shoot
tips and subsequently four hundred
plants were transferred to the field for
further studies. Different slices of
cotyledons , longitudinal as well as
transverse and entire cotyledons and
deembryonated cotyledons were
tested for regeneration. Shoot buds
could be regenerated from all types of
explants.

Studies on the production of secon-
dary metabolites using cell cultures of
medicinally important plants were
carried out.

An alkaloid production medium for
synthesis of indole alkaloids from cell
suspension cultures of Rauwolfia ser-
pentina was formulated based on a
series of manipulations of various nut-
rient solutions and L-tryptophan addi-
tions. The release of ajmaline into the
culture media was activated by the
addition of L-tryptophan.

Newly synthesized m-RNA isolated
from wounded potato tissue was used
to make a DNA probe to identify
wound-induced genes. Experiments
indicated that HRGP gene of potato
tuber tissue showed polymorphism.

Conversion of whey to ethanol was
achieved at 92% efficiency, in a stir-
red tank reactor using cells of Sac-
charomyces cerevisiae co- immobil-
ized with a-galactosidase entrapped
in photo cross linked ENT prepolymer
beads.

A biosensor for the determination of
blood glucose by potentiometer was
fabricated

Food Technology

Major R&D efforts were directed to-
wards development of radiation tech-
nology for the preservation of econo-
mically important agricultural pro-
ducts. Attempts were made to trans-
late irradiation technologies standar-
dized for the preservation of onions,
potatoes and spices into commercial
ventures.

As a part of intensifying spice irra-
diation programme, gamma irradia-
tion preservation of minor spices like
cumin, funnel, coriander and fenug-
reek etc. was undertaken. Irradiated
spices (10 kGy) were found to retain
their freshness and quality attributes
even after storage for several months
Intensive studies on the volatile com-
ponents of major Indian spices like
pepper, cardomom, ginger, chillies
showed no significant changes even
after 12 months storage. The common
insect pest attacking spices,
Lasiderma serricorne, was found to
be extremely sensitive to gamma irra-
diation and all the metamorphic
stages were destroyed at 0 06 kGy
dose. Extract of irradiated pepper (10
kGy) stored for 2 years did not affect
the growth of Tetrahymena cells.

Onion irradiator developed at Trombay

Finger chips made from irradiated
potatoes and chemically treated pota-
toes were of good quality when com-
pared to those made from cold stored
control tubers which turned dark and
were unacceptable Studies on the
after-cooking darkening compound
from irradiated potatoes stored for 6
months and 15°C revealed its identity
as a complex of phenolic compound
with iron, the same as the natural
compound present in some varieties
that turn dark after cooking.

The preservation of prepacked
lamb meat by gamma irradiation (2.5
kGy) alone, and in combination with
tripolyphosphate treatment or hot wa-
ter dip (80°C,10 sec.) followed by irra-
diation was studied. The combination
treatment with hot water dip and irra-
diation was superior to other treat-
ments. The total bacterial count was
nil in this sample and lamb meat
could be stored for six weeks at 0-
3°C with acceptable sensory score.
Radiation sensitivity of Salmonella
species was increased when irradi-
ated in shrimp homogenate com-
pared to that when irradiated in phos-
phate buffer under frozen conditions

Irradiated and unirradiated cardamum
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Irradiated and unirradiated wheat Irradiated (left) and unirradiated (right) onions

indicating the dose level of 4 kGy is
necessary for complete elimination of
Salmonella in frozen shrimps.

Electron spin resonance (ESR)
spectroscopy was successfully em-
ployed to distinguish irradiated man-
goes using the dose dependent ESR
signal exhibited by mango seed coat.
This signal could be detected even
after one month of storage. The failure
of response to application of growth
regulators like gibberellic acid could
be adopted as a method to disting-
uish irradiated potatoes from unirradi-
ated ones.

Incidence of Bacillus cereus in
several food items obtained from local
market was examined and most of the
items were found to be heavily con-
taminated (2x102 — 5x105 cells/g).
Five of six random isolates produced
a non-hemolytic toxin that was lethal
to mice. Two potent post-harvest
pathogens were isolated and identi-
fied as Botrydeplodia theobromae
and Colletotrichum musae from bana-
na and mango. B. theobromae could
macerate and spoil the fruits well be-
fore it reaches climacteric phase.

Black pepper preinoculated with
toxigenic Aspergilli upon treatment
with 2-chloro-ethyl phosphonic acid
(CEPA) showed total absence of toxin
formation indicating that CEPA could
be used to control fungal growth in
black pepper.

Heating of the dye carmoisine with
food products gave a compound that
was toxic to Tetrahymena cells.

Bombay duck laminates with im-

proved colour and texture be
obtained using the solar dryer de-
signed and fabricated in this Division,
were found to be superior to mechani-
cally dried laminates. Fish powder
prepared from threadfin bream
(Nemiptereus japonicus) was found to
have low mineral content and ideal for
incorporation upto 10% in extrusion
cooked products. The powder pack-
ed in polyethylene (700 gauge) bags
could be stored at 10°C in good con-
dition for 4 month period.

A method to prepare defatted
peanuts was standardized using alka-
li-alcohol treatment. The product re-
tained good shape and quality and
about 60% of the oil could be ex-
tracted by this method. Technology
developed for a laboratory scale pro-

cess for osmotic dehydration of fruits
was transferred to a party in Bombay.

Radiation Medicine

Over 13,000 adults and pediatric
patients were investigated at the
Radiation Medicine Centre during the
year and a total of 1.63 TBq (44.041
curies) of radioiodine was handled
for therapeutic purposes. More than
440 patients received therapy for thyr-
oid cancer, thyrotoxicosis. and for
polycythaemia vera. A total of 1.48
TBq (40 curies) of 9 9 mTc04 was
used for preparing various phar-
maceuticals for investigative pur-
poses.

Clinical oriented programmes in-
cluded nuclear cardiology. More than

Gamma camera in action at Radiation Medicine Centre



350 patients of IHD and CAD were
evaluated for cardiac function (bagal
and after stress) using 99mTcTBI. A
selected group of patients were also
investigated with gated myocardial
imaging.

After conducting the clinical trials
with freshly prepared 99mTc labelled
TBI, BRIT undertook to make a kit
preparation and supplied for evalua-
tion. Extensive animal studies and a
limited number of clinical trials were
done with 99mTc-TBI with this kit.

HMPAO, synthesised in collabora-
tion with Bio-Organic Division and
BRIT, was labelled with 99mTc with
high yield and excellent radiochemic-
al purity. The biodistribution studies
done in rats, rabbits and dogs as a
function of time showed cerebral con-
centration of 2% at 30 seconds and
remained there upto 4 hrs. These re-
sults are encouraging and will soon
be taken up for clinical trials.

In an attempt to devlop clot loca-
lisation with 99mTc HMPAO, platelets
from rat blood were purified and the
labelling efficiency achieved was 45-
55% with 90% viability. Attempts are
being made to improve the labelling
efficiency. Leucocytes were labelled
with efficiency of 70% and viability
greater than 95%.

For visualisation of adrenals, MIBG
was labelled with 1311 with an effi-
ciency of 95%. The labelled com-
pound was stable at room tempera-
ture and -30cC. Extensive biodistribu-
tion studies in rats, rabbits and dogs
and autoradiographic studies indi-
cated that the compound specifically
localised in adrenal medulla.

Studies were carried out on 100
medullary carcinoma patients with
99mTc V DMSA to detect the metas-
tases in lymphnodes and bones. Ab-
out 85% of the patients showed loca-
lisation in metastatic areas and serial
studies in these patients has proved
valuable for the efficacy of treatment.

Apart from the routine studies, new-
er radiopharmaceuticals are being
developed for diifferent diseases. In
order to assess the function of adren-
als, m-(131l)-iodobenzylguanidine
was successfully radiolabelled with
1311 by an exchange reaction, puri-
fied chromatographically and con-
verted into liquid (i.v.) parenteral form.
The compound was found to be
stable at -35°C when formulated with-

out any added preservatives/bacteria
static agent. After establishing its
chemical integrity extensive studies
have been carried out in animals for
toxicological and biological evalua-
tion and the product is now awaiting
clincal trials.

Synthesis of S.benzoyl mercapto-
acetyl glycylglycylgylcine was under-
taken. This is a potent ligand that is
capable of bonding with 99mTc. The
resultant 99mTc-MAG3 is currently
the agent of choice for evaluating re-
nal dynamics related to tubular secre-
tion. The 'cold' product intermediate
was prepared starting from glycine by
employnig a multistage synthetic
work-up. Experiments are presently
underway to label the ligand with
99mTc and to formulate it into a 'kit'
form so that the final product could be
obtained in a high degree of purity.

In order to understand the basic
mechanism underlying damage to the
liver, several approaches were made.
To delineate whether acute phase
proteins are synthesised by hepato-
cyte or kupffer cells, an animal model
in rat was developed using ricin.

Biokinetics of 99mTc-!abelled com-
pounds in an animal model of liver
cirrhosis was evaluated. The median
ism and behaviour under pathological
condition, of radiopharmaceuticals,
99mTc-S-Colloid and 99mc-Phytate
were evaluated for liver and spleen
localisation in CCI4 induced cirrhosis
in rats.

The biological half-life of 99mTc-
labelled radiopharmaceuticals was
evaluated by spiking the preparations
with long lived 99Tc.

Malic enzyme (ME) activity in rat
brain and liver during development
stage from neonatal to adult was ev-
aluated.

Calcium metabolism studies were
also conducted. Analysis of calcium
(Ca), phosphorus (P) and magnesium
(Mg) was carried out in the selected
group of patients with thyroid dys-
function to assess their Ca-status,
and advised accordingly to regularise
the intake of Ca in their diet. Some of
the selected patients were screened
for their bone turnover by determining
their circulating levels of Osteocalcin,
a bone marker. Simulated animal
models of human disease were reg-
ularly studied to ascertain the influ-
ence of extra-skeletal disorders on
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calcium homeostasis.

Secondary changes in Ca-
metabolism are known to occur in the
thyroid disorders. Recently the
altered hepatic function in vit. D dep-
rived animals was demonstrated.

The radiopharmacological be-
haviour of the hepatobiliary, RES and
skeletal agents in the simulated anim-
al models of thyro-parathyroid dys-
function was investigated. Efforts con-
tinued to design organ specific
radiopharmaceuticals with positive
localising properties in select target
or secondary targets.

A study was designed to assess the
suitability of Potassium lodate (KIO3),
as it is a more stable compound and
has a better shelf-life as compared
with Kl. The pilot study in the animals
suggested that KIO3 is as effective as
Kl in blocking radioiodine uptake by
the thyroid glands.

Research related to infectious dis-
eases were continued. A simple dot
blot ELISA technique was developed
for the detection of antigens of myco-
bacterium tuberculosis (MTB) using
monoclonal antibodies.

In an attempt to increase the detec-
tion rate of tuberculosis in biological
samples, several approaches were
made to develop reagents specific for
tuberculosis.

A genomic library of MTB in gt 11
after expressing in appropriate vector
was screened with HAG3 for pre-
sence of 35kd protein. Using this
approach 10 plaques reacting to
HGT3 were selected, DNA extracted
and cloned into plasmids. These
clones are being evaluated for
screening of the test specimen.

An inhibition assay for detection of
antibodies to 35kd protein antigen of
leprosy was standardised using
monoclonal antibodies (ML04) to 35k
proteins.

1495 children from a school in
Dharavi area were evaluated for pre-
sence of leprosy.

The technique for the measurement
of concentrations of free thyroxine in
serum was set up. The project was
undertaken in collaboration with Artifi-
cial Kidney Department of KEM Hos-
pital, Bombay. Concentrations of thyr-
oid hormone binding proteins viz.
thyroxine binding globulin, thyroxine



binding prealbumin and albumin are
also being studied. The serum TSH
concentrations were also measured
by using ultrasensitive immunor-
adiometric assay.

Several antigens such as thyroglo-
bulin, thyroid peroxidase and TSH re-
ceptor are involved in autoimmune
pathology of thyroid disease. Using
MoAb produced in the laboratory, it
was tried to characterise the epitopes
of tg involved in natural and patholo-
gical anti-tg-antibodies. In order to
identify TPO epitopes involved in the
various pathology, TPO was purified
and electrophoresed on SDS-PAGE.
The sera from various autoimmune
disorders is being evaluated for its
reactivity to the TPO antigen.

E .^uation and calibration to check
performance parameters of imaging
devices viz., scintillation gamma
camera ana SPECT, were continued
and participation continued in an
IAEA co-ordinated research program-
me on 'Advanced Nuclear Medicine
Equipment in Asia1.

Apart from the routine examination,
investigation, reporting and treatment
of patients referred for thyroid dis-
orders and various scintigraphic in-
vestigations the following research
projects were under study: a) Evalua-
tion of cardiac dysfunction by gated
blood pool imaging and effect of car-
diotoxic chemotherapeutic drugs b)
Hepatobiliary studies to evaluate en-
terogastric reflux in post surgical
complication of gastric pull up. c)
Hepatobiliary scintigraphy in hepa-
tomas.

Left ventricular ejection fraction stu-
dies in patients, with end stage renal
disease treated either by conserva-
tive management, haemodialysis or
renal transplant was studied in about
30 patients.

Comparison of glomerular filtration
rate by the software package avail-
able with the ELSCINT gamma earn-
ers is undergoing validation. In a
group of 14 subjects studied, there
was a good correlation obtained by
the two methods.

Radiobiology

With a view to achieve post-irradia-
tion radioprotection, studies carried
out on whole body gamma irradiated
Swiss mice revealed that both survival
rate as well as haemopoietic recovery

were only marginally affected by the
presence of the antiinflammatory
drugs, indomethacin and ibuprofen,
when administered intraperitoneally.
Chlorpromazine which is known to
protect against such whole body exp-
osures, however, proved to be in-
effective when given after irradiation.
Pre-or post-administration of sodium
selenite, a known anticarcinogen in
drinking water for various periods did
not significantly modify the incidence
of thymic lymphoma.

Restriction enzymes such as E.cor |
and Pru II failed to cleave the DNA
when a pyrimidine dimer was present
at their recognition site. This property
is being utilised to develop a new
assay for photoreactivating enzymes.

Thermotolerance studies on Sarco-
ma 180 demonstrated that 20% til oil
(a highly unsaturated fat) in diet, de-
creased the tumour growth and at trie
same time also reduced their thermal
response to 43°C treatment. The
membrane fluidity of tumour cells
which is a determining factor for their
hyperthermic response also de-
creased. However, a highly saturated
fat diet containing 20% coconut oil,
did not cause such changes.

Gel electrophoretic studies of the
proteins associated with the develop-
ment of thermotolerance showed that
48 hours after hyperthermic treatment
at 43°C, the synthesis of 66 and 73
KD proteins increased, while that of
36 KD protein decreased. Dietary fats
did not influence these protein pro-
fftes.

Intravenous injection of spleen T
cells taken from non-tumour bearing
Swiss mice treated with S.thermophi-
lus did not affect the transplantation
efficiency of a fibrosarcoma. On the
contrary, similar cells from tumour
bearing animals caused rejection of
subsequent transplantation of the
tumour. This indicates that sensitisa-
tion of animals with tumour antigen is
a prerequisite for S.thermophilus
mediated cancer rejection and re-
gression. This strategy is being ex-
ploited for possible protection against
radiation induced tumours.

Electroporalion studies showed
that benzyl, butyl, propyl and ethyl
alcohols significantly reduced the
electric field induced haemolysis in
human erythrocytes. The aliphatic
alcohols were however, effective only
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when present during the application
of electric field. Improvement of the
high voltage equipment developed
earlier for electroporation studies con-
tinued.

Using the True Basic language, a
programme for separating the mul-
tiexponential decay curves was suc-
cessfully written for the analysis of
proton spin-latice relaxation (T1) data
in biological systems and this way the
water protons in leaves of groundnut
could be separated into two compo-
nents. The exchange of water be-
tween bound and free states in leaves
during the process of drying could be
demonstrated. A comparison of T1
value of water protons in leaves and in
vitro protein solutions indicated highly
structured water in tissues casting
doubts whether in -vitro studies on
biochemical reactions could be
directly applicable to in-vivo situa-
tions.

GENERAL

Technical Information

The BARC Central Library has a
collection of about 8.25 lakhs docu-
ments pertaining to nuclear science
and technology. The collection con-
sists of about 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 reports were added.
Currently BARC Library subscribes to
1,670 fndfan and foreign scientific
and technical journals. During this
year subscription for 70 journals was
discontinued on the basis of a recent
readership survey. Computerised op-
eration of the book circulation con-
tinued to be operational. Inter-library
loan service was extended to many
libraries. Requests for photocopies of
literature from educational and other
R & D organisations were continued
to be met.

A detailed 8th Five Year Plan pro-
ject report on computerisation of lib-
rary was prepared so that all the data-
bases created using PRIME 450 and
other databases can be effectively
utilised.

Active participation in the Interna-
tional Nuclear Information System
(INIS), managed by the International
Atomic Energy Agency (IAEA) at



Vienna, was continued. More than
1,000 records were prepared and
sent to INIS for incorporating in the
database. Processing of the magnetic
tape containing the monthly additions
to INIS database obtained regularly
from Vienna, and providing Selective
Dissemination of Information (SDI) to
about 150 scientists and engineers of
DAE and other organisations were
continued. The latest month's INIS
output continued to be made avail-
able on the ND computer for retrieval
by users at Trombay.

Facility for On-line access to inter-
nationally available databases was
established which is being widely
used.

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 commis-
sioned earlier was extensively used
for evaluating various trial CD-ROMs
sent to BARC for assessment and for
retrieval of information from INIS trial
CD-ROM which contains INIS data-
base for a period of 2 1/2 years. The
Powder Diffraction File (PDF-2) CD-
ROM produced by JCPDS procured
by BARC is also being used by many
scientists.

A total of 80 reports, 53 external
and 27 internal, on the R&D activities
of BARC were published. Library con-
tinued to provide photographic,
xeroxing and printing services to va-
rious divisions and constituent units of
DAE. Photocopy services were also
provided to outside users on specific
requests.

A number of technical and scientific
brochures and booklets were brought
out, which included "Thirty Years of
Cirus and Five Years of Dhruva". Be-
sides the regular publications, 'BARC
Newsletter', '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.

About 200 articles in different fore-
ign languages such as French, Ger-
man, Italian, Japanese, Russian and
Spanish were translated. Copies of
the translated articles were deposited
in the national repository of translated
articles at the National Science Lib-
rary, New Delhi. Interpretation ser-

vices were also provided on request.

Services in photography, reprogra-
phy and videorecording was con-
tinued to be rendered to BARC and
Bombay-based DAE units.

Industrial Safety

Periodic inspection of DAE units
under the Factories Act was con-
tinued. During the year, inspection
visits were made to Heavy Water
Plants at Talcher, Hajira, Tuticorin and
Kota, Nuclear Power Projects and
Plants at Kakrapar, Narora, Kota and
Kalpakkam, NFC, UCIL, ECIL, VECC
and CAT. Inspection reports in all the
cases were submitted to the plants
concerned and corrective actions
were initiated by them. In most of the
cases inspection reports were also
submitted to AERB.

Allyl Chloride is a highly toxic liquid
chemical having boiling point of
45°C. A method of cooling the liquid
by using solid carbon dioxide was
devised so that it becomes possible
to transfer this chemical from drum to
other safe containers.

A paper entitled 'Database Man-
agement for Accidents/Diseases hap-
pening due to Occupation' was circu-
lated amongst all units of DAE. This
was followed by 6 half day workshops
for various groups depending on the
activity. Work on a document on man
maintenance is continuing.

Patalganga project of the Reliance
Industries wanted to route under-
ground pipelines carrying naptha and
kerosene through Anushaktinagar. A
preliminary study of the route and the
safety problems involved was carried
out and a report was submitted to
Trombay Township Project Commit-
tee. In addition it was suggested that
the existing HPCL and NOCIL pipe-
lines also be diverted and all pipe-
lines be in one corridor on the
periphery of the colony rather than
passing through the colony.

Participation in studies regarding
statutory requirements, and risk in
Thane-Belapur Industrial Belt as part
of the Inter Agency Project continued.

Contributory Hearth Service Scheme

The CHSS at present covers 70,600
beneficiaries. BARC Hospital and the
ten peripheral dispensaries continued
to extend therapeutic and diagnostic
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facilities to the beneficiaries. More
than 4,81,100 Datients were treated in
dispensaries. A new dispensary at
Andheri, Bombay is being planned
and is expected to be operational
soon.

The bed strength in the BARC Hos-
pital continued to be 192. A total of
6247 patients were admitted.

In the fully equipped Intensive Car-
diac Care Unit thrombolytic therapy
was given whenever required. Cases
found suitable for baloon angioplasty
and bypass surgery were evaluated
and referred to panel hospitals.

Family welfare programme was
continued during the year. Two hun-
dred and twenty one Medical Ter-
mination of Pregnancy (MTP) and 228
permanent sterilisations were carried
out. The infants added to the scheme
was 761 and the birth rate amongst
the beneficiaries was found to be
10.80 per 1000 as against 11.11 per
1000 during last year. Immunisation
coverage was 85%. A special care
nursery for care of sick and preterm
neonates will start shortly.

The School Health Clinic was
started covering the children of the
Atomic Energy Central Schools in the
Anushaktinagar campus. Physical ex-
aminations and height & weight
measurements are taken for growth
records and also to detect variations.
Students are also checked for refrac-
tive errors, hearing defects and any
other social problems which might im-
pair academic performance. A data-
base was set up in a Personal Com-
puter for the future longitudinal growth
studies.

The school for mentally handicap-
ped completed one year of service.

The Trombay Dispensary continued
its Occupational Health activities and
the Accident Prevention Programme.
Periodic medical examination and ini-
tial medical examinations were car-
ried out.

A computer system was installed in
BARC Hospital for Information stor-
age and retrieval of patient data. The
Hospital Management System is
being planned on lines similar to that
of Tata Memorial Hospital.

Human Resources Development

A workshop was arranged by KAPP



on Construction Safety.

A one-day orientation programme
on "Health & Safety- Statutory
Aspects was given to the 33rd batch
of the Training School.

The 33rd batch of BARC Training
School consisting of 171 orientation
and 35 inplant trainees completed
their training and were absorbed in
the various units of DAE. In the 34th
batch of Training School, 136 trainees
in orientation course and 23 under
inplant scheme are undergoing the
training. Inplant trainees are given
basic course at the Training School
and on the job training in the plants. A
notable feature this year is starting of
inplant training scheme for Nuclear
Fuel Complex, Hyderabad. A Process
Control Trainer Laboratory, set up in
early 1990, was used by trainees and
staff members of various units of DAE
for obtaining hand on experiences.
Liaison support for a large number of
engineering college students for their
summer training and project work and
to other government departments in
providing experts from the Centre for
their selection and assessment of
staff was also provided by the Train-
ing School. The DAE essay contest for
college students and appreciation
course in nuclear technology for
faculty members of engineering col-
leges was also co-ordinated.

The first batch of 28 trainees suc-
cessfully completed the one year
training course on Health Physics
held at Health Physics Laboratory,
Tarapur and all the trainees were
posted at various nuclear power sta-
tions and laboratories of BARC. The
training for second batch of trainees
commenced. A three week training
course on Radiation Protection and
Occupational Health was conducted
for medical doctors from Tarapur,
Kota, Kalpakkam, Narora, Kakrapar,
Jaduguda, Hyderabad, Chhatrapur,
Udyogmandal and Bombay. Two
short term training courses on
"Management of Off-Site Radiation
Emergencies" for public authorities
and medical doctors of district hospit-
als, were held at RAPS, Kota. Training
was imparted to visiting fellows from
Iran, Vietnam and Syria.

As a part of the National Coordina-
tion of Testing and Calibration Facili-
ties (NCTCF) programme a workshop
was organised for the assessors in
Radiological Testing and expertise

was provided in assessing the labor-
atories for Radiological Measure-
ments.

Training in the safe uses of radia-
tion sources continued to be pro-
vided. 14 Students were admitted to
the 29th one year post-graduate di-
ploma course in radiological physics.
Scientists from Srilanka, Iran, Tanza-
nia and Syria were also trained in
radiation protection and dosimetry
aspects.

Ten DRM and DMRIT students have
sucessfully completed the one year
postgraduate programme. One addi-
tional student for DMRIT was from
Ethiopia under IAEA fellowship prog-
ramme. One medical doctor from
Bangladesh underwent one year
training programme in Radiation
Medicine Centre (RMC) under IAEA
fellowship and a technologist from
Nigeria was trained for 6 months. Lec-
tures were given to M.Sc.(Biophysics)
and bio-medical engineering stu-
dents of Bombay University on nuc-
lear medicine techniques. The stu-
dents of DRP underwent programme
of apprenticeship and lecture at RMC
and an apprentice programme was
conducted for students of M.Sc.
(Medical Physics) of Anna University,
Madras. A number of workshops and
conferences on radiation medicine,
were organised.

