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Atomic Energy
Establishments
R&D Units **

The BHABHA ATOMIC RESEARCH
CENTRE, Trombay, was set up as thn Atomic
Energy Establishment Trombay in 1957, and
renamed in 1967. It is the national centre
for research and development work in nuclear
energy and related disciplines. Its facilities
include foui research reactors» namely, CIRUS
(40 MW), Apsara (1 MW), ZERLINA (a zero
energy thermal reactor), and PURNIMA (a
zero energy fast reactor), a 5.5 MeV Van de
Graaff accelerator, a H-400 computer, a
BESM-6 computer, 2 prime computers and
various special laboratories. A 100 MW thermal
reactor is under construction. Thé Centre also
has a uranium metal plant, a fuel element
fabrication plant and a plutonium plant. It has
a number of projects at Vashi, New Bombay
and Tarapur.

The REACTOR RESEARCH CENTRE,
at Kalpakkam in Tamil Nadu, adjacent to the
Madras Atomic Power Station, undertakes R &
D work in all aspects of Fast Breeder Reactor
technology. The most important facility in this
Centre will be the Fast Breeder Test Reactor
which is under construction.

The GAURIBIDANUR SEISMIC STA-
TION (of the Bhabha Atomic Research Centre),
80 kilometres north of Bangalore, was set up
towards the end of 1968 in collaboration
with the U.K. Atomic Energy Authority. It
helps in the detection and identification of
underground nuclear explosions, besides
facilitating seismic research.

The HIGH ALTITUDE RESEARCH LABORA-
TORY, Gulmarg, which was set up by the
Department of Atomic Energy in 1963, provides
facilities for high altitude research to all scienti-
fic institutions and universities in the country.

The NUCLEAR RESEARCH LABORA-
TORY, Srinagar, is devoted to applied research
in nuclear and radiation physics, with parti-
cular emphasis on local problems. -

The VARIABLE ENERGY CYCLOTRON
CENTRE, Calcutta, of the Bhabha Atomic
Research Centre, provides facilities f or advanced
work in nuclear physics, nuclear chemistry,
isotope production for medical, agriculture and
industrial purposes, and radiation damage
studies on reactor materials. The Variable
Energy Cyclotron is a national facility.

Powsr Stctor

The ATOMIC MINERALS DIVISION has its
headquarters at Hyderabad with five regional
headquarU /» in other parts of India. It is
entrusted mainly with research and develop-
mental activities pertaining to radiometric and
geological surveys, exploration, prospecting
and development of uranium, thorium, niobium-
tantalum, helium and other atomic mineral
resources needed for the nuclear power pro-
gramme.

Tha NUCLEAR FUEL COMPLEX at Hyderabad
is destgneo to meet the fuel requirements of
the nuclear power reactors. It consists of the
following plants: (i) Zirconium Oxide Plant,

(ii) Zirconium Sponge Plant, (iii) Zircaloy
Fabrication Plant, (iy) Enriched Uranium Oxide
Plant, (v) Uranium Oxide Plant, (vi) Ceramic
Fuel Fabrication Plant, (vii) Enriched Fuel
Fabrication Plant, (viii) Special Materials Plant.
There is in addition a facility for making com-
ponents for the Fast Breeder Test Reactors,
a Stainless Steel Seamless Tubes Plant, a
Ball Bearing Tubes Plant and a Titanium
Pilot Plant.

The NANGAL HEAVY WATER PLANT
in the Punjab, operated in conjunction with
the Nangal Plant of the Fertilizer Corporation of
India, was commissioned in August 1962.

The BARODA HEAVY WATER PLANT based
on the ammonia hydrogen exchange process
developed by a French consortium, is linked to
the synthesis gas stream of the Fertilizer Plant
at Baroda of the Gujarat Fertilizer Corporation.

The KOTA HEAVY WATER PLANT, built by
the Department next to the Rajasthan Atomic
Power Station, is based on know-how generated
by BARC.

The TUTICORIN HEAVY" WATER PLANT,
similar to the Baroda Plant, is linked to the
Fertilizer Plant of the Southern Petrochemical
Industries Corporation. . . . , . < , ,

The TALCHER HEAVY WATER PLANT,
equipment and know-how for which have come
from a West German firm, use the synthesis
gas stream of the Ammonia Plant set up by
the Fertilizer Corporation of India.

The THAL-VAISHET HEAVY WATER PLANT
will be linked to the Fertilizer Plant of the
Rashtriya Chemicals 8- Fertilizers Ltd., who
have the responsibility for the setting up of the
plant. It will be based on ammonia hydrogen
exchange (mono-thermal) process.

The MANUGURU HEAVY WATER PLANT
will be based on hydrogen sulphide-water
exchange (bithermal) process. Preliminary work
has started and the preparation of:'detailed
Project Report is in hand.

The POWER PROJECTS ENGINEERING DIVI-
SION undertakes the design, construction,
commissioning and operation of nuclear power
plants, ft is presently running the Tarapur and
the Rajasthan Atomic Power Stations and
constructing the Madras, the Narora and the
Kakrapar Atomic Power Projects.

The TARAPUR ATOMIC POWER STATION,
100 kilometres north of Bombay, is the first
atomic power station to operate in India. It
has two Boiling Water type reactors fuelled by
enriched uranium with a total output of 420
MW of electricity, which is supplied to the
States of Maharashtra and Gujarat.

The RAJASTHAN ATOMIC POWER STA-
TION at Rana Pratap Sagar in the State of
Rajasthan has two natural uranium-fuelled and
heavy water moderated reactor with a total
output of 440 MWe. One unit of this Station
has been in commercial operation since
Oecember 1973 and the second unit since
April 1981.

The MADRAS ATOMIC POWER PROJECT
is under construction at Kalpakkam, «bout
80 Kilometres south of Madras. It has two
reactors of 235 MWe each, similar to the

Rajasthan reactors. There is no foreign colla-
boration in its construction.

The NARORA ATOMIC POWER PROJECT,
Uttar Pradesh, which is under construction
will consist of two units of 235 MWe each.

The KAKRAPAR ATOMIC POWER PROJECT
at Kakrapar in Gujarat on which work has
commenced. < will have two reactors cf 235
MWe each in the first phase.

Industrial Units

The INDIAN' RARE EARTHS LIMITED, a
Government of India Company functioning
since 1950, operates the mineral sands industry
in Manavalakurichi and Chavara, and the
rare earths industry at Alwaye. It also pro-
duces thorium products at Trombay on behalf
of the Government. The Company is setting
up the Orissa Sands Complex (OSCOM)
for enhancing production of rare earths minerals.

The ELECTRONICS CORPORATION OF
INDIA LIMITED, Hyderabad, set up in April
1967 as a spin-off from the Bhabha Atomic
Research Centre, has pioneered the production
of a varied range of sophisticated and precise
electronic systems, instruments and components.

.. based, wholly on indigenous technology.

The URANIUM CORPORATION OF INDIA
LIMITED, Jaduguda, was formed in October
1967. It is responsible for mining and pro-
cessing of uranium ore in the country. At
present it is producing uranium concentrate
from the ore mined at Jaduguda. A few new
sites will be opened up soon.

Aided Institutions

The TATA INSTITUTE OF FUNDAMENTAL
RESEARCH, Bombay, was founded in June
1945. It is the national centre for nuclear
science and mathematics. It has two schools:
the School of Mathematics and the School

• of Physics (Experimental Physics, Theoretical
Physics,* Astrophysics, Geophysics, Computer
Science, Molecular Biology and Radio-
astronomy).

The TATA MEMORIAL CENTRE, Bombay,
comprises two institutions: the Tata Memo-
rial Hospital and the Cancer Research Institute.
In addition to being one of the foremost can-
cer treatment centres in the country, it also
conducts extensive basic and clinical research
on cancer. The Tata Memorial Hospital is now
a leading centre in Post-Graduate University
Training in Surgery, Pathology, Radiology,

- AnaesthesioJogy, Bio-chemistry, etc. The Re-
search Institute offers courses leading to M.Sc.
and Ph.D. in basic sciences.

The SAHA INSTITUTE OF NUCLEAR
PHYSICS, Calcutta, was formally opened in
Januaiy 1950. Its field of research includes
Nuclear Reactions, Nuclear Spectroscopy,
Nuclear and Radiation Chemistry. Solid Stite
•nd Molecular Physics, NMR Spectroscopy,
NQR Spectroscopy, EPR Spectroscopy, Micro-
wave Absorption Spectroscopy, UV/IR Spectro-
scopy, Crystallography Structure and Func-
tions of Biomolecules, Biophysics, Electron
Microscopy, Mass Spectroscopy. Plasma Phy-
sics, Instrumentation, Theoretical Nuclear
Physics, Particle Physics and Solid State
Physics.
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GENERAL
SURVEY

programme

The year 1982 has been an impor-
tant landmark for the Department
of Atomic Energy. Bhabha Atomic
Research Centre—the major national
centre for nuclear research—com-
pleted 25 years in 1982. At this stage,
the Department of Atomic Energy
can look back on its role in building
a self-reliant nuclear technology
base and wide range of scientific and
technical capabilities in the country.

Experience gained by the scientists
and the engineers in

R&D back-up t h e design, erection
for nuclear a n d operation of the

research reactors at
this Centre has been

very valuable in the building up of the
nuclear power programme of the
country. Besides, R & D efforts over
the years have enabled the Department
to evolve technologies for operating
the entire fuel cycle — from the
exploration of uranium to re-
processing of spent fuel and re-
cycling of the plutonium. There has
also been a significant spin-off from
the nuclear programme and the R & D
efforts in the fields of space, defence,
industry, agriculture and medicine.

Founded in 1957 as Atomic Energy
Establishment Trom-

Research bay, BARC has been
groups & spearheading the na-
facilities tional efforts in harne-
inBARC ssing nuclear energy

for peaceful uses.

Besides research in nuclear sciences,
research groups and facilities have
been organised in such diverse fields
as chemical engineering, metallurgy,
vacuum technology, reprocessing

technology, fuel fabrication, waste
management, radiochemistry, radio-
isotope, lasers, electronics, water-
chemistry, radiation medicine, biology,
food technology, etc.

The R-5 research reactor is a wholly
indigenous project and

R~5 is expected to be
commissioned some-
time next year. Civil
works and installation

of some of the major components
such as reactor vessel including
zircaloy components, end-shields, an-
nular shields and main coolant outlet
header have been completed. Fabrica-
tion of first fuel charge for R-5 has

research
reactor

ALLOCATION OF
RESOURCES

1982-83 (IN %)



made satisfactory progress. Progres-
sive commissioning of various sub-
systems has been started.

The setting up of the Plutonium Plant
in early 1964 by the

Reprocessing Indian scientists and
of spent fuel engineers was hailed

as a signal achieve-
ment in the nuclear fuel cycle activi-
ties. This was followed by setting up
of another reprocessing plant
(PREFRE) at Tarapur in 1979 to
reprocess the spent fuel from the
Tarapur and Rajasthan Atomic Power
Stations. The reprocessing of the
spent fuel from RAPS commenced
at PREFRE during the year. Trombay
Plutonium Plant is also being ex-
panded to enable it to reprocess
the spent fuel from R-5. A third
reprocessing plant to be located at
Kalpakkam to reprocess the spent
fuel from Madras Atomic Power
Station, as also on a later date from
the Fast Breeder Test Reactor, is
in the final stage of approval.

BARC has been collaborating with
Bharat Heavy Elect-

Magneto- ricals Limited, Bhopal
Hydro- for setting up of an
Dynamic experimental coal-
experimental based Magneto Hy-
project dro-Dynamic plant at

Tiruchirapalli on be-
half of the Department of Science &
Technology, Government of India.
Most of the work connected with
this experimental facility has been
completed. Commissioning of the
minor and sub-systems has also
commenced.

The Variable Energy Cyclotron at
Calcutta was made

Variable available to users for
Energy scientific experiments.
Cyclotron Scientific experiments

using the alpha beam
were conducted by scientists from
Universities of Calcutta, Banaras,
Udaipur, Burdwan, Bangalore, Punjab
and institutes like SINP, I IT Kanpur.
BARC, RRC as well as VEC. Preli-

minary results of some of the experi-
ments were presented at the Nuclear
Physics and Solid State Physics
Symposium at Varanasi.

BARC has developed and been pro-
ducing a large number

Radio- °f radioisotopes for
isotopes u s e ' n industry such as

for detecting micro-
scopic cracks and other flaws in
fabricated components, castings and
pipe lines and for use in diagnosis
and treatment of various diseases. A
total of 442 curies of reactor-pro-
duced isotopes were processed in
165 batches during the year. Of
this, 400 curies were used in the
preparation of radiopharmaceuticals.
About 45,000 radioisotopes and re-
lated equipment were supplied to
users in the country and abroad.
Of this, 35,000 have so far been
used for diagnostic and therapeutic
use in medicine. The revenue from
the sale of isotopes and services
during the year amounted to Rs. 1.5
crores.

In addition to the High Altitude
Research Laboratory

Support a t Gulmarg, National
to basic Research Laboratory
research at Srinagar and Sei-
in nuclear smology Station at
sciences Gauribidanur, aided

institutions like Tata
Institute of Fundamental Research
and Sana Institute of Nuclear Physics,
Calcutta are engaged in research
activities geared to achieve self-
reliant base in nuclear science and
technology. The Department also sup-
ported research and development
work in various disciplines related
to atomic energy in Indian universities
and other academic institutions by
giving project-linked financial assist-
ance and fellowships.

While work has been taken up
for setting up a Med-

New Centre i u m E n e r 9 v H e a v *
for Advanced ' ° " Accelerator at
Technology T I F R ' B ° m b a V ' a N e w

Centre for Advanced

Technology for conducting research
in the front-line areas of controlled
thermal nuclear fusion, lasers, ad-
vanced accelerators, micro-elect-
ronics, cryogenics and other related
areas is also being planned to be
established at Indore.

With a view to achieving self-reliance
in developement of

Training trained scientific and
School technical personnel,

the Department started
a Training School in BARC in August
1957. About 150 graduates in science/
engineering are selected for a one-
year training course in various dis-
ciplines at this School every year.
So far this School has trained around
3735 scientists and engineers from
varied disciplines. In addition, the
Department also runs a Nuclear
Training Centre at RAPS, Kota for
training of operation and maintenance
personnel for the nuclear power
stations.

BARC also conducts various other
training courses to

Specialised meet specialised re-
courses quirements such as for

hospitals, radiation
medicine, safety aspects in industrial/
medical/research, application of radia-
tion sources including radioisotopes,
industrial radiography, research
reactor operators and technicians.
30 Indian universities have recognised
BARC as a Centre for post-graduate
studies in various disciplines. 23
students have so far been qualified for
award of Ph.D./M.Sc. degrees under
the collaboration scheme between
BARC and University of Bombay.
111 scientists of the Centre have so
far been accorded the status of
university teachers in various uni-
versities.

Six management development pro-
grammes were con-

Management ducted by the Depart-
development ment in collaboration
programmes with the indiar» In-

stitute of Management,



Bangalore during the year for
imparting training in management
science to about 150 senior and
middle level scientists and
engineers.

The Department had appointed an
Experts Committee to study the recent
trend of trained personnel leaving
the various units/projects of the
Department for opportunities outside
the Government and abroad and
suggest measures for making the
employment under the Department
more attractive and thereby arresting
the trend. The recommendations of
the Committee are under considera-
tion.

carried out during the year to en-
hance the performance of the Station.

Unit-1 of RAPS has been shut
down since March 4,

Rajasthan 1982 due to recur-
Atomic rence of a light water
Power 'eak ' n o n e of the
Station e nd shields. Repair

work on the end shield
is in progress. Unit-2 of RAPS
had a continuous run from October
6, 1982 to January 8, 1983. During
the year 1982 Unit-2 generated
433 million units.

The first unit of MAPP is ready to
receive heavy water.

Madras For the second unit
Atomic of MAPP about 89%
Power of the work has been
Project completed. Both the

units of MAPP are
expected to be commissioned during
the current Five Year Plan period.

At Narora, 68% of the work has been
completed. The two
units at Narora are
scheduled to be
commissioned during
1986-87 and 1987-88
respectively.

Narora
Atomic
Power
Project

From the early days of the Indian
Atomic Energy Com-

Nucfear mission, considerable
power thought has been
programme given to the potential

of atomic energy in the
context of national power develop-
ment. India's nuclear power pro-
gramme began with the commission-
ing of two units of 210 MWe capacity
each of Tarapur Atomic Power Station
in 1969. Two units of 220 MWe
each going critical in December
1972 and April 1981 respectively at
Rajasthan Atomic Power Station were
added bringing the installed capacity
to 860 MWe.

TAPS has completed 13 years of
commercial operation.

Tarapur During the year upto
Atomic 15th January 1983 it
Power generated around 1239
Station million units of which

442 million units were
supplied to Maharashtra and 705
million units to Gujarat. Although
equipment problems and outages
were experienced due to grid fluctua-
tions and the units were operated
at lower power levels to stretch
out the fuel cycle, the Station achieved
a capacity factor of about 42%.
A number of improvements were
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Financial sanction for two units at
Kakrapar in Gujarat

Kakrapar was accorded in
Atomic July 1981. Work re-
Power lating to the site in-
Project frastructure, acquisi-

tion of land, procure-
ment of raw materials and equipment
is in progress. The two units are
expected to be commissioned in 1991
and 1992 respectively.

Beyond Kakrapar, four more units
of 235 MWe size have been included
in the Sixth Plan proposal.

Appreciating the enormous problems
of logistic and en-

Perspective vironmental pollution
plan associated with the

thermal power genera-
tion and the natural limitations on
hydro electricity generation in the
country, a nuclear power programme
of the capacity of 10,000 MWe
by the end of the century constituting
about 10% of the electrical energy
needs of the country has been drawn
up by the Department. This would
necessitate setting up of a number
of units of 235 MWe capacity based
on Narora design and some units
of 500 MWe capacity to be developed
by the year 1988. Based on projected
criticality dates of the proposed
reactor units, the yearly requirements
of fuel, zircaloy, heavy water, etc.
have been worked out and form the
basis for long term plans of Atomic
Minerals Division, Uranium Corpora-
tion of India Ltd., Nuclear Fuel
Complex and Heavy Water Projects.

The major factors contributing to
delays and slippages

Factors of j n the setting up of
delays and the power projects in
slippages the past have been

the difficulties en-
countered by indigenous industries
in developing advanced technologies
required, achieving the stringent qual-
ity control standards and meeting
the time schedules for delivery of
equipment, besides difficulties en-

countered in the import of
critical equipment. Problems faced
in the production of heavy water
and operation of power reactors have
also been studied and are being taken
into account while designing and
setting up new projects with a view
to improving our performance in the
years to come.

Based on the limited uranium de-
posits and more

Reactor abundant thorium
Research deposits in the country.
Centre, an integrated strat-
Kaipakkam egy of first using natu-

ral uranium with heavy
water type reactors followed by a
fast breeder reactors was visualised
at the outset of India's nuclear power
programme and still holds good. A
Fast Breeder Test Reactor is being
constructed at the Reactor Research
Centre at Kalpakkam. All the major
equipment (including reactor vessel
and components) have been received
at Kalpakkam and are being pro-
gressively installed. The project is
expected to be completed by 1984.

Work on the preliminary design of a
Prototype Fast Breed-

Fast er Reactor is in pro-
breeder gress and the feasi-
programme bility report is likely

to be ready by early
1983. PFBR is expected to be com-
missioned by the middle of 1990s.
It is anticipated that the first of the
commercial fast breeder reactors of
500 MWe capacity wil l be contri-
buting in a significant way to India's
nuclear power programme by the first
decade of 21st century.

While the uranium fuel rods for
APSARA were sup-

Nuclear plied by U.K. in 1956,
Fuel ha'* of the fuel for
Complex CIRUS was fabricated

at Trombay. The Ura-
nium Plant was designed and set
up by the Departmental engineers at
Trombay, producing the first ingot

of uranium in January 1959 which
was processed into fuel at the fuel
fabrication plant also set up without
any external help. Subsequently,
Nuclear Fuel Complex at Hyderabad
was set up in 1971, for fabricating
fuel bundles, coolant and calendria
tubes and other zircaloy components
required for nuclear power stations.
NFC has been fabricating enriched
uranium fuel for TAPS and natural
uranium fuel for RAPS since then.
It is being expanded to cater to new
nuclear power stations under con-
struction and planning. NFC has also
set up a facility to fabricate sub-
assemblies and other components
required for Fast Breeder Test Reactor
at Kalpakkam.

With a view to moving toward
achieving self-suffici-

Heavy ency in heavy water,

wat&r which is the mode-
programrne rator-num-coolant for

the PHWRs, the first
heavy water plant was set up at
Nangal in 1962 based on electro-
lysis and hydrogen distillation process.
This was followed by setting up of
heavy water plants at Baroda, Talcher
and Tuticorin—based on ammonia-
hydrogen exchange process. A heavy
water plant at Kota has been set up
based on hydrogen sulphide-water
exchange process developed by
BARC. This plant has been fully
designed and engineered by the
Department. The total rated capacity
of these five plants is 314 tonnes per
year. Work on heavy water plants
at Thal-Vaishet of 110 tonnes per
year effective capacity based on
monothermal ammonia - hydrogen
exchange process and at Manuguru
of 185 tonnes per year effective
capacity based on hydrogen-sulphide-
water exchange process has been
taken up during the year.

8



Of the five heavy water .plants,
Nangal, Baroda, and

Heavy Vfater Tuticorin are under
Projects operation and Talcher
under and Kota are under
operation and commissioning. The
commission- Nangal plant was shut
ing down at the end of

September 1982 due
to total power cut. The Baroda plant
has been in continuous operation
since December 1982 except for one
interruption due to total power failure.
The Tuticorin plant was shut down
due to massive power-cut imposed
by the Tamil Nadu Electricity Board
since November 1982. The plant has
since been restarted in the middle of
February 1983. In the Talcher plant
modifications felt necessary on the
basis of earlier commissioning experi-
ence have been incorporated and
further commissioning will depend
substantially on continuous availabi-
lity of ammonia and synthesis gas
from the fertilizer plant. In the Kota
plant enrichment was demonstrated
in low pressure operations. Some
equipment problems encountered
during the commissioning are being
rectified for taking the plant to design
pressure and higher levels of en-
richment.

Realising the need for production of
heavy water at accept-

Setting up able and economic
& design terms and to meet the
improve- rapidly increasing
ments demand for heavy

water, action has been
initiated for scaling up of capacity and
simplifying the design of the plants.
Engineering consultants have been
engaged for preliminary studies on
the scope for scaling up and design
improvement. One plant of 110
tonnes effective capacity based on
ammonia hydrogen exchange process
and another one of 370 tonnes
effective capacity based on hydrogen
sulphide-water exchange process are
projected for commencement of con-
struction during the Seventh Plan.

Newer
methods of
heavy
water
production

Concurrently the design of a heavy
water plant based on
ammonia - hydrogen
exchange process in-
dependent of a ferti-
lizer plant will also be
taken up during this
period, taking into

account the results that will be
obtained from a Pilot Plant at Baroda
and with further experience on Tuti-
corin plant. R & D programmes in
other methods of production of heavy
water have also been initiated in
BARC.

Upgrading plants based on electro-
lysis and vaccum dis-

Upgrading tillation designed and
plants engineered by BARC

have been set up at
RAPS and MAPS for upgrading the
heavy water escapes and off-grade
heavy water from Baroda and Tuti-
corin plants.

Atomic Minerals Division is engaged
in building up nuclear

Atomic raw material resources
Minerals to support the nuclear
Division power programme of

the country. The Divi-
sion has located certain new
uranium occurrences in Himachal
Pradesh, Uttar Pradesh, Bihar, Madhya
Pradesh, Sikkim and Karnataka dur-
ing the integrated surveys, explora-
tion and prospecting. Exploratory
drilling has also indicated noteworthy
radioactivity in some of the parts of
the Singhbhum District in Bihar.
Estimation of Monazite along the
easterncoast of Kerala also continued
during the year. The Division is
collaborating in a number of projects
under the UNESCO sponsored Inter-
national Geology Correlation Pro-
gramme as also und'tf the IAEA
programmes.

Indian Rare Earths Ltd. which was
registered in August

Indian 1950 with an autho-
Rare rised capita! of Rs.
Earths Ltd. 1.00 crore, has a plant

at Alwaye, Kerala to
process monazite from beach sands.
It also operates two mineral sand
separation plants at Manavalakurichi,
Tamil Nadu and Chavara, Kerala.
The Company has also set up and
operates a Thorium Plant at Trombay,
since 1955.

The Indian Rare Earths Ltd. is the
major exporter of rare

Major earths and minerals
exporter of and earns substan-
rare earths tial foreign exchange

for the country. During
the financial year 1981 -82, the Com-
pany made a net profit after taxes of
Rs. 1 .57crores.

The Company is engaged in setting
up the Orissa Sands Complex
(OSCOM) in Chattrapur, Orissa at
an estimated cost of Rs. 81 crores.

The Uranium Corporation of India
Ltd. was set up in

Uranium October 1967 with an
Corporation authorised capital of
of India Rs. 7.5 crores for
Ltd. undertaking the min-

ing and milling of ura-
nium ores on magnetite and copper
concentrates as by-products. The
Corporation also produces sulphuric
acid mostly for its own consumption.
The Corporation has a number of
major expansion schemes under con-
sideration. Work on a new mine at
Bhatin is in progress. Consultants
have been appointed for preparation
of detailed project report for the new
mines and mills at Narwa-Pahar and
Turumdih. The Corporation has com-
pleted a plant at Rakha for recovering
uranium from copper tailings during
this year. The Corporation made a
record pre-tax profit of nearly Rs. 97
lakhs during the year 1981-82.



With a view to taking up of commer-
cial production of

Electronics nuclear electronic in-
corporation strumentation and a
of India Ltd. variety of electronic

instruments, compon-
ents and equipment developed by
BARC and TIFR, the Electronics
Corporation of India Ltd. was incor-
porated in 1967 with an authorised
capital of Rs. 10 crores. Over the
years ECIL has diversified its pro-
duction and has been able to establish
itself in various fields such as com-
puter electronics, communication in-
strumentation, nuclear electronics
and consumer electronics. The Com-
pany introduced three major com-
puter systems—system 332 for
medium-large applications, the TDC
316 D as a low cost mini-computer
and the table-top 316 for special
applications in LIC, during the year
1981-82. In the control instrumenta-
tion field, the Company produces
programmable logic controllers in a
big. way. It has also made consider-
able progress in the production and

supply of data acquisition systems.
The commissioning of the first system
for message switching application for
the Indian Air Force was a significant
milestone in the Corporation's acti-
vities in communication field. For
the INSAT programme, the Corpora-
tion supplied 28 earth station anten-
nae. 200 micro-wave line-of-sight
antennae were also produced and
sold by the Corporation. The Cor-
poration's sales reached a record of
Rs. 59 crores and the net profit of
Rs. 1.6 crores during the year 1981 -
82. The Corporation has planned for
production/sales targets of abou\
Rs. 66/67 crores during the year
1982-83.
India is one of the few countries

in the world to have
India and gained valuable ex-
the Inter- perience not only in
national the construction and
Atomic operation of reactors
Energy but also in the entire
Agency fuel cycle. India's

status as an advanced
nation in the nuclear field was once

again underlined when India was

designated as Member on its Board

of Governors by the International

Atomic Energy Agency for the 26th

year in succession. A nine-member

delegation led by the Principal Secre-

tary to the Govt. of India in the

Department of Atomic Energy and

Chairman, Atomic Energy Commis-

sion participated in the International

Atomic Energy Agency's Nuclear

Power ExpK rience Conference and the

26th regular session of the Conference

of IAEA in Vienna in September

1982.

The performance and the activities

of the Department during the year

1982-83 have been detailed in the

subsequent chapters of this Report

under the heads Nuclear Power;

Research and Development; Public

Sector Undertakings and Other Acti-

vities.

to



NUCLEAR
POWER,

Power Projects
Engineering Division

Tarapur Atomic Power Station

The station has completed 13 years
of commercial operation. During the
year upto 15th January 1983, it
generated around 1239 million units
of which 442 million units were
supplied to Maharashtra and 705
million units to Gujarat. There is
some shortfall in generation from
the station due to equipment pro-
blems and outages due to grid
fluctuations. Also both the units
of the station are being operated at
lower power levels to stretch out
the fuel cycle. In spite of above
problems, the station achieved a
capacity factor of about 42 per cent.

A number of improvements were
carried out during the year to
enhance the performance of the
station and to improve its facilities.

The discharge of radioactivity during
the year to the environment from
the station expressed as a percen-
tage of permissible discharges was
the lowest since commissioning of
the station.

Rajasthan Atomic Power Station

Unit-1 of the Station has been shut
down since March 4, 1982 due to
a ifght water leak in one of the end

Review of the performance of the atomic power stations at Tarapur and
Rawatbhata, Kota; Progress of work at the power projects at Kalpakkam,
Narora and Kakrapar;Performance of Heavy Water Plants at Nangal, Tuticorin
and Baroda; Plants under commissioning at Talcher and Kota; Start of
construction work at Thal-Vaishet and Manuguru HWP; Prototype unit
commissioned in the Uranium Oxide Plant of NFC to extract uranium from
MDU slurry; NFC Expansion Programme in full swing; Uranium anomalies
discovered in Kamataka, Madhya Pradesh. Sikkim, Uttar Pradesh and
Himachal Pradesh.

shields. Repair work on the end
shield is in progress.

Unit-2 of the Rajasthan Atomic
Power Station generated 433 million
units in 1982. The unit encountered
some problems due to turbine blade
failure and heat exchanger leaks
which were attended to.