The total staff strength of Bhabha
Atomic Research Centre as on De-
cember 1, 1990 was 13,601 compris-
ing of 3,912 Scientific, 6,194 Technic-
al, 1,205 Administrative and 2,290
General Maintenance and Auxiliary
staff. During the year about 164 Sci-
entists were deputed abroad for parti-
cipation in International Conferences,
Symposia, Meeting etc. and for speci-
fic Government work,and 24 scientists
were deputed abroad for scientific
visit/training/study tour under the
aided schemes and 20 scientists
were deputed under bilateral agree-
ments. The services of 5 scientists
were placed at the disposal of IAEA
on Foreign Service terms for assign-
ment as experts. 10 scientists were
granted EOL for post-doctoral work
abroad. Under the collaboration
scheme between BARC and NTs/
IIScs., Bangalore for training of scien-
tists/engineers of BARC in special-
ised post-graduate courses leading
to award of M.S/M.E./M.Tech. de-
grees which commenced in
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1971, and continued during the year
under review, 54 scientists/engineers
have completed their training so far
and 4 are undergoing the course.

Thirty Indian universities have so
far recognised BARC as a centre for
post-graduate studies in various dis-
ciplies. 134 scientists in this Centre
were accorded the status of university
teachers for M.Sc. degree. 12 scien-
tists qualified for the award of Ph.D
degree and 9 scientists for M.Sc. de-
gree. Under the collaboration scheme
between BARC and the University of
Bombay, 50 students of the Bombay
University are presently doing re-
search work leading to Ph.D. degree.

This Centre continued to provide
training facilities to foreign nationals
under the IAEA Technical Assistance
Progamme and various colloboration
agreements. BARC offered facilities
for training under the IAEA Fellowship
Scheme to 7 scientists from Bang-
ladesh, 6 from Vietnam, 2 from Tanza-
nia and one each from Sri Lanka,
Tunisia, Nigeria, Indonesia, China,
Syria, Iran, Malasia, Ghana and Sierra
Leone.

BARC Benevolent Fund was set up
in 1963 to give aid to the employees
of Bhabha Atomic Research Centre,
Department of Atomic Energy and its
Constituent units located in Bombay
who are members of the fund, in the
event of their unforseen misfortune
like prolonged leave without pay,
death etc. The financial assistance is
also extended towards purchase of
hearing aids, nutritious diet to T.B./
cancer patients, purchase of text-
books, tution fees and travelling ex-
penses for the handicapped school
going children of the members of the
fund. The main financial sources of
the fund are donation, life mem-
bership, subscription from members
and grant-in-aid from Goverment. The
membership of the Fund is open to
the regular and FTA employees of
BARC, DAE and its constituent Units
stationed in Bombay. The total mem-
bership of the Fund is now more than
4,400. An amount of Rs.5,000/- was
donated to the Special School being
run in the Training School Hostel for
mentally retarted children towards ini-
tial expenses of the School.

The transportation of over 12,000
employees in Bombay, Thane and
New Bombay continued. Planning

Continued on page 3,51



Fast Breeder Test Reactor

INDIRA GANDHI CENTRE
FOR

ATOMIC RESEARCH

Indira Gandhi Centre for Atomic Re-
search (IGCAR) has been entrusted
with the development of all aspects of
Fast Breeder Reactor technology. The
reactor design engineering and com-
ponent development, development of
materials required for fast breeder
reactor programme, reprocessing of
fast reactor fuel, related research in
radio chemistry, R&D in the area of
reactor safety and development of in-
strumentation for reactors and associ-
ated facilities are the major thrust
areas at IGCAR.

Fast Breeder Test Reactor (FBTR)

During the operation of the reactor
for about 2 months during May —
July, '89 several spurious shutdowns
had occured due to neutronic chan-

nels and sodium pump drives. After
improving these systems the reactor
was operated for 40 days as demon-
stration run during August-
September, 1990 at power levels upto
500 KWt. The operating time during
this campaign was 86%. After this
campaign four reactor physics ex-
periments were carried out and the
reactor logged a cummulative period
of 1800 h of operation Four fuel hand-
ling operations were carried out dur-
ing the year for neutron source load-
ing, reactor physics experiments and
sorting out the problem of inter-
changed core thermocouples.

The major jobs carried out during
the year are: replacement of filter
banks of reactor containment building
(RCB), replacement of oil seals of four

sodium pumps, inspection and recti-
fication of hangers in primary sodium
purification cabin, relocation of iodine
monitor in stack room, repair of
deaerator lift Pump, replacement of
service water lines to primary thermo-
fluid heat exchangers, replacement of
fills of cooling tower, improvement of
neutronic channels, replacement of
uninterrupted power supply (UPS)
batteries, improvement of station
grounding systems, and repair of de-
cay heat exchanger.

Commissioning of the steam gener-
ator and steam water system is pro-
ceeding. Integrated tests conducted
on the steam water system with the
steam generator bye-passed, were
satisfactory. The delay in filling water
in the steam generator for generating



nuclear steam is due to the unsatis-
factory performance of the hydrogen
leak detection (HLD) system which is
vital for the safe operation of the
steam generators. Unsatisfactory re-
sponse of the mass spectrometers
and repeated failure of the reheaters
in this circuit forced some modifica-
tions which have been completed.

Since the computer system used to
supervise the temperature rise in the
fuel subassemblies of Fast Breeder
Test Reactor is part of the safety sys-
tem, the Safety Committee constituted
a sub Committee for checking the
software and performance of compu-
ter system with respect to qualifica-
tion, validation and incorruptibility.
Their recommendations towards the
improvement of the system have been
incorporated.

The Committee reviewing the per-
formance of nuclear instrumentation
of FBTR, agreed that the performance
as of to-day is satisfactory, but recom-
mended its replacement by a state of
the art-system due to non availability
of electronic spares arising from
changes in the electronics industry
The Electronics Division, BARC, was
requested to fabricate a suitable sys-
tem and necessary design docu-
ments have been furnished. Suitable
designs for the replacement of Ward
Leonard pump drive control system
by a static system have been evolved
and proposals are being made for the
approval of the Safety Committee Ex-
perience of such a system will be of
direct use for PFBR.

The reactor was restarted and pow-
er was raised to 500 kwt During this
phase, reactivity balance subroutine
was added to the computer program-
me implemented by the on-line com-
puter based safety system This fea-
ture will help the operator to detect in
time any anomalous reactivity varia-
tion in the reactor.

In the meantime, clearance was
obtained from AERB for raising the
power upto 1 MWt. The reactor has
been successfully operated at this
power level to carry out certain phy-
s<cs and engineering tests. It is plan-
ned to progressively increase the
power level to 10.6 MWt during 1991
while steam generators will be tested
and power generation demonstrated

Prototype Fast Breeder Reactor
Efforts to improve upon the cross

section data files which lead to im-
proved design capability were con-
tinued. Activation cross sections for
several isotopes required for shield-
ing calculations have been generated
in the form of multigroup sets using
ENDF/B-VI data file received through
IAEA. Development of computational
methods also continued. The efforts
have led to progress in the area of
parallel computing for solving large
problems requiring large main frame
computers with the help of smaller but
greater number of mini computers.
Control rod worth calculational
methods including interaction of con-
trol rods were improved upon. Im-
provements in the computer codes for
accident analysis work were made,
and capability to do neutron transport
calculations in 3D geometries has
been developed. Mathematical tools
have been developed for the detec-
tion of sodium boiling in the presence
of large background noise. Amenabli-
ty to automatic control of fast reactors
has also been ascertained

Reactor Physics design of PFBR
continued and refuelling interval opti-
misation completed. The degree of
coupling between different zones in
the reactor was examined to rule out
the possibility of local criticality. All
reactor physics aspects of core de-
sign continued to be examined for a
mixed oxide fuel and also the metal
alloy fuel which appears to be the

best in terms of safety, growth poten-
tial and economics.

There was marked progress in
analysis of main systems and compo-
nents. Design specification and con-
ceptual design of auxiliary systems
and components were completed.
Detailing of experiments, preparation
of material specifications, procure-
ment and placing of purchase order
for technology development of com-
ponents were other major completed
works.

Regarding the core engineering,
hydraulic design analysis of sub-
assemblies, requirements for hyd-
raulic experiments, subassembly
drawings, study for spacer pad loca-
tion, natural convection cooling analy-
sis for shielding subassemblies, and
detailing of structural design criteria
for irradiated subassemblies have
been completed. Structural analysis
of main vessel for seismic, core dis-
ruptive accident and for normal and
buckling loads has been carried out.
Main vessel cooling pipe details have
been worked out and its structure has
been analysed for flow induced vibra-
tion and thermal loads. Vibration test-
ing of main vessel has been done at
IIT Madras. Design of preheating cir-
cuit and analysis of temperature
evolution during preheating con-
tinued. Inner vessel has been reanaly-
sed for changed mechanical and

Possible deformation pattern (buckling) of bottom portion of PFBR main vessel if subje •
cted to severe seismic loading
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thermal loads. Pump and grid plate
connecting pipe have been analysed
for thermomechanical, seismic and
FIV loads.

For control plug, estimation of
temperature evolution for loss of flow
with and without scram, estimation of
flow into plug at 20% and 100% pow-
er levels, thermomechanical and seis-
mic analysis and preparation of spe-
cification for design have been com-
pleted. Flow induced vibration analy-
sis is in progress.

Intermediate heat exchanger (IHX)
thermal hydraulic analysis for anti-
vibration belt modifications, addition
of mixing device, altered inlet window
location and height, and secondary
side sodium flow, stress analysis for
mechanical and thermal loads, and
design of shell for external pressure
has been completed.

Steam generator (SG) detailed ther-
mal hydraulic analysis for sodium side
inlet shroud tube height reduction,
flow zoning analysis for reduction in
temperature differences between
tube to tube and tube to shell, and
analysis of effect of sodium water
reaction at various locations have
been completed. Tender drawings of
IHX and SG have been updated.
Dynamic analysis of safety grade heat
removal systems and components
has been done. Steady state hot and
cold pool temperatures have been
assessed for operation with 4 Decay
Heat Exchangers (DHX) and 3 DHX.
Plant parameters have been esti-
mated for 20% and 100% power
levels. Plant dynamics studies have
been carried out to establish trip set-
tings.

Detailed design, drawings and de-
scription of In-Vessel-Transfer-
Machine (IVTM) has been completed
and updated. Design specifications
and conceptual design notes for va-
rious flasks, control post for sub-
assembly identification, trolley on in-
clined rails, underwater trolley & con-
tainer for failed fuel assembly have
been prepared.

Orders for technology development
related to fabrication ol main vessel,
inner vessel, sodium pumps, and
Steam generators have been placed
IVTM gripper and grid plate mockup
have been fabricated in Central Work-
shops. IGCAR Specification for

manufacture of IVTM and Primary
Control Rod Drive Mechanism (P-
CRDM) and control plug haev been
prepared. The three dimensional ther-
mohydraulic analysis code THYC-3D
development and validation con-
tinued. The general purpose finite ele-
ment code CASTEM is being commis-
sioned. A post processor subroutine
for creep fatigue interaction has been
prepared.

Engineering Development

The major thrust areas of engineer-
ing development haye been pool hyd-
raulics studies, sodium pump de-
velopment, safety instrumentation
and setting up of large components
test rig. Further studies of flow pattern
visualisation of the PFBR primary pool
were continued. The effect of gap be-
tween lattice plate and core top has
been studied. Also the effect of lattice
plate porosity has been studied. A
software using IBM-PC has been de-
veloped to process signals from mini-
ature propeller anemometers.
Measurement of fluid velocities at the
entry to all eight IHXs in the pool have
been carried out to ensure uniform
velocity. Velocity measurements
around the entry windows of two IHXs
180 deg. apart have been also car-
ried out.

In continuation of the work on
mechanical sodium pump both its de-
sign and development progressed

well. The conceptual design of the
directly mounted flywheel assembly
has been further optimised. The refer-
ence nominal speed of the primary
pump was revised upward to 700
rpm. The hydraulic development con-
tract was placed with an indigenous
supplier. As part of manufacturing de-
velopment a large size (1.2 m dia)
S.S. impeller has been sucessfuly
cast by an indigenous supplier under
the guidance provided by IGCAR.

Two miniature eddy current type
sodium flow meters have been de-
veloped indigenously, and tested
upto 500 deg.C in liquid sodium and
their performance found satisfactory
Further experiments demonstrated
use of these sensors for combined
flow and temperature measurement at
the reactor core outlet.

The technology for manufacture of
magnetic flowmeters for liquid sodium
developed in-house was transferred
to an Indian industry.

In continuation of development of
acoustic technique for detection of
steam leak into sodium, argon and
hydrogen injections in steam gener-
ator of FBTR were detected which
establishes the feasibility of the
approach.

Two stainless steel bellows of
welded construction for spare
CRDMS, have been subjected to type
tests in sodium upto a temperature of

SS Impeller casting—first largest ss quality casting produced in India

3.39



Engineering Hall No 3

530 deg.C. and found satisfactory.
The test cycles were automated using
a microprocessor based sequence
controller developed inhouse.

The experimental study of convec-
tion barriers in reactor cover gas
space was further continued and both
dip seal and horizontal gap type bar-
riers were found comparable in per-
formance.

The sodium loop for study of Car-
bon-mass transfer and corrosion of
structural materials was commis-
sioned and the test section is running
at the desired temperature

The construction of the Engg. Hall &
Large component Test Rig continued
to make progress. Two large sodium
storage tanks were installed in the
steel lined dump pit and further civil
work of pit completed, while low bay
is nearing completion. Low bay crane
and monorail hoist for dump pit have
been received. The fabrication of Test
Vessel III (4m dia x 9m long) as also
that of various smaller loop compo-
nents has reached an advanced
stage. Purchase order for 90 tonnes
of sodium has been placed and first
sodium consignment is expected
soon.

Metallurgy

The focus of research in metallurgy
has been on the development mate-
rials used in fast breeder reactors.

Candidate materials fo core compo-
nents, special grades of stainless
steels and metastable microstruc-
tures in newly emerging materials
were studied

Considerable progress was made
in the studies of localized corrosion
modes in Type 316 LN stainless
steels and their weldments. Crack
growth rates and threshold stress in :

tensities in Nacl solutions, were deter-
mined for AISI 304 and welds of A1S
316 in various metallurgical condi-
tions. A sodium loop for in-sodiurr
material studies and a slow strain rate
machine for stress corrosion studies
were commissioned. Experiments on
corrosion of materials under simu-
lated conditions of wet storage of
FBTR fuel sub assmblies were carried
out and corrosivity of the service wa-
ter system of FBTR were studied ex-
tensively. Laser surface modification
of Type 304 & 316 SS produced a
desensitized surface layer on an
otherwise sensitized component, re-
sulting in significant improvements in
localized corrosion attack Also, plas-
ma nitriding of D-9 austenttic stainless
steels was done to achieve good tri-
bological properties

The ferritic alloys 2 1/4Cr-1Mo and
9Cr-1Mo were examined to identify
the secondary phases and evaluate
the stability of microstructures during
various thermal treatments simulating
inservice condition. Detailed micros-

tructural changes, carbide types and
morphology as well as the microche-
mical differences of the various
secondary phases on tempering 2 1/
4Cr-1 Mo steel at two different levels of
carbon were obtained. High tempera-
ture oxidation studies in this steel
have shown that decrease in grain
size of the steel decreases its oxida-
tion resistance. An extensive prog-
ramme on 9Cr-1Mo steels was initi-
ated to study the microstructural sta-
bility as a function of material and
processing parameters. In the first
phase, cooling rate as a parameter
was studied. Thermodynamic charac-
terization and phase equilibria were
studied in certain systems.

The work on rapidly solidified
AI6Fe15Cu2o alloys was a part of
another important research theme,
namely metastable microstructures.
The metastable nature of the omega
phase and the energetics of phase
tansformations in Ti-Nb alloys were
also analysed. In the technologically
important, ordered Ti-AI intermetallic,
the possibility of ternary element sub-
stitution to preferentially improve duc-
tility was determined and modelled in
terms of the mean field theory.

A technologically viable process
was developed to obtain phase pure
materials of YBCO and related high
temperature superconducting com-
pounds. A novel technique of melt

Slow strain rate machine for
stress corrosion studies
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zone processing was devised to
achieve high current density by prom-
oting crystallographic texture in the
material. Using an indigeneously de-
veloped glow discharge deposition
apparatus, thin film of YBCO was pre-
pared in polycrystalline ZrO2 and
sing'e crystal saphire substrates.

Materials Development

Durinj the year considerable prog-
ress was made on the evaluation of
creep and low cycle fatigue (LCF)
properties of nitrogen bearing stain-
less steel (316LN SS) base metal,
stainless steel (316 SS) weld metal
and their weldments for use in design.
Various damage processes causing
degradation of LCF life at elevated
temperatures were identified with a
view to arriving at suitable life predic-
tion methods.

The creep behaviour of post weld
heat treated 2 25Cr-1Mo steel base
metal, weld metal and their weld-
ments was studied at elevated
temperatures. Equations for predict-
ing weld joint creep properties on the
basis of base and weld metal prop-
erties were established.

Extensive characterisation of ten-
sile behaviour of Alloy D9, with three
Ti/C ratios in the coid worked and
solution annealed state were carried
out. The stability of cold work to long-
term high temperature exposure in
service was investigated through
short duration ageing at elevated
temperatures.

Work was initiated to develop pro-
cessing maps which would aid in
selecting optimum hot working para-
meters and identify the safe regimes
for metal forming. Processing maps
for types 304 and 316 stainless steel
and AlloyD9 were evaluated at diffe-
rent strain rates and temperatures
identitying certain regions in the
temperature-strain rate range, where
flow instabilities occur.

An improved trimetallic transition
joint, with a configuration of austenitic
stainless steel/Alloy 800/2.25Cr-1 Mo
steel, to be used in the steam gener-
ators circuit of the PFBR, was de-
veloped. The Alloy 800/2 25CM Mo
steel joint, found to be the critical part,
was evaluated for its performance by
accelerated thermal cycling tests.
The results indicated a four-fold in-
crease in the service life of this opti-
mized transition metal joint compared

to that reported for the direct (bimetal-
lic) transition joints presently in use.

Post-Irradiation Examination & Non-
Destructive Testing

The important activities included
commissioning of post-irradiation ex-
amination (PIE) facilities for nuclear
fuel elements and fuel subassemb-
lies, development of non-destructive
test (NDT) techniques for pre-service/
and in-service quality assurance of
nuclear components and systems,
and planning of irradiation experi-
ments.

Final systems check were under-
taken for the nitrogen recirculation
system of the hot cell facility which is
undergoing commissioning. This
facility is meant for post-irradiation ex-
amination of carbide fuel pins and fuel
assemblies of FBTR

Operational trials of vertical transfer
system, meant for transferring irradi-
ated FBTR fuel subassemblies to hot
cells.were undertaken using a mock
up La-Calhene system inside the hot
cell. The system was designed to pre-
vent dispersion of radioactivity out-
side.

A special purpose, computer
numerically controlled, (CNC) remote
milling and drilling machine was de-
veloped to cut and separate the wrap-
per from the spent fuel subassemb-
lies of FBTR. It can also machine ten-
sile test specimens out of the wrapper
material. Trial operations continued
on the machine.

A multifrequency eddy current test
technique was optimised aided by
computer modelling.

With the use of data digitisation and
an IBM PC, imaging of the eddy cui-
rent test data was found to be possi-
ble. Such imaging would help in ana-
lysing the data for possible presence
of defects in a reliable manner.

Significant progress was made in
the development of a NDT technique
based on Barkausen noise signal
analysis in ferro-magnetic metals and
alloys. This technique is sensitive with
respect to microstructure, plastic de-
formation, residual stress and creep-
fatigue damage. A laboratory model
setup was developed for this pur-
pose. The technique was sup-
plemented by characterisations of
magnetic hysteresis loop, a setup for
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which was also developed.

A non-contact techique based on
thermography was used for monitor-
ing switch yards. The technique has
also been used for monitoring
temperature distributions during
welding.

rhermographs obtained from the setup
developed at IGCAR

A new area of microstructural char-
acterisation was investigated. Pattern
recognition and cluster analysis tech-
niques were used to identify the pre-
sence of very small sized defects dur-
ing ultrasonic testing of (difficult to
test) austenitic stainless steel welded
joints. By using the pattern recogni-
lion approach, it was possible to diffe-
rentiate more harmful linear defects. It
was possible to increase the sensitiv-
ity of detection of linear defects al
least five fold by the use of indige-
nously developed software routines.

Irradiation Experiments

Development is under progress on
the fabrication of miniature high
pressure welded capsules for use in
assessment of creep deformation



properties under irradiation. Closure
welding under an argon pressure of
10 atmospheres was successful.

Quality Engineering

The Quality Engineering Section
continued to provide quality control
support in the construction of the fol-
lowing projects of IGCAR (i) Balance
works of Fast Breeder Test Reactor
Project (FBTR), (li) Kalpakkam Repro-
cessing Project (KARP), (iii) Technol-
ogy development works of Prototype
Fast Breeder Reactor (PFBR), and (iv)
experimental loops of various labor-
atories. The sections capability is
being augmented with advance in-
spection tools.

Radio-Chemistry

The electrochemical hydrogen
meter for detecting steam generator
leaks in FBTR. was modified. A carrier
gas type hydrogen meter was de-
signed and fabricated. It is under-
going sensitivety test An improved
version of the meter is under fabrica-
tion Sodium-iron chloride cells of 1 Ah
capacity were constructed and
tested As ceramic-to-metal seals are
important for making these batteries,
an improved method was developed
for making these seals by the thermo-
compression route. The Radioactive
Sodium Chemistry Loop was oper-
ated for prolonged periods giving
considerable experience in the op-
eration of the system The loop was

also used for testing the electroche-
mical hydrogen meter. To model the
behaviour of the Mn-54 in the sodium
loops of the reactor, basic data on the
diffusion of Mn-54 in stainless steel
and its distribution between sodium
and stainless steel has been gener-
ated in the temperature range of 450
to 600°C.

In continuation of the work on ther-
mophysical properties and thermo-
chemistry of systems in reactor tech-
nology, thermal conductivity of some
fission product compounds was mea-
sured. The chromium-tellurium sys-
tem was investigated in detail and
new phases and phase boundaries
were identified. Thermodynamic
properties of various compounds in
this system were also derived

The safety report of the radioche-
mistry hot cells was scrutinised and a
few modifications were carried out
On obtaining the safety clearance the
facility will be ready for taking up
post-irradiation studies

Progress was made in the area of
Process Chemistry. A facility tor pyro-
chemical reprocessing based on
electro-refining is under construction
In collaboration with M/s Tamilnadu
Petroproducts Ltd (TPL), Madras, an
indigeneous diluent was developed
for use in reprocessing plants. A vari-
ety of trialkyl phosphates were synth-
esised in colaboration with I IT. Mad-
ras for studies on the effect of the
carbon chain length and structure on

Electrochemical meter for hydrogen in sodium
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the extraction of actinides. Studies
were carried out on the effect of
diluent on tne extraction of U(VI) from
nitrate medium by tri-n-
butylphosphate. Bifunctional resins of
different cross-linkages with polys-
tyrene-divmyl benzene as the matrix,
were prepared for possible use of
these resins for recovery of actinides
from waste solutions. A new "photo
chemical" method for the dissolution
of PuO^ in HCI medium was de-
veloped.

A nuclear microprobe is under fab-
rication. A Grimm type glow dis-
charge lamp was fabricated in-house
and commissioned as an optical
emission source Using this, a techni-
que for the analysis of Ni, Cr, Mn, Mo
and Cu in low alloy steels was stan-
daridsed. A matrix isolation system
was fabricated and commissioned.

A novel on-line solvent extraction
system was coupled with the ICP-MS
for the quick determination of trace
metals in uranium with detection limits
al the ppb levels A sensitive meihod
to determine mercury in sodium was
standardised.

Analytical services were provided
to various groups in IGCAR and to
some universities in the neighbour-
hood. A total of 327 samples were
analysed during this period requiring
970 determinations.

Fuel-Reprocessing

The Reprocessing Developement
Laboratory has almost completed its
developmental efforts for FBTR fuel
reprocessing. The processes and
equipment for which development
were completed were qualified for hot
operation. The processing campaign
of Irradiation (Thoria) J Rods from
CIRUS reactor was successfully com-
pleted. Modification of the off gas sys-
tem continued for better performance.
For processing of irradiated thorium
rods from MAPS suitable head end
steps continued to the designed for
integration with the existing facility.
Clearances from AERB for the trans-
port of fuel lo RDL was obtained and
fabrication of the headend system for
MAPS thorium bundle continued.

Phase I of Ihe Mini Plant for proces-
sing irradiated fuel from FBTR was
completed and work on Phase II con-
tinued This facility will provide a test
bed for analysing the design features
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Electrolytic dissoiver under test in lead Mini Plant

data for simulation to validate the de-
sign.Other R&D work related to repro-
cessing of fast reactor fuels.