Operation of Rajasthan Atomic Power
Station is affected by grid fluctua-
tions and prolonged off normal vol-
tagesand frequency conditions. Reme-
dial measures like under frequency
load shedding, islanding, provision
of adequate reactive compensation
devices and relay co-ordination have
helped to some extent. Dialogue
is continuing with the grid autho-
rities to achieve further improvements.
A Technical Assessment Committee
was constituted by the Government
which submitted its report in July
1982. The report is under examina-
tion and some of the technical
recommendations have been taken
up for implementation.

Madras Atomic Power Project

The first unit of the project is ready
to receive heavy water. About three
to four months are required for
achieving criticality once the initial
charge of heavy water is available
at site.

The second unit is in an advanced
stage of construction. In physical

terms, about 89 per cent of the work
has been completed at present. It
is now expected to be commissioned
during 1984-85.

Narora Atomic Power Project
Unit-1 £r 2

Buildings to house the reactor, the
turbine and the service section for
Unit-1 are nearing completien, while
civil works on buildings for the
reactor and turbine for Unit-2 are
in an advanced stage.

Major nuclear equipment such as
calandria, end shields, steam gene-
rators and headers are being fabri-
cated at the various manufacturers
works. Work on maiii piping con-
tract is progressing satisfactorily. As
per the current plan, completion
of the two units at Narora is sche-
duled for 1986-87 and 1987-88
respectively.

Kakrapar Atomic Power Project

Tender notice for main plant civii
works has been issued. Procurement
of reinforcement steel is in progress.
Acquisition of land has commenced
and possession of land is being taken.
Civil works are yat to commence.
Letter of intents for fabrication of
caiandrias, end shields have been
issued. Procurement of raw material
for manufacture of long delivery items
is in progress. Two units are expected
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to be completed by 1990-91 and
1991-92 respectively.

Heavy Water Projects

There are three Heavy Water Plants
in operation at Nangal, Tuticorin
8- Baroda, two under commission-
ing at Talcher & Kota and two under
construction at Thal-Vaishet (Maha-
rashtra) and Manuguru (Andhra
Pradesh).

Nangal

The operation of the plant at Nangal
based on hydrogen distillation was
quite satisfactory as in previous years.
The plant has been shut down from
the end of September 1982 due to
a total power cut imposed on the
'electrolysis unit of the Fertilizer
Plant at Nangal by the Bhakra
Beas Management Board.

Tuticorin

The Heavy Water Plant at Tuti-
corir. based on ammonia hydrogen
Exchange (monothermal) process
'operated at better than 70% re-
covery efficiency during the month
•of May till the run was interrupted
by a power failure. This experience
has demonstrated the viability of
the process and of the technology
adopted in this plant.

The operation of the plant during
the year was adversely affected due
to various causes such as break in
the production of synthesis gas
by Southern Petrochemicals Indus-
tries Corporation, frequent interrup-
tions due to power failure and vol-
,tage dips. There were also two major
problems that occurred in the plant.
One was ingress of carbon mono-
xide and carbondicxide along with
the synthesis gas at ppm levels
which resulted in the formation of
deposits and chocking of the stages
in the exchange towers. This nece-
ssitated opening up of the towers

for cleaning up. In October 1982
two tubes out of seventy in the
high pressure ammonia cracker in
the plant developed leakages. The
plant personnel successfully shut
down the plant avoiding safety pro-
blems arising out of leakage of syn-
thesis gas containing hydrogen at
high temperatures. The cause of the
failure has been investigated by
a Technical Committee and by the
Safety Review Commrttee of the
Department of Atomic Energy. Lack
of comparable experience anywhere-
else in the world called for a care-
ful evaluation of the data to arrive
at a judgement. Additional instru-
mentation to warn sufficiently in
advance of any probability of tube
deterioration has been incorporated.
Operational procedures and
technical specifications are also being
reviewed. This experience is being
taken into account for the engineer-
ing of the cracker of the Thal-
Vaishet Plant also. The repairs to
the cracker have been completed
and the cracker has been pressure
tested successfully and is ready for
operation. Due to power cut, the
plant could not operate satisfac-
torily. The possibility of augmenta-
tion of power supply with captive
power station is being examined
for long term solution of the problem.

Schemes for modifications in the
management of condensate in the
ammonia plant are being formulated
and implemented progressively to
improve the deuterium content in the
gas. The modifications proposed
on the booster compressor in the
heavy water plant is expected to
improve the gas throughout the
plant.

Experience has shown that the
product concentration should be
limited to about 70% isotopic purity
to minimise inventory losses due to
interruptions in operations. On
account of this a finishing section
based on vacuum distillation is

being added for bringing the product
to reactor grade isotopic purity.

Baroda

The Heavy Water Plant in Baroda
based on ammonia hydrogen ex-
change (monothermal) process ran
intermittently during the year and had
labour and plant problems. The plant
had to be shut down in May 1982
due to labour problems and a lock
out was subsequently declared for
three weeks in June 1982. When the
plant was restarted after this break,
the failure of the internal pumps in
the exchange tower and inability to
activate them with external impulses
called for the opening of the tower
for maintenance and repairs of these
pumps. The operational procedures
for the plant are being studied to
avoid failure of the pumps.

The operation of the plant was also
affected by the cyclone on November
9,1982. The compressor house of the
plant was flooded. The plant person-
nel, however, were able to ensure the
safety of the plant and its environ-
ment by prompt action at various
points such as in potassium metal
storage area. The plant has been in
continuous operation since then pro-
cessing gas to the extent available
till the last week of January wher a
power failure tripped the entire plant.
The plant resumed production after a
few days.

The pilot plant for studying transfer
of deuterium from water to ammonia
being set up near the Baroda Plant
is nearing completion. The packing
for this plant is based on develop-
mental work carried out in Heavy
Water Division, BARC, and engineer-
ing was carried out by consultants
based on process information furnish-
ed by the Ammonia Group of the
Heavy Water Projects.

Talchsr

The commissioning of the plant at
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Talcher based on ammonia hydrogen
exchange (bithermal) process was
significantly hampered by the power
cut from March 1982 which lasted
till the end of July 1982. During the
commissioning teas carried out prior
to the power cut, problems had been
encountered in the operation of the
reciprocating pumps and canned
motor pumps. Formation of deposits
in steam heaters and deficiency in
the liquid-liquid heat exchanger in
the first enrichment system were
also noticed. Modifications to rectify
these defects were completed by
August 1982. Though gas is not
required continuously for the early
stage of commissioning , synthesis
gas and ammonia should be avail-
able as and when required at various
stages of commissioning. The inter-
mittent operation of FCI's ammonia
plant which started in August im-
posed limitations on the scheduling
of the commissioning operations. In
spite of the above constraints, the
Heavy Water Plant was started after
modifications and various activities
like water test turn of the plant
followed by running of the sections
of the plant with 60% of load with
ammonia and synthesis gas in closed
cycle have been completed.

Further activities like washing the
system with ammonia and then with
dilute potassium amide for removing
moisture are in hand. Th eraf ter charg-
ing of normal potassium amide solu-
tion and running gas liquid cycle
to check for the problem of amide
deposition will be carried out. After
the performance of towers and equip -
ment is proved satisfactory, and sub-
ject to supply of gas and steam by
FCI on a sustained basis, heavy
water production is expected to start
by May 1933. So far the availability
of gas has been uncertain affecting
adversely the commissioning activi-
ties.

Kota

In the Heavy Water Plant at Kota

based on hydrogen sulphide water
exchange (bithermal) process en-
richment has been successfully de-
monstrated. After testing the ex-
change unit with nitrogen and water
for simulation of operation conditions
the towers were inspected and modi-
fications carried out to the tower
internals based on observations during
the inspection. Subsequent tests have
shown that these modifications are
satisfactory and operating procedures
have also been modified based on
this experience. Hydrogen sulphide
wr;s introduced into the plant for the
first time early this year Prior to
normal operation with hydrogen sulp-
hide a corrosion resistant coating
of iron sulphide was formed inside on
the carbon steel surfaces. The condi-
tions adopted in this procedure were
based on developmental work carried
out by our own scientists. This
procedure was essential to avoid
the chocking of piping and equip-
ment with corrosion products of
hydrogen sulphide with carbon steel.
Thereafter the plant was operating
at a pressure lower than the design
pressure for demonstration of en-
richment. Various problems in differ-
ent equipment such as gas booster,
hydrogen sulphide production unit
and the nitrogen production plant
have been identified during these
runs. While solution to some of these
can be evolved easily some others
will require a detailed study and pro-
bably some development work also
to establish the requisite modifica-
tions. These are being studied by our
engineers.

In the meanwhile, the plant will be
operated to raise the enrichment
in this section of the plant to a level
that will permit feeding of the product
from the enrichment section to the
distillation section and operate the
entire plant for establishing the overall
capabilities of the plant. The distilla-
tion section of the plant, as reported
last year, was operated successfully
for a long period of time under

conditions more stringent than the
design parameters and performed
quite satisfactorily.

After the overall plant performance is
demonstrated, the modifications to
the plant will be incorporated and
plant will be restarted for regular
industrial scale production.

Meanwhile, the highest importance
is being given for manpower training.
There is also stress on safety of
the plants on account of the hazard-
ous nature of materials being handled
in these plants. Detailed training
facilities both for the professional
and the supporting staff have been
established and qualification pro-
cedures for authorising staff for opera-
tion and maintenance of these plants
have also been evolved.

New Heavy Water Plants

Work has commenced on the setting
up of two new heavy water plants,
one based on ammonia hydrogen
exchange and the other based on the
hydrogen sulphide water exchange.

Thal-Vaishet Project

For the 110 tonnes per annum
(effective capacity) heavy water plant
based on ammonia hydrogen ex-
change (monothermal) process to be
set up along with the ammonia plant
in Thal-Vaishet financial sanction
for Rs. 187 crores was issued in
February 1982. The responsibility
for the setting up of the plant and
subsequent operation has been en-
trusted to Rashtriya Chemicals &
Fertilizers Ltd. (RCF), to ensure'
effective co-ordination during the
construction. Direct involvement of
the Fertilizer Plant Management will
also ensure maximising the pro-
duction of heavy water and operation'
of the ammonia plant under condi-
tions suitable for the heavy water plant
also. Projects & Development India
Ltd. (PDIL) have been appointed'
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as engineering consultants for this
plant. Agreement has been entered
into with M/s Kaldor Topsoe for the
engineering of the synthesis loop
and the high pressure ammonia
cracker.

The detailed engineering of synthesis
loop is being carried out by PDIL.
Major raw materials required for the
fabrication of the internals of towers
have been ordered and some of these
items have also been shipped. Orders
for fabrication of high pressure vessels
including the exchange towers, vari-
ous compressors and pumps have
already been placed and most of the
orders for other equipment will be
placed before the end of March
1983. The contract *or structural
work has been awarded and the
contract for civil works will be
awarded in January 1983.

The manufacture of the canned
motors required for pumps inside the
exchange towers has been taken up.
Parties are being identified for the
fabrication of the pump portion and
for assembly of pumps with canned
motors indigenously. All efforts are
being made to improve upon the
project schedule earlier visualised.
Provisionally, the completion date
for the project is envisaged as
February 1987.

Manuguru Project

The financial sanction for Rs. 419
crores was issued in August 1982
for the setting up of the 185 tonnes
per annum (effective capacity) heavy
water plant at Manuguru, Khammam
District, in Andhra Pradesh, based
on hydrogen sulphide water ex-
change (bithermal) process. This will
include a captive power plant also
to meet the requirement of steam
and power. The heavy water plant
will be set up with the help of M/s
Engineers India Ltd. (EIL) on Total
Management Concept basis. The De-
partment will furnish the process

knowhow and will oversee the im-
plementation of the project. More
than 70% of the land required for
the plant site is being taken over
shortly and land acquisition procee-
dings in respect of the remaining
area will be completed by April-
May 1983. Soil investigations have
already been completed. Work for
construction of the approach road,
site office and a limited number of
houses has commenced. The com-
plete process package including pro-
cess flow diagram, P & I diagram
and other relevant information has
been delivered to the Consultants
who have taken up engineering and
mechanical design. The tentative
steam cycle for the captive power
plant has also been developed and
studies on the economic mode of
transportation of coal from the mines
and the fuel oil from the refinery to
the plant site are in final stages.
The plot plan has been completed.
Tenders have been received for the
fabrication and erection of the ex-
change towers aid also for the
materials required for the fabrica-
tion of these towers. According to
the provisional overall project sche-
dule, the target date for comple-
tion of the project is third quarter
of 1987. The detailed project report
is under preparation.

Nuclear Fuel Complex,
Hyderabad

The Nuclear Fuel Complex (NFC)
at Hyderabad has been set up to
manufacture fuel and zircaloy struc-
tural materials for power reactors
of the pressurised heavy water type.
The fuel fabrication facilities are
being expanded to meet the require-
ments of nuclear power stations
under construction and planned for
construction. NFC also fabricates
fuel for Tarapur Atomic Power Sta-
tion from enriched uranium hexa-
flouride imported from abroad. NFC
has also set up a fabrication facility
to fabricate thorium oxide pellets

and other materials required for
FBTR. In addition the Complex
produces in the Special Material
Plant high-purity material required
by electronics industry. NFC has
also set up production plants for
the manufacture of 2000 tonnes
of Seamless Stainless Steel Tubes
and 21000 tonnes of Seamless Ball
Bearing Steel Tubes annually.

Fuels Group

In the matter of natural uranium,
till end December 1982, about 65,6
tonnes of fuel have been made to
meet the fuel requirements of Rajas-
than Atomic Power Station and
Madras Atomic Power Project. To-
wards introduction of fuel of im-
proved design for better performance
requirements ;n the reactor, deve-
lopment work was taken up to define
production parameters for produc-
ing elements with split spacers in-
stead of wire wraps. In this design
the spacers can either be brazed
or resistance spot welded to the
sheath. After successful initial trials
and qualification, production of ele-
ments with resistance spot welded
spacers was undertaken and 100
bundles of this new design are
produced for loading into the reactor.
As for enriched uranium, since no
uranium hexafluoride was received
during the year, the plant processed
the available scrap. The plant could
produce 3.5 tonnes of enriched
uranium fuel. Zircaloy spacers are
made on a production scale and
TAPS fuel assemblies supplied this
year have been with indigenous
spacers. Fabrication of blanket assem-
blies for the first core of the Fast
Breeder Test Reactor at Kalpakkam
continued during the year and the
plant which became operational in
1981 reached its full capacity of
360 core assemblies during 1982-83.

In Uranium Oxide Plant, a prototype
unit has been successfully commis-
sioned for the direct extraction
of uranium from the MDU slurry.
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Zirconium Oxide Plant operated at
slightly above its rated capacity
during the year and in order to re-
duce the volume of liquid nitrate
effluents, an associated effluent treat-
ment facility has been commissioned.