A temporary mock up cell was
erected to develop remote mainta-
nance concepts. Improvements of
present manipulator systems are
being studied.

Health & Safety

For the 100 kJ Condenser bank
facility being set up as part of the
reactor safety experiments nineteen
high energy condensers of five kilo-
volt rating were received and tested.
Tests on control software for operat-
ing the bank and the control logic
were also completed. Functional test-
ing of other components and wiring of
Control Console continued. Operation
of the Activity Deposition Loop was
commenced. Runs were carried out
with hot leg temperatures upto
300°C. Further runs were planned
with a radioactive sample placed in
the loop. As part of the efforts to up-
grade the existing indigenously built
neutron generator, a prototype of a
compact high voltage source based
on pulsed magnetic fields was fabri-
cated. This unit is capable of giving
120 kV at a current rating of several
amperes. It is undergoing load testing
with the neutron generator. A three
component SODAR system was in-
stalled. It provided useful data on
meteorological parameters.

Radiation transport studies con-
tinued. Computations were under-
taken to verify the adequacy of the
proposed radiation shielding design
for PFBR.

In a joint effort of IGCAR and MAPS,
700 villagers and 130 state Govern-
ment officials were trained in Radia-

Fast reactor fuel reprocessing plant project KARP: zone VII and VI north view

of the larger plant for processing the
FBTR fuel.

The construction of the concrete
cells of the regular plant was com-
pleted. Its waste storage vault is near-
ing completion. Procurement action
for systems and equipment was initi-
ated and physical protection and fire
safety systems finalised. Continuing
works included standardisation of
process equipment and their quality
control aspects and generation of

Three component antenna system of the Sodar system



tion Emergency Preparedness mea-
sures. A similar orientation program-
me conducted for the benefit of staff
members of IGCAR and CWMF.
Operational health physics surveill-
ance was provided for operations in
active facilities at IGCAR. As part of
regulatory requirements a program-
me of testing pressure vessels in va-
rious facilities was commenced this
year. About 250 radiation work-
erswere covered by the whole-body
counting and bioassay programmes.
A new spectrophotometric technique
was developed for the simultaneous

determination of calcium and thorium
in urine. This method has brought
down the analysis time to half without
affecting the minimum detection limit.
Analytical procedure was standar-
dised for the estimation of alpha emit-
ters such as Pu-239 in fecal samples.

Materials Science

The Materials Sconce Division is
actively engaged in research and de-
velopment programmes in the area of
condensed matter physics. A vacuum
calcination method for the prepara-

Secondary ion mass spectrometer commissioned at IGCAR

tion of YBCO samples was developed
and successfully used for the prepa-
ration of high quality YBCO supercon-
ducting samples. Subsequently, a
melt zone technique was developed
and used for growing YBCO samples
to achieve high critical current densi-
ties. A facility for the fabrication of
SQUIDS was installed. A Secondary
Ion Mass Spectrometer (SIMS) was
commissioned and studies on diffu-
sion, segregation and sodium corro-
sion in materials were initiated. A new
rotating anode x-ray generator for
high pressure studies was set up. The
existing x-ray facility was upgraded.
The ultra high vacuum beam tube for
low energy positron beam apparatus
was designed.

Studies included Raman scattering
and photoluiminiscence mixed crys-
tals, Crystalline to glass transition in
aqueous polydispersed colloids us-
ing Monte Carlo simulation, neutron
yields from deuterium implanted cop-
per samples TEM studies on argon
implanted Al-Mn samples, Isochronal
annealing of quenched Ni-AI system
using resistivity measurements and
diffusion controlled multiplicative pro-
cesses. A detailed analysis of the
Mossbauer spectrum in crystalline
AI13Fe4, was carried out. The occurr-
ence of orthorhombic to tetragonal
phase transition in heat-treated high
temperature superconductor NdBa-
CuO was studied. Hydrodynamic
equations for a fluid with internal rota-
tion were formulated.

Electronics & Instrumentation

Electronics & Instrumentation
Laboratory (EIL) is involved in the de-
sign and development of electronic
instrumentation for the various R&D
programmes of IGCAR and also the
other units of DAE. During the current
year, the following major works have
been completed : A Disturbance '
Transient Analyser installed at MAPS,
a Data Acquisition System installed
and commissioned at Tuticorin, and a
PC based Recorder installed at MAPS
II. A similar system for MAPS I is also
under fabrication.

The Distributed Data Acquisition
System installed at (Kota) and tested.

The Colour Graphic Display System
installed last year at MAPS I con-
tinued to function well and a few im-
provements required by the users
have been incorporated. A similar
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system for the MAPS II was designed
incoporating latest techniques such
as Local Area Networks (LAN) and
Artificial Intelligence. The system is in
an advanced stage of development
and will be installed and commis-
soned shortly. The Supervisory Con-
trol and Data Acquisition System for
the Heavy Water Plant, Manuguru
also made rapid progress. A Window
Alarm Logger to log the 800 alarm
signals of the MAPS II was also been
taken up.

As part of the development efforts,
a Single Board Computer was de-
signed and tested. On the software
side, a Real Time Operating system
(OS) for the Intel's 80X86 processors
was developed in collaboration with
NT,Madras. This OS has advanced
features and it will enables the use of
low cost PC for real time data acquisi-
tion and control.

A Position controller and Data Ac-
quisition System for the Nuclear
Probe was developed and installed. A
Differential Conductivity Meter for use
in experiments on Boron enrichment
was designed, fabricated and com-
missioned.

The Safety logic system in a nuclear
reactor brings it to a safe shutdown
state whenever pre-determined alarm
conditions prevail. Trials on a novel
design based on microprocessors
with fault tolerant architecture con-
tinued. Studies continued on another
prototype version of safety logic using
pulse coded logic which would form a
part of PFBR safety logic.

In addition, EIL also took up the
responsibilities of fabricating the
PCB's for the ageing Ward Leonard
speed control system of FBTR.discus-
sion on Software Reliability were also
arranged.

Computer Centre

Computer Centre at IGCAR pro-
vided the complete computational
support and CAD facility to users by
operating the Honeywell Bull DPS 3,
Norsk Data ND-560 and Super 32/70
Computer Systems round the clock. A
new Super 32/70 Computer System of
3.2 MIPS was installed and commis-
sioned. All these computer systems
with their peripherals were maintained
inhouse which provided high availa-
bility

The centre also maintained about
200 Personal Computers (PCs) and
peripherals and imparted training for
various levels of personnels. The
maintenance documents were also
prepared.

An indepth study of a number of PC
viruses was carried out and a hard-
ware solution for virus protection was
developed. A number of antidotes for
different viruses were also developed.
Development of a parallel processing
system based around Motorola 32 bit
microprocessor continued. Develop-
ment of hardware interface for com-
munication between the parallel pro-
cessing system and the host compu-
ter system was progressing. Develop-
ment of different software modules
and the nodal executive also con-
tinued.

The CAD package developed for
pipe routing for Kalpakkam Repro-
cessing Plant (KARP) was used ex-
tensively and the pipe layout was
completed for all the cells. The spool
drawings totalling 2650 drawings
were generated. Because of the site
requirements, some of the pipes were
to be relaid and the appropriate mod-
ifications were carried out and the
drawings were regenerated.

Civil Engineering

The various projects handled by the
Civil Engineering Group at IGCAR
progressed as follows:

In IGCAR, the construction of 45 M
tall Engineering Hall and other labora-
tory buildings continued.

In project KARP, the construction of
the main process building and allied
structures almost reached completion
and some of the buildings were hand-
ed over to users for erection/piping
works.

Waste Immobilisation Plant (WIP)

In Waste Immobilisation Plant
(WIP), the construction of the auxiliary
buildings progressed further. Security
fencing around WIP and all other units
in IGCAR was taken up. In DAE
township, construction oi 325 quar-
ters of various types continued. Land
acquisition reached advanced stage
for the proposed new DAE township
at Ammaipakkam near Kalpakkam. At
MATSCIENCE, Madras, the design
and construction of the Library build-
ing and Guest House and Hostel
complex were completed during the
year.

Central Workshops/Engineering Ser-
vices.

The Central Workshops contributed
to the machining and fabrication of
components required for different
projects and various R & D laborator-
ies Engineering Services Group car-
ried out the electrical, air conditioning
and ventilation works. Other works in-
cluded submission of detailed project
report for improvement of power
supply to township, and finalization of
tender for procurement of telephone
exchanges for Engineering Hall III
and CWMF. A Detailed project report
for communication system of DAE un-
its of Kalpakkam was prepared.
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Booster synchrotron dipole magnet assembly

CENTRE FOR
ADVANCED

TECHNOLOGY

Centre for Advanced Technology
(CAT) took up the construction of two
synchrotron radiation sources and
also the development of lasers ad las-
er based instruments useful for basic
research, industry and medicine.
Fabrication of major components for
Microtron, a pre-injector which will
accelerate electrons to 20 Mev ener-
gy, is nearing completion. Vacuum
envelope of 700 MeV Booster syn-
chrotron was assembeled with indige-
nously fabricated bellow type cham-
bers and tested for vacuum. All the six
dipole magnets for the Booster syn-
chrotron are in advanced stages of
fabrication. A prototype dipole mag-
net was fabricated and has been
tested for its performance. Two dipole
vacuum chambers for INDUS-I were
fabricated and tested successfully.

Studies on beam dynamics continued
to finalise basic lattice parameters for
INDUS-II.

In laser programme, a 30 W aver-
age power copper vapour laser was
developed. A 40 W surgical CO2 las-
er suitable for general surgery was
developed. It was used sucessfully at
Choithram Hospital and Research
Centre, Indore on two patients with
disorder of vocal chord. Other notable
developments include a laser based
uranium fluorimeter for exploration of
uranium and a skHv flow four limb 500
watts CO? laser for heat treatment of
materials. A transverse flow 2 KW CW
CO2 laser was assembled. During ini-
tial tests one limb of this two limb
system has given 800 W output. The
system is expected to be fully oper-

aional shortly.

The Centre for Advanced Technolo-
gy (CAT) was set up to undertake
major programmes in high technology
areas such as Accelerators and
Lasers.

Under the accelerator programme,
CAT is constructing two Synchrotron
Radiation Sources viz. INDUS-1 - a
450 MeV Electron Storage Ring and
INDUS-2-a 2 GeV Booster-cum-
Storage Ring.These Synchrotron
Radiation Sources will find wide ap-
plications in basic research, industry
and medicine. These sources will be
used by DAE laboratories as well as
other laboratories and academic in-
stitutions. The fall-out of the various
technologies being developed for IN-
DUS-1 and INDUS-2 are many which



include industrial and medical
accelerators, intense x-ray sources,
ultrahigh vacuum pumps and other
components, special magnets,
cryogenic systems etc.

Under the Laser programme, CAT
is developing several lasers and las-
er-based systems required for basic
research and for applications in in-
dustry and medicine. In addition, CAT
has undertaken basic research on
non-linear optics particularly at
picosecond time-scales and laser
plasma interaction.

Science Advisory Council to the
Prime Minister (SAC-PM) had recom-
mended a National Laser Programme
for which CAT was identified as the
main Indian laboratory for developing
important lasers and laser-based sys-
tems. While formulating the laser
programme at CAT, these recom-
mendations were kept in mind.

Accelerator Programme

The INDUS-1 and INDUS-2 system
consists of a pre-injector microtron
which accelerates electrons to 20
MeV energy and inject them in a
booster synchrotron. The booster syn-
chrotron accelerates the electrons
further upto energies of 700 MeV.
When operating INDUS-1, the booster
synchrotron will accelerate electro-
nics only to 450 MeV and then inject
them in the INDUS-1 electron storage
ring. For operating INDUS-2, the
booster synchrotron will accelerate
electrons to 700 MeV and inject them
in the INDUS-2 ring where they will be
accelerated further to energies of 2
GeV and stored.

Microtron

Fabrication of major components
viz. magnet, vacuum vessel, is near-
ing completion. Other sub systems
viz. electron emitter, current probe,
high voltage power supply for klystron
etc. are in advanced stage of comple-
tion.

Booster Synchrotron Dipole Magnets

The booster synchrotron has six su-
per periods each consisting of a
dipole magnet and a focussing and a
defocussing quadropole magnet. In
addition the synchrotron ring has an
RF cavity for acceleration and injec-
tion and extraction magnets. The 60°
dipole magnets are ramped electro-

magnets in which the field is in-
creased from about 30 gauss to 13 K
gauss at 1 to 2 Hz. These magnets
are fabricated from Cold Rolled Grain
Oriented Si Steel stampings. Hollow
Oxygen free high conductivity
(OFHC) copper conductors are used
to form coils of these magnets each of
which can carry 1000 Amp maximum
current. These are water cooled using
low conductivity water. A prototype
magnet has been fabricated and
tested at different current values. The
magnetic field uniformity is found to
be within 4 x 1 0 " over pole width of
8.5 cm. Fabrication of six more mag-
nets is at an advanced stage of com-
pletion.

Magnets of the booster synchrotron
should meet stringent requirements
relating to their magnetic field. There-
fore, it is essential that before these
magnets are put into operation, the
magnetic field is measured with high
degree of accuracy over the entire
volume within the pole pieces and at
different current levels.

To meet the field mapping require-
ments, a PC/CNC based 3-Axes Co-
ordinate measuring system with Hall
Probe Sensor was designed and
fabricated indigenously. The system
can be programmed to move the
probe in any desired path/contour,
with choice of steps, speed of move-
ment, dwell time etc. The probe posi-
tion (either polar or cartesian coordin-
ates) and measured magnetic field
values are online transferred to PC for
data acquisition/analysis.

HV System

The vacuum envelope of the boos-
ter synchrontron has to be made from
thin metal sheet to reduce effect of
eddy currents. Bellow type design
was therefore adopted. The complete
ring was fabricated and evacuated to
10~9 torr. This is adequate to get
vaccum of better than 10 7 torr in the
actual ring with circulating electron
beam.

RF System

The radio frequency system pro-
vides energy for acceleration as well
as compensates for radiation loss.

The 12KW RF system for the boos-
ter synchrotron and the storage ring
consists of a frequency synthesizer.a
phase shifter, attenuator, a 200 watts
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solid state driver amplifier, a power
amplifier, RF cavity etc.

The signal from the frequency
synthesizer is boosted to a level of
200 watts by the wideband RF solid
state driver amplifier which was built
using indigenous devices.

The power amplifier is designed
around indigenously manufactured
ceramic power tetrode tube which
operated in class C grid driver con-
figuration. The complete RF system
was fabricated and tested.

INDUS-I Storage ring

This consists of four super periods
each having a dipole magnet of field
index 0.5 and two doublets of quadru-
poles. In addition, it has an RF cavity
for compensation of the energy loss
due to synchrotron radiation. For in-
jection, the ring will use kicker and
septum magnets. Design of the stor-
age ring was completed during the
year. The material for the dipole mag-
nets was received and the fabrication
of the magnets is in advanced stage
of completion. A prototype vaccum
chamber for the dipole magnet sec-
tion was fabricated and tested.

Rotating Anode X-ray Generator

A rotating anode x-ray generator
was developed with performance
comparable to the latest available
machines in the world.

The x-ray tube consists of a water
cooled anode, rotating at a speed of
3000 RPM, a cathode assembly to
withstand a potential difference of 60
KV with a specially designed filament
assembly to provide a line focus and
vacuum chamber to house the
cathode which is evacuated to 10 "6

torr. The anode is made of OFHC
copper material which can be directly
used as x-ray target. Alternately other
target materials can be coated on the
copper anode. The vacuum seal of
the rotating anode was designed us-
ing inexpensive elastomers and sili-
con oil. The unit was tested at low
power levels.

Cryogenics Facilities

A closed cycle helium cryoref-
rigerator operating on Gifford McMo-
han cycle and capable of giving upto
20K for 2 W heat load was developed.
Using this cryorefrigerator a



cryopump was also fabricated. The
pumping speed of this pump is 1000
litre/sec for nitrogen In addition, a
prototype of Cryoprobe used in Gyne-
cology was designed and fabricated.
This probe works on the principle of
J-T expansion of Nitrous Oxide gas
from a high pressure cylinder (50 kg/
cm2 pressure).

Laser Programme

The Centre for Advanced Technolo-
gy (CAT) has been identified by the
Government of India as the major
iaboratory for the development of
technology of important lasers, to ex-
plore applications of lasers in basic
Science, Industry and Medicine and
to carry out research in newer areas
of lasers and their applications. To-
wards this objective CAT has taken
up development of various types of
lasers, and laser systems for medi-
cine and industrial application.

CO2 Surgical Laser System

A prototype model of carbon-di-
oxide surgical laser system model
C-40 was developed and given to
Choithram Hospital & Research Cen-
tre, Indore for evaluation.

This laser system, has a 70 watts
CO2 laser. The laser beam is trans-
ported through a seven jointed articu-
lated arm for beam delivery at the site
of operation. The articulated arm pro-
vides the doctor a smooth three
dimensional motion of laser beam.
This laser was used successfully in
Dec. 1990 in the operation of two
patients with disorder of vocal chord.

Laser Power Meter
Thermopile detectors, widely used

for the measurement of power output
from CW and pulsed lasers are at
present imported. Efforts were there-
fore initiated to make these power
meters indigenously. A prototype
power meter for measuring power
upto 10W was developed. This power
meter was tested and found to be
comparable in performance with
those available in international
market.

Uranium Fluorimeter

A laser based uranium fluorimeter,
for exploration of uranium, was de-
veloped. This analyzer can measure
trace concentration of uranium to as
low as 0.5 ppb (part per billion) in
water samples. The analysis can be
performed within a minute and does
not require any chemical pre-
concentration of the sample.

In this instrument, an ultra violet N2

laser operating at 337nm with peak
power of 50KW, pulse duration of
8nsec and pulse repetition rate of
5HZ, excites flourescence in uranium
compounds dissolved in water sam-
ples. The intensity of fluorescence is
measured by a gated photomultiplier.
The concentration of uranium is prop-
ortional to the intensity of fluoresc-
ence. Interference from other impuri-
ties is eliminated by optical and elec-
tronic filtering.

The prototype instrument was used
to determine uranium concentration in
several water and rock samples pro-
vided by chemical laboratory, Atomic
Minerals Division, Nagpur. The
measurement accuracy of the instru-
ment was found to be as good as that
of an imported commercial system
being used for this purpose.

A view of vacuum envelope of booster synchrotron

Copper Vapour Laser

Recently, there was a great de-
mand of high average power, tunable
dye laser. Although, other pulsed las-
ers such as Nitrogen laser, Excimer
Laser, Nd: YAG laser can be used as
a pump source, Coppper Vapour Las-
er has gained importance because o?
its high conversion efficiency (~1%),
high repetition rate (5 to 10 KHz), and
operation in the visible range of spec-
trum.

CAT has earlier developed 10 W
Copper Vapour Lasers and supplied
a few to BARC. A 30 W average pow-
er copper vapour laser has now been
developed at CAT. The laser uses a
recrystallized alumina tube, which is
insulated by alumina bulk fibre. Ener-
gy is deposited by a pulsed dis-
charge (20 KV, 150 nsec) at 6 KHz
frequency through a buffer gas
(Neon/Helium) in the alumina tube,
this raises the temperature of the
tube to 1500°C generating vapours of
copper. This laser has given 30 watts
of average power at 6KHz repetition
rate with wall plug efficiency of 0 7%.

Bessel Beam Propagation
A Bessel beam can be propagated

over a long distance without change
in its central spot size and peak in-
tensity. A theoretical analysis for Bes-
sel beams incorporating the vector
nature ot electromagnetic waves was
developed. The results showed that
the earlier scalar theory is a good
approximation only as long as the
central spot size is much larger than
wavelength. There are significant cor-
rections when the central spot size is
comparable to the wave-length.

Laser power meter



Fabrication of radiation sources in hot cell facilities at Trombay

BOARD OF RADIATION
&

ISOTOPE TECHNOLOGY

The Board of Radiation and Isotope
Technology(BRIT) is responsible ior
the production and supply of a variety
of radioisotope products including
radiochemicals, radiation sources,
radiopharmaceuticals and RIA kits,
carbon-14 and tritium labelled com-
pounds, labelled biomolecules, gam-
ma radiography equipment and gam-
ma irradiation equipment. In addition
BRIT is also responsible for the opera-
tion of the Regional Centres for
Radiopharmaceuticals located at
Bangalore and Delhi, the RIA Centre
at Dibrugarh and the operation of the
ISOMED plant al Trombay. The work
carried out during the year in the va-
rious operations is summarised
below:-
Radiochemicals

220 batches of reactor produced
radioisotopes, totalling 53.1

TBq(1435 Ci), were processed for
supply to various users. These in-
cluded radioisotopes such as molyb-
denum-99, phosphorus-32, sulphur-
35, iodine-131, mercury-203 etc. 19
batches of phosphorus-32 and sul-
phur-35 labelled fertilizers were sup-
plied for use in agricultural research.
Approx. 2.7 kg of promethium-147
activated self-luminous compound
and 5900 tritium filled nuclear, light
sources were supplied for illumination
of instrument dials and other devices.

Radiation Sources

2600 consignments of radiation
sources for applications in cancer
therapy, non-destructive testing, in-
dustrial process control, radiation
processing etc. were supplied. About
603 TBq(16.200 Ci) of iridium-192

was supplied in the form of sealed
sources for industrial radiography 14
sources of cobalt-60 totalling 3607
TBq (97,500 Ci) were supplied for
teletherapy applications to cancer
hospitals. About 1850 TBq (50.000 Ci)
of cobalt-60 were supplied for the
radiation sterilisation plant. RASHMI
located at the Kidwai Memorial Insti-
lute of Oncology. Bangalore Manual
after loading kits containing caesium-
137 sources were supplied to 3 hos-
pitals for treatment of cancer of cer
vix. Specially fabricated antimony-
124 sources of activity 51 TBq (1400
Ci) were supplied for start-up of FBTR
at Kalpakkam

Radiopharmaceuticals

About 54,000 consignments of va-
rious radio-pharmaceuticals were



supplied for use in nuclear medicine
during the year, enabling an esti-
mated 6 lakhs patient investigations
to be carried out in the country The
regional centres at Bangalore and
Delhi processed approx. 2 44 TBq
(66 Ci) of ready-to-use Tc-99m pro-
ducts for use in local nuclear medi-
cine centres The centres at Dibru-
garh and Bangalore offered RIA ser-
vices to local hospitals

Clinical trials of ready-to-use Tc-
99m ! butyl isonitnle inaction (Tc-TBI)
for use in cardiac investigations were
continued at 3 hospitals. In all 250
patient investigations were carried
out The preparation of Tc-99m
HMPAO. a brain perfusion imaging
agent, was undertaken The locally
produced HMPAO was characterised
and radiochemical procedure for
labelling HMPAO was standardised.
Animal studies for assessing the
suitability of the product for brain im-
aging were carried out in collabora-
tion with the Radiation Medicine Cen-
tre. BARC Further work for the for-
mulation of the kit for clinical trials is
under way

Tc-99m generators using fission
produced Mo 99 and column chro-
matography technique were pre-
pared for testing The generators
were found to have elution efficiency
of 85% and the eluted Tc-99m was
found to conform lo the pharma-
copeal specifications II is proposed
lo under Jake the regular production o)
Tc-99m column generators during
1991

The preliminary work for the regular
production of RIA Kit for hormone FSH
was initialed and work lor improving
the kit for Angiolensin 1 was under-
taken Several lots of short lived gal-
hum 67 produced in VECC were pro-
cessed and tesled lor suitability ol the
product lor use in nuclear medicine
as an inedible The production and
quality control procedures were stan-
dardised and the facilities lor the pro-
cessing of this product at VECC are
being modified lo enable regular pro-
duction of Ga-67 radiopharmaceulic-
al for human use

Labelled Compounds

4300 consignments ol carbon-14
and tritium labelled compounds and
P-32 labelled biomolecules were sup-

Remotely cable operated radiography camera

plied during the year. The production
of P-32 labelled nucleotides a! the
JONAKI laboratory at Hyderabad was
continued on regular basis.

11 products covering approx.90%
of the indigenous requirements of P-
32 labelled biomolecules in the coun-
try are supplied from JONAKI labora-
tory to 40 user institutions engaged in
the work of molecular biology The
work of standardizing the procedures
for Ihe regular production of S-35
melhionine, an important S-35 label-
led biomolecule, was initiated A few
batches of locally made S-35
methionine were supplied for trial eva-
luatton in various rescarcti labor-
atories

Gamma Radiography Equipment

38 radiography cameras housing
uplo 740 GBq (20 Ci) o! indium-192
sources and one cobalt-60 camera
were supplied for use in non-
destructive testing The development
of remote, cable operated camera for
use with 1295 GBq (35 Ci) of iridium-
192 source was completed and salety
tests, as per the requirements ol
AERB were conducted on prototype
pieces The production of these
cameras was undertaken based on
the lype of approval given by AERB

Gamma Chambers
4 Nos. of gamma chambers hous-

ing intense sources of cobalt-60 were
refurbished, for use in radiation re-
search The Gamma shine unil instal-
led at University of Kerala was refur
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bished with new cobalt-60 source.