At the Zircaloy Fabrication Plant,
4-inch dia. engineering loop tubes
for R-5 project at BARC and Liquid
shut-off tubes required for NAPP-I
have been fabricated and supplied.
Production has been taken up for
the supply of calandria and coolant
tubes for NAPP-1 and shut-off tubes
for R-5 project. In addition to the
above, normal requirements of fuel
tubes and components like rods,
wires, sheets, etc. for the natural
and enriched fuel assembly are being
made. At the Special Materials Plant,
high purity gold and gold potas-
sium cyanide, silver, indium, sele-
nium, phosphorus oxychloride,
sodium iodide and zirconium
powder to meet the requirements of
the electronics and other industries
and zirconium-nickel powder re-
quired for defence requirement has
been developed. Pure magnesium
granules for DAE's internal require-
ments are being produced. Nio-
bium-titanium alloy for super con-

ductors and niobium-zirconium mas-
ter alloy for reactor application have
also been made.

Expansion Programme

The first part of expansion programme
Phase I for doubling the present
fuel production facility and other
supporting activities at NFC is
expected to be completed by mid
1983. The second part of the expan-
sion programme comprises of
expanding the capacities of ZOP,
ZSP and Common Facilities for which
financial sanction has been obtained.
Work is in progress with respect to
plant layout and action initiated for
procurement of eauipments.

The value of production achieved
in the Fuels Group till end December
1982 is of the order of Rs. 12.88
crores.

Process Development

A high temperature lubricant suitable
for bare extrusion of zircaloy-2 was
developed. Hitherto the breakdown
extrusion of zircaloy-2 was carried
out by sheathing} the alloy] with
expensive copper sheets.

The Bright Annealing Furnace commissioned at the Nuclear Fuel Complex, Hyderabad.

A new technique for the hot expan-
sion of zircaloy was successfully
used, on a production scale, for
expanding coolant tube billets bore
from 30mm dia. pilot holes to 106mm
dia. This technique will result in
significant increase in metal recovery
and bringing down the production
cost.

Process parameters for the tube
extrusion of 'marging steel' required
for strategic defence application were
developed.

Tubes Group

In Seamless Stainless Steel Tube
Plant a bright annealing furnace for
annealing of small dia. stainless stes!
tubes in hydrogen atmosphere has
been procured, commissioned and
put into regular production. Cupro-
nickel extrusion and extrusion of
OFHC copper rods and nickel powder
encapsulated in mild steel have been
successfully carried out towards
defence requirements. In the Tool
Room, Extrusion Press container
changing facility has been com-
missioned. This will to a large extent
increase the availability of the con-
tainers for the Extrusion Press. The
Tubes Group also supplied Pilgar
Mill toolings to M/s BALCO.

The value of production achieved
in this group in the manufacture of
stainless steel and ball bearing tubes
till end December 1982 is of the
order of Rs. 4 .38 crores.

Atomic Minerals Division

The Atomic Minerals Division is
entrusted with the task of identifying
the resources of nuclear raw materials
(uranium, thorium, columbium, tanta-
lum, beryllium, etc.) necessary to
support the nuclear power pro-
grammes of the Department. Towards
achieving this objective, the Division
continued its multipronged explora-
tion activities which included selec-
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tion of target areas on the basis of
their geological favourability, applica-
tion of remote sensing and various
other modern techniques of explora-
tion, exploration and evaluation
drilling at a number of locations
followed by exploratory underground
developmental mining at three
prospects showing significant poten-
tial identified by drilling to prove
the depth extension and nature of
ore bodies. Development and fabri-
cation of high sensitivity instruments
for airborne and ground surveys
as well as prompt feed back of
analytical data from various attached
laboratories to support field investi-
gations were also continued. The
overall efficiency in achieving the
targets was substantially increased
in some of the major activities, viz,
airborne surveys, drilling etc. Cover-
ages of areas by airborne gamma-ray
spectrometric and magnetic surveys
this year reached a figure of 52,818
sq. km. Airborne survey was supple-
mented by a wide variety of remote
sensing applications and techniques
comprising study of aerial photo-
graphs, landsat imageries, multi-
spectral scanning and study of infra-
red photographs, etc., as well as
other ground geochemical surveys
including radon emanometry, SSNTD
survey and geophysical investiga-
tions adopting magnetic, gravity,
resistivity, electro-magnetic and
induced polarisation methods.
Anomalous zones of uranium enrich-
ment have been located in the
environs of Umra-Udaisager, Ajmer
and Bhunas in the districts of
Udaipur and Ajmer, Rajasthan.

An area of 12,805 sq. km. was
covered by ground reconnaissance
survey, 490 sq. km. by detailed
survey, 1,029 route km. byjeepsborne
scintillometer survey and 9,500 sq.
km. by hydrogeochemical survey.
As a result of these efforts significant
uranium anomalies were discovered
in Arbail-Bisgod area in North
Kanara District, Karnataka, at

Chordhawa in Bilaspur district, at
Rasgandha in Sarguja district of
Madhya Pradesh, at Mamring-Keowz-
ing in West and East Sikkim districts
of Sikkim and at Binda-Nagnaha of
Palamau district, Bihar, in addition
to Agar, Agunda, Kote Jhala areas
in Tehri district of Uttar Pradesh
and certain other promising occur-
rences in parts of Himachal Pradesh.
These anomalies are being taken up
for evaluation by further surface and
subsurface exploration.

Exploratory Drilling

A record progress of an aggregate of
38,991 meters of drilling was achieved
during the year at seventeen different
prospects throughout the country.
Some of the important target loca-
tions for exploration of vein type
uranium deposits were those at
Mohuldih and Jublatola in Singh-
bhum district of Bihar, Umra in
Udaipur district, Rajasthan, Bodal,
Bhandaritola and Jajawal deposits
in Rajnandgaon and Sarguja districts
respectively of Madhya Pradesh and
at Brijranigad in Tehri district of
Uttar Pradesh. Amongst the sedi-
mentary type deposits, the extensive
proterozoic oligomictic quartz pebble
conglomerate at Walkunji of South
Kanara district, Karnataka, the creta-
ceous sandstones near Gomaghat
in Khasi Hills district of Meghalaya
and Tertiary Siwalik sandstones in
Hamirpur basin of Himachal Pradesh
and in Saharanpur district of Uttar
Pradesh are currently under intensive
investigation by exploratory drilling.

To increase further the output in
drilling dawn-to-dusk operations have
been adopted at some of the drilling
prospects recently, in addition to
utilisation of spare capacity of drilling
available with certain public sector
undertakings.

As a result of these efforts, explo-
ratory drilling at Mohuldih in
Singhbhum district, Bihar confirmed

continuity and correlatabiiity of a
number of good radioactive bands
over a strike length of 300 mm
down to a vertical depth of 180 mm.
Promising radioactive conglomerate
bands have also been intercepted in
a few boreholes at Walkunji in South
Kanara district, Karnataka. The bore-
holes at the on going projects like
Jajawal and Bhandaritola have indi-
cated promising results thereby
increasing the confidence level of the
potentialities of these deposits. At
Bodal in Rajnandgaon district,
Madhya Pradesh exploratory drilling
at deeper levels along extensions of
the known orebody is being conti-
nued for proving additional reserves.

Exploratory Underground
Development

Exploratory underground development
recorded a total progress of 583 m.
at Bodal in Rajnandgaon district
and at Jajawal in Sarguja district
of Madhya Pradesh as well as at
Astotha in Hamirpur district of
Himachal Pradesh. This helped in
proving ore grades and continuity
of ore bodies earlier interpreted
from drilling data.

Niobium-Tantalum-Beryllium
Investigations

An area of 2,670 sq. km. in parts of
Karnataka, Bihar, Madhya Pradesh,
Andhra Pradesh and Rajasthan was
surveyed for location of fresh reserves
of these minerals. Incidental to
exploration, prospecting and field
testing, a few tonnes of Nb-Ta
concentrates were recovered during
the year from pegmatites of Bihar,.
Karnataka and Madhya Pradesh.

Thorium and Beach Sand
Investigations

The eastern extension of the area
adjoining Block-11 of Indian Rare
Earths Limited in Panmana - Panda-
rathuruthu area, Chavra Coast, Quilon
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district Kerala was investigated by
AMD on request from IRE to
ascertain the reserves o* monazite,
ilmenite and other heavy minerals.
Augerhole drilling, aggregating
3,970 m W3S completed in an area
of 0.972 sq. km. much of which is
largely reclaimed land by filling and
is densely populated. Jet drilling for
collection of bulk samples and for
knowing the depth of bed rock was
carried out in IRE mining Block-I
and in mining Block-I I of Kerala
Minerals and Metals Limited in
Neendakara-Kayamkulam area, Quilon
district, Kerala. Laboratory investi-
gations of the samples collected
are in progress. On the eastern coast,
estimation of heavy mineral reserves
were completed in the' sand dunes
of Markandi-Sana-Ekasingi section
of Gopalpur-Saneekasingi beach in
Ganjam district, Orissa.

Investigations in the
Laboratories

In the Physics Laboratories, 12,694
samples were radiometrically assayed
for their equivalent U3O8 out of
which 5,136 were analysed for
U3O8 content by beta-gamma
technique. A total of 3,318 samples
were analysed on the gamma-ray
spectrometer for U3O8 content. A
total of 47,978 metres in drilled
boreholes were gamma-ray logged
and 3,893 metres of borehole cores
were radiometrically assayed. Shield-
ed probe logging of trenches, pits
and mine faces aggregated 476
metres and shot holes/probe holes
logging 931 metres. 59 samples were
analysed for BeO content by photo
neutron method in addition to 54
ilmenite export consignment samples
for monczite content. 2,195 deter-
minations were done to estimate Nb,
Ta, Sn, Ti content of samples using
the isotope XRF techniques. 531
determinations were made for Si,
Al, Mn and Na content of samples by
neutron activation using isotopic
sources. Age determinations by Rb/

Sr method were carried out on 44
samples. Besides this, some of the
important areas of support provided
by the Physics Laboratories in the
uranium investigations are (i) instal-
lation, testing and maintenance of
airborne survey system consisting
of high sensitivity gamma-ray spect-
rometer, proton-precession magneto-
meter, aerial survey camera for flight
path photography and radioaltimeter
in the aircraft, (ii) processing of the
aerial survey flight path recovery
films, (iii) computer processing of
the spectrometric data and (iv) pre-
paration of contour maps of uranium,
thorium and potassium of the areas
surveyed during airborne operations
for interpretation. A proto-type digital
borehole logger with printout of
grade and depth was designed,
fabricated and tested in the field.
Deep electrical resistivity scunding,
magnetic and gravity investigations
were undertaken in the Tantloi, Hot-
springs area in Santhal Parganas,
Bihar for delineating structures like
faults and shear zones. Electro-
magnetic induced polarisation and
magnetic investigations were also
carried out atUmra, Udaipur district,
Rajasthan to locate extensions of
uranium mineralised zones in the
area.

Chemical Laboratories carried out
44,693 determinations for uranium,
thorium, niobium, tantalum, beryllium
and other elements. Two mobile geo-
chemical vans were deployed during
geochemical exploration in the field
areas of Rajasthan and Madhya
Pradesh and are providing quick
analytical support during field investi-
gations. Spectrographic Laboratories
processed and analysed 1,733 geo-
logical samples including 492 stand-
ards and carried out 4,182 analyses
involving 55,139 elemental deter-
minations for one or more elements
aimed at discovering indicator
elements for selecting favourable tar-
gets for uranium, niobium and
tantalum. The studies have brought

to light significant enrichment in
Pb, Cu, Mo, V, Zr and As along with
U in Mehadek sandstones samples
of Meghalaya.

X-ray Diffraction Laboratory analysed
1,231 samples for identification of
radioactive and other associated
minerals. Some or the important
minerals identified are: carnotite in
a sample from Brijranigad, Tehri dis-
trict, Uttar Pradesh, uraninite in
samples from Sonrai area in Lahtpur
District, Uttar Pradesh and also in
Naugajiya Rao area of Saharanpur
district in Uttar Pradesh, in Arbail-
Bogribail and Pradhani areas. North
Kanara district, Karnataka and Ras-
gandha area, Sarguja district, Madhya
Pradesh.

Billietite was noticed in a sample
from Maler, Udhampur district,
Jammu & Kashmir, Cuprosklodow-
skite was identified in a sample from
Jublatola / Dhalkipara, Singhbhum
district, Bihar.

X-ray Fluorescence Laboratory at
Hyderabad carried out 58,000 deter-
minations on geological samples and
standards. Mineral Technology Labo-
ratories carried out mineral segrega-
tion and beneficiation tests on a
variety of rock samples. Hydro-
metallurgical investigations including
bacteriological leaching studies for
uranium recovery from various ores,
pollution control using bacteria and
adsorption and desorption studies of
uranium with clay particles were
also carried out, besides setting up
of mobile field recovery plants for
obtaining niobium-tantalum mineral
concentrates from various explora-
tion areas in the field. Parallel per-
colation leaching tests were carried
out on samples from Keruadungri,
Singhbhum district, Bihar and on
Bodal ore, Rajnandgaon district.
Madhya Pradesh using continuous
culture of Thiobacillus ferro-oxidants
and counter current percolation leach-
ing using oxidants.
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Research and Development

Instrumentation and Laboratory Tech-
niques:

(i) High purity germanium planer
detector — Multichannel analyser
system has been set up for work on
low energy gamma-ray spectrometry
used for disequilibrium studies in the
uranium series.

(ii) Work on the possibility of using
thermoluminescence for the pro-
specting of uranium by radon
measurement has been initiated.

(iii) A method of calibration of
photographic emulsion for individual
spectral lines employing neutral den-
sity filters was established for com-
putation of elemental concentration
of samples.

(iv) Work was initiated in the
application of the Li F 420 analysing

crystal for the estimation of high
atomic number elements using their
K spectra.

(v) Adsorption-desorption studies of
uranium on different types of clay
were carried out under varying
chemical conditions.

(vi) Rapid methods have been deve-
loped for estimation of vanadium in
natural water and uranium from
Columbite-tantalite and are being
successfully used in AMD chemical
laboratories.

Collaboration with Other
Organisations

The Division continued to collabo-
rate in scientific investigations with
other sister organisations. State
Government departments. Public
Sector Undertakings, universities, etc.
Under this programme, boreholes

drilled in different parts of the country
by various agencies were examined
for radioactivity by gamma-ray log-
ging.

Technical assistance by way of
analytical facilities were extended
and training imparted to the research
scholars of various organisations like
Geological Survey of India, Andhra
Pradesh Ground Water Department,
Maharashtra State Mining Corpora-
tion, National Mineral Development
Corporation, Manganese Ores India
Ltd., Orissa Mining Corporation,
Nuclear Fuel Complex, Defence
Materials Research Laboratory,
Osmania University, Jammu and
Kashmir University, Karnataka and
Andhra Pradesh Universities.