Radiation Sterilization

The services of the ISOMED plant
were utilised by a large number of
user industries during the year, for
sterilization of medical products such
as dressings, disposable infusion and
transfusion sets, pharmaceutical con-
tainers and closures, surgical sutures
and gloves and a host of other medic-
al products. Approximately 6783 cu
meters (78874 cartons) of medical
products were sterilized at the plant
during the year. A total of one million
radiation indicator buttons were pro-
duced and supplied to Ihe users ol
ISOMED plant ior identification of
irradiated products The work of refur-
bishing of the control system of
ISOMED plant was undertaken Tech-
nical assistance was provided to the
RASHMI plant, commissioned during
January 1989, at the Kidwai Memorial
Institute of Oncology, Bangalore for
radiation sterilisation of medical pro-
ducts cobalt-60 source of aclivity
1 85 PBq ($0,000 Ci) was loaded inlo
the plant during the year to increase
its processing capacity

The work of upgrading of the irra-
diation facility at the Shri Ram Institute
of Industrial Research to enable ster-
ilisation ol medical products, was
compfeted and the pfanf was com-
missioned with 3 7 PBq (100,000 Ci)
of cobalt-60 source With (he commis-
sioning of this plant, a total of 3
medical products sterilisalion plants
are currently in operation in the
counlry



Sales of Radioisotopes

A total of 66,800 consignments of
various radioisotope products were
supplied for use in medicine, industry,
agriculture and research The sale
value of radioisotopes and related
services offered during the year total-
led Rs 5 05 crores About 800 user
institutions availed of the services and
radioisotopes products supplied by
BRIT. Radioisotope products were ex-
ported to Nepal, UK & France

New Projects and Schemes

A number of projects were formu-
lated for inclusion in the 8th Five Year
Plan. These projects and schemes
cover areas such as extension of nuc-
lear medicine and teletherapy facili-
ties in the country, setting up of de-
monstration plant for irradiation of
spices for export, upgrading of facili-
ties for the production of radiophar-
maceuticals. testing of radioisotope
equipment and packages and provi-
sion of a permanent office building for
BRIT

Radioisotope Equipment Production
Facility

This facility is meant for the produc-
tion of equipment housing radioiso-
topes such as radiography cameras,
nucleonic gauges, gamma irradiators
for laboratory and industrial use, and
radioisotope handling equipment
The financial sanction for the project
was received. The work of the con-
struction of the building is expected to
commence shortly

Spice Irradiatior

A demonstration plant for irradiation
of spices is proposed to be set up at
Cochin in collaboration with the
Spices Board. This plant is proposed
to be set up in the Spice Processing
Complex being developed by the
Spices Board at Cochin for export of
spices The allotment of land for locat-
ing the irradiation plant is expected
shortly. Technical discussions were
held with other organisations who
have evinced interest in setting up
gamma irradiation facilities for food
products

Extension of Nuclear Medicine Facili-
ties

This project envisages extending
nuclear medicine techniques in the
health care programme of the coun-
try, particularly in those parts of the
country which are not adequately co-
vered at present. In order to create
increased awareness of the advan-
tages of nuclear medicine proce-
dures, a seminar was organised for
public health administrators at Hyder-
abad. The project report was pre-
pared for issuance of financial sanc-
tion.

International Relations

Ten trainees from various African
and Asian countries, sponsored by
the IAEA, were trained in the fields of
radio- Pharmaceuticals, medical pro-
ducts sterilisation and radiation tech-
nology A Regional Training Course
on Radiation Sterilisation of Medical
Products (Quality Control and Com-
patability of Materials) was organised
at the ISOMED plant anc1 was
attended by 10 trainees from RCA
countries

Continued front page 3 36

and manpower programming for op-
eration of around 350 vehicles. Em-
ployee-counselling and welfare activi-
ties such as Yoga classes were intro-
duced to enable drivers to utilize their
leisure hours fruitfully Centralised
procurement of vehicles as well as
condemnation of vehicles for BARC at
Trombay. Tarapur and Kalpakkam
was also taken care of

A Traffic Safety Seminar was orga-
nised during April. 1990 lor the be-
nefit of the drivers and other motorists
in BARC. A series of lectures by offic-
ers of Larsen & Toubro Ltd and Bom-
bay Police were arranged On the
occasion. Traffic Safety Silver Medals
were awarded to 8 drivers with acci-
dent-free records A one-day Seminar
on Petroleum Conservation was he!d
in September. 1990 in co-ordination
with the Petroleum Conservation and
Research Association (PCRA)

Around 22.000 departmental dak
articles were handled per day for de-
livering them to their destinations in
Trombay and city areas, besides
around 1100 poslal dak, 55 tele-
grams. 75 telexes and a few speed-
post articles per day Domestic travel
bookings, billing, cancellations, pre-
poning and postponing of air book-
ings etc were done. On an average.
2250 air tickets are booked in a year
Around 1230 English typewriters and
115 Hindi typewriters are provided in
Bombay and Tarapur

Public relations activities were car-
ried out satisfactorily. The total num-
ber of visitors including VIPs were
around 5000 this year About 40
National and International Seminars/
Conferences/Workshops/ Symposia
were organised

The General Services Organisation,
BARC. Tarapur looked after the com-

mon facilities needed by various
plants/facilities of BARC at Tarapur
The common facilities include hous-
ing, canteens. communications,
maintenance of the estate and com-
mon faciliies including civil, electrical
and mechanical maintenance, land-
scape and cosmetic maintenance,
departmental transport including gar-
age facilities, fire services etc

Landscaping/rejuvenation of gar-
dens was done by planting different
trees, shrubs, ground covers and
lawn grasses in approximately 14,500
sq. m. area of Anushaktinagar, Man-
dala and BARC About 1,75,000 sa-
plings of various tree species were
planted and 50 kg. seeds of different
tree species were sown on Trombay
hills for afforestation. Landscape
plans for various units of DAE were
prepared
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VARIABLE ENERGY CYCLOTRON
CENTRE

ECR HEAVY ION SOURCE

Electron Cyclotron Resonance
(ECR) heavy Ion Source indigenoulsy
designed built, is expected to be
operational within a few weeks time
ECR ion source project involves com-
plicated technology and complicated
fabrication |ob In the first phase of
our work ECR ion source and its
charge analysing system will be com-
pleted In the second phase the beam
injection system will be made for in-
jection of the heavy ion beam from
ECR source to the cyclotron which is
the end use of the source During thir-
year the progress has been quite
satisfactory. All the source vacuum
chambers, stage 1 & stage 2 plasma
chambers, beam lines, extraction sys-
tem, charge analysing system com
prising four quadrupole and two
Dipole Magnets have already been
fabricated

Two high voltage power supplies
for beam extraction and fourteen high
current power suppl.es for source
solenoids have been commissioned
by end of January 1990 The Low
Conductivity Water lines and all cable
laying job has been completed

The source stand has been shifted
to its location at High Bay All the coils
have been assembled and are ener-
gised Source assembly, assembly of
charge analysing system and Field
Measurement Works are now being
carried oui

Isotope Separator On-Line

The design and fabrication of an
Isotope Seperator On-Lme (ISOL)
system at VECC was started in Febru-
ary 1988 The facility is now essential-
ly complete, the final test runs are
recently being carried out All the sub-
systems viz. the vacuum system the
ion source, various beam optical ele-
ments (dipole. quadruple etc ) and
the power supplies have been lesled
and installed The hollow calhode ion-
source has been found to give very
stable arc for helium and orgon con-
tinuosly variable upto 1 Amp The ion
beam has already been extracted to a
distance of several feel The max-

imum extracted current is of the order
of 1 -5 mA Experiments are now being
carried out to optimise ion beam ex-
traction and other ion-source para-
meters so as to obtain the minimum
possible divergence of the ion beam
The ion source can also be used in
the surface ionisation mode, however,
in this mode the beam divergence is
generally very narrow

The next and the final stage of test
sxpenments will include measure-
ment of reso!v"".y power and trans-
mission efficiency of the total ISOL
system both in off-line and on-line ex-
periments

Two ECIL make Super 3270 com-
puter systems. interconnected
through Megalmk have been insta1-
led lo meet the off-line computational
needs of VECC and other collaborai-
ing institutions These systems were
installed to replace IRIS-80 Compu-
ter, which was decommissioned after
more than a decade of useful service
Super-32/70 systems are software
compatible to ND-560 On Line com-
puter at VECC. and several ND-750
computers at BARC and other DAE
Units A host of forty terminals includ-
ing PC/XTs. and Engineering Work
Stations are connected to these sys-
tems For better accessibility and uti-
lisation, several of these terminals are
located at the work place of various
experimental groups A 68030 based
UNIPOWER-30 Computer has been
installed to provide UNIX environ-
ment Apart from these few more
peripherals like Calcomp Plotter. A3'
A4 X-Y Plotter, and Desk Top Pub-
lishing System calering to the various
needs of VECC users are also avail-
able

A project has been undertaken to
recover helium from nonconventional
source - the thermal spring gases at
bakreswar. Tanlloi and close by areas
in Santhal Parganas (Bihar) A field
laboratory that had already existed al
Bakreswar has been revamped to
provide facilities for prelrealment and
precooling of the natural gas for ex-
traction of helium through cryogenic
separation Essenlially nitrogen along

with lower volatiles which comprise
about 98% of the gas valuing are
liquified The uncondensed (He + N?)
vapour is withdrawn and subsequent-
ly purified through absorption of im-
purities m cold (77K) activated char-
coal. Arrangements are underway to
augment the supply of feed gas by
bringing natural gas from Tantloi,
where the total yield is about 8 times
greater than at Bakreswar The com-
bined helium from these two sources
will be about 400 Std. litres/day

Exploration concerning helium, its
entrapment and release in hot spring
zones are being studied The thermal
spring gases are expected to provide
a modest but discontinuous source of
the gas

Regional Radiation Medicine Centre

The Regional Radiation Medicine
Centre (RRMC) was set up in col-
laboration wdh the Cancer Centre and
Welfare Home at ""hakurpukur and
started functioning from September,
1988 Right from the start the Centre
is providing Radioimmuno Assay
(RIA) facilities On the average 95
cases are handled every month for T3
T4 and TSH diagnostics.

A digitised gamma camera was in-
stalled m April. 1990 Apart from static
imaging, dynamic studies like renal
dynamic imaging, salivary gland im-
aging, arterial first pass studies etc
are also undertaken. Single photon
emission computer tomography
(SPECT) studies are carried out for
liver scanning On the average 200
patienls are referred to RRMC for nuc-
lear diagnostic purposes

In order to use the Cyclolron pro-
duced isotopes for diagnostic
purposes, production of Ga-67, using
Ihe internal beam of (he cyclotron has
been standardised Necessary
approval lo use the pharmaceutical
labelled with Ga-67 on human beings
has been given by Ihe Radio Phar-
maceudcal Committee Regular pro-
duction will be started in the near
future

Continued on page 3 61



Prototype of the instrument developed by TIFR and BARC for the study of the Equivalence
Principle in the Earth's gravitational field — to be flown by NASA aboard the KC-135 Aircraft

TATA INSTITUTE OF
FUNDAMENTAL

RESEARCH

SCHOOL OF MATHEMATICS

Algebra

A precise computation of Witt
groups of real rational surfaces was
made Slably elementary matrices of
suitable type over certain algebras
were proved to be actually
elementary Vector bundles of not too
low a rank over certain open subsets
of a real affme space were proved to
be trivial

Geometry and Topology

The study of moduli of vector bun-
dles, was pursued Compactifica-
tions. singularities and Picard groups
of these varieties were studied and
the notion of a generalized parabolic
structure was introduced The tangent

bundle of an hypersurface of high de-
gree in the projective space was
proved to be stable

Lie Groups

Many results were proved on the
representation theory of Ka r -Moody
algebras and Yangians A conjecture
of Raghunathan on the closures of
orbits of unipotent subgroups was
proved in many cases Conditions for
a probability measure to be infinitely
divisible for a p-adic group were
obtained

Number Theory and Combinatorics

Interesting results on conjecture of
Erdos on the ratio of two blocks of

consecutive integers were proved
Results on the Riemann Zeta function
and the meromorphic continuation of
certain Dirichlet series were obtained
Research on Raman ujan's work was
continued

TIFR-IISc. Programme in Applica-
tions of Mathematics (in Bangalore).

Extensive work on applied
mathematics was carried out in
understanding fluid-solid structures
Non-linear hyperbolic problems,
isoperimefric inequalities, semilinear
elliptic problems, effect of the
geometry and the topology of (he do-
main on the solutions were some
topics in which interesting results
were obtained



SCHOOL OF PHYSICS

Theoretical Physics

Theoretical High Energy Physics

In Particle Physics, work continued
in Lattice quantum chromodynamics.
Foundations of quantum theory, CP
violation and high energy phe-
nomenology Supersymmetry break-
ing was formulated on a random lat-
tice and the breakdown of chiral sym-
metry demonstrated for supersym-
metric QCD for very strong coupling
It was demonstrated that Quantum
Mechanics can be embedded in hid-
den variable theories oLeying a cer-
tain local casualty condition and a
testable inequality was derived. A
generalisation of Bell's quantum field
theory without wave function collapse
was formulated. An argument for the
enhancement of neutron dipole mo-
ment based on scalar induced CP
violation was generalized The ex-
perimental upper limit on B<j-Bd mix-
ing was shown to give evidence for
the top quark, within the standard
electroweak model A predicted
giuonic EMC effect which can cause
JAt suppression in heavy ion colli-
sions was verified on comparing re-
cent experiments with a quark/gluon
gas model

In Mathematical Physics, work con-
tinued m Conformal Field Theory, 2-
dimensional quantum gravity and
String Theory String field theory was
formulated in the background of a
conformal field theory and the rela-
tionship between the two studied for
both open and closed strings A for-
malism was developed for siring
theory in which the 2-d metric is quan-
tised m the framework of SI(2,R) cur-
rent algebra A new class of d = 0
matrix model was shown lo corres-
pond to a new universality class of 2-d
gravity theories

Theoretical Condensed Mailer and
Statistical Physics

Research was carried out in the
areas of quantum fluids, correlated
electron systems, high temperature
superconductivity, polymer physics,
self organised criticalily and finite Fer-
mi systems

The non-equilibrium distribution of
the free Bose gas was derived and
the system shown to be ergodic An
effective spin Hamiltonian was de-
rived variationally to describe corre-

lated electron systems, and the
ground state of the Wigner solid was
shown to be ferromagnetic. Anisot-
ropy of the superconducting gap was
shown to strongly influence electro-
magnetic response and to be consis-
tent with the observed absorption in
high Tc materials. The width of elec-
tronic Raman scattering in the normal
state of layered high Tc materials was
determined in the collision- domin-
ated regime. A lattice model of a po-
lymer chain in the presence of an
attractive substrate was found to
show a transition from a low tempera-
ture collapsed phase to a high
temperature extended phase. The cri-
tical exponents of a directed sandpile
model that shows self-organized cnti-
cality were obtained by showing an
equivalence to the voter model.

Theoretical Nuclear Physics

The problems tackled ranged from
primordial nucleosynthesis, solitary
solution in the study of a fermiomc
liquid coupled with a bosomc one to
distribution of eigenvalue spacmgs

A similarity in the systematics of
size dependences of widths of dipole
resonances in nuclei and small metal
particles was pointed out Solitary
wave solutions were found in a new
class of sine-Gordon-lype Lagran-
gians Vacuum energy densities in the
Wigner and Goldstone modes of the
Nambu-Jona-Lasinio Hamiltonian
were calculated and correlated with
the MIT bag constant

Theoretical Astrophysics

The contribution in Theoretical
Astrophysics covered stellar and so-
lar physics, comets, interstellar mat-
ter, classical and quantum gravity
and large scale structures in the uni-
verse A dust model was developed
to explain infrared observation of
comets Chemico-dynamical models
of interstellar clouds were improved
by including magnetic field effect and
enlarging reaction network. Formation
and evolution of neutron star and
white dwarf binaries in globular clus-
ters were studied Analytic and
numerical, stationery and non-
stationery behaviour of hydrodynamic
and magnetohydrodynamic flows
around black holes and neutron stars
were studied Mass distribution in
large scale structures has been
obtained using gravitational tensing. II
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was shown for the first time that strong
curvature naked singularities occur
as the final outcome in gravitational
collapse.

Gravitation and Non-Accelerator Parti-
cle Physics

The torsion balance set-up at
Gauribidanur (Karnataka) has under-
gone significant improvements and is
now being operated in a search for
intermediate-range composition-
dependent forces at the 101' level.
With this enhanced sensitivity, a lest
of the Weak Equivalence Principle at
better than 10"^ level will begin short-
ly During the year, attention was also
focussed on the possibility of in-
termediate-range forces coupling
directly to mass.

Astronomy
Work on different types of astro-

nomy in various energy band re-
vealed many fundamental phe-
nomena for investigation, as follows:

Gamma Ray Astronomy
A burst of ultra high energy gamma

rays (E > 101b eV) from the direction
of Crab was observed on February
23. 1989 with the set-up at Kolar Gold
Fields The burst lasted from 1300 UT
to 1630 UT at a flux level of 1.3x16 n

cm 2 s V For the first time, the same
burst has been seen by the Baksan
EAS array in USSR, the burst lasting
probably for about 10 hours

The Pachmarhi (Madhya Pradesh)
experiment which uses a configura-
tion of mirrors, has not found any evi-

Obtaining Ultra-LOw-Energy ions from the
High-Energy Pelletron Accelerator. An
Atomic and Molecular Collision Physics
Experiment.



dence of TeV gamma ray signal from
isolated pulsars like the Crab and
PSR 0355 + 54 and binary X-ray pul-
sars like 4U 0115 + 63, PSR 1957
+ 20. Her X- 1 and PSR 1745 -25
from analysts of the data collected
during the year 1988-89.

X-Ray Astronomy

In the area of X-ray Astronomy, a
transient periodicity of 121s along
with clear 4.8 h binary modulation was
detected in the hard X-ray region from
the balloon borne studies of Cyg X-3.
Ultra high pressure proportional
counter which operate at 30 atm.
pressure was successfully de-
veloped These detectors will extend
the photon detection range upto 1
MeV

Infrared Astronomy

Analysis of data obtained from the
TIFR 100 cm balloon borne Far-
infrared (FIR) telescope during a bal-
loon flight on November 17, 1988 con-
tinued The observation of the spiral
galaxy NGC 4945 and the Galactic
star forming regions RCW 36. IRAS
10361-5830 and IRAS 10365-5803
were reduced to generate intensity
maps in the two FIR bands 45-75
micron and 110-210 micron Several
new sources were detected in these
star forming region

Radio Astronomy

The ac\iv<lies related k> the Giant
Metrewave Radio Telescope moved
from design slate to construction ihis
year When completed, this instru-
ment would be unique in the search
for primordial clusters of galaxies at
the epoch of their formation, and new
pulsars The Ooty Radio Telescope is
being upgraded for extensive use in
very long base-line interferometry and
scintillation studies

Cosmic Ray and Space Physics

Analysis of data from the Anuradha
Cosmic Ray experiment by !he traiec-
tory computation method showed that
some of the galactic cosmic ray iron
and sub-iron particles in 50-100 MeV
per nucleon energy region were par-
tially ionized atoms In particular, tita-
nium, chromium and iron nuclei were
observed with upper limits on their
charge states

Experimental High Energy Physics

Experiments with underground detec-
tors

The Proton Decay experiment in
Kolar Gold Fields with three different
units of detectors continued. One
more candidate for nucleon decay
was found. A spectacular muon bun-
dle event was recorded.

Accelerator based programmes

The Experimental High Energy Phy-
sics Group had continued experiment
with the Large Electron Positron Col-
lider (LEP) at CERN The experiment
was designed for precision tests of
the Standard Model and for search of
the top quark, Higgs and Susy parti-
cles in the energy region around 100
GeV. One of the major aims of the
experiment was to measure the mass
and width of the intermediate neutraf
vector boson Z° and determine the
number of light neutrino species
Analysis of the 1989 data yielded the
following results: Mass of Z° = 91 160
± 0 024 GeV, Width of Z° = 2.539 ±
0 054 GeV and Number of Neutrinos
= 3 29 ± 0 1 7

Nuclear and Atomic Physics

The Pelletron Accelerator has been
operating for about a year and the
availability of many heavy ion beams
generated fresh activity in research
Sub-barrier fusion cross sections
were measured for the 37CI + 59Co
and 28Si + systems. Measure-
ments of excited state life times in
37CI. 37 x Ar and *°K. through plun-
ger and Doppler shift attentuation
techniques were also carried out

A significant experiment carried out
with Pelletron beam was the observa-
tion of slow multiply charged recoil
ions (thermal to an electron volt ener-
gy) in collisions of hydrogenic and
hellium-like fluorine ions (60-99 MeV)
with neutral Ar and Kr atomic beams

Condensed Matter Physics

Activities in High Temperature Su-
perconductivity were continued An
anomalous microwave absorption be-
fow TOK was observed in non-
superconducting Er Ba^u.-jOz-x (1 >
x > 0) which was attributed to a very
weak 'zero-field' splitting of Er-ground
state crystal field doublet A correla-
tion between microwave absorption
and DC susceptibility method in iden-
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tifying high Tc materials was estab-
lished. An ESR signal was observed
for the first time when the V123 super-
conductor is microcrystal.

Magnetoresistance and high field
magnetization studies were made to
elucidate the "quasi" antiferro to ferro-
magnetic transition in Ce (FeO55
RuOo5)? which exhibited interesting
hysteresis effects. The thermopower
S studies on Ce Rh^-xNixSi2 showed
the existence of a scaling behaviour
of S (at low temperature) with other
physical properties. Ce AI2Ga2 was
found to lie on the peak of the magne-
tic phase diagram of Doniach's Kon-
do lattice picture. It was shown for the
first time that for Ce3ln and
Ce3 ln0 9M0 1 (M = Al, Sn, Ga, Ge)
there is a clear anomaly below 4K
which could be ascribed to magnetic
ordering effects.

Solid State Electronics

Studies were concentrated on Ill-V
semiconductors. Experiments to clar-
ify the mechanism of amplification in
optical MESFETs were carried out.
Single quantum well GaAs lasers
were fabricated and their characteris-
tics investigated. In Amorphous semi-
conductor area, it was shown that the
Meyer Neldel rule could be under-
stood as arising from the temperature
dependence of Fermi level. Using hol-
low cathode magnetron muttering,
superconducting films of YBa2Cu307

with Tc 70-80K on YSZ substrates with
1% uniformity over an area of 4 cm2

were realised.

Chemical Physics

In Chemical Physics, the
picosecond spectroscopic investiga-
tions on a few dyes led to the single
stick hydrodynamics model for the
rotational behaviour of these dyes.
The fluorescence life time measure-
ment results suggested the increased
fluidity of membranes in the presence
of certain drugs. Proton transfer
across membranes studies indicated
increased permeabilization of ionized
protonophores by the permeant ca-
tions A new methodology was de-
veloped lo evaluate fhe anisoJropic
ESR parameters of Cu(ll) complexes

In the area of biomolecules, il was
shown that DNA itself has no point of
recognition and mechanisms of rec-
ognition are different for different en-
zymes. The development of a dis-



tance geometry program continued
for calculating DNA structure from
NMR distance and sugar geometry
constraints. A new version of three
dimensional NMR spectroscopy was
developed. Correlation between con-
formation and biological activity of
anti-AIDS drug was predicted from
theoretical calculations

The electronic and structural prop-
erties of heme proteins and model
heme systems were probed by bind-
ing of various organic and inorganic
substrates. Conformational changes
associated with the acid-alkaline tran-
sition in heme proteins were investi-
gated by NMR and chemical mod-
ification of the protein

A new spacer for electrochemical
cell was designed The electrobiolu-
minescence studies on Lampito
mauritii indicate that postcihcellar
segments yield higher bioluminesc-
ence intensity

Molecular Biology

In the Molecular Biology Unit, re-
search is carried out in three areas
namely, neurobiology. developmental
biology and biochemistry and moecu-
lar biology

Neurobiology

Study of the genes involved in che-
moreception in Drosophila is being
continued The anatomical and phy-
siological studies and the pattern ol
m-situ expression of several genes
resulted in a better working definition
ol the steps in olfactory and gustatory
pathways Similar studies on adult
thoracic myogenesis allowed Ihe
anal/sis ol several known muscle
mutants Five autosomal genes which
modify the tasle function were idenii-
fied by transposon tagging The
analysis ol these mutants mdicaied
the genetic circuit operating in the
development and function of Ihe che-
mosensory pathway Two mutations in
the gustE locus that lead to aberra-
lions in sodium sensitive site were
identified The Shaker locus, encodes
a family of potassium channels,
several of its alleles were analyzed
This showed that responses to
sodium and potassium can be uncou-
pled

Developmental Biology

Investigations on the mechanism ol
hormonal action continued Three G-

proteins and four protein kinases
were been found in the chloronema
cells. The role of these proteins in
signal transduction is being ascer-
tained. Ammonium was found to reg-
ulate the nitrate reductase (NR) activ-
ity at transcriptional level Cloning of
the NR gene is continued. To under-
stand the function of oncogene re-
lated DNA sequences in Drosophila.
the functions of Dm-myb and Dm-src
are being studied. Dm-myb protein
has been expressed in appropriate
vectors and it was found to be a DNA
binding protein. The N-terminal half of
the molecule was sufficient for DNA
binding.

Biochemistry and Molecular Biology

The studies on the characterization
of glycolytic genes from the yeast
Saccharomyces cervisiae were con-
tinued. Several of these genes were
cloned Only a single aldolase gene
was found. Two pyruvate decarboxy-
lase genes were partially characte-
rized and mapped

The studies on the malarial parasite
related to the surface antigenes exhi-
bited antigenic variation and chromo-
somal differences amongst these
lines were studied Identification of
additional immunogenic proteins from
P vivax continued The non-repetitive,
conserved regions of circumsporozo-
ite (CS) gene was expressed in an
appropriate vector

Computer Science

Computer Science and Communica-
tions

In Computer Systems and Com-
munications, work on Ihe parallel pro-
cessor for the Giant Meterwave Radio
Telescope continued The earlier
work on Script Synthesis had led to a
useful approach to Character Synth-
esis out of shape vectors This
approach, in turn, led to techniques
for cursive script recognition The rec-
ognition scores obtained are remark-
ably high A number of parallel
approaches were looked al and in-
vestigated for speech recognition arid
achieved h«gh performance

Theoretical Computer Science

The mam contributions in Theoretic-
al Computer Science can be broadly
divided into models of real-time dis-
tribution programming, logic prog-
ramming and computalion geometry

and category theory applications to
system design Based on the real-
time semantic models proposed in
the group, investigations were on for
the application of the theory to the
Design and Specification of Com-
munication Protocols. Process Con-
trol systems and refinement of real-
time programs One of the main con-
tributions was the specification of a
compositional semantics of priority in
the context of real-time distributed
concurrency. The main area of inves-
tigation in Logic Programming was
issues of termination. The investiga-
tion led to a methodology for provid-
ing termination of logic programs,
characterization of terminating sub-
classes of logic programs and exten-
sions of complete classes of logic
programs

Other Units

Homi Bhabha Centre for Science
Education

The Homi Bhabha Centre for Scien
ce Education (HBCSE) completed the
collaborative programmes it had
undertaken with the Government ot
Maharashira foi evolving strategies
and materials for large-scale imple-
mentation of the teacher-training
methods it had developed With the
experience of these programmes.
HBCSE launched another teacher-
training programme for the Solapur
Municipal Corporation with a volun-
tary organization. theSolapui Science
Centre

Basic Dental Research Unit

The Basic Dental Researcn Unit in-
itiated a projeci on studying the feasi-
bility of using Mouih Self Examination.
as a technique for early detection of
oral cancer in rural Indian population
and on the use of basic health work
level individuals for the primary pre-
vention of oral cancer The Unit orga-
nised an International Symposium on
the Control of Tobacco Related Can-
cers and Other Diseases at the TIFR
in January 1990

Major Facilities

The 14 0 Million Volt Terminal Pel-
lelron Accelerator was in regular op
eration and many experiments m nuc
lear physics, atomic and molecular
physics as well as some interdisci-
plinary areas were carried oui A
Gian' Metrewave Radio Telescope

Continued on page 3.61



Main magnet, cyclotron chamber and deflector supply line

SAHA INSTITUTE OF
NUCLEAR PHYSICS

The research activities of the Insti-
tute covered nuclear physics, atomic,
molecular and condensed matter
physics; plasma physics, high energy
and general physics; instrumentation;
radiochemistry. radiation and photo-
chemistry; spectroscopy and biosci-
ences The traditional one year post-
M.Sc training in these fields was pro-
vided.

Nuclear Physics

In experimental nuclear physics
onfine specfroscopic studies were
mostly carried on with the ^-beam
from VECC The newly acquired Sum
and Multiplicity spectrometer pro-
vided a clear separation of (». 3n>)
reactkjn channel in the I97Au
(*.3nf)198TI reaction. Gamma-

Gamma coincidence data pointed to
the existence of two new side bands
apart from the known K = 8 band in
198TI Using GJRT facilities evidences
of population of neutron rich isotopes
in the A = 99 region as well as of pro-
ton unstable states in 6'JGa were
obtained. Informations about high
spin states were obtained from life-
time measurements of the states in
53Mn Neutron yields from thick
targets on »-bombardment indicated
fhe presence of multistep processes
The (». 3n-y)work leading to ̂ Ru and
I0*Ag bands studies is nearing com-
pletion Particle-rotor calculations
produced surprisingly good fit to the
^Ru data Some new levels were
observed also The neutron transition
multipole moment Mn for the (3 30
MeV, 24) state in MS. as obtained

from polarized deuteron scattering,
were found to disagree with shell
model calculations, as previously
observed in (*. a1) and (p, p) studies
microscopic calculations of elastic
and inelastic <*- scattering from 1?c
using a new type of imaginary poten-
tial derived from JLM interaction were
found to agree with the experimental
data rather well Analysis of sub-
barrier fusion data in 1?Li — 11B and
7Li + 13C showed that enhancement
occurs in the two particle emission
channels, n«, np and <** The mean
equilibrium charges (or light heavy-
ions passing through a medium were
estimated to about 2% accuracy. Stu-
dies of (*.HI) on light nuclei and fis-
sion studies were used to demons-
trate the efficacy of solid-stale nuclear
track detectors



On the theoretical front, a modified
version of rotor particle calculation
with practically unattenuated coriolis
interactions for A = 130-150 region
was found to yield good fit to the data.
This led to a better understanding of
the particle-rotor model. The g-factors
and the energy level calculations for
even isotopes of Sm, Dy and Er nuclei
were continued in a self-consistent
cranked Hartree-Fock-Bogoliubov
formalism. The initial choice of the
spherical single particle energies
were found to play a decisive role.

In studies in radioactivity, accurate
measurements of K-electron capture
probability Pk were carried out in the
decay of 133Ba, 197Hg. and 113Sn. In-
tensity of lines in the decay scheme of
113Sn and 197Hg showed consider-
able disagreements with accepted
values. Inner bremsstrahlung from
"Ni . "3Sn, 43Ca and 197Hg were stu-
died.

Lifetime of some levels (in the sub-
nanosecond range) of 15%m, 169Tm
and 133Ba and the magnetic moments
of the 122 keV level of 152Sm, were
measured with precision using a
BaF?-BaF2 ultrafast coincidence
setup developed in the laboratory.

In nuclear reactions work on
deuteron induced reactions which in-
cludes DWBA. break up and inelastic
effects of all orders was completed
and using Feschbach formalism an
effective optical potential of deuteron
was constructed and used for a num-
ber of reactions. Limiting and stability
temperatures as well as the com-
pression modulus of hot nuclear sys-
tems was studied using a finite range
momentum and density dependent
effective interaction. Using lowest
order Brueckner theory the effect of
the A isobar on the nucleus-nucleus
potential was investigated. Proton/
Antiproton scattering from nuclei was
studied for the optical potential at
medium energies and for corrections
to eikonal approximations at high
energies. In nuclear structure a new
expansion of averaged Gamow-Teller
strength distributions using the spec-
tral distribution method was used for
light nuclei. In nuclear astrophysics,
for core-bounce supernovae the pre-
heating of unshocked material by
electron-neutrino burst was seen to
help the shock survival for the prompt
explosion

Atomic Molecular and Condensed
Matter Physics

In condensed matter physics, con-
siderable group activity was involved
in preparing, characterising and
studying various magnetic, transport,
ultrasonic and other dynamic prop-
erties. Investigations were made to
explore the glassy state behaviour of
some copper-oxide high-Tc super-
conducting materials.

Interesting nonlinear I-V character-
istics and Kondo-like resistivity mini-
ma at around room temperature was
observed in some Carbon-wax mix-
tures, near the percolation threshold.
Creep relaxation study in percolating
metallic networks suggested a loca-
lisation origin of Kohlrausch-type
stretched exponential relaxation be-
haviour.

Considerable amount of spectros-
copic studies like Mossbauer study of
layered cyanide systems, iron-oxide
based catalysts. NMR studies of
layered antiferromagnets, microwave
study of cyanates etc, were under-
taken to explore the structure of vario-
us materials, crystals, molecules etc

The positron annihilation technique
was used to study the migration and
release of vacancies in ^-irradiated
tungsten and the temperature de-
pendence of positron trapping in InP.
The change of chemical environment
between cellulose acetate film grafted
with acrylamide and ungrafted one is
being studied similarly. Plastic de-
formation of Cd under large pressure
is also being investigated by the
same technique.

In the case of high Tc superconduc-
tors, anomalies in the values of line
shape parameters (S) were observed
for certain alloys at 1O5°K and 80°K.
The solubilization of uranyl ions in the
micro-emulsion phase of HDEHP-n-
heptane system was studied using
positron annihilation technique as a
chemical probe.

In the new field of quasi-crystalline
materials, the positron annihilation
technique was successfully used to
study phase transitions from quasi-
crystalline to crystalline state in A1-
complex alloys. The effect of
isochronal annealing on stable and
unstable quasi-crystals lead to in-
teresting information about basic
models.
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In mass spectroscopy the energy
and angular dependence of sputter-
ing yield of GaAs and Ge was studied
using 15-35 keV inert gas ion beam
from the electromagnetic isotope
separator (EMIS). Dose dependence
on surface topography cf Cu, Ni and
Ag were also investigated using
EMIS. The above studies have re-
sulted in some new findings.

In atomic physics, measurements
of lifetime of some levels of Aril and
Ne II were made and some earlier
discrepancies were setteled.

Plasma Physics
In plasma physics a number of in-

teresting experiments were per-
formed on the SINP tokamak It was
found possible to operate the toka-
mak discharge with the safety factor q
(edge) value as low as 0.8 by adjust-
ing the machine parameters whereas
the design value of the safety factor
for the machine is about 2.5. The
chord integrated signals from the visi-
ble imaging camera with 16-channel
light detector array have indicated the
signatures of kink and resistive tear-
ing modes. The electron density pro-
file in the outer region of the tokamak
was obtained by observing the diffe-
rent hydrogen lines as well as various
impurity lines with the help of a visible
spectroscopic diagnostic system us-
ing a spex monochromator. A soft x-
ray tomographic camera with associ-
ated circuits was designed and is
under fabrication. The runway bursts
in the tokamak, detected by monitor-
ing the hard x-rays with a Na(l) crystal
detector, exhibited a relaxation type
of instability. The electron density in
the afterglow plasma in the tokamak,
detected and studied by X-band mic-
rowave transmission and reflection
signals, had shown that the electron
transport was governed predominant-
ly by Bohm diffusion. The macrosco-
pic and microscopic movements of
microwave reflecting layers in the
tokamak plasma during a discharge
shot were detected by 0-mode reflec-
tometry. The drift wave instability and
transport processes in the tokamak
edge plasma were investigated by
using Langmuir probes. Energy
analysis of charged particles coming
out of the tokamak by a charged parti-
cle analyzer indicated the presence
of ions with 200-300 eV energy.

The design study of pulse forming
networks/power crowbarring systems
for coupling to the TF and JH capaci-



tor banks of SINP tokamak continued
with a view to attaining a plasma cur-
rent with fl al top of 20ms duration. A
glow discharge cleaning system for
the tokamak has been designed.

A zero dimensional code for ex-
plaining the behaviour of the tokamak
discharge including the effects of
dominant impurities was developed.
Software was developed to acquire
data from a Camac module for use
with 16-channel visible imaging sys-
tem. The breakdown phase of a toka-
mak discharge in the presence of
spatially varying error fields was ex-
amined on a computer A detailed
study was made of the dispersion
relation for wave propagation in ax-
isymmetric TM modes along a dielec-
tric-coated conducting cylinder im-
mersed in a strongly magnetized
plasma.

The special case in which the
dielectric coating was replaced by a
vacuum sheath was also investigated.
A microwave method, employing a
dielectric-coated cylinder as a wave-
guide, was developed for determining
the electron density in both isotropic
and anisotropic high-density plas-
mas. Study of the wave propagation in
a warm collisional plasma enclosed in
a conducting cylinder and embedded
in a strong axial magnetic field is in
progress.

In theoretical plasma physics, the
nonlinear evolution of magnetosonic
waves is studied and the decay rates
of compressive and rarefactive solit-
ary waves numerically computed.
Eigenmodes of a toroidal cavity is
obtained by solving the wave equa
tion employing an inverse aspect ratio
expansion and eigenfrequencies in a
tokamak determined using the proper
boundary conditions. The other stu-
dies in this area include development
of a numerical code for ray tracing for
lower hybrid and in Berstein waves in
a tokamak plasma, ballooning mode
instabilities in a tokamak and Grad-
Shafranov equation for MHD stability
in a tokamak

High Energy and General Physics
In high energy physics, research

was conducted both in formal quan-
tum field theory as well as in phe-
nomenology The former included in-
vestigations in finite temperature field
theory and the early universe, the
strong CP problem, anomalous
gauge theories, general theory of
constraints and chiral models of

hadrons (all in four dimensions); three
dimensional chern Simons gauge
theories; two dimensional quantum
field theories including integrable-
models and string theories.

On the phenomenological front
primary research topics included CP
violation in the standard model, neut-
ron dipole moment calculations and
anomalous couplings of the Z bosons.
An alternative fermion mixing scheme
within the standard model was prop-
osed, with ramifications for forthcom-
ing experiments. Calculations of the
neutron dipole moment within this
scheme led to an upper bound on the
Higgs mass. Branching ratios of Z
decays due to its anomalous cou-
plings were computed within the stan-
dard model.

In general physics, a semiclassical
perturbation scheme for the Landau
levels of hydrogen atom in a strong
magnetic field was studied. The semi-
classical relationship between quan-
tum and classical anholonomy for
anharmonic potentials was studied.
Role of quantum fluctuations in deter-
mining the critical properties of frus-
trated systems was investigated in the
case of ANNNI model in a transverse
field. In studying nonlinear systems;
possibilities of generating systems
from its linear counterpart, relating in-
tegrability with boundary conditions,
etc. were explored.
Instrumentation

Research and development work in
instrumentation comprise develop-
ment and evaluation of the periorm-

A view of the 300 KV ton accelerator

ance of a fast coincidence setup us-
ing large volume HPGe detectors with
"extrapolated leading edge trigger"
circuits. It was found that a simple
circuit developed in the division gave
performance identical with that
obtained using an ARCT.

A highly stable and accurate 100
MHz primary standard was con-
structed which also serves as a fre-
quency standard with stability of 1
part in 10s It incorporated a very ver-
satile decimal frequency divider with
microprocessor programmability giv-.
ing a division ratio of upto 106 and this
can be used independently in other
applications upto a frequency of 500
MHz. Construction and analysis of
voltage-controlled oscillators in VHF
and microwave region continued.
Phase-noise study of these oscillators
was done experimentally. A new
method for measuring the quality fac-
tor Q of high-Q helical resonators was
developed employing vector volt-
meter. In any phase-lock loop-system
one encounters frequency dividers
where each divider becomes a
source of phase-modulation in the
loop. Theoretical and experimental
studies were done to estima.3 this
contribution.

Construction of a fully automated
microprocessor-based AC — susce-
ptometer, a solid state Stark
generator and a Laser-Radio frequen-
cy double resonance spectroscope
were finished. The 3.8 MeV Cyclic
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Accelerator was restarted and it con-
tinued to yield internal beam of
20micro ampere.

Radiochemistry, Radiation and Photo-
chemistry and Spectroscopy

In radiochemistry, alpha particle in-
duced activation analysis was used in
the determination of niobium in a
geological meterial. The possible use
of various nuclear reactions that may
occur at various alpha particle ener-
gies in the target matrix was ascer-
tained and it was observed that any
reaction pathway can give the result
in the desired accuracy. Zirconium
dioxide has been used extensively for
determining its absorption character-
istics for various metal ions as well as
the separation of suitable mother
daughter pairs. Attempts continued to
devise suitable chemical methods for
the separation of critical element pairs
by using trioctylamine as liquid ex-
change. Synergic effects were
observed in the extraction of zirco-
nium by means of extractants like Ali-
quat 336, Alamine 336 or LIX 54 in
presence of DOSO, TBP, etc.

In radiation and photochemistry,
effect of nickel(ll) ions on the gamma
radiolysis of thymine was studied and
it was observed that Ni (II) has got a
protective effect rather than sensitiza-
tion on the radiolytic degradation of
thymine. Radiation-inactivation of the
dihydrorotate dehydrogenase was
determined at various absorbed
radiation doses and it was observed
that the hydroxyl radical and hyd-
rogen atom are both important for en-
zyme inactivation. Radiation induced
changes in dihydrorotate dehyd-
rogenase were also probed by means
of fluorescence studies where also it
was observed that the efficiency of
the OH radical in the modification of
flavine is greater than that of
hydrogen atom. Gamma radiolysis of
Cu(ll) complex of metronidazole was
studied and a probable mechanism of
radiolysis was proposed and rate
constant for the reaction of OH radical
with metal complex was determined.
Oxidation of anisole by carbonate
radical was studied through flash
photolysis. The transient that was
observed in the reaction of carbonate
radical with anisole is a methoxy phe-
noxide radical. In the study of photo-
induced electron transfer process it
was observed that clay is sufficiently
effective in retarding the back reac-

tion between a photosensitizer and an
acceptor. In the study of the use of
colloidal ferric oxide, it was observed
that the size of the particles had got a
distinctive effect on the optical prop-
erties of the colloidal semiconductor.
The dye-surfactant interaction was
probed through fluorescence studies.
A critical review was made on the use
of reversed micelles in forming semi-
conductor colloidal particles for the
photocleavage of water.

In spectroscopy, effects of different
miceller environments on the excited
state proton transfer and dual emis-
sion characterisation of hydroxyfla-
vones were studied in detail. In order
to study the solvent relaxation pro-
cess in 7-hydroxyflavone, both steady
state fluorescence polarization as well
as fluorescence life time measure-
ments were carried out. It was
observed that the relaxation follows a
continuous model as proposed by
Bakhshiev and co-workers. In order to
study the vibrational spectroscopy of
flavones, laser Raman and Fourier
transform infrared spectroscopic in-
vestigation on 7-hydroxyflavone were
also carried out. The conformational
and rotational aspects of the peptide
hormone MSH in aqueous solution
and in reversed micelles were studied
through steady state fluorescence
measurements. The temperature de-
pendence of fluorescence polariza-
tion of MSH was also studied in
glycerol-water mixtures. The com-
plexation of uranium in the reversed
micellar system was probed through
both absorption and emission spec-
troscopy. The vibrational interactions
were also inferred through near-IR
and IR spectroscopy.

Biosciences

In the field of Biosciences, inves-
tigations were carried out in several
different areas as outlined below.

In the area of Membrane lipid pero-
xidalion and its biomedical implica-
tions, further results were obtained
using liposomes as the model mem-
brane. The role of singlet oxygen as
the initiator of free radical mediated
membrane lipid peroxidation by UV-A
and sunlight was further confirmed.
The molecular basis ofthe UV-A and
sunlight induced skin carcinogenesis
was proposed. Another finding is that
ultrasonic frequencies produce hyd-
roxyl free radical mediated and dose-
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dependent membrane lipid peroxida-
tion, an end product of which is
malondialdehyde (a suspect carci-
nogen).

This study has indicated avoidance
of indiscrete use of ultrasound in di-
agnosis/therapy.

In the area of genetic toxicology,
mutagenesis and carcinogenesis, the
molecular mechanism of action of nit-
rofurantion on vibrio cholerae and
Escherichia coli cells was worked out
in details. Also the repair mechanisms
involved in the removal of nitrofuran-
tion induced DNA damage were in-
vestigated. Nitrofurantion was shown
to bind with DNA in-vitro in a weak
intercalative manner leading to en-
hancement of thermal melting
temperature of DNA and unwinding of
supercoiled plasmid DNA. Nitrofuran-
tion was also shown to induce adap-
tive response in both vibria cholerae
and Escherichia coli cells, the details
of which are being worked out. Nitro-
furantion treatment was shown to
cause fiiamentation of vibrio cholerae
cells. Electron microscopic studies
revealed interesting ultrastructural
changes in the bacterial cells.

In the area of virology, x-ray in-
activation characteristics of the
lysogenic vibriophage "kappa" and
the empirical derivation of the equa-
tion describing the inactivation kine-
tics were worked out. The X-ray inacti-
vated phages were found to be
Weigle reactivated in UV preirradi-
ated hose V.cholerae cells leading to
Weigle mutagenesis of these phages.
Frequency of occurrence of clear pla-
que mutants with the UV-
preirradiation dose of the host cells
was determined. Both Weigle reac-
tivation and mutagenesis of the
"kappa" phages were found statisti-
cally highly significant.

With mammalian cells in culture,
topoisomerase and poly(ADP-ribose)
were found to be involved in the repair
of damage in -y-ray exposed V79
cells. Poly(ADP-ribose) was also
found to be involved in the cellular
recovery from H20? — induced
damage. Killing by cisplatin, an anti-
tumor drug, was shown to be un-
affected by pre or post exposure to
•y-ray but the mutation induction was
enhanced. This finding could be of
use in planning radiotherapy for can-
cer patients. Induction of SCE was



found to be affected by poly (ADP-
ribose) and topoisomerase inhibition
in a way similar to that for mutation
induction. The findings gave confi-
dence to accept SCE as a stable
genetic end point. Studies with a new
plasmid pSV2 neo showed that his-
tone is bound to supercoiled DNA in a
preferential manner. H2O2 treatment
of chromatin fibres induced loss of
structural integrity.

In the X-ray group, structure-
function relationship study continued
with different biomolecules. Three
dimensional structural results
obtained by X-ray crystallographic
methods were correlated with the
pharmacological activity. It was
possible to utilise the newly assem-
bled single crystal X-ray diffracto-
meter for the structural analysis of a
pyrimidine derivative. Preliminary
crystallographic data were collected
by using 20 Kdalton seed storage
protein from wing bean seeds. Puri-
fication and partial characterization of

an iron-sulphur protein were done to
understand its three dimensional
structure.

Studies with crystallins were con-
tinued with goat lens. Biochemical
and spectroscopic studies with hu-
man aged noncataractous and catar-
actous lens made progress. Collage-
nous and noncollagenous proteins
from ellastoidin were under study to
see the interaction between them.
Calmodulin from goat testis is being
studied to see the distribution of titrat-
able groups on the surface of the
native proteins. A flavoenzyme cap-
able of degrading recalcitrant
aromatic compound, 2,4-
dichlorophenoxyacetic acid was iso-
lated from soil bacterium and its che-
mistry of action was studied. As a part
of the continuing project on mode of
action of anticancer drugs, chro-
momycin A3 and Mithramycin, the in-
teraction of these drugs with DNA was
studied. The drugs form two types of
complexes with Mg+ + ion, which in

turn bind to DNA via minor groove.
Studies on the interaction of oli-
gopeptide-like antibiotics, Distamycin
and Netropsin, with DNA suggested
the structural basis of (A-T) base spe-
cificity of these drugs. The finding
could be of use in the design of anti-
biotics with enhanced selectivity and
less toxicity.

The conformational and electronic
aspects of biomolecular structure
functions were studied using theore-
tical methods. The influence of sol-
vent was investigated for a few GABA
antagonists. Geometries were com-
pletely optimized for few
biomolecules of interest.

In theoretical biophysics the effect
of high supercoil density and base-
pair heterogeneity on DNA melting
was studied.

It was seen that the anticooperative
effect flattened the melting curve and
made it insensitive to the base sequ-
ence in a closed circular DNA.

Continued from page 3.56

was under construction at Narayan-
gaon, near Pune. A total of five scien-
tific balloon flights were carried out
during 1989-90 at Hyderabad Balloon
Facility, a National Centre, in connec-
tion with Space Astronomy and
Atmospheric Sciences. An in-house
CYBER computer and a VAX-11/780
were available to users round the
clock. A 500 MHz-FT-NMR National
Facility was also in regular operation
and used for the development of new
2D NMR techniques and the solution
structures of specific sequences of
DNA recognized by proteins. The Lib-
rary subscribed to about 780 journals
and acquired 1021 books.