The Division is collaborating in a
number of projects under the
UNESCO sponsored International
Geological Correlation Programme.
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RESEARCH AND
DEVELOPMENT

Commissioning of sub-systems of R-5 and MHD generators starts; Work
on the Medium Energy Heavy Ion Accelerator begins; Beryllium Pilot Plant
at Vashi Commissioned; High fibre yielding jute variety developed; Gamma
Chamber fabricated and exported to Burma; Lasers supplied to Atomic
Energy Agency of Indonesia; Reprocessing of spent fuel from RAPS
commences; Experiments carried out at the Variable Energy Cyclotron Centre
by Universities and others; 95% of the work on FBTR completed; Preliminary
work on the Prototype Fast Breeder Reactor makes progress; Cosmic ray
experiment in Space Shuttle Space Lab-3 planned by TIFR; 6. 7 meter micro-
wave antenna fabricated at TIFR workshop; Theoretical and experimental
investigations on various topics undertaken at SINP; New methodology in
cancer treatment tried; Community rural cancer diagnostic scheme launched;
Project on cancer in domestic animals started.

Bhabha Atomic
Research Centre

R-5 Project

Civil works and installation of major
components such as the reactor
vessel including zircaloy components,
end shield, annular shield and main
coolant outlet header have been
completed. Installation of the
coolant channels in the reactor and
of equipment for the other systems,
and work on instrumentation are
progressing. Certain components
such as heavy water heat exchangers,
on-load fuelling machine magazines,
outer deck plate and airlocks are
in final stages of fabrication. Inpile
testing of R-5 fuel clusters in CIRUS
was continued. Fabrication of the
first fuel charge for R-5 reactor is
well underway. Progressive com-
missioning of various sub-systems
has been started.

MHD Power Generation

The Department of Science & Tech-
nology, Government of India, has
sponsored a research and develop-
ment programme for coal based
MHD power generation to be con-
ducted by BARC in collaboration
with BHEL. The Institute of High
Temperatures, of the USSR Academy
of Sciences, is also participating in
this project. Most of the design

work has been completed. Consider-
able know how has been gained in
the fabrication and testing of MHD
Channel. Sintered alumina pebbles
for air-preheaters and MHD channels
are under manufacture. Investiga-
tions on other ceramic materials are
being done at the laboratory-scale.
A large number of preliminary
measurements for plasma diagnostics
and material development have been
carried out with experimental rigs.
Most of the civil works connected
with the experimental complex have
been completed at the project site
at Tiruchirapaili in Tamil Nadu. Com-
missioning of many of the systems
has already commenced.

Nuclear Physics, Neutron
Physics and Solid State Physics

The study of a number of nuclear
reactions has led to a better under-
standing of the mechanism of certain
nuclear reactions. A search for a
new particle called 'axion' proposed
in order to restore certain invariance
laws in Quantum Chromodynamics
(QCD) has been made using the
high neutron flux in the natural
water moderator of the Tarapur
reactor. No such particle was found
in the search and this experiment
conclusively ruled out the 'standard
axion' and demands other mecha-
nisms for the restoration of C and P
invariance in QCD. The mechanism

of ternary fission has been studied
using CIRUS reactor. Specific energy
loss of fission fragment in gases are
being measured with a back to back
ionisation chamber in a four para-
meter experiment. Isospin correla-
tions in the nucleon exchange process
in heavy ion deep inelastic collisions
have been studied leading to a
better understanding of energy dis-
sipation in heavy ion collisions.

A new project has been initiated
jointly between BARC and TIFR to
install a medium energy heavy ion
accelerator facility at TIFR which
will consist of a 14 million volt
terminal, pelletron type of tandem
accelerator incorporating the most
modern electrostatic accelerator tech-
nology. This facility will consider-
ably upgrade the existing nuclear
physics research facilities at BARC
and TIFR and will enable physicists
at these establishments to conduct
research on the most contemporary
areas in nuclear physics. The facility
is expected to be operational in
1986 and will provide heavy ion
beams for all ions upto uranium with
energies ranging from 10 KeV per
nucleon to 4 MeV per nucleon.

Polarised and unpolarised neutron
diffraction studies of certain magnetic
compounds in a number of com-
positional ranges have been carried
out. The study has Jed to the correct
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concentration for moment formation
as shown experimentally. Raman
scattering investigations of certain
compounds have led to a better
understanding of the structure of
certain molecules. Conversion elec-
tron Mössbauer spectra of borided
mild steel have been investigated with
a view to correlating the hardness
and wear resistance properties of the
samples to any specific phase/phases
formed by pack cementation process.
The nature of structural transfor-
mations by pulsed laser treatment on
these samples is also being studied.

A prototype general purpose neutron
spectrometer suitable for elastic and
inelastic neutron scattering has. been
designed and is in an advanced stage
of fabrication at the Central Work-
shops. Assembly and tests of the
instrument will be taken up shortly.
A polarised neutron spectrometer for
supply to Korea, also fabricated by
the Central Workshops, is getting
ready for final trials. An universal
microprocessor-based control system
for spectrometers has been designed
and developed with the help of the
Computer Section and the first unit
is undergoing tests. A radio fre-
quency power supply and a pola-
rising magnet using rare earth
magnets have been completed. A
high resolution neutron analyser, pro-
posed for installation at the Ruther-
ford Appleton Laboratory has been
designed. A new project on Deve-
lopment of Superconducting Mag-
nets and Materials has been under-
taken. Two test facilities for deter-
mining superconducting and mech-
anical characteristics of the con-
ductors have been developed.

Studies on the multiplication of 14
MeV neutrons in lithium aluminate
blanket are being carried out. A
joint programme with ONGC has
been started for oil well logging at
Ankleshwar employing nuclear tech-
niques. The plasma pinch experi-
ments have yielded the seating laws

of various plasma properties with
capacitor bank parameters. The
studies on ferroelasticity and related
phenomena have continued. A
general calculation was performed
for the complicated tristable ferro-
elastic lead phosphate. No solution
was previously available for the direc-
tion of ferroelastic switching in a
crystal in which the spontaneous
strain tensor has diagonal as well
as non-diagonai non-zero compo-
nents.

The shock Hugoniot of lead was
calculated in the 0 to 5 megabar
region and the effect of liquid dis-
order as a result of shock melting
was estimated. It was shown that
the difference between the 'solid'
and the 'liquid' shock PV curves is
nearly within the current experimental
uncertainties. A low-temperature
facility based on a closed-cycle
cryo-tip refrigerator has been com-
missioned with the computer con-
trolled neutron diffractometer.

High Altitude Physics

An intensity variation of 0.(58% per
millibar of pressure change has been
deduced from the data obtained
from the cosmic ray neutron monitor
which has been in operation at
Gulmarg for the last two years. A
diurnal variation with an amplitude
of 10% and time of maximum at 1500
hrs local time has been observed.
The neutron monitor has also detected
the production of about 107 to 1 0 "
low energy neutrons per lightning
stroke. The observed time delays
between the lightning stroke and the
detection of the associated neutrons
indicate that some of the neutrons
are produced in deuterium-deuterium
fusion reaction. In collaboration with
TIFR, and using small cosmic ray
air shower arrays at Gulmarg and
Ooty, investigations are being carried
out on perimordial black-hole explo-
sions and cosmic gamma-ray bursts.
Mössbauer spectroscopy is being

applied to carry out certain solid
state investigations. Atmospheric
chemistry analysis of snow and
rain water at Gulmarg and Srinagar
has ;ilso been initiated.

Variable Energy Cyclotron
Centre, Calcutta

The Variable Energy Cyclotron at this
Centre was commissioned and
internal beam obtained in 1977.
External beam was obtained in 1978
and after installation of diesel genera-
tors; it is being operated on a regular
basis. Between April 1 to July 10,
1982, it was operated for 850 hours.
Old radio frequency oscillator was
replaced by a new radio frequency
system resulting in more flexibility
and ease of operation. Using the
new system, cyclotron was operated
to study the characteristics of the
radio frequency system at various
frequencies and voltages and to
develop alpha beams of different
energies. During the period from
December 1982 to March 1983,
approximately 450 hours will be
spent for beam development and
650 hours for experiments by various
users.

The users taking part in various
experiments include the Universities
of Calcutta, Banaras, Udaipur,
Burdwan, Bangalore, Punjab, Kalyani
and Jariavpur. Scientists from IIT
Kanpur, Saha Institute of Nuclear
Physics, BARC, RRC and VECC
also performed experiments using
the alpha beam. Results of some of
the experiments were presented at
the Nuclear Physics and Solid State
Physics Symposium at Varanasi.

Various laboratories in the Centre
viz. the target laboratory, the detector
laboratory and the electronics labo-
ratories provided various services for
conducting the experiments. Fabri-
cation of the magnetic spectrometer
has progressed considerably. IRIS-
80 computer ran regularly on a two
shift basis for about 200 hours
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every month and was used by VECC,
SINP, TIFR, BARC, PPED and other
units of DAE.

Seismology

Global seismicity was continuously
monitored by the Gauribidanur
Array. All seismic signals resembling
those of underground nuclear explo-
sions were promptly detected and
their location as well as yields were
computed. An indigenously fabri-
cated seismometer was installed on
an experimental basis near Tarapur
Atomic Power Station. It gave very
valuable information regarding the
ambient noise background in the
region. Experimental confirmation
was obtained for ihe interfacial wave
propagation model developed earlier.
This model promises to be of value
in non-destructive evaluation of
degree of bondedness of elastic
solids.

A new model for fracture of hetero-
geneous solid was studied which
gave a basis for the empirically
observed relation between magnitude
of earthquakes and their frequency.

Technical assistance was extended to
Bharat Gold Mines Ltd. for establish-
ing a small aperture array of high
frequency sensors to monitor rock-
burst close to mining regions at
Kolar Gold Fieids.

Spectroscopy

The research programmes on the
high resolution spectroscopie studies
of rare earths atoms and ions were
continued. High resolution electro-
nic spectral studies of diatomic
molecular species were continued.
A number of new emission spectro-
graphic and X-ray fluorescence
methods were developed for the
analysis of trace elements in a
variety of samples. The spectrosco-
pists participated in the inter com-
parison experiments conducted by
the IAEA and analysed the IAEA

water samples and bone samples
employing spectrochemical methods
earlier developed in BARC. The
expertise in making optical com-
ponents like quartz and glass prisms
and special reflectors were also made
available to fabricate many special
components for other groups in
BARC and other units of DAE.

Chemistry

Interactions at micelle-water inter-
faces were investigated. In the
electrochemical study it was found
that ions which are adsorbed on ^n
anionic micelle surface can be dis-
placed by an excess of less strongly
adsorbed ions. Both radiolysis and
photolysis were found to lead to an
asymmetric synthesis when men-
adione was irradiated in sodium
cholate micelles. Matrix isolation
studies on alkyl halides and aromatic
diketones were pursued to probe
the electron-capture, anion and free
radical formation reactions and aggre-
gation phenomenon in the radiolysis
of frozen systems. Measurements of
mobile electron reactivity showed
evidence of tunnelling reaction of
electron. A new model was pro-
posed for the superfast chemical
reactions of 'prehydration' electron
occurring in subpicosecond time
scale. High pressure studies on com-
pounds of uranium and rare earth
metals have revealed new valence
transitions in some of the com-
pounds. The effect of electron-
phonon interaction on the mecha-
nism of valence transition was theo-
retically investigated and the possi-
bility of inducing valence transition
using high intensity laser beam was
brought out. The catalytic behaviour
of palladium and platinum on various
supports for the hydrogen-water ex-
change system was examined. A
quantitative laboratory method has
been worked out to evaluate the
activity of the catalyst and to reacti-
vate the poisoned catalyst used in
Heavy Water Plants. Work on the
coating of carbon and titanium car-

bide on materials of interest for fusion
reactor was continued. Amorphous
magnetic materials were investigated
using Mo'ssbauer spectroscopy to
evaluate different hyperfine inter-
action distribution functions. The
electrical resistivity behaviour of
certain special alloys was investi-
gated. The rapid increase in thermal
conductivity of certain compounds
with temperature was explained on
the basis of excitonic transport. Syn-
thesis and purification of a number
of laser grade dyes were carried
out. Their lasing properties and
stability under laser operating con-
ditions were studied and some of
them were found to be comparable
to and even better than the imported
ones. Over four hundred 'Bilirubin'
strips for detecting bilirubin in urine
were made, evaluated and found to
be reliable. An on-line analyser for
the analysis of deuterium, oxygen
and nitrogen in reactor cover gas
was developed and commissioned
at MAPP-!.

Analytical Chemistry

Analysis of a number of samples
was done and assistance was
rendered to outside institutions.
Suitable procedures were developed
for the analysis of lead in whole
blood by flame atomic absorption
for use as a rapid survey mercury
in impregnated filter papers to assess
mercury emanations from probe holes
at Arnala Islands as a collaborative
programme with the Geological
Survey of India and a number of
other materials. With a pattern recog-
nition approach, it has been possible
to identify correct number of com-
ponents, pure mass lines due to a
single component and in the mass
spectra of mixtures. An additional
unit of surface area analyser was
fabricated and tested for the Waste
Management Division. Two units for
extracting dissolved gas in trans-
former oil samples were fabricated
and one of them was supplied to
Bharat Heavy Electricals Ltd., Bhopal.

21



An energy dispersive X-ray fluo-
rescence analyser incorporating an
M1Am radioisotope source, Si (Li)
«Sdtector with a microprocessor based
multichannel analyser has been set
up in collaboration with the Nuclear
Physics and Electronics Divisions.
The set-up has been standardised.
Polyvinyi chloride based membrances
of copper, cobalt and nickel ions
have been prepared using di-ethyl-
hexyl phosphoric acid (DEHPA) for
use in making ion sensitive electrodes.
A report was sent to the Mineral
Development Corporation on analy-
tical methods for the determination
of tungsten in concentrates from
Dagona mines in Rajasthan. About
ten chemists from various institutions
like the Geological Survey of India,
Bharat Heavy Electricals Ltd., and
Universities were given training in
a number of analytical techniques.

Radiochemistry

The fission fragment angular
momentum and the mass yield distri-
bution in the fission of 232Th using
30 MeV alpha particles from VEC
were studied. The isotopic yield
distribution of technetium and iodine
isotopes in the spontaneous fission
of < 2MCf has been obtained to
understand the mechanism of nuclear
charge distribution in low energy
fission.

Synergistic extraction of trivalent
actinides Am, Cm, Bk and Cf by
different classes of beta-diketones
and neutral donors has been investi-
gated.

Atomic absorption spectrometric
methods have been developed for
the determination of trace concent-
rations of Mg, Mn, Ni and Zn in
uranium and Ag in UO2 -PuO2

samples. An isotope dilution mass
spectrometric method has been deve-
loped for the determination of pluto-
nium in dissolver solution using the
indigenously available "8Pu instead
of *"Pu as a spike. An alpha

spectrometric method has been
standardised for the determination
of 2UAm in dissolver solution
using 233U as a reference nuclide.
A non-destructive X-ray fluorescence
method has been standardised for
the determination of percentage of
PuO2 in (U, Pu)02 sol-gel micro-
spheres.

Metallurgy

The Beryllium Pilot Plant at Vashi
for the production of vacuum hot
pressed beryllium blocks and copper-
beryllium alloys was commissioned
during this year. A demonstration
plant for the recovery of nickel and
copper from sulphide concentrates
of the Uranium Corporation cf India
Ltd., Jaduguda, has been set up.
Studies on the extraction of tin,
niobium and tantalum values from
the cassiterite deposits from the
Bastar region in M.P. have been
carried out. As a part of the scale-
up studies on electro-refining of
zircaloy scrap, an electrolytic cell
capable of depositing 10 kg of Zr
has been commissioned.