Miscellaneous

* Basic contributions made in the
study of moduli of vector bundles.
Also it was proved that the tangent

Continued Irom page 3.52

CERN-INDIA Collaborations

The experimental physics group of
VEC Centre has joined a collaboration
with CERN laboratory in Geneva(S-
witzerland) to study the phase transi-
tion from hadronic matter to Quark-
Gluon Plasma in the laboratory colli-
sions of relativistic heavy ions. Our
aim in particular is to search for ex-
cess photons produced in such reac-

bundle of a hypersurface of high
degree in projective space was
stable.

* In particle physics, it was shown
from the experimental upper limit on
Bd-Bd mixing that there was evi-
dence for the top quark within the
standard electroweak model.

* A spectacular muon bundle event
with 21 parallel muons was re-
corded. This unique event may indi-
cate composition of primary cosmic
rays at energies > 1018 eV.

* It was shown that anisotropy of the
superconducting gap strongly influ-
ence electromagnetic response
and consistent with the observed
absorption in high Tc materials.

* Using hallow cathode magnetron
sputtering, superconducting films

tions which are theoretically predicted
by VEC scientists to be excellent sig-
nals of the QGP phase. The group at
VECC is fabricating a high granularity
photon multiplicity detector as part of
the cailaboration's agreement to
supply detector hardware for the ex-
periment. The VECC group has total
responsibility for hardware/software
of this detector. The detector consist-
ing of 8000 individual scintillation
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of YBa2Cu3O7 with Tc 70-80K on
YSZ subtrates had been realised.

* It was shown for the first time that
strong curvature naked singularities
occur as the final outcome in gravi-
tatinal collapse.

* An anomalous microwave absorp-
tion below 10K had been observed
in non-superconducting
ErBa2Cu307.x (1 > x > 0) and this
was attributed to a very weak "zero
field" splitting of Er-ground stats
crystal field doublet.

* In ihe study of genetic circuit oper-
ating in chemosensory pathway,
two mutations in the gust E locus
that lead to aberrations in sodium
sensitive site were identified.

* A new methodology was developed
to evaluate the anisotropic ESR pa-
rameters of Cu(ll) complexes with
the help of "minimum ESR
linewidths".

modules is in advanced stage of fab-
rication and will be shipped to Gene-
va along with the support hardware
by end of March 1991. Simulation stu-
dies for the detector performance and
to develop algorithms for photon
counting are almost complete. This
part of the software will be im-
plemented at CERN in April before the
start of test runs.



A patient undergoing teletherapy at TMH

TATA MEMORIAL
CENTRE

The Tata Memorial Centre, com-
prising the Tata Memorial Hospital
(TMH) and the Cancer Research Insti-
tute (CRI), continued its activities in
the diagnosis, treatment and research
on cancer. The Centre continued its
training programmes and educational
activities.

TATA MEMORIAL HOSPITAL

During the year 1990, over 23,580
new patients were registered, 15,000
patients were diagnosed, 11,400 pa-
tients were admitted, and over 22,300
operations were carried out. Over
24.560 histopathological examina-
tions and 8,100 fine needle aspiration
cytology investigations were carried
out. Apart from this 1,01,033 haema-
tological, 20,601 clinicopathological,

and 22,543 bacteriological investiga-
tions were carried out. Over 42,000
radiological investigations were also
carried out during the year. Laser
surgery was introduced particularly in
the management of head and neck
and oesophageal cancers.

The Hospital partcipated in interna-
tional and national clinical trials on
cancers. Children suffering from
haematological malignancies, parti-
cularly with acute lymphoid leukaemia
were undergoing intensive che-
motherapy treatment. The study is
being continued.

Medical Oncology Department was
involved in overall management of
haematological malignancies and in
patients for adjuvant treatment in solid

tumours. Basic laboratory work in-
cluding cytogenic study and in-vitro
bone marrow culture and surface
markers were also carried out. Bone
marrow Transplant Unit was estab-
lished to provide treatment facilities
on routine basis. Pharmacy Depart-
ment continued to supply various
fluids for intravenous (IV) use and also
a few drugs in ampoules for injection.
During the year 1,79.150 pouches
(Non-toxic PVC) of glucose/saline
solution*? and 98,750 ampoules (1ML
to 10ML capacity) of various type of
injectables were manufactured and
made available at a much lower cost.
IV fluids continued to be tested for
pyrogenic contamination.

Hospital Cancer Registry has been
on the network of National Cancer



Registry Project of Indian Council of
Medical Research (ICMR) since 1984.
The data on cancer patients di-
agnosed and treated in 1988 were
submitted to the network. A report on
statistical analysis carried out was
also provided.

Computer Centre

The Norsk Data ND 550/CX, was
commissioned during 1985. With the
assistance of Computer Division,
BARC, adequate software for several
clinical activities was developed and
implemented.

Actrec

Sixty acres of land provided by
CIDCO for the Advanced Centre for
Treatment, Research & Education in
Cancer (ACTREC) at Owe village,
New Bombay was taken over. A prop-
osal for construction of ACTREC cost-
ing Rs. 4185/- lakhs is under consid-
eration.

The project establishing Infrastruc-
ture for the Dr. B. Barua Cancer Insti-
tute at Guwahati, Assam continued.

A patient undergoing brachytherapy

Gamma Camera and equipments for
surgical facility were supplied to the
Institute and medical officers from
different disciplines were also trained.

Community Rural Camps

The Community Rural Centre at
Barsi (Solapur District, Maharashtra)
conducted several camps in villages
around Barsi and 500 people were
examined. Rural Cancer Registry at
Barsi also continued.

The second Rural Project, initiated
in 1987, conducted camps for early
detection of cancer in the villages of
Pune District.

Seminars & Workshop

During the year seminars, work-
shops and conferences in various
specialities were organised.

Symposium on Research Methods
in Clinical Oncology was held during
the year.

Deputation

During the year 23 medical profes-

n

sionals were deputed abroad for con-
ferences and training and 12 medical
professionals attended the Interna-
tional Cancer Congress, at Hamburg,
Federal Republic of Germany. From
paramedical professionals were also
deputed for training elsewhere in
India.

Cancer Control Programme

The Tata Memorial Hospital con-
tinued its association with the Cancer
Control Programme in the State by
way of detection and treatment of
cancer and also to educate the public
about the hazards of tobacco usage.
Doctors from district hospitals were
trained in TMC in pathology, radiolo-
gy, radiotherapy and other fields.

TMH is a post-graduate university
centre affiliated to the University of
Bombay. During the year 126 stu-
dents were registered in various spe-
cialities and 50 students qualified va-
rious courses of TMH. Professional
courses were conducted to improve
the standard of oncology nursing in
the country and to provide trained
man-power for operating radiother-
apy machines.

The Hospital conducts continuing
education under oncology program-
me. During the year 17 doctors
attended the programme.

Publications

50 publications were contributed
during the year.

Industrial Relations

During the year industrial relations
were quite peaceful.

CANCER RESEARCH
INSTITUTE

Emphasis continued on research,
both clinical and basic, on topics re-
levant to India. For the first time, data
were genera.ed on the cancer inci-
dence in rural India. A major effort
was made to study effects of different
tobacco habits. Investigation of health
hazards of occupational exposure to
tobacco dust in workers in tobacco
processing and bidi factories con-
tinued. The workers, tend to be mostly
women, showed evidence of expo-
sure related genoloxic effects.
Foetuses of mothers chewing tobac-
co were found to be affected. At the
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molecular level, oncogene abnormali-
ties were demonstrated in 94% of oral
cancer patients. Gene coding for an
abnormal protein in Chronic Myeloid
Leukemia cells was cloned. A number
of new cell lines, used for investiga-
tions in cell biology, were developed.
A new neurotropic factor was identi-
fied. The ICRC anti-leprosy vaccine,
was given to 32,000 healthy people.
Benefits of vaccination were also ex-
tended to patients in Beed and
Nanded districts of Maharashtra.

Life Style and Cancer

Cancer poses a major public health
problem in India, and the disease is
still an enigma. Epidemiological data
on the role of several factors in cancer
were collected.

Chronic exposure to enviommental
tobacco smoke pollutants in India
needs to be monitored. Estimation of
the levels of harmful constituents in
sidestream smoke of different brands
of cigarette and bidi was assessed at
the Institute. Further, biological in-
dicators of tobacco smoke, such as
carboxyhaemoglobin in the blood of
smokers, has been evaluated. Biolo-
gical monitoring of occupational exp-
osure to tobacco in bidi industry work-
ers and tobacco processing plant
workers was continued. The expo-
sure of habitual users of masheri to
tobacco in pregnant women and new-
borns was determined. Analysis of
cord blood and amniotic fluid sug-
gested that nicotine crosses the
placental barrier and' reaches the
foetus. The birth weights of the new-
born babies from tobacco users were
considerably lower than those
observed in non-users of tobacco.

Role of oral hygiene in endogenous
nitrosation was ascertained and it was
found to be higher in subjects with
poor oral hygiene when compared
with subjects with good oral hygiene.

Oral Cancer

A study of the overall cncogene
aberrations involved in oral cancer
patients indicated 95% of the patients
with tumor associated activation of
oncogenes with multiple oncogene
aberrations observed in several pa-
tients.

To isolate and clone the oncogene
involved in oral cancers, 3 oral tumor
DNAs were transfected into NIH-3T3

cells and the transfectants injected
into nude mouse. Identification of the
human gene from the nude mouse
tumors continued.

The oral cancers were classified
according to the data generated by
flow cytometry.

To understand the events in keratin
gene regulation during malignant
changes, keratin expression was stu-
died in precancerous lesions. A sys-
tematic study of keratin gene ex-
pression also continued.

Squamous cells carcinoma cell
lines (SCC) from oral cancer tissues
and monoclonal antibodies (MAbs)
against the SCC membrane antigens
were further characterised. Monoc-
lonal as well as polyclonal anti-
idiotype antibodies against the puri-
fied F(ab)2 fragment of 3F8E3 were
also developed. The component of
the SCC membrane antigens, recog-
nised by MAb 3F8E3, were isolated
and found to induce proliferation of
lymphocytes obtained from oral can-
cer patients.

Haemopoietic Malignancies

Earlier studies elucidating the de-
fect in leukemic granulocytes of chro-
nic myeloid leukemia (CML), had indi-
cated that motility related events were
abnormal in CML cells, with low actin
content as well as impaired actin
polymerisation. Current studies sug-
gested that proteins in actin filament
nucleation and/or growth, cross link-
ing and bundling proteins may be the
limiting factors. Further, investigations
on abnormalities in cytoplasmic mic-
rotubule polymerisation and nuclea-
tion were initiated. Morphologically
'mature' leukemic granulocytes from
patients with CML are known to have
many functional and biochemical dif-
ferences relative to normal granulo-
cytes. These differences may arise
due to changes in the structure of the
membrane proteins, their association
with the cytoskeleton and/or trans-
membrane signalling.

To investigate these possibilities
two membrane glycoproteins were
isolated.

cDNA clones for protein 2 were iso-
lated from a leukocyte lambda gTTIL
expression library so as to obtain the
primary structure of the molecule.
Two of these clones were subcloned

into phage M13 and partially sequ-
enced. To understand the functional
defects in CML granulocytes associ-
ated with leukemic transformation,
phosphorylatiori patterns of normal
and leukemic granulocytes were
compared.

Following earlier in vitro observation
on the inhibitory sera from Hodgkin's
Disease (HD), experiments were
undertaken to test whether soluble IL-
2 receptor (slL-2R) is a component of
these inhibitory factors. A good con-
cordance was obtained in some HD
patients where proliferation, IL-2 pro-
duction and sRL-2R levels in sera
could be simultaneously studied.

In non-Hodgkin's Lymphoma (NHL)
patients the tumor infiltrating lympho-
cytes (TIL) showed reduced level of
lymphokine activated killer cell (LAK)
activity. Immunomodulator stimulated
production of IL-1 and TNF by mono-
cytes from NHL patients was compa-
rable to normal controls, in fact adv-
anced patients with advanced dis-
seminated disease showed higher
levels of monokine secretion. Also the
cytotoxic potential of activated mono-
cytes exhibited a similar profile.

Cancer of Reproductive System

LAK activity of TIL from patients
with carcinoma of uterine cervix was
comparable to that of peripheral
blood lymphocytes. IL-2 treated cells
from different lymphoid compart-
ments showed significant increase in
IL-2 R B chain and marginal increase
in NK cell markers. Immunomodulator
activated monocytes produced nor-
mal level of IL-1 and IFN could syner-
gise in such cytokine induction,
whereas TNF production was slightly
higher in patients. Cytotoxic potential
of activated monocytes from patients
was comparable to healthy donors.

Various peptide hormones were
studied in normal subjects, gastric
cancer patients and patients with
other diseased condition of stomach.
Elevated levels of serum inhibin were
observed in patients with cancer of
stomach when compared with normal
subjects and other diseased condi-
tions. Serum FSH levels were lowered
in these subjects.

RIA and Immunocytochemical de-
terminations showed FSH to be local-
ised in the acid — secreting parietal
cells of normal stomach mucosa. In-
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creased FSH reactivity was noted in
the intestinal metaplasia, — a prob-
able predisposing condition to can-
cer. Persistent presence of FSH was
also seen in malignant stomach.
Growth Factors

A novel modulator of growth fac-
tors, termed 'Enhancing factor' was
identified. The first 20 amino acid
sequence of the protein indicated
40% homology to snake venom phos-
pholipase A2. It is localised in large,
quantities in the Paneth cells situated
at the base of the villi of small intes-
tines and in much lower concentration
in the stomach, colon, testis and new
born skin. To clone the gene for the
protein, a cDNA specific for EF, was
amplified by PCR using amino acid
sequence specific primers. The
cDNA sequencing continued for in-
formation on the structure and func-
tion of the EF molecule.

An EF-like molecule was identified
and partially purified from human as
well as monkey intestines. Antibodies
raised against the partially purified
human EF specifically stain Paneth
cells in intestinal sections.

A transpiantable pluripotential tera-
tocarcinoma induced in C3H mouse
was used for extraction of growth fac-
tor/s. A new 60 kD neurotrophic factor
was isolated which does not cross
react with NGF nor does it act on
target tissues for NGF. When injected
into the transplant tumors of teratocar-
cinoma it induced neural differentia-
tion.

Hemopoiesis

With a view to identify the abnorma-
lities in bone marrow microenviron-
ment of leukemia patients, experi-
ments towards understanding the
basic mechanisms in haemopoiesis
were conducted. Stee cell homing
studies identified the homing mole-
cule as a ubiquitinated, 'RGD' con-
taining extracellular molecule. Cellu-
lar interaction between lukemia celd
lines and bone marrow stromal cul-
tures, indicated a direct cell-
interaction between the two popula-
tion of cells, resulting in stromal dis-
ruption. Further, study continued on
the chronology of appearance of the
various stem cells and haemopoietic
growth factors in foetal development.

Model System and Mechanisms

Studies on the mechanism of some

chemopreventive agents (catechin,
curcumin, hydroxychavicol) showed
that these agents protect the DNA
against benzo(a)pyrene [(a)P]-
induced damage and increase the
detoxification of B(a)P.

Non-permissible dyes — Malachite
Green and Metanil Yellow were tested
for potential promoter activity in DEN
initiated hepatic tissues.

A cell line developed from hamster
tracheal epithelium for studying in-
vitro carcinogenesis, was used to
study the effect of Retinoic acid on
normaJ initiated and transformed
cells.

Another cell line developed from
tumors obtained in hamster cheek
pouch on injection of human synoval
cell line SV, was used to study cytolo-
gical mechanisms involved in de-
velopment of drug resistance.

Pineal indole melatonin, was shown
to differentiate the pluripotent stem
cells of a transplantable teratocarci-
noma preferentially along the neural
and muscle lineages only in female
C3H/Jax mice. Combined effect of
melatonin and another differentiating
agent, Vitamin A is being investi-
gated.

A cell line was established
from a transplantable neurogenic
teratocarcinoma induced in Swiss
mouse. Preliminary studies indicated
that the early passage cells respond
to maturation inducers such as re-
tinoic acid, and dibutyryl cyclic AMP.
The cell line is being characterised
further.

Chemotherapy

Repeated exposure of malignant
cells of chemotherapy results in de-
velopment of multidrug resistance
(MDR), characterised by overex-
pression of P-180 glycoprotein which
functions as an energy dependent
drug-efflux pump. It was shown that
drug response modulating agents
such as clofibrate, dipyrone and pen-
toxifylline which are utilized for treat-
ing ailments other than cancer, are
capable of inhibiting functions of P-
glycoprotein and thus sensitizing the
MDR tumor cells to the cytotoxic
effect of drugs. Clofibrate in particular
acts by reducing the fluidity of the cell
membrance of drug resistance cell
lines. Clofibrate in particular acts by
reducing the fluidity of the cell
membrance of drug resistance cell

lines. Besides the ovefexpression o
P-180 glycoprotein, other extra and
intracellular factors are responsible
for the non-responsive nature of tumor
cells. Recent studies established that
absnece of extracellular C a + + and
induction of acidosis in-vivo could
both improve the sensitivity of the re-
sistant cells to antineoplatic drugs.

As a part of the programme on de-
velopment of new drug delivery sys-
tem, methods of encapsulate
methotrexate and 5-Fluorouracil in
liposomes were standardised.

Studies on the active congener of
pyrrolidine dione-N-mustards, 3-[N,N-
[bis[2-chloroethly]-amino]-t-[2'-
methoxyphenyl]-Pyrrolidine-2,5-dione
hydrochloride (PNM-HC1) and the in-
termediates were carried out. Co-
administration of PNM-HC1/in-
termediates with known anticancer
drugs such as Methotrexate, 5FU,
etc. showed augmentation of cytosta-
tic activity in mouse tumors without
any major side effects. Similar studies
were carried out in rats, cats and
dogs.

As part of the programme to de-
velop new drugs and economic
methods for their preparation work on
synthesis of methotrexate was under-
taken. Studies on the synthesis
showed an increase in the yield of
intermediates with fewer synthetic
steps. This would bring down the cost
of the final product considerably.

Membrane Biology

Studies were conducted with Con-
A mediated agglutination of erythro-
cytes. Vesicles isolated from pronase-
treated RBC were shown to possess
high agglutinability with Con A, while
vesicles whose membrance lack
skeletal proteins, lose the agglutina-
bility altogether. In addition anti-
bodies to some of the cytoskeletal
proteins inhibit agglutinability by 50%.
The possibility that the contractility
associated with the membrane
skeleton helped agglutination by faci-
litating the aggregation of lectin-
receptor complexes was confirmed
by experiments which showed that
ATP was reqiured for agglutination.

As a model the paraneoplastic syn-
dromes in which tumor cells not in
contact with them, the mechanism by
which intraperitoneal Yoshida ascites
sarcoma in rats modify the surface
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property of erythrocytes in circulation
was investigated. The surface mod-
ification of erythrocytes was reflected
in their enhanced agglutinability with
Con A. A tumor specific protein was
isolated from the ascites and char-
acterised. An antiserum raised
against this tetrameric glycoprotein
with subunits of Mr 170 kD cross
reacted with acute phase plasma pro-
tein with subunits of Mr 170 kD. This
protein was purified and shown to be
a tetramer.

Miscellaneous

Germ-line mutations within the Rb
region, in retinoblastoma families was
initiated with a view to detect high risk
individuals in the families.

Fine structural studies of grades of
esophageal epithelium from normal,
inflammatory to malignant tissues
showed the esophageal squamous
carcinoma cells with nuclear irregu-
larity, increased nucleolar size and
intranuclear inclusions. Further,
esophageal and stomach biopsies
from tobacco chewers and non-
chewers were studied. Electron mic-

roscopic studies indicated normal
healthy cellular structures in the non-
chewers, with several abnormalities
suggestive of dysplastic changes in
the tissues of the tobacco chewing
group.

CIRC Anti-Leprosy Vaccine

The studies conducted in col-
laboration with Richardson Leprosy
Hospital, Miraj showed that the vac-
cine was also beneficial to the drug
resistant leprosy patients. Mass vac-
cination studies were launched in
February, 1987 in Solapur, Osmana-
bad and Latur districts of Maharash-
tra. By now 32,000 healthy household
contacts of leprosy patients were vac-
cinated. These studies will continue
for another 5 years to determine the
efficacy of the vaccine. Indepth
laboratory studies at fundamental
level were undertaken to find out the
mechanism by which the vaccine ex-
erts its immunogenic effects. The re-
sults indicated that the vaccine in-
duced generation of new im-
munoreactive cells. In addition, it also
resulted in increased production of
biologically active macromolecules

which stimulate the cells that kill the
microbes. The field studies were
conducted in collaboration with Gov-
ernment of Maharashtra. Vaccination
of patients was expanded to cover
highly infectious leprosy paiients in
Beed and Nanded districts of the
State. The vaccine, produced totally
indigenously, has several advantages
over the foreign vaccine. It is also very
cheap.

The Department of Biotechnology,
Govt. of India has established the
User Centre at the Institute under the
Biotechnology Information System
Programme (BTIC).

The Institute continued wth its train-
ing and academic activities. Twenty
two seminars by eminent scientists
from within India and abroad were
arranged during the year.

Six students obtained Ph.D. degree
by Research through the Institute dur-
ing the year under report. The Institute
published 74 scientific articles in
national and international journals
during 1990.
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Institute of Physics, Bhubaneshwar

INSTITUTE OF PHYSICS

The Institute of Physics, Bhu-
baneswar, continued to pursue its
objective of research in frontier areas
of physics. Several important con-
tributions were made in the areas of
High energy and particle physics,
condensed matter physics and nuc-
lear physics. Upgradation of the re-
search facilities at the Institute took
place during the year with the addi-
tion of personal computers, powerful
peripherals, scientific software, elec-
tronic mail facility, new journals and
books in the library etc.

Construction work of the accelera-
tor laboratory to house the 3MV Pellet-
ron is nearing completion. Installation
and commissioning of the accelerator
will commence shortly. Preparations
are under way for the utilisation of the
accelerated beam of paricles.

As a part of the Institute's efforts to
train young students in advanced re-
search, 35 scholars continued their
Ph.D programme. In addition, sixteen
students continued one year post-
M.Sc. training in basic physics and

research methodology and nine stu-
dents completed their Ph.D. program-
me during the year.

The Institute, in collaboration with
the Utkal University, hosted the 56th
Annual meeting of the Fellows of the
Indian Academy of Sciences. A sym-
posium on "Physics with
Accelerators" was also organised as
a part of the meeting. The Institute
organised a 'Winter School on Polym-
ers' as a part of the academic activity





/n a// toe DAE installations, top priority is given to occupational safety

ATOMIC ENERGY
REGULATORY BOARD

AERB carried out countrywide
radiological safety surveillance, and
monitored radiological, nuclear and
industrial safety in DAE units. The
Safety Review Committee for Operat-
ing the Plants (SARCOP) enforced
safety in DAE units by imposing reg-
ulatory restrictions, inspecting facili-
ties and monitoring of reports.

AERB gave following authorisa-
tions:
— Eight authorisations issued at

different stages in respect of
Narora Atomic Power Station-1 —
The latest being operation upto
85% of the rated full power.

— Site authorisation to additional un-
its at Rawatbhatta.

— Authorisation for the operation of
the heavy water plants at Manu-
guru and Hazira.

Authorisation issued during the
year included:
— Operation of Dredge & Wet Grav-

ity Concentration Plant at Cha-
vara, Mohur, Helium and HERO
Plants at Udyogmandal.

— Operation of Irradiation facility at
Shri Ram Applied Radiation Cen-
tre, Delhi, Sewage sludge
hygienisation Research Irradiator,
Baroda and Pelletron Accelerator
at Nuclear Science Centre, New
Delhi.

— Site Authorisation for New Ura-
nium Oxide Fuel Plant & New Zir-
caloy Facbrication Plant at NFC
site Hyderabad, New Uranium Ox-
ide Fuel plant at Turamdih.

— Purnima III for conducting com-
missioning tests and subscritical
experiments, and for first criticality

and subsequent operation.

Authorisations of Nuclear Power Pro-
jects

Site clearance for locating—
— RAPS 3 to 8
— Kaiga 1 & 2
— Kaiga 3 to 6

Task Groups

The Task groups formed by AERB
carried out the following:
— Preparation of 3 Guides for the

safe transport of radioactive mate-
rials.

— A Safety Guide on 'Control of
radiation safety in the use of sea-
led and unsealed radioactive
materials.



— Standard specifications for de-
sign, manufacture and quality
assurance of consumer products,
containing radioactive materials

— Review of the design criteria and
details of new hot cells at
Radiometallurgy Divn., BARC.

The Committee constituted by
AERB for licensing of operation staff
at TAPS, RAPS, MAPS, NAPS, and
FBTR, heavy water plants at Baroda,
Kota, Manuguru, Hazira, and for fuel
reprocessing plant, Trombay met at
the respective plant sites.

Safety Related Unusual Occurrences
Reports (SRUORS)

Safety related unusual occurrences
in DAE units were reviewed and two
incidents considered significant, were
communicated to the IAEA Incident
Reporting System.

— The AERB was recognised as the
nodal agency for reporting nuc-
lear events as per the International
Nuclear Event Scale Classification
System. This programme started
on a trial basis for one year from
September, 1990.

Restrictive Regulatory Actions on
Operating Units

During the year 1990, restrictive
regulatory actions at RAPS I & 2,
RAPS 3 & 4 and IRE-OSCOM, were
taken.

Regulatory Procedures: Development
and implementation

Steps to revise the drafts of diffe-
rent rules, surveillance procedures
and notifications were taken. The
Board issued approvals of Radiolo-
gical Safety Officers, type approval
for radiation generating plants and
equipment containing radionuclides.
Compliance of radiological safety sti-
pulations by medical, industrial and
research institutions was also en-
sured and multi-tier review proce-
dures were made very effective.

Safety Codes, Standards and Guides

A total of 9 documents including 4
guides and 2 codes on various
aspects of safety were prepared.

Safety Review of New Projects

HWP, Manuguru

Generation of 430 tonnes of H2Sand

authorisation for operation of Ex-
change Unit-ll and Units 1 & 2 of the
Captive Power Plant, were approved

HWP, Hazira

Authorisation was given to the op-
eration of synthesis unit and the con-
tinuous operation with synthesis gas/
ammonia and potassium amide as a
catalyst.

Design Review

Design Review work for KAPP was
started. The review consisted of seis-
motectonics and, design basis earth-
quake, seismic design of structures
and seismic qualification.

The design review of Kaiga 1 & ?
and RAPP 3 & 4 continued, and the
recommendation for construction au-
thorisation was made.

The Civil Engineering review basis
of 500 MWe project TAPP 3 & 4 was
also examined by AERB, and review
of design commenced.

Kudankulam Nuclear Power Project

A brief summary report was pre-
pared on the evaluation of WER-1000
(Soviet Pressurized Water Reactors).
Geo-technica! investigation stage II
for the project was reviewed. Listing
of documents required for part clear-
ance for construction was finalised.
Review of Maximum Flood Water
Level for the proposed nuclear power
station was found acceptable. Soviet
acceptance criteria for beyond De-
sign-Basis-Accident was endorsed.

The guidelines for Soil Investigation
Work of Kudankulam Project (1000
MWe-VVER) was given to NPC and
review work of site related parameters
commenced.

Safety Review of Operating Plants

Safety Review Committee for Oper-
ating Plants (SARCOP) held forty
meetings during the year. SARCOP
enforced radiological, nuclear and in-
dustrial safety in all the operating un-
its of DAE.

Radiological Safety Surveillance

Radiological safety surveillance of
all the operating units of DAE was
done through the Health Physics Divi-
sion, BARC. The environmental im-
pact from the operation of DAE in-
stallations was assessed by the En-
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vironmental Survey Laboratories
(ESL) The reports from ESL and from
the Health Physics Division were re-
viewed by SARCOP The radioactivity
released to the environment during
1990 from the DAE installations was
well within the specified limits and
substantial reduction in the collective
dose of workers in all the nuclear
power stations was observed

Other salient activities related to
regulatory inspections of each of the
operating power stations carried out
twice during the last year. NAPS, and
Dhruva research reactor were in-
spected once. Corrective actions
were taken by the plant management
on the noticed deficiencies.

Regulatory Procedures, Develop-
ment and Implementation

Licensing under Factories Act

The operating license was issued to
IRE and the process of issuing oper-
ating licenses to the other units con-
tinued.

Licensing and Appellate Committee
for Radiation Protection

Applications for type approval of
radiation equipment manufactured in
the country as well as the imported
ones were considered, and granted
type approvals for the radiation
equipment including telecobalt ther-
apy units, diagnostic X-ray equip-
ment, gamma beam radiography exp-
osure devices and lonization Cham-
ber Smoke Detector.

Permission was granted to fabri-
cate and use one unit of Industrial
Gamma Heat Exchanger Radiogra-
phy Camera designed by M/s. Larsen
& Toubro Ltd., Bombay with 5 Ci Tm-
170 source for a special radiography
purpose.

AERB Safety Research Projects &
Programmes

AERB funded 5 projects during the
current year.

These projects will encourage inter-
disciplinary collaboration which is a
vital factor for the safe use of ionizing
radiation in the medical field.

Efforts were continued to contact
more number of institutions outside
DAE to carry out safety research pro-
jects.

Continued on page 5.3
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Yellow cake, the end product of UCIL

URANIUM
CORPORATION
OF INDIA LTD.

* Income increased by 15.6%.

* Construction of new underground
mines at Narwapahar and Turamdih,
and Uranium mill at Turamdih taken
up.

* Production of uranium mineral
concentrates from the three uranium
recovery plants exceeded the target

During the year 1989-90 the capac-
ity utilisation of the Jaduguda mine
was 83.41% (89.6% previous year), of
Bhatin mine was 55.66% (76.47%
previous year), and of the Jaduguda
mill was 88.63% (96.7% previous
year). The production of uranium
mineral concentrates from the three
uranium recovery plants exceeded
the target set for the year However
the production of copper and molyb-
denum concentrates, and of magne-
tite, was marginally lower than that of
the previous year. The production
was slightly lower because of the
strike in the production units.

New Projects

UCIL has taken up the construction
of two new projects consisting of the
underground mines at Narwapahar

and Turamdih, in Singbhum district,
Bihar, and one urai n mill at Turam-
dih for processing ores from these
two mines. The Gold Mines Limited
(BGML), Kolar has been executing
the mine construction work as per the
designs provided by the engineering
consultant appointed by UCIL. In
addition to mine construction work,
civil works comprising industrial and
residential buildings continued.
These two new projects are expected
to be commissioned within 4.-1/2
years.

Third Stage Shaft Jaduguda

At Jaduguda an auxiliary shaft is
being sunk from 555 level to about
900 metre level, constituting the third
stage. The work of shaft sinking con-
tinued and sinking and widening of

Continued on page 53



Transportation of Mineral Sand in country boats to Chavara Plant

INDIAN RARE EARTHS

Chavara & MK Plants continued to
perform well. OSCOM, mineral pro-
duction improved substantially. After
repairs, the first stream of the Acid
Regeneration Plant is operating satis-
factorily and modifications in the
Synthetic Rutile Plant continued.
However, large inventories of Orissa
ilmenite, and rare earths chloride re-
sulted in accumulation of stock due to
the adverse world market situation
and recession in the pig-
ment industry. Efforts are however
being made to liquidate the stocks. In
the field of rare earths, the Company
commissioned plants to diversify the
products. A captive co-generation
plant is being set up at Alwaye. In
1990-91 the Company hopes to attain
a sales target of over Rs.60 crores
with foreign exchange earning of
around Rs.25 crores.

The Thorium Factory continued to
perform well and is expected to show
improvement in production and pro-
fits over the year 1989-90.

To encourage domestic industries
for production of value added pro-
ducts, dialogues are underway with
the State Industrial Development Cor-
porations.

Emphasis continued on R&D activi-
ties, energy conservation, safety &
health of the employees and en-
vironmental care.

IRE completed 40 years of its
formation. During the year 1989-90.
the Company attained an overall profit
of Rs.2.13 crores, before provision for
Investment Allowance Reserve as
compared with the year 1988-89 The

Company's sales turnover was Rs.
63.96 crores including Rs.30.69
crores as foreign exchange earnings.

Due to certain practical problems,
the Company decided to seek with-
drawal from the recognition as 100%
export oriented unit,for Chavara.

During the year under report, the
Dredge & Wet Gravity Concentration
Project (DWGC) at Chavara and Con-
centrate Upgrading Plant (CUP) at
Manavalakurichi were successfully
completed. These yielded substantial
benefits to the Company in terms of
increased production of minerals The
Heavy Rare Earths Oxide Project
(HERO) for separation of heavy rare
earths was also commissioned.



At OSCOM. the production at
Minerals Separation Plant consider-
ably increased with the commission-
ing of Concenlrate Upgrading Plant
(CUP). Certain technical problems in
regard to Synthetic Rutile Plant were
attended to. One stream of the Acid
Re-generation Plan! was rsctified and
the work on the 2nd & 3rd streams
continued.

The performance of Thorium Fac-
tory is expected to show improvement
in production and profits over the year
1989-90. The work on the New Thor-
ium Plant at OSCOM, is in an adv-
anced stage of completion.

Human Resources Development

The Company continued to main-
tain harmonious and cordial relations
with all its employees.

The Company continued to give
priority to the training of its em-
ployees. A number of employees
were deputed to various training
courses and in-house training prog-
rammes were arranged to cater to
various levels of employees. Other
activities included a two day work-
shop on "Horizontal Transfer of
Technology"

In accordance with the Government
of India's directions, a special drive
was launched to clear the backlogs in
SC/ST recruitment.

The Company continued to encour-
age Welfare Funds at the units by
making suitable grants. The subsidies
granted to the canteens of all the units

Continued from page 5.1

headframe portions of the shatt and
other infrastructural work was nearly
completed.
Effluent Treatment Plant

An effluent treatment plant was
commissioned during this year. At
Bagjata Mine, the exploratory mine
being developed by A.M.D. at Bag-

Continued trom page 4.2

During the year, AERB extended
financial assistance to the confer-
ences/seminars/symposia.

Miscellaneous
A project on "Assessment and

Management of Health and Environ-
mental Risks from Industries in Trans
Thane Creek Area" is being executed.

of the company during the year were
Rs 53 51 lakhs

Under its social welfare program-
me, the Company has made suitable
grants to Mining Area Welfare Board,
constituted by the Kerala State Gov-
ernment. The Fishermen's Welfare

Scheme, being operated by the
Tamil Nadu Government at Manavala-
kurichi, was supported by the Com-
pany by grants The Company also
participated in the medical camps
organised for the welfare of the local
inhabitants. In OSCOM, the people in
the nearby villages were given medic-
al assistance The family planning
camps organised by the Company
a!so evoked considerable response

Safety, Health & Environmental Care
The Company has improved the

Safety Training programmes in the
units. Periodical training program-
mes, including those for contract
labour, were intensified and periodic-
al medical' examinations of the em-
ployees were conducted. Pollution
control measures were strengthened
further and the afforestation work con-
tinued.

Future Plans & Outlook
The demand for Orissa ilmenite

continued to be sluggish There was
also a lack of demand for undepleted
Rare Earths Chloride. To overcome
this, the Company has been diversify-
ing its products and exploring the
world markets.

For setting forth targets etc. for the
year 1991-92, the draft MU is being
firmed up with DAE for further action.

jata (Jaduguda), underground opera-
tions were directed by UCIL. This
mine would be taken over by UCIL for
prodcution and processing of ura-
nium ore in near future.

Financial Performance

During 1989-90, the income of the
Company was Rs.38.8 crores

A training course on Radiation Pro-
tection and Occupational Health was
organised by AERB.

A scientist from the Regulatory
Board of Bangladesh was trained at
AERB during October 8 to 19, 1990.
Six workshops on "Data bases on
Accidents and Occupational
Diseases" were organised.
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The Company encouraged domes-
tic industries tor setting up production
facilities for value addeL." products

R&D

R & D efforts at IRE. continued to-
wards improving quality, reduction in
cost and developing new products to
compete in international market
Some of the salient R&D areas where
considerable work is underway are

a) Development of new products/
processes

b) Improvement in existing proces
ses related to mineral separation pro-
cess, and for producing high purity
individual rare earths

c) Recovery of uranium values from
Thorium cake

d) Evaluation of new mineral de-
posits

The benefits derived as a result of the
above were

a) Increase in Productivity. Improve-
ment in quality of existing range of
products
b) Cost reduction
c) Development of new products
d) Export Promotion

Steps were taken for reduction of
consumption of energy and for gen-
eration of additional energy At Cha-
vara, fluidized dryer was commis-
sioned for lowering drying cost

The Company has received top ex-
port award from the Chemicals &
Allied Products Export Promotion
Council.

(Rs.33.58 in the previous year). Profit
went upto Rs. 10.89 crores {Rs.8.75
crores in the previous year). The
Corporation contributed Rs.5.45
crores to exchequer in the form of
taxes as against Rs.4.07 crores dur-
ing the previous year

Through seminars, TV program
mes, news letter and press confer-
ence efforts were directed to keep
public informed about the activities of
the Board and the issues of radiolo-
gical safety significance.



Television-Receive-Only system of ECIL

ELECTRONICS
CORPORATION

OF INDIA LIMITED

Production and income increased
by 18% and 25% respectively.

* The turnover and profit before tax
are Rs.268 crores and Rs.3.92
crores

Rs.37 crores worth order of
electronic voting machines
executed, and nuclear and industrial
instruments and systems worth
Rs.21 crores supplied.

Incorporated in 1967 the authorised
capital of the Company has gone up
from Rs. 10 crores to Rs.50 crores
(Rs.42.22 crores paid up).

ECIL meets DAE s needs of Con-
trol & Instrumentation Systems and
caters to Thermal Power Projects,
Steel, Petrochemicals and Cement In-
dustries, Defence, Communications
and Railways.

During the year 1989-90, the Com-
pany achieved a turnover of Rs.268
croies with a profit of Rs.3.92 crores.
During 1990-91, the Company has
achieved a provisional production of
Rs.239 crores and -a trunover of
Rs.269 crores.

In the nuclear sector during the
year 1990-91, ECIL has completed

90% of the supplies of Control & In-
strumentation to KAPP-1 & 2 and has
almost completed the balance of
Control and Instrumentation supplies,
integration, testing and commission-
ing works in NAPP-1 & 2 and KCR.

In the non-nuclear sector, ECIL has
almost completed the supply of Cen-
tral Supervisory Control System for
Vizag Steel Plant's Energy Net-
works. SCADA Systems for NJPL,
RTUs for ONGC and Electronic Auto-
mation Equipment for the Steam Tur-
bines of Thermal Power Plants at
Tenughat, Dadri and Neyveli. ECIL
has also made 30% of SCADA sup-
plies to Durgapur Steel Plant and 2
nos. of Unipower-30 based Man-
Machine Interfaces (PPS/MMI) for
Ropar Thermal Power Project through



Total Turnover: Rs.969 Crores
Business Groupwise

COMPUTERS

COMMUNICATION

CONSUMER
ELECTRONICS

CONTROLS

10% MILITARY

COMPONENTS &
SPL. PRODUCTS

INSTRUMENTS

Market Segmentwise

OTHER GOVT. DEPTS.
AND INDUSTRIES

CONSUMER
ELECTRONICS

BHEL. The major supplies in the field
of Computers have been the indige-
noulsy manufactured SPC Telex Sys-
tems, OMC (Operation Maintenance
Centre) for E-1O B Telephone Ex-
changes and Automatic Message
Accounting (AMA) Systems, Store &
Forward Message Switching Systems
and Data Handling Systems, Medha
830/930 Mainframe, Unipower-30
(based on Motorola 68030 Microp-
rocessor) Computer Systems. In the
field of Communications, ECIL has
supplied a wide range of Antennas,
TVRO equipment with Antennas, V/
UHF Receivers, High Power Ampli-
fiers and Digital Facsimile equipment
to various users. In the field of Instru-
ments and Components, ECIL has
supplied Security Systems such as
X-ray Baggage Inspection Systems
and CCTV Systems and a wide range
of professional grade components,
such as Tantalum Capacitors and
Hybrid Micro Circuits.

COMMUNICATION

OTHERS

ATOMIC
ENERGY

DEFENCE

During the year, ECIL gave technic-
al assistance to a Uganda firm in set-
ting up a TV assembly line with the
kits supplied from ECIL. Besides this,
ECIL has exported TV sets to Bang-
ladesh and TVROS to Dubai

Performance

During the year 1989-90, ECIL
achieved a production of Rs.241
crores, a turnover of Rs.268 crores
and a profit before tax of Rs.3.92
crores, including the production and
turnover of Rs.37 crores by way of
executing the one-time order of 75000
nos. of Electronic Voting Machines
from the Election Commission The
operations of the Company were
affected by the continued slump in
the demand for Colour TV receivers
coupled with severe competition and
lack of orders from Defence sector for
the products of Components & Spe-
cial Products Group. During the year

1990-91, ECIL has achieved a pro-
visional production of Rs.239 crores
and a turnover of Rs 269 crores

Nuclear Instrumentation & Control

During 1989-90, ECIL supplied
equipment worth over Rs 19 crores
consisting of Control and Instru-
mentation equipment to Nuclear Pow-
er Projects NAPP-1 & 2.KAPP-1 & 2
KCR and Hazira Plant, Computers to
IGCAR and VEC; CCTV Systems and
Nuclear Instruments to various DAE
units During 1990-91, equipment
worth Rs.12 crores have been sup-
plied in Nuclear Power Projects viz.,
NAPP-1 & 2 and KAPP-1 & 2 500MW
Reactores and other DAE units. Major
items OT supplies have been Control
Room Panels, Radiation Measuring
Equipment, Metering & Billing Panels,
Delayed Neutron Monitor Electronics,
Start-up Systems to NAPP and KAPP,
SPN Detectors for 500MW units and
Distributed Digital Control System for
Zirconium Sponge Plant of NFC and
CCTV equipment and Nuclear Mod-
ules of other DAE units.

Other Sectors

ECIL has been contributing signifi-
cantly in the areas of Control & Instru-
mentation, Computers and Com-
munications to the core sectors such
as Power, Oil, Steel, Commucications
and Defence.

In the area of Controls, ECIL sup-
pfied cfunng T989-90. Rs.2T crores
worth of equipment. During the year

Project Box

5.5



1990-91, ECIL has supplied over
Rs.27 crores worth of Control and In-
strumentation equipment to Vizag and
Durgapur Steel Plants, ONGC, De-
fence and BHEL for Thermal Power
Plants at Neyveli, Dadri and
Tenughat

In the field of Computers, during
1989-90, ECIL supplied about Rs.65
crores worth of Computers and Com-
puter Systems consisting of MEDHA,
Super-32, Unipower Computers and
Computer systems such as SPC Telex,
Store & Forward Meassage Switching
Systems etc. During 1990-91, ECIL
has supplied Rs.74 crores worth of
Computers and Computer Systems.

In the Communications area, during
1989-90, ECIL supplied over Rs.59
crores worth of Antennas and Com-
munication Systems. During the year
1990-91. The supplies were worth
Rs.63 crores.

In the field of Consumer Electro-
nics, ECIL introduced new models of
both Colour and Black & White TVs
and efforts continued to increase ex-
ports. During the year, ECIL extended
technical assistance to a Uganda firm
in establishing a TV assembly line and
is supplying the CoKur TV kits,
assembly and test equipment. The TV
turnover during 1990-91 has been
around Rs.32 crores.

In Electronic Instrumentation field,
ECIL executed the order of Electronic
Voting Machine worth Rs.37 crores
during 1989-90, besides supplying
Rs 24 crores worth of Nuclear and
Industrial Instruments and Systems to
various customers. During 1990-91,
ECIL has supplied Rs.32 crores worth
of Instruments and Systems.

In Components & Special Products
area, ECIL continued to produce Tan-
talum Capacitors, PCBs, Fuze pro-
ducts, Hybrid Micro-circuits and
others and is catered to Defence and
Telecommunication sectors. The tur-
nover during 1990-91 has been
around Rs.15 crores.
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OTHER
ACTIVITIES



Wew 0/ fhe permanent exhibition 'Atom for Peace' at DAE premises

OTHER ACTIVITIES

EMERGENCY PLANNING

The Emergency Preparedness
Plans of various nuclear installations
of DAE were reviewed and updated.
Two meetings of the Crisis Manage-
ment Group as also one meeting of
the National Emergency Response
Committee, were organised.

The Emergency Control Room
(ECR) of DAE worked round-the-clock
throughout the year. The Emergency
Control Room is now equipped with
two HF wereless sets, 4 P&T tele-
phone lines, one telex and one VHF
set. Arrangements are on hand for
connecting DAE ECR through satellite
communication system of NPC.

The following Emergency Pre-
paredness exercises were conducted

during the

SI. No.

1.
2.
3.
4.

year:

Project

RAPS
MAPS
TAPS
NAPP

Plant exercise

2
3
4
2

Site exercise

2
1
2
1

Off-site exercise

1

1

At Kalpakkam DAE Centre public
awareness programmes were held for
the inhabitants residing around the
nuclear installation, as well as for Dis-
trict Officials. Weekly communication
exercises were conducted between
MAPS, District, and DAE headquar-
ters. At Rawatbhata DAE Centre,
emergency exercises for H2S
emergency were also conducted. Ex-
hibitions for public awareness and
courses for medical and public au-

thorities were arranged. At Tarapur
DAE Centre, as part of emergency
planning, rescue teams were also
trained during the year.

The co-ordination between the nuc-
lear power station staff and district
authorities was satisfactory. However
one of the deficiencies noted during
the exercises was regarding poor
communication. This aspect is being
improved. Public awareness prog-
rammes are being intensified.



During the year, DAE took part in
communication exercises carried out
by IAEA under the Convention on Ear-
ly Notification of a Nuclear Accident.

The database for management of
emergency planning for various in-
stallations is expected to be ready
during 1991 for which special soft-
ware is being developed by BARC.

Use of Potassium lodate tablets
was introduced in place of Potassium
Iodide for the purpose of protection of
public health.

The concerned State Government
have been advised to issue adminis-
trative orders for the control of growth
of habitation/population in the 5 kms
sterilization zone.

INTERNATIONAL RELATIONS

For the 34th year in succession,
India was designated to the Board of
Governors of IAEA as one of the coun-
tries "most advanced in the technolo-
gy of atomic energy including the pro-
duction of source materials".

The Department continued to offer
training facilities, fellowships, scien-
tific visits etc. and the services of its
scientists for expert assignments both
through the IAEA and to the countries
with which India has entered into bi-
lateral agreements for cooperation in
the field of peaceful uses of atomic
energy.

Over 300 scientists/engineers par-
ticipated in international symposia,
workshops and conferences and 13
IAEA meetings, symposia etc. were
hosted during 1990.

Secretary, DAE led the Indian de-
legation to the 34th Regular Session
of the IAEA General Conference held
in Vienna, Austria during September,
1990. Bilateral discussions were held
with the delegations of Argentina,
Brazil, Vietnam, Egypt, Algeria etc. for
strengthening bilateral cooperation in
the field of peaceful uses of atomic
energy.

The Indian delegation also took part
in the second meeting of the joint
Indo-USSR Working Group on Nuc-
lear Power held in Moscow. The Work-
ing Group was set up under the Indo-
USSR Intergovernmental Commission
for Scientific, Technical and Econo-
mic Cooperation to facilitate imple-
mentation of the Indo-USSR Inter-
governmental Agreement of Novem-

ber, 1988 for cooperation in the con-
struction of nuclear power station in
India. A Cooperation Agreement for
the peaceful uses of atomic energy
between the Indian Government and
the Government of the Democratic
and Popular Republic of Algeria was
concluded during September, 1990
Dr.Manuel Mondino, President of Ato-
mic Energy Commission of Argentina
visited India in December, 1990. It
was agreed during the visit to streng-
then bilateral collaboration for de-
velopment of nuclear energy for
peaceful purposes.

FINANCIAL SUPPORT

The Board of Research in Nuclear
Sciences (BRNS) in DAE is an apex
body which is responsible for provid-
ing financial assistance for the re-
search projects, fellowships such as
DAE-Bombay University collaborative
scheme, Dr.K.S.Krishnan DAE Re-
search Fellowship etc., and sponsors
symposia, conferences and seminars
organised by DAE and outside agen-
cies.

During the years BRNS recom-
mended financial assistance for 125
renewal projects and 56 new re-
search projects with a total expendi-
ture of Rs.320 lakhs and also recom-
mended 16 DAE Symposia with a
budget provision of Rs.20 lakhs.
Financial assistance to the tune of
Rs.10 lakhs was earmarked for pro-
viding partial financial assistance to
outside organisations for organising
Symposia/Conferences/Workshops
etc. A sum of Rs.50 lakhs was pro-
vided in the budget for award of fel-
lowships through an open competi-
tion to talented students for carrying
out research in different disciplines in
various Universities/Institutions in the
country. The Department also pro-
vided substantial amount by way of
recurring and non-recurring grant to
its aided Institutions as given below:

During the year 1990-91, a sum of
Rs.165 lakhs was provided in the
budget to National Board for Higher
Mathematics, Bombay for develop-
ment of mathematics in the country

DIRECTORATE OF PURCHASE &
STORES

Directorate of Purchase & Stores
continued to provide active support to
all the Units of the Department of Ato-
mic Energy in their various materials
management functions. During the
period from April to December 1990.
about 23000 purchase requisitions
were processed and the Directorate
entered into about 19000 purchase
contracts valued at about Rs. 160
crores. Over 12200 consignments
were handled during the year. The
logistics of physical distribution of
special materials was planned incor-
porating required safety criteria, and
material movements were satisfactori-
ly carried out.