The effect of beta quenching and
tempering of zircaloy-2 obtaining
increased strength and toughness
with very little loss of ductility has
been demonstrated.

A melt spinning apparatus to produce
Zr based amorphous alloys having
widely different and beneficial pro-
perties as compared to their counter-
parts has been fabricated. Ribbons
of several zirconium binary alloys have
been prepared and the properties
are being evaluated. The change
from a ductile to an intergranular
mode in Inconel 625 and 718 has
been carried out as a result of heat
treatment. A new technique for
the rapid data collection of vapour
pressures of refractory materials
has been developed.

Phase diagrams of metal carbon
systems. have been determined.
Development of an in-pile creep

facility for use in R-5 reactor is in
progress. A new technique for pres-
sure bonding of zircaloy-2 plates
has been successfully used in the
fabrication of plate type fuel elements.
A phenomenological model for
surface diffusion in metals, which
can be employed for the estimation
of unknown surface diffusion co-
efficients, has been developed.
Fatigue behaviour of helium
implanted SS 316 was studied.
Various aspects of corrosion of
reactor materials have been studied.
The major emphasis in the area of
ceramics has been development of
high temperature ceramics for MHD
applications.

Radtometaliurgy

Post-irradiation examination of a
number of Al-Li pencils, which are
proposed to be utilised as adjuster
rods in R-5 reactor, have been
carried out in the hot cells and their
performance has been found to be
satisfactory. Investigations carried out
on test samples of TAPS reactor
pressure vessel steel irradiated in the
TAPS reactor itself, have indicated
negligible deterioration in properties.
A number of mechanical tests were
carried out on irradiated RAPS end-
shield materials, which show that
the existing end shield of RAPS-1
would be able to withstand the
deformation during the proposed
repair work.

One set of test oxide fuel elements
was fabricated and successfully test
irradiated. A second test of elements
is undergoing irradiation at 15%
higher power than the previous
elements. The fabrication facility
set up for the mixed fuel programme
is now ready for production work.
Work is continuing on the investi-
gations of R-5 fuel assemblies irra-
diated in C1RUS reactor.

A process flow sheet for the fabrica-
tion of thorium mixed oxide fuels
has been developed.
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Ore Dressing

Effort for improving the recovery of
nickel and cobalt from the Mosaboni
copper ore, and on upgrading copper
content in the concentrates from
Khetri Concentrator without the loss
of precious metals is continuing.
Investigations to develop process
flowsheet for the recovery of wolf-
ramite from the deposits of Sirohi
District were undertaken at the
request of Rajasthan State Mineral
Development Corporation.

Uranium Extraction

Work on the expansion of the
Uranium Metal Plant is progressing.

A solvent extraction process based
on the use of amine extraction has
been worked out for the production
of hafnium-free zirconium. As this
process has practical interest for the
production of nuclear-grade zirco-
nium at the Nuclear Fuel Complex,
discussions have been held with the
engineers from NFC to explore the
possibility of adopting this alternate
method in any future expansion of
their capacity. Following these dis-
cussions, detailed investigations on
some aspects of the process are
being undertaken.

A study has been undertaken to
standardise the process for the pre-
paration of 2-ethyl hexyl phosphoric
acid (DEHPA), which is a useful
solvent for metal extraction and is
presently being imported.

Chemical Engineering

Studies were continued on the
extraction and refining of thorium
and lithium, separation of stable
isotopes, fluorine gas and sulphur
hexafluoride and feasibility studies
on the recovery of helium.

Assistance was provided to the Indian
Rare Earths Ltd. who are setting up
a plant at Trombay for producing
thorium nitrate by the solvent extrac-

tion process developed earlier. Work
on incorporating the system for
recovery of helium from monozite is
in progress at the Alwaye Plant
of the Indian Rare Earths Ltd. As
this process was also developed in
BARC, continued interaction with
IRE is maintained at various stages
of the planning and installation of
this plant.

As a part of the studies on prepara-
tion of stable isotopes, the thermal
diffusion technique for the separation
of hydrogen isotopes is being tried.
Nitrogen-15 labelled compounds
like urea and ammonium sulphate
and deuterium labelled compounds
were prepared and supplied to a
number of organisations. To meet
tha increasing demand for scintilla-
tion chemicals from different DAE
units and other research organisations
in the country, the production facility
for PPO and POPOP has been
enlarged.

After the successful operation of
the modified 250 Amp. electrolytic
cell for the production of fluorine
gas, the design of the auxiliary
systems for the 1500 Amp. cell
has been taken up.

Biology & Agriculture

The programme of developing im-
proved varieties of rice, groundnut,
sugarcane etc. was continued, Maha-
rashtra State Seed Subcommittee
approved the release of three new
varieties, one each of groundnut
and moong. A high fibre yielding
jute variety developed by inter-
mutant hybridization has been recom-
mended by the All India Coordinated
Research Project on Jute and Allied
Fibres for release in Orissa.

On the strength of BARC data on
the agronomic efficiency of the new
high analysis ammonium polypho-
sphate fertilizers and their behaviour
in Indian soils, Rashtriya Chemicals
and Fertilizers Ltd., Bombay, have

constructed a pilot-plant for the
production of ammonium polypho-
sphate for large scale field testing
under the All India Coordinated
Agronomic Research Project of the
Indian Council of Agricultural Re-
search. Studies showed that addition
of compost or pyrites along with rock
phosphates to acid soils enhanced
the available phosphorus levels.

Ecologically acceptable insect pest
management measures are being in-
vestigated.

Basic research on chromosomes and
on the effects of genetic mutation
was continued. Biochemical studies
relating to photosynthesis also were
continued. Biophysical studies on
chloroplasts have revealed that the
heat-induced fluorescence change
could be attributed to the state
change phenomenon.

Radiosensitisation studies for
improvement of radiotherapy of can-
cer have shown that three pheno-
thiazine drugs could enhance radia-
tion killing of certain kinds of cells.
In combination with X-rays, these
drugs caused greater delays in the
growth of fibrosarcoma in mice.
Since all the three drugs are in regular
clinical use their use with radiations
for treatment of solid tumours may be
feasible.

Bio-Organic Research

New approaches to the establishment
of plant tissue and cell cultures for
the propagation of economic and
crop plants are being pursued. Other
studies include the use of the natural
products and synthetic pheromones
in insect control. Tytophora alkaloids
having therapeutic potential have been
isolated in small quantities. Their
toxicity is being evaluated at the
Industrial Toxicology Research Centre,
Lucknow. The presence of these
alkaloids in two species of Ficus
plants has been established. Several
plants of Cassia species were in.
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vestigated to detect the presence
of the therapeutic agents, sennosides,
which offer export potential. From
two plants these have been isolated
and quantitative estimation is being
carried out. Work on the isolation
and the determination of the structure
of many valuable chemicals of plant
origin was continued. Biosynthesis
and biotransformation of secondary
plant products was also investigated
using tissue cultures of a few medici-
nal plants. An Indo-FRG collaborative
research programme on biotechno-
logical applications of plant tissue
and cell cultures has been initiated.
Some important indigenous medicinal
plants have been identified for this
programme. Work on using bio-
logical products for the control of
pests was continued. Biotransforma-
tion of Calotropis and Euphorbia
latex was carried out with a view to
increasing their hydrocarbon content
so that it could be used as a fuel.
However, it was found that hy-
drocarbons and fatty acids were
degraded to lower chain length com-
pounds.

Biochemistry and Radiation
Preservation of Food

The investigations on toxicological
and carcinogenic effects of environ-
mental agents were continued. Di-
methyl sulphoxide (DMSO), a chemi-
cal used in industry and agriculture,
was found to cause uncoupling of
oxidative phcsphorylation in rat liver
mitochondria. Enhancement in the
number of dead embryos in the uteri
of female mice mated with male
mice receiving fluorinated water for 8
weeks was observed. Regulatory and
structure-function aspects of en-
zymes were studied in relation to
the modifying effects of physical
and chemical agents including radia-
tions. A number of studies were
carried out to understand cancer and
nerve destruction in leprosy. The
use of microbial whole cells in
biotechnological applications is being
explored. The cells of £. cofi, co-

immobilised with glucose oxidase
in hen egg white, provides an efficient
system for obtaining lactose-free milk
with a longer shelf-life. The yeast
cells entrapped in acrylamide poly-
merized by gamma-irradiation pro-
vides a useful system for regenera-
tion of co-enzymes.

Pilot-scale irradiation of onions
followed by storage in commercial
(chawl) and model warehousing at
Nasik has been continued in colla-
boration with NAFED. Results of a
semi-commercial scale storage ex-
periment with nc:>irradiated Kharif
onions indicated that sprouting losses
in non-irradiated onions during 3
months storage were only 3% in the
model godown as against 12% in the
conventional chawl. Experiments with
Rabi onions showed that about 75%
of the irradiated onions were of
good marketable grade after a storage
period of 4 months as against only
about 50% in the non-irradiated lots.
The sprout inhibiting dose of gamma»
irradiaton did not bring about any
significant change in flavour potency.
The results indicate that irradiation
followed by good storage practices
couid result in 20% savings in market-
able grade onions. A combination
of heat (50° C) and irradiation
(100:150 krad) is found to be effect-
ive in eliminating yeast and fungal
pathogens in both Thompson seedless
and Anabeshai (with seeds) grapes,
there by extendingthe shelf-life. Stor-
age of the grapes at 10°C and 2-4°C
has additional advantage. Gamma
irradiation at a dose of 250 krad
has been reported to be effective
in improving the cooking quality
of Tur dal without impairing other
attributes.

Radio-Biology €r Occupational
Health

The electropharetic homogeneity of
unsensitized lymphocytes was lost
as a result of contact sensitization
as well as allograft rejection. The

effect of gamma irradiation on the
functional competence of sensitized
lymphocytes was examined by cell
transfer experiments. Effects of cer-
tain drugs on cells and properties
of cells having a bearing on cancer
were investigated.

Kadioisotopes

A total of 442 curies of a number of
reactor-produced isotopes were pro-
cessed in 165 batches. Of this,
400 curies were used in the pre-
paration of various radiopharmaceu-
ticals. The number of consignments
of various isotope products supplied
during this period totalled 712, in-
cluding five export. About 45,000
consignments of redioisotopes and
related equipment were supplied to
users in the country and abroad.
About 35,000 consignments were
for diagnostic and therapeutic use
in medicine. The revenue from the
sale of isotopes and from commercial
services related to application of
isotopes during the year amounted
to about Rs. 1 .5 lakhs.

Development of light sources and
luminous compounds with wide ap-
lications in defence equipment and
for dial painting purpose in industries
were continued. More than 200 filled
light sources were fabricated and
supplied. In addition, 64 consign-
ments of self-luminous compounds
were supplied to various defence
establishments in the country. Fertili-
zer labelled with phosphorus-32 are
extensively used in agronomical re-
search. To meet this requirement, 41
batches of these compounds labelled
with about 5 curies of 3aP activity
were supplied to a number of agri-
cultural research centres in the
country. Besides, 122 consignments
of triplesuperphosphate with S2P
were exported to Indonesia. Seven-
teen tritium targets prepared by ad-
sorbing tritium. gas in a titanium
layer on copper backing, for use in the
production of fast neutrons in ac-

24



Pyrogen testing of medical isotopes at the Radiopharmaceutical Section of the Bhabha
Atomic Research Centre.

ceierators and as ionisation sources
in smoke detectors and electron
capture detectors. A method has
been developed for the separation
of strontium-89 from irradiated uran-
ium using polyantimonic acid as ex-
changer. Fifty consignments of vari-
ous fission product isotopes were
dispensed for use by a number of
research institutions in the country.

One Gamma Chamber-4000 A was
fabricated and exported to Burma.
Six units of Gamma Chamber-900
loaded with a total activity of
about 17,000 curies of cobalt-60
were supplied to various institu-
tions in India. A panoramic batch
irradiator using cobalt-60 source
is being installed at Trivandrum and
at Srinagar. A batch of ten guages
for measuring the thickness and for
monitoring the extent of corrosion
and blockage in boiler tubes have
been fabricated and tested. Fiftyone

radiography cameras were sold to
various users during this period. A
large monomer impregnation facility
for the preparation of wood-polymer
composites was installed during this
period and it will be used to carry
out techno-economic evaluation of
radiation processing system developed
in BARC. Expert advice, special
services in non-destructive testing
and manpower training in radio-
graphy were rendered to a number
of institutions and industries.

Radio Pharmaceuticals: The major
activity in this area has been the
production, quality control and supply
of radiopharmaceuticals consisting
of ready-to-use products, radio-
isotope generators, kits for generator
produced radiopharmaceuticals and
radioimmunoassay kits. These pro-
ducts are being regularly used in
more than 100 institutions consisting
of large hospitals, teaching medical

institutions, research institutions and
smaller clinics. During the year 1982
products totalling 360 curies were
processed and supplied to various
users. The use of radiopharmaceuti-
cals has registered about 40% over-all
increase compared to the previous
year. Significant increase was seen
in the use of radioimmunoasny
kits and technetium 99m labelled
radiopharmaceuticals. It is estimated
that about 4,40,000 patients derived
the benefits of the advanced dia-
gnostic procedures in our country
using radiopharmaceuticals. The
service for radioimmunoassay of
several hormones was provided to
various hospitals.

Significant progress has been made
in the standardisation of radio-im-
munoassay kit for thyroid stimulating
hormone which is very useful in the
differential diagnosis of hypothyroid-
ism. Two more kits have been in-
troduced during this period as regular
products following extensive clinical
trials.

A number of labelled compounds
which are very helpful in the study
of liver and biliary tract diseases and
for bone scanning have been pre-
pared.

The new Radiopharmaceutical La-
boratory, costing Rs. 3 .3 crores, has
been completed. This laboratory has
been designed to take up production
of an increased spectrum of radio-
pharmaceutical products.

A method for labelling of sand using
scandium-46 as a radiotracer was
developed to study large formations of
sand which are injected during the
hydraulic fracturing operations in oil
fields and was applied at the Nava-
gam Oil Fields of the Oil & Natural
Gas Commission near Ahmedabad.
A series of radiotracer experiments
were carried out in a chemical equip-
ment manufacturing company in Bom-
bay to study the grinding character-
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istics of a ball mill to evaluate the
particle size spectrum of the ground
material. The studies helped in opti-
mising the operating characteristics
of the ball mill to obtain the desired
particle size,distribution of the ground
material. A radiotracer investigation
was successfully carried out to char-
acterise the flow conditions in the
absorption tower of the nitric acid
plant in an explosives manufacturing
company. Radioisotope was used for
the detection of blockages in the pipe-
lines and radiotracer investigations
were carried out to determine the
inventory of mercury in the electroly-
tic cells in a caustic soda plant
without shutting down the plant.

In collaboration with the Central
Arid Zone Research Institute, Jodh-
pur, a radiotracer study was com-
menced for the estimation of rainfall
infiltration in the arid zones of W.
Rajasthan. Tritiated water and cobalt-
60 in the form of a complex
were used as tracers and the move-
ment of the radiotracers will be
followed over the two years. The
radiotracer investigations on ground-
water movement at the Nuclear
Fuel Complex were continued. The
monitoring of the boreholes sur-
rounding the Solar Evaporation Pond
for radioactivity has revealed the
appearance of the radiotracer in the
boreholes to the east of the evapo-
ration pond. The construction of the
Isotope Hydrology Laboratory at
Trombay has been completed. The
majority of the equipment obtained
under the UNDP assisted project
on Radioisotope Applications in
Hydrology has been tested and com-
missioned. The mass spectrometers
for the measurement of stable iso-
topes are expected to be com-
missioned shortly.

The isomed Plant continued to offer
irradiation services to manufacturers
of medical products, hospitals and
pharmaceutical industry. A total of
3032.75 cubic metres of a variety

of medical products were sterilized
at the plant during the year. The
capacity utilisation of the plant has
increased significantly during the year
and it is proposed to load additional
cobalt-60 sources in the plant to
enable the processing of larger quanti-
ties of medical products. Methods
were developed for evaluating the
purity of irradiated corticosteroids,
tetracycline, oxytetracycline and anti-
fungal powders.

Radiation Medicine /Radiation Medi-
cine Centre, although a constituent
Division of Bhabha Atomic Research
Centre, is located in the Tata Memo-
rial Centre. The Centre is one of the
largest in the world and is at present
recognised as a W.H.O. Collaborating
Centre for South-East Asia.

Nearly 12,000 patients attended the
Centre for various investigations
which include imaging of all the

major organs in the body, and esti-
mation of levels of various hormones
and dynamic functional studies of
heart, kidney, brain and liver. The
Centre has a ward of 12 beds for
carrying out such therapies. Thyroid
cancer is one of the very few cancers
which are almost totally curable
and radioiodine contributes a large
share in the near normal survival
of these cancer patients. More than
100 patients with thyroid cancers
were treated during the year.

Research with emphasis on develop-
ing radioisotopictechniques which are
useful in the study of diseases com-
mon in India, such as tuberculosis,
respiratory diseases, filariasis etc. was
carried out. Rates of synthesis of
various plasma proteins were es-
tablished in experimental animals fed
with eggs which provides a high
amount of cholesterol. An animal
model of viral hepatitis has been

Lung scanning in prograu at tha Radiation Madicina Cantra of BARC.
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developed for studying protein syn-
thesis rates. A variety of new hepato-
biliary agents were developed and a
clinical trial of them is in progress.
These agents are useful in the study
of gall bladder diseases. A series of
selenium and iodine labelled dia-
mines have been developed to study
cerebral and myocardial function.

Electronics

A fast 4K Analog to Digital Converter
with 4 microsecond conversion has
been developed. The control system
for the XRF Analyser, two RF power
sources for neutron resonance flipper
unit, a 5V-15A switching-mode sup-
ply, signal source for NDT applica-
tions, waveform digitizer for RRC,
electronic control unit for micro-
balance, three Analog Tape Record-
ing Systems with frequency modula-
tion and phase lock loop techni-
ques. Digital Rate Multiplier and
XYZ display monitor have also been
designed and fabricated. A special
10 KV-1 mA epoxy moulded, 20
kV insulated transformer and isola-
tion transformer for use with com-
puter based instruments have been
developed. Most of the instrumenta-
tions for R-5 Reactor have been
completed. A method for increasing
the useful life span of Low Power
Range Monitors from two years to
sixty years is under evaluation at
TAPS. A number of microprocessor-
based systems for data acquisition
and data storage have been develop-
ed. An ECG simulator for simulating
twelve clinical conditions has been
developed. An Impedance Plethysmo-
graph for haemodynamic studies has
been supplied to the Radiation Medi-
cine Centre. The software develop-
ment for Computer Tomography has
been undertaken.

Reliability Evaluation

Reliability Evaluation Laboratory
continues to offer services in electri-
cal testing and electronic instruments

calibration to industries and institu-
tions, mainly located in the western
zone of India including BARC and
other DAE units. During the year, a
number of instruments of various
kinds were evaluated. In collabora-
tion with a few other agencies, an
Electronics Regional Test Laboratory
(West) is being set up at Bombay
for the Department of Electronics
of the Government of India.

Instrumentation

Testing of the Scanning Auger Micro-
probe built for the Reactor Research
Centre, Kalpakkam, is complete. The
Thermal Desorption Spectrometer is
nearing completion. Two ultra-high
vacuum (UHV) chambers, each of 5
litres capacity, were tested statis-
factorily upto 10-10 Torn The large
high-vacuum plant for aluminising
the 2.8 m diameter mirror has been
delivered to the Indian Institute of
Astrophysics, Kavalur, for installation.
The performance of an integrated
sputter-ion pump, developed for usein
particle accelerators, is being studied.
A single module of this pump will
offer a speed of 10 litres/sec with
0.5 Tesla field from quadrupole
magnet. Various single crystals were
grown and their characteristics were
studied for the potential use in
imaging, nuclear and IR detectors.
Facility to grow high temperature
oxide crystals for the development
of laser rods of YAG:Nd and non-
linear devices is being set up. One
electronic high-current stabilised D.C.
power supply system has been com-
pleted. A number of G-M tubes,
flash lamps, hollow cathode lamps,
glass-to-metal seals and ceramic-
to-metal seals were fabricated and
supplied. Development of electrodes
for Xe flash lamps and halogen
quenched GM tube is in progress.

Later

The glass laser chain was operated
at 10 gigawatt power level for various

plasma experiments. A microinter-
ferometer, using 5 nanosecond pulse
of second harmonic beam, was set
up to measure density profiles in the
plasma. Abel inversion was done
with a computer to obtain plasma
density distribution. Transport of ener-
gy by electron and X-rays in laser-
produced plasmas was studied on
layered targets using X-ray line
emission to indicate the depth of
energy transport. The efficiency of
the important energy transfer from
the laser to be shock wave in
the target was studied by using
a ballastic pendulum-mounted target.
Design of a four beam one terra watt
laser using Nd doped phosphate
glass as the active material was
completed. A mode locked Nd glass
laser giving pulses of 6 pico-second
duration has been developed. Two
photon fluorescence technique for
measuring picosecond pulses has
been devised. The overall efficiency
of a high repetition rate, TEA CO2

has been demonstrated. A 100 watt
laser was used for precision machining
of plastic track detectors. Two lasers
and two power supply systems for
lasers were fabricated and supplied
to the Atomic Energy Agency of
Indonesia.

Computer R & D

A number of devices which will be
useful in the outages monitoring
of nuclear power stations have been
developed. A master clock based on
Intel 8085 displaying time, date,
day and the year, connected to vari-
ous slave integrators through RS-232
line interface has been designed.
This synchronised slave clock is
very useful in failure mode analysis of
power systems. An. overhead mains
supply line disturbance recorder for
transient noise detection from genera-
ting station or sub-station has been
developed. It keeps a record of
sinusoidal wave forms for 10 seconds
duration which can either be dis-
dlayed on CRT or plotted out. The
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instrument has many applications for
transient analysis in the design of
motors and generators. A microcom-
puter based Private Automatic Ex-
change with a capacity for 96 lines
has been developed for the first
time in this country. Development
of LSI 11 based nuclear data pro-
cessor has been completed. The
system is made operational both in
single as well as in multi-parameter
data acquisition mode with multiple
functions. A number of application
programmes such as spectrum
smoothing, peak location, area inte-
gration and energy calibration have
already been completed. A number
of design and development work with
BESM-6 and Prime Computers has
been carried out primarily for making
better use of the two computers.
A powerful microcomputer based
system incorporating 11 bit 50 MHz
ADC, 10 k bytes of internally located
programmes on ROMs and a single
sided single density floppy back
up memory has been designed,
developed and fabricated. Pilot pro-
duction of 5 units has been taken up
by ECIL.

Plasma Physics

Relativistic Electron Beams for Fusion:
The high power relativistic electron
beam (REB) and associated pulse
power technology have a promising
role in the fiald of thermonuclear
research. The system routinely operat-
ed for generation of REB of 109

watts and 50 nanoseconds. Another
system based on radial Tesla trans-
former and water transmission line,
with ratings of 300 kV, 1010 watts
and 50 ns has been designed and is
under fabrication. A large capacitor
bank, along with the magnet coil
for generation of pulsed magnetic
field in a mirror configuration over 1
m length and 0 .4m diameter, is in an
advanced stage of fabrication. A
coaxial plasma source has been
designed, fabricated and operated to
give a plasma current of about 200 A

in an argon plasma column of 50 cm
length. Its optimisation is in progress.

Electron Beam Technology : Preli-
minary work is completed on the
assembly of a new versatile electron-
beam welding machine. The elect-
ronic drive unit developed for its
x-y table inside the chamber gives
a digital display of the linear table
speed and is also provided with a
feedback control circuit with photo-
electric pick-up, for improved speed
regulation. Four new electron beam
systems, each having a capacity of
12.5 kW, 40 kV, are being developed
for vapour generation experiments.
Improved versions of 10 kW, 40 kV
electron guns, developed earlier, are
being fabricated for use in this system.
The electronic circuitry is being modi-
fied suitably to operate all the units
from the same control panel, and

give continuous operation for several
hours.

Atomic Fuels & Other Materials

Fuel for CIRUS was fabricated. Proto-
type clusters and sub-assemblies for
R-5 reactor were made for in-pile
testing in CIRUS. A number of differ-
ent aluminium and zircaloy compon-
ents for R-5 were fabricated. Over
2000 reactor components were gas
nitrided. For the first time in the
country steps were standardised to
achieve the required critical current
density on indigenously produced
wires. Trials were carried out for
melting and casting of excel alloy
which is a potential fuel canning
material. Work was done to adopt
multimould castings of uranium so
that manpower requirement can be
minimized. The technology of attach-

Radiography of uranium matal fual at tha Atofnic Fuals Division of BARC.
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ment of zircaloy appendages both
by welding and brazing routes is
being developed in order to fabricate
split spacer fuel bundles. Indigenous
control blades for TAPS are being
developed. Specialised Non-Destruc-
tive Testing and Quality Surveillance
service was rendered to a number
of DAE units.

Reactor Engineering

Stress Analysis: Stress analysis of
the RAPS endshield, the NAPP fuell-
ing machine, the synthesis gas com-
pressors of Gujarat State Fertilizer
Corporation, NAPP calandria, R-5
Pile Block, new feed-water sparger
and feed water nozzle for TAPS
and Kota Heavy Water Plant piping
were carried out. Augmentation of
finite element analysis capabilities
by developing new computer pro-
grammes and by acquiring additional
experimental facilities is being done.
Participated in the Fast Breeder
Reactor design and preparation of
safety codes and guides.

Fuel Design and Development:
The activities in this field mainly
consisted of fabrication and testing
of R-5 reactor fuel, work on power
reactor fuels and irradiation facilities
for fuel development. Out-of-pile and
in-pile testing of R-5 fuel assembly
was continued. One test cluster was
removed after satisfactory irradiation
upto 20,300 MWD/Te from CIRUS
irradiation facility. Fabrication of major
equipment for the 2 MW in pile
loop for R-5 is complete and fabrica-
tion work for the pile itself has been
initiated. Design work on 100 kW
inpile loop for R-5 reactor is progress-
ing.

Component Analysis and Evaluation:
The testing of MAPP coolant was
completed. A test loop for the
development of NAPP shut off rod
was installed.

Fuelling Handling: Help was render-
ed in the design of the fuel handling

system. Setting up of the Integral
Thermal Facility is progressing and the
main loop was commissioned and
the main circulating pump was tested.

Thermal Hydraulics Studies : Experi-
ments on the rewetting of hot
horizontal channel were carried out.
A test set-up has been designed to
study flow distribution between paral-
lel channels under sputtering condi-
tions. Computer codes for calculation
of two-phase critical flow for con-
duction controlled rewetting analysis
and for dynamic analysis of reactor
system have been developed. An
instrument for blow down flow rate
measurement has been designed and a
void fraction measuring instrument
is in advanced stage of development.
A scaled down model for containment
experiment is nearing completion.
Thermal analysis during depressuriza-
tion transients in 2 MW inpile loop
at R-5 was carried out. Fabrication
of equipment for 1.2/3 MW Boiling
Water Loop has been completed.
Effects of change of moderator cover
gas in PHWRS from helium to helium-
neon mixture on the pump-up time,
pumping power etc. were examined.
Core flow distribution in TAPS reactor
for modified orifices was estimated.
Pressure drop experiments on PHWR
fuel assembly were conducted for
low Reynolds number ranges. Experi-
ments on reactor vessel models to
determine core flow distribution with
inlet nozzle 180° apart were conduct-
ed and flow visualization for lower
plenum was done.

Water Chemistry Studies: The effect
of exposure to atmosphere on pH
and electric conductivity of deminera-
lized water was investigated.
Regeneration characteristics of cation
exchange resin in H+ form to
NH+4 form were evaluated.

Nuclear Fuel Cycle Studies: Study
has been conducted on the thorium
fuel cycle. A proposal has been made
to initiate R & D work data towards
the development of technology for

complete thorium fuel cycle. Physics
studies are being conducted. Irradia-
tion work is planned initially in a
research reactor, and at a later
stage a few channels in a power
reactor would be used for further
irradiation work. Various groups in
BARC and RRC are participating in
this programme.

Theoretical Reactor Physics

Two computer code systems to do
physics analysis of boiling water
reactors have been developed. The
cluster geometry of heavy water
reactor fuel bundle can be simulated.
The codes were verified with a num-
ber of experimental results including
thorium and plutonium fuelled sys-
tems. A new homogenisation theory
was investigated. Significant progress
was made in computational models
based on finite element and nodal me-
thods. A two-phase two-component
non - equilibrium thermal - hydraulic
computer code ANEXDI was deve-
loped. The non-linear stability of a
nuclear reactor with two temperature
feedback was analysed. Two dimen-
sional simulations of the design basis
accident of rod drop in TAPS were
done. The three dimensional model,
suitable for 500 MWe PHWRs, was
improved. Fuel management service
for TAPS was continued. The effects
of a number of fuelling options on
the end-shield in a PHWR were
analysed. Considering the possibility
of having higher peaking factors in
NAPP a new fuelling scheme with
higher discharge burn up was worked
out.

The structure of high spin states in
heavy nuclei was investigated. A
model was proposed to explain the
area theorem for the laser pulse
propagation in atomic media. Theo-
retical work on some of the Quantum
Mechanics problems was continued.

Experimental Reactor Physics

As a part of the study of radiation
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embrittlement effects on endshield
material in the current heavy water
reactors fast neutron fluence
measurements were made at RAPS-1,
CIRUS and APSARA. The R & D
programme for the application of
noise analysis techniques for surveil-
lance/measurement of physics and
engineering parameters of power
reactors during their operation is
contii uing.

After completing the experfments for
R-5, the core configuration of the
ZERLINA reactor has been changed
for an experimental programme re-
lated to the design of zonal control
for large heavy water reactors. Future
requirements of lattice experiments
related to plutonium recycling and
use of thorium cycle have also been
examined. Work was continued on
nuclear data calculation and evalua-
tion.

Reactor Analysis & Studies

Safety and Thermal Hydraulics: The
first phase of loss of coolant accident
(LOCA) analysis code for PHWRs
has been completed. Study of safety
related behaviour of the PHWR
system has been completed. For the
R-5 reactor LOCA and safety system
settings have been studied.

Plant Dynamic and Simulator
Project: The integrated mathematical
model of RAPS primary system has
been completed and was demon-
strated on the PRIME computer at
BARC.

Structural Dynamics: Computer Pro-
grams for detection of signal in
presence of noise have.been deve-
loped and are being used for studying
severe transients. Stress analysis for
steady and transient conditions for
certain components of R-5 and of
RAPS has been performed.

Reactor Control

The last two control panels required for
the FBTR secondary sodium pump

control and the two battery panels
for emergency pump control have
been installed and commissioned at
RRC. This completes the design,
fabrication and installation action
for the complete project.

The complete control system for
R-5, including solid state safety
logic, emergency core cooling system,
startup logic, regulating system,
alarm annunciation system and
channel monitoring system has been
fabricated and tested. Installation is
in progress. The complete control
systems for PURNIMA—2 has been
installed and tested. The system con-
sists of reflector drop shut-down
mechanism with associated speed
control drive, shut-off rod mecha-
nism, two control rod mechanisms,
level control drives, alarm annuncia-
tion system and the associated inter-
locks and controls housed in a
control panel.

A TDC-312 Computer-based Gamma
Scanner System for examination of
irradiated FBTR fuel elements has
been installed and commissioned at
RML, RRC. A cold pin fuel element
scanner is also being fabricated for
quality surveillance.

The magnetising water-cooled coils
weighing around 20 tonnes for the
300 tonne moving magnet for the
MHD Project were wound using
special machine built for this purpose.
Complete design of the instrumenta-
tion was done in collaboration with
BHEL. The four operator's panels
and the four control consoles were
fabricated and wiring of the same is
in progress.

The servo system for Defence
Electronics Applications Laboratory
(DEAL) surveillance antenna was
installed and successfully commis-
sioned. The system is capable of
tracking satellites upto angular
speeds of 6 degrees/sec.

One 15 kVA medium frequency

inverter system suitable for motor
drives has been developed and
tested successfully.

High efficiency solar cells of 2 cm x
2 cm with an output power of 65 mW
were developed. About 270 solar
cells were supplied to the Department
of Space. Energy storage capacitors
for pumping flash lamps of high
power Nd-glass lasers have been
fabricated and tested. A CCTV sur-
veillance system incorporating 24
cameras, 4 autoscanning units, one
VCR and associated electronic hard-
ware has been installed at PREFRE,
Tarapur.

System integration for the undetected
image acquisition and display in
Microcomputer-based Metallogra-
phic Analysis System for RRC was
completed. For image analysis,
feature extraction and continuous
scan methods were identified and
tested on artificial images using
FORTRAN-IV language. Noncontact
flow measurement experiments for
reactor noise analysis were carried
out and the results are being
published.

Ten prototype 3.75 kW capacity
canned motors have been fabricated
and supplied for use in Heavy Water
Projects. A larger capacity motor is
being developed for special applica-
tions. A computer-based system for
plant data acquisition, alarm annun-
ciation and equipment performance
evaluation has been commissioned
at PREFRE, Tarapur. A micropro-
cessor-based adjuster rod control
system for regulating reactor power
has been fabricated for use in NAPP.
The first prototype of the shut-off
rod head-gear for NAPP was fabri-
cated and successfully tested. These
will be produced in quantities required
for use in NAPP reactor.

Reactor Chemistry

The most important accomplishment
is in relation to the setting up of the
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Water and Steam Chemistry Labo-
ratory at Kalpakkam. After getting
financial sanction for the Project,
construction of the laboratory has
started and part of the equipment
has been indented.

Thermodynamics of a ncmber of
uranium molybdates was studied.
Release and trapping behaviour of
131I from ursnia pellets were
evaluated. Piofouling in condenser
cooling systems was extensively in-
vestigated. Both static and dynamic
loop studies were carried out on
material compatibility behaviour of
various steels with Rana Pratap
Sagar lake water in collaboration
with Heavy Water Plant, Kota. Decon-
tamination studies were carried on
stainless steel coupons having radio-
active oxide deposits with varying
formusations of chemical mixtures.
Material compatibility of various con-
structional materials exposed to PHT
System conditions during hot condi-
tioning of MAPP-1 was carried out.
The crystal structure of a number of
systems was worked out. Extensive
chermo-analytical investigations were
carried out on a number of systems
viz., mixed cuprates double arsenates
and phosphates and also on rare
earths oxide-molybdenum oxide
systems. Apart from product analysis,
kinetics of reaction mechanisms was
established.

More than 23,000 samples of water,
heavy water, helium gas, ion
exchange resins, etc. from process
systems were analysed. Work carried
out for DAE units ! "dude: evaluation
of hot-conditioning of PHT system
of MAPP-1, analysis of heavy water
samples in the entire concentration
range with high accuracy as required
by PPED, supply of D,0 standards
to MAPP, complete chemical analysis
of water samples from Kakrapar
Project. Indigenisation programme of
ion exchange resins was continued.
Chemical evaluation of the feasibility
of using neon as cover gas in nuclear

reactors was done. A mass spectro-
meter for analysis of water samples
with low deuterium content has
been set up. Services in the analysis
of 3He and 15N in gas samples were
also provided. Research work in the
field of coordination chemistry of
metal ions of interest with hydroxy
chalcones and hydroxamic acids was
carried out to evaluate the specificity
of the reagents for determination of
certain metal ions.

Heavy Water

The upgrading plant at Kalpakkam
based on electrolysis, designed and
set up by BARC last year, has been
operating with a steam factor better
than 90%. The upgrading plant based
on distillation, utilising sophisticated
tower internals, also developed in
BARC, has been successfully com-
missioned at RAPP and its per-
formance has been found to be
meeting the design targets. Thus,
two processes, which can be success-
fully employed either individually or
in combination, for setting up up-
grading plants and heavy water plants
have been now established. Con-
sequent to the successful develop-
ment of a catalyst for heavy water
production by water/hydrogen ex-
change processes, further work in
evaluating the performance of the
catalyst for bi-thermal exchange
process is in progress.

Work on improving the performance
of ammonia-water and hydrogen
sulphide-water systems is nearing
completion. Computation of revised
thermodynamic and transport pro-
perties of heavy water has been
completed. These would be published
by ISI.

Reactor Operation

The availability of the reactors
APSARA (400 kW), CIRUS (40
MW) and ZERLINA (100 W) was
good during the period. The areas
of utilisation of these reactors

included agricultural research, basic
research, reactor research, neutron
radiography and isotope production.

Prototype units for converting the
electronic components of the three
reactors into solid state systems were
successfully tested. Two control ele-
ments of French design with modi-
fied control blades and new locking
devices were cycle-tested and
installed in APSARA. Mixed fuel
loading was continued to extend
the burn-up for the fuel. Irradiation
of the first mixed fuel cluster in
CIRUS loop was completed and of
second assembly is in progress.

An iodine scrubber system was com-
missioned in the main ventilation
system of CIRUS reactor. Locks with
interlock keys were incorporated in
a few more safety-related valves in
the primary coolant system of the
CIRUS reactor.

Fuel Reprocessing

Trial runs for reprocessing of irra-
diated metallic fuel were concluded
at the Fuel Reprocessing Plant at
Tarapur. Reprocessing of the spent
fuel from the Rajasthan Atomic
Power Station has been started.

The installation work at the Fuel
Reprocessing Plant, Trombay is nearly
complete and preparation for pre-
commissioning trials is being made.
The project report for the Fuel
Reprocessing Plant at Kalpakkam,
for processing spent fuel from the
Madras Atomic Power Station and
Fast Breeder Test Reactor, has been
approved and the detailed design
is in progress.

Waste Management

Waste Immobilisation Project, Tara-
pur: Satisfactory progress was made
in the construction of the plant for
immobilisation of highly radioactive
wastes generated in the Fuel
Reprocessing Plant. Testing of the
systems of the plant prior to cold
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commissioning was taken up. Trial
commissioning of the first induction
furnace in the vitrification plant is
under way while the second furnace
is under installation. In the plant
for immobilisation of intermediate
level radioactive wastes, sequential
controller for orchestrated operation
has been incorporated. Based on
regular trial runs and mock-ups
certain modifications are being incor-
porated prior to radioactive com-
missioning.

Solid Storage Surveillance Facility,
Tarapur: Work on the construction
of the facility and the design and
procurement of equipment is pro-
gressing.

Repository for Immobilised Waste
Products: In connection with the
selection of a suitable site for setting
up a centralised repository for the
ultimate disposal of highly radioactive
wastes in deep geological formations,
rock samples from a few sites are
being examined for their physico-
chemical, thermal and mechanical
properties.

Waste Management Facility, NAPP:
Civil works for the facility meant for
treating radioactive wastes from the
operation of Narora Atomic Power
Plant have started. The fabrication
and supply of embedded parts are
in progress. The procurement of
various process equipment is being
taken up.

Centralised Waste Management Faci-
lity at Kalpakkam: It is being com-
missioned. Treatment plants for low
level effluents and decontamination
centre for protective wears and
apparels are in operation catering
to the requirements of Heavy Water
Upgrading Plant of MAPP. Under-
ground piping system for transferring
effluents between various facilities
of RRC and CWMF has been installed
and tested. Underground piping
system for transferring liquid wastes
from MAPP to CWMF and back to
sea water dilution point has been
commissioned.

A total volume of 395 m3 of tritiated
liquid waste containing 122.6 Ci
of tritium activity and about 100 kg.

The control room of tha Powar Raactor Fual Raprocasaing Plant (PREFRE) at Tarapur.

of tritiated potassium carbonate waste
containing 22 Ci of tritium from
Heavy Water Upgrading Plant of
MAPP was collected and treated.

Effluent Management for NFC at
Hyderabad: Technical specifications
and construction drawings for recti-
fication of solar evaporation ponds
were provided to NFC based on
which one pond has been repaired.
Work on rectification of four more
ponds is nearing completion. About
3500 m3 of liquid effluents were
evaporated in solar ponds and the
useful salts recovered were released
for sale.

Effluent Treatment Plant for Indian
Rare Earths Ltd. (IRE): Design and
safety report for liquid effluent treat-
ment plant has been prepared.

Waste Immobilisation Project,
Trombay: This facility is meant for
processing the radioactive wastes
generated from the expanded Pluto-
nium Plant at Trombay. The con-
tract for rendering engineering con-
sultancy services with respect to
civil, electrical, ventilation works etc.
is in the process of being awarded.

Operations: The Waste management
facilities at Trombay, Tarapur and
Rajasthan were operated satis-
factorily. The following table gives
the summary of the operations for
the year:

Research and Development: Work on
improving the conditioned vitrified
waste product characteristics and
on the long-term behaviour of boro-
silicate glass was continued. For
theoretical prediction of radionuclides
from the waste storage site, a dis-
persion model for the migration of
^ C s and 90Sr was developed for
Tarapur Waste burial site. Recon-
naissance surveys for the selection
of a waste burial site at Kakrapar
were carried out.

Studies to improve the performance
of on-line cartridge filter for the
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Operational Summary of waste management facilities

Site

Trombay

Tarapur

Rajasthan

Liquid wastes
Volume

(m>)

18,120

30,856

16,494

Activity
(curies)

658.6

1326.3

948.0

Solid
Solids
(mV

545.0

545.8

260.8

wastes
Sludge

(n>V

112.0

138.5

Deconta-
mination of

active
materials

(Kg)

1,02,356

86,972

removal of suspended matter from
liquid streams were continued. A resin
impregnated cartridge filter for the
removal of fine solid particles from
seal oil, and another type of filter
with wool and rayon for the removal
of fine oil mist from compressed air
were developed.

Development work on the nitrogen
gas purification system and the
fabrication of charcoal columns for
Radiometallurgical Laboratories at
RRC was completed. A silver nitrate
impregnated activated carbon for use
in iodine monitoring cartridge at
TAPS was developed to replace the
imported one.

Health Physics

Routine monitoring of personnel
working in radioactive areas in
different units of DAE was conducted
by bioassay and whole-body count-
ing. A total of 2500 radiation
workers from Trombay, TAPS, RAPS
and UCIL, Jaduguda, were moni-
tored using whole-body counters.
Where whole-body counting is not
needed, monitoring by bioassay was
conducted. Urine and faecal samples
were analysed in 700 cases to
assess internal contamination. These
investigations showed that occupa-
tional exposures to external radiation
of workmen in different units of
DAE were well within the permissible
limits. Apart from one case .of minor
accidental over-exposure to *31I

there were no cases of significant
internal contamination. Environmental
Survey Laboratories at Tarapur, Kota
and Kalpakkam continued monitor-
ing of radioactivity in terrestrial and
aquatic environment.

In order to assess the hazards from
conventional air pollutants in different
industrial operations, concentrations
of mercury, nitric oxide, beryllium
and a number of pollutants in the
work atmosphere, were periodically
estimated. Industrial hygiene surve-
illance was maintained during the
commissioning of the Beryllium Pilot
Plant at Vashi. Under the Accident
Prevention Programme at Trombay,
investigation of accidents was carried
out and educational materials to
ensure implementation of safety re-
commendation were prepared.

In the area of research and applica-
tions of thermoluminescence dosi-
metry, an Indo-Soviet study has.been
initiated. Work on lyoluminescent
dosimetry in high dose range with
various organics was initiated. Appli-
cation of electrochemical etching for
fast neutron dosimetry was studied.
Gamma dosimetry in the megarad
region using various films was com-
pleted. Measurements of radon in
the environment using locally made
films were made. Heavy ion trans-
port studies using numerical solution
of the integral transport equation,
and energy deposition measure-
ments were made.

Criticality safety of spent fuel assem-
blies in the PREFRE pool was studied
for revised storage configuration.
Work on transfer co-efficients of
trace elements to body organs was
completed. As a part of an IAEA
research contract on human nutri-
tion, determinations of trace element
in human milk and commercial milk
formulae was carried out. Laboratory
studies on removing the bulk of the
selenium from waste effluents were
carried out. Denitrification of water
using anaerobic bacteria has been
successfully carried out at NFC.
Nitrate level has been brought down
from 7400 ppm to less than 1 ppm
within seven days using ethyl
alcohol. At Trombay, the study on
distribution and accumulation or
plutonium and americium in different
matrices of the coastal environment
was continued. Studies on the distri-
bution of a number of radioactive
and toxic materials in certain areas
were carried out. Work on the atmo-
spheric stability classification at
Kaipakkam, storm surge estimates for
one of the nuclear power plant sites
under consideration on the east
coast and installation of recording
station at Tarapur for obtaining data
on local ground accelerations was
completed