Purchase requisitions for about
2000 common items were raised at an
estimated cost of Rs. 300 lakhs, and
the disposal of unserviceable and
scrap materials during the year total-
led Rs. 202 lakhs.

The Technical Liaison Mission in
Paris rendered techno-commercial
assistance including inspection and
follow up of critical supplies, vendor
appraisals and location of new and
alternate sources of supply. They also
continued to handle matters con-
nected with the supply of TAPS fuel
from M/s. COGEMA France.

Computerisation was implemented
in selected segments of the materials
management cycle in Central and Re-
gional units of this Directorate.

Under the human resources de-
velopment programme, a five day in-
tensive in-house workshop on mate-
rials management was organised

Institutions

Tata Institute of Fundamental Research, Bombay

Tata Memorial Centre, Bombay

Saha Institute of Nuclear Physics, Calcutta

Institute of Physics, Bhubaneswar

Institute of Mathematical Sciences, Madras
Mehta Research Institute, Allahabad

Budget Provision RE 90-91
(Rupees in lakhs)

Recurring

1750

1204

440

105

206
130

Non-recurring

1772

650

100

150
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CONSTRUCTION AND SERVICES
GROUP

Civil Engineering Division

The Division has been performing
planning, designing, construction and
commissioning of civil, public health,
electrical, air-conditioning and ven-
tilation works in respect of housing,
hostel, school, hospital, laboratories
and various other public buildings
spread all over the country, for va-
rious units of the Department includ-
ing the aided institutions.

Trombay Township Project

Out of 744 flats proposed in VllPlan,
80 flats were handed over and 80%
construction work of the balance flats
of Type Il-B, Ill-C and V-E was com-
pleted. Construction of Secondary
School of 3725.00 Sq.M. built up area
was handed over to the users for
commissioning. Construction of Com-
munity Centre of 1352.00 Sq.M. area
continued and is expected to be
completed shortly. Construction of
Security Complex near the Main Gate
of Anushakti Nagar having 754.00
Sq.M. area commenced and about
10% of the work completed.

Planning and estimation for 410
flats of Type Il-B and V-E under tradi-
tional VII Plan works were completed.
Construction work for 104 flats of
Type II(B) commenced during
the year and about 70% of the
work will be completed during 1991-
92.

The construction of compound wall
along the periphery of DAE land at
Anushaktinagar, Mandala com-
menced and about 50% work was
completed. The work will be in adv-
ance stage of completion during
1990-91.Open air community centre in
the western sector was provided with
a roof and additional facilities were
added. Two sets of Tennis Courts
were also provided at Anushakti
Nagar.

Tata Institute of Fundamental Re-
search

Construction of 28 flats of Type V-E
at Colaba was completed and hand-
ed over to the users for occupation.
Construction of 88 residential quar-
ters of Type Il-B and Ill-C at Mandala
commenced, about 10% of the work
completed, and 80% of the work is
expected to be completed during the

year 1991-92. Design and detailed
engineering for 400.00 Cum. per day
capacity sewage water reclamation
plant was completed, its construction
commenced, and about 20% of the
work was completed.
Giant Meterware Radio Telescope
(GMRT)

Construction of flats for GMRT
housing at Narayangaon was com-
pleted and handeri over to the users
for occupation. Construction of
laboratory budding having 2060.00
Sq.m. at \hodad is in advanced
stage of completion. Of the 32 Anten-
nas at Narayangaon 6 antennas were
completed and 50% of the total work
was over. Construction of Guest
House and Security Quarters com-
menced. The work is expected to be
completed during 1991-92.

Tata Memorial Centre
Construction of 24 flats of Type Ill-C

at Mandala was completed and hand-
ed over to the users for occupation.
Construction of TMC rear annexe
building having plinth area of
13808.00 Sq.m. commenced and ab-
out 50% of its work was completed.
The entire work is expected to be
completed during the year 1991-92.

Atomic Mineral Division
Construction of Crusher shed tor

AMD at Bangalore was completed
during the year. Stores and garage
building at Bangalore was also
completed and handed over to the
users. Lift for Laboratory Building at
Bangalore was installed and commis-
sioned. Construction of 128 flats of
Type I-A to V-E at Khasmahal, Tata
Nagar, Bihar commenced and about
5% of its work was completed. Con-
struction of the Laboratory building
having 6353.00 Sq.m. plinth area at
Khasmahal, Tata Nagar, Bihar is ex-
pected to commence during the year
and about 50% of this work is target-
ted for completion during 1991-92.
Construction of mazzanine floor in the
existing "B Block" of AMD Complex at
Hyderabad commenced, completed
and handed over. Construction work
of the extension of 2nd floor in the "B
Block" also commenced which is ex-
pected to be completed during the
year 1991 Planning and designing for
stores building, compound wall and
guard house of stores complex at
Nagpur was taken up and is in prog-
ress.
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Variable Energy Cyclotron Centre at
Calcutta

Of the 64 flats of Type I-A and IV-D
under Phase-ll, 56 flats were handed
over to the users during last year and
the remaining 8 flats were handed
over during this year. Construction of
44 flats of Type Il-B, Ill-C, IV-D under
Phase-Ill commenced and pile found-
ation work completed. Super struc-
ture work is expected to commence
during the year. Planning and design-
ing for construction of auditorium
were also completed.

Saha Institute of Nuclear Physics

Construction of 46 flats of Type I-A
to V-E commenced and pile founda-
tion work completed, the Super struc-
ture work is expected to commence
during this year. Planning and en-
gineering designing and construction
of Hostel were also completed.
Laboratory Phase-ll was completed
and handed over.

Institute of Physics at Bhubaneswar

Construction of Pelletron building
and other ancillary buildings at Bhu-
baneswar continued and about 60%
of the work was completed. Planning
and designing for construction of
Housing were taken up. These are
expected to be completed shortly.

Society for Applied Microwave Elec-
tronics Engineering Research

The Administrative and Environ-
mental Testing Laboratory at Powai
(plinth area 7620.00 Sq.m) was com-
pleted and handed over to the users.
Planning and Designing of Laboratory
Phase-Ill at Vashi, New Bombay con-
tinued.

Mehta Institute of Research for
Mathematics and Mathematical Phy-
sics at Allahabad

Construction of compound wall
along the boundary of Mehta Institute
of Research at Allahabad is expected
to be completed during 1991-92.

College of Catering Technology
Under the Ministry of tourism

Construction of Catering College at
Prabhadevi (6367 Sq.m built up area)
commenced and pile foundation work
completed. About 60% of the super
structure work is expected to com-
pleted during 1991-92.



Homi Bhabha Centre for Science
Education

Construction of Homi Bhabha Sci-
ence Centre (4530.00 Sq.m. plinth
area) commenced and about 30% of
the work was completed during the
year. About 70% of the work is ex-
pected to be completed during 1991.

Board of Radiation and Isotope Tech-
nology

Design and engineering details for
workshop building having 3600.00
Sq.m. and office-cum-laboratory
building having 1327.00 Sq.m. area
was completed and construction work
for the same will commence during
the financial year 1990-91 which is
expected to be completed during
1991-92.

Engineering Services Division

The Engineering Services Division
is responsible for maintaining 6529
flats and public buildings namely DAE
Secretariate, Dispensaries outside
BARC, Atomic Energy Education
Society Schools, Community Centre,
Markets etc. in Anushaktinagar, Man-
dala and City area including execu-
tion of improvement works which are
minor capital in nature required for
those buildings. Besides, it is re-
sponsible for the operation and
maintenance of electrical power dis-
tribution, water supply distribution
sewer lines and sewge treatment
plant in the large township at
Anushaktinagar.

DIRECTORATE OF ESTATE MAN-
AGEMENT

Directorate of Estate Management
is responsible for the land manage-
ment spread over in different parts of
Maharashtra and for the allotment of
residential flats to the employees of
DAE and its units located at Bombay.
During the year under report 224 flats
were allotted to the employees.

MANAGEMENT SERVICES GROUP

The Management Services Group
(MSG) provides support to the top
management at the Department's
Secretariat, in the field of information
management and analysis. It also
undertakes specific assignments for
the top management in areas like
perspective planning of the nuclear
power programmes, financial analysis,

system studies etc It also maintains a
computer based information retrieval
system on I.a same for use by the
Chairman, AEC The group is re-
sponsible for maintaining an informa-
tion base on the performance of va-
rious operating units of the depart-
ment and the status of various pro-
jects under construction. It generates
periodic reports to the Prime Minister,
the Atomic Energy Commission and
Chairman, AEC. In addition, the group
prepares the Annual Action Plan of
the Department and serves as the
nodal point for interdiction with the De-
partment of Programme Implementa-
tion of the Government of India.

The MSG manages a multi-user
EDP centre and assists various sec-
tions of the Secretariat in the com-
puterisation of its activities. It is also
assisting some of the units of the de-
partment viz. Directorate of Purchase
and Stores and Directorate of Estate
Management in training and develop-
ment of software systems for com-
puterisation of their activities.

INFORMATION & LIBRARY

The Publications Division of DAE
brings out information literature for
media and public and also caters to
the publication needs of the Depart-
ment and its units. Besides regular
publication assignments including
two periodicals in English and Hindi
each, information material consisting
of 25 booklets/leaflets for Publicity Di-
vision of DAE and NPC aimed at pub-
lic awareness, was produced. Mate-
rial was also produced in Hindi as well
as in other Indian languages.

Computerisation for management
of publication activities such as mail-
ing, budgetary control and bill clear-
ance/correspondence etc. continued.
Efforts were directed for building up
information base.

The DAE Library caters to the Sec-
retariat needs and continued to serve
as a repository of information on di-
verse subjects. During the year, the
Library acquired over 678 books and
received over 286 periodicals. This
was besides the upkeep of over
12,355 books and other reading
material. Computerisation in library
operations was continued.

PUBLICITY

The Publicity Division has orga-
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nised a series of seminars on "Atomic
Energy and Environment" and con-
ducted exhibitions at various universi-
ties, colleges and at the locations of
nuclear power plants and other nuc-
lear installations as part of the Public
Awareness Programme

The second All India Essay Contest
in English, Hindi and all regional lan-
guages on the following topics, was
organised.

1. Nuclear Power: Is it benign com-
pared to other sources?

2. Application of Radioisotopes in
Agriculture, Medicine and In-
dustry.

Similarly, the second Appreciation
Programme on Nuclear Science &
Technology was conducted by the di-
vision which was attended by 35
faculty members from various en-
gineering colleges in the country, in-
cluding Indian Institutes of Technolo-
gy and the Regional Engineering Col-
leges. The programme has helped to
bringing the academic institutions
closer and enabling them to under-
stand the activities of the Department.

A Permanent Exhibition on "Atom in
the Service of Mankind" elucidating
the complete activities of the Depart-
ment was set up at the O.Y.C., Bom-
bay. The exhibition covers not only
R&D activities but also the entire
gamut of operation of the Depart-
ment of Atomic Energy, ranging from
prospecting raw materials, fabrication
of fuel, reactor components and in-
strumentation, to design, construction
and operation of nuclear power
plants, with the aid of large photo
panels, static and dynamic models,
instruments, samples and specimens.

The National Science Day was
observed on 28th February 1991.
More than 6000 students and
teaching staff from various schools
and colleges visited the Permanent
Exhibition and attended the special
lectures and audio-visual presenta-
tions arranged during February 25-
28, 1991.

The print and electronics media
were utilised for mass com-
munication. The Doordarshan in its
National Network and on Channel-ll of
Bombay, separately telecast films on
Radiation and Environment.

The Publicity Division has been
continuing its programmes to bring



about larger public awareness on the
activities of the Department of Atomic
Energy.

USE OF HINDI

During the year, the Department,
its constituent Units and the Public
Sector Undertakings made further
progress in the use of Hindi in accord-
ance with the Official Language Poli-
cy of the Government and in pur-
suance of the Official Language Act
and Rules made thereunder. In-
service training in Hindi language.
Hindi typewriting and stenography
was imparted to 110 officials, 35 typ-
ists and 12 stenographers respective-
ly. 205 officials, 74 typists and 51
stenographers are undergoing train-
ing in Hindi language, Hindi typewrit-
ing and stenogiaphy respectively.
Hindi Workshops were organised at
the Secretariat of the Department,
HWP (Kota), CAT, BARC, NPC, ECIL
and HWB, Bombay Six more Devana-
giri typewriters were purchased dur-
ing the year, raising the total number
of such typewriters to 176. Twenty
three bilingual electronic typewriters
were also purchased raising the total
number of such typewriters to 41. The
Department has a bilingual "Word
Processor" (LIPI) and 3 Devanagiri
softwares for use on Personal Compu-
ters. Hindi books worth about
Rs.32,335/- were purchased during
the year.

The Official Language Implementa-
tion Committees of the Department,
its Units and Public Sector Undertak-
ings met to review the position re-
garding use of Hindi. Action con-
tinued to be taken to implement the
provisions of the Official Languages
Act. All Gazette Notifications, Cabinet
Notes, Reports and other documents
submitted to various Committees of
Parliament etc. were prepared biling-
ually.

Under the "Dr.Homi Bhabha Award
Scheme" of the Department, books
and manuscripts written/translated
from other languages in Hindi during
the year 1988 and 1989 were invited
for consideration. Two books and four
manuscripts were received and the
same are under consideration.

The quarterly Hindi Bulletin
"Parmaanu" which is brought out by
the DAE to disseminate information on
its research and develeopment activi-
ties, plans and programmes entered

its sixteenth yeat- of publication. A
"Nuclear Engineering Glossary" was
published in October, 1990. A special
issue of Parmaanu "Vaigyanik,
Jeevan-Ek-Vastvikta" was brought out
by the DAE in Hindi in July,, 1990. The
OLICs of NPC, RAPS, TAPS and ECIL
brought out their House magazines
bilingually. The Hindi Vigyan Sahitya
Parishad, a voluntary organisation of
BARC, which has been publishing a
popular Hindi quarterly "Vaigyanik"
was provided with a financial assist-
ance of Rs. 15,000/- this year.

The OLICs of BARC, and CAT were
given grants of Rs.80,000 and
Rs.25,000 respectively for program-
mes to popularise and promote the
use of Hindi. With a view to popularise
Hindi and encourage employees to
use Hindi in official work "Hindi Week"
was organised in the DAE (HQ), ECIL,
BARC, AMD, NFC, GSO, UCIL, HWP
(Kota), HWP (Talcher), CAT, IGCAR,
DEM, NPC and RAPS and "Hindi Day"
was celebrated in GSO, DPS, KAPP,
HWP (Kota), IRE, AMD and HWB,
Bombay. OLIC of CAT and Hindi Vi-
gyan Sahitya Parishad of BARC jointly
organised a Two-day Seminar on
"Future Trends in Science" in Hindi on
7-8 December, 1990. Three Scientific
Seminars each on "Development of
LASER and its uses",
"Superconductivity — an
assessment" and "Atomic Science
and Development" were organised by
BARC on 26.3.90, 6.4.90 and 12.7.90
respectively. NFC also organised a
Seminar on "Role of Computers in in-
creasing Productivity" on 19.2.1991.
Souvenirs containing proceedings of
Seminars on "Future Trends in
Science", "Superconductivity — an
assessment" and "Atomic Science
and Development" were brought out
in Hindi. Hindi Vigyan Sahitya
Parishad, a voluntary organisation of
BARC brought, out a special issue of
"Vaigyanik" on the proceedings of
"Development of LASER and its
uses". An All India Kavi Sammelan
and a Drama were also staged on
12-13 October, 1990 in DAE,,
Bombay.

With a view to give training to em-
ployees for recording drafts and
notes in Hindi, Hindi Workshops were
organised in DAE (HQ), HWP (Kota),
CAT, BARC, NPC, ECIL and HWB,
Bombay. 32 employees of the various
Units/Undertakings were given
awards under the Incentive Scheme

for writing original notes and drafis in
Hindi. 130 employees of various Un-
its/PSUs were awarded prizes m
cultural meets and competitions.

During the year, the Committee of
Parliament on Official Language in-
spected the Headquarters of DPS
and ECIL and gave some sugges-
tions which are being implemented
Inspections of the Headquarters of
IRE, HWB, Bombay, AMD and ECIL
were also carried out by the Depart-
ment during this year.

With a view to implement the Offi-
cial Language policy more effectively.
Hindi Cells of the DAE and various
Units/PSUs were strengthened. In
DAE, the post of Senior Hindi Officer
was filled up following the super-
annuation of the incumbent holding
the post of Director (OL). The posts of
Senior Hindi Officer and Hindi Officer
were redesignated to that of Deputy
Director (OL) and Assistant Director
(OL) respectively. Presently posts of
one Deputy Director (OL), 2 Assistant
Directors (OL), 1 Senior Hindi Trans-
lator, 1 Hindi Assistant and 2 Hindi
Translators exist in the DAE. The DAE
Units and PSUs also have 20 posts of
Assistant Directors (OL), 5 posts of
Senior Hindi Translators and 45 posts
of Hindi Translators.

At the eighth meeting of the Joint
Hindi Advisory Committee of the De-
partments of Atomic Energy, Electro-
nics and Space held at New Delhi on
10th October, 1990 and hosted by the
Department of Atomic Energy itself,
members complimented the Depart-
ment for the work being done by the
DAE in the field of promotion of Hindi.

ATOMIC ENERGY EDUCATION
SOCIETY

The Atomic Energy Education Soci-
ety which is over two decades old,
has 26 schools at 12 centres with
26,000 students and 1500 staff mem-
bers.

During the year the Society main-
tained an all-round growth in the field
of education and other areas. In class
X pass percentage was 92 and 221
students got distinction. 22 students
of AECS Bombay were placed in the
top 0.1 % of the merit holders in the
Board examination. In class XII ex-
amination the AEJS Bombay shared
the overall first position in the institu-
tion-wise merit list of the Board. The
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college also topped in Electrical
Maintenance for the fifth year in suc-
cession. Six stuctents from AEJS,
Hyderabad were selected by the
Ministry of Human Resources De-
velopment for the National Merit
Scholarship. Twelve students of
AECS were selected for National Ta-
lent Search scholarship and a number
of students secured admission in pro-
fessional colleges. Two students of
Bombay school topped the Junior
Level Talent Examination conducted
by the Association of Mathematics
Teachers in India. One student was
selected for grant of scholarship for
the year 1990-91 by the National
Board of Mathematics.

Many students brought laurels in
the co-curricular, NCC & sports activi-
ties of the AEC schools. Ten students
of Jr.College, Bombay were selected
for the final test by the Ramanujam
Institute & Regional Maths olympiad
(Maharashtra region).

AEES also conducted Enrichment
and Coaching Courses for students
and and Inservice Training Courses
for teachers.

RESERVATION IN SERVICES FOR
SCs/STs

A Special Recruitment Drive for
SCs/STs had been launched by the
Department in June 1990 to fill up the
backlog reservation for SCs/STs ex-
isting as on 31.3.90. The target date
for completing the drive was 30th Oct.
1990. The total number of SCs/STs
appointed in various Constituent Unit/
PSUs/Aided Institutions of the Depart-
ment stood at 10,552 as on
31.12.1990. The impact of the Special
Recruitment drive can be assessed
from the following figures:—

Inspection of rosters was carried
out by the Liaison Officers for SC/ST
and suitable steps were taken, where-
ver necessary.

99 officials belonging to SC/ST
communities were deputed for appre-
ciation/orientation courses during (he
year 1990

Also 201 SC/ST officials belonging
io Group C and D were given in-
service training.

Appointment of minorities

398 persons belonging to minority
communities were appointed to
Group C&D posts in the Department
including the organisations under its
control.

Reservation in services for physically
Handicapped Persons and Ex-
Servicemen.

As on 31st December, 1990 the
total number of physically handicap-
ped persons employed in the Consti-
tuent Units/PSUs/Aided Institutions
under the Department stood at 427.
Similarly, the total representation of
Ex-servicemen as on 31.12.90 was
1507.

CO-OPERATIVE CANTEENS

The Employees' Co-operative Can-
teens functioning in the DAE Unit/
PSUs continued to provide subsi-
dised food to employees. The total
subsidy paid to the canteens during
the year was Rs. 1,55,36,578/-.

TRAINING

With a view to upgrading the know-
ledge in their respective fields, and
also managerial skills of senior offic-

SC
ST

GROUP A

21
8

GROUP

23
7

B GROUP C

108
78

GROUP

23
18

D

ers (including scientists & engineers)
the Department has embarked upon
regular training programmes with the
faculty support of Jamnalal Bajaj Insti-
tute of Management. National Institute
of Training for Industrial Engineering.
Human Resources Development Insti-
tute. Continuing Education Training
Centre. Indian Institute of Material
Management, (all in Bombay). Insti-
tute of Cost & Works Accountants.
Calcutta, and the Institute of Secreta-
rial Training and Management, New
Delhi.

In the wake of this thrust on training.
39 training programmes were orga-
nised during 1990-91. and 48 training
programmes have been planned dur-
ing 1991-92.

GENERAL SERVICES
ORGANISATION

During the year, the Construction
Wing of GSO handled Rs.4.20 crores
worth of construction works.

The activities under the Estate Man-
agement included:
* Allotment of quarters, shopping

facilities and accomodation of land;
* Recoveries of licence fee and other

charges;
* Co-ordination in respect of public

services and with state authorities;
* Running of guest house.

Township maintenance covered
maintenance of 4213 quarters, build
ings and roads, and civil, electrical
and public health services.

Maintenance of DAE hospital and
facilities.

Managing departmental transport
and maintenance of auto-garage.

Miscellaneous general services.
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ATOMIC ENERGY ORGANISATIONAL STRUCTURE

ATOMIC ENERGY COMMISSION

DEPARTMENT OF ATOMIC ENERGY

PUBLIC SECTOR

Nuclear Power
Corporation of India Ltd.

Electronic Corporation
of India Ltd.

Indian Rare Earths
Limited

Uranium Corporation
of India Limited

R & D SECTOR

Bhabha Atomic Research
Centre

Indira Gandhi Centre for
Atomic Research

Centre for Advanced
Technology

INDUSTRIAL SECTOR

Heavy Water Board

- Nuclear Fuel Complex

Board of Radiation &
Isotope Technology

SERVICES & SUPPORT SECTOR

Directorate of Purchase & Stores

Construction & Services Group

Directorate of Estate Management

4 Variable Energy
"i Cyclotron Centre

General Services Organisation

Atomic Minerals Division

Fully Aided Institutions

Tata Institute of
Fundamental Research

Tata Memorial Centre

Saha Institute of Nuclear Physics

Institute of Physics

Atomic Energy Education Society



ABBREVIATIONS

AEC Atomic Energy Commission
AEES Atomic Energy Education Society
AERB Atomic Energy Regulatory Board
AMD Atomic Minerals Division
BARC : Bhabha Atomic Research Centre
CAT Centre for Advanced Technology
DAE Department of Atomic Energy
DPS : Directorate of Purchase & Stores
ECIL Electronics Corporation of India Limited
FBTR : Fast Breeder Test Reactor
HWP : Heavy Water Project
HARL : High Altitude Research Laboratory
IAEA International Atomic Energy Agency
IGCAP : Indira Gandhi Centre for Atomic

Research
IRE : Indian Rare Earths Limited
ISRO : Indian Space Research Organisation
KAPP : Kakrapar Atomic Power Project
KARP : Kalpakkam Reprocessing Project
KRIBHCO : Krishak Bharati Cooperative Limited
MAPS : Madras Atomic Power Station
NAPP : Narora Atomic Power Project
NAPS : Narora Atomic Power Station
NFC : Nuclear Fuel Complex
NFL : National Fertilizer Limited
NPC : Nuclear Power Corporation
NRL : Nuclear Research Laboratory
OSCOM : Orissa Sands Complex
PREFRE : Power Reactor Fuel Reprocessing Plant
RAPS : Rajasthan Atomic Power Station

RMC
SINP
TAPS
TIFF!
TMC
UCIL
VECC

Miscellaneous
AGSM

Cum
CVL
EB
FBTR
IHX
K
m
MWe
MWl
PFBR
PHT
PHWR
QCI
RIA
Tc

Te
TG

Radiaiion Medicine Centre
Saha Institute of Nuclear Physics
Tarapur Atomic Power Station
Tata Institute of Fundamental Research
Tata Memorial Centre
Uranium Corporation ot India Limited
Variable Energy Cyclotron Centre

: Airborne Gammaray Spectrometric and
Maynetic Surveys
Cubic metre
Copper Vapour Laser
Electron Beam

: Fast Breeder Test Reactor
: Intermediate Heat Exchanger
: Kelvin
: Metre
: Megawatt Electrical
: Megawatt Thermal
: Prototype Fast Breeder Reactor
: Primary Heat Transport
: Pressurised Heavy Water Reactor
: Quality Control Inspection
: Radioimmunoassay
: Critical Temperature (for
superconductors)

:Tonne
: Turbine Generator
TVROS:Television Receive Only System
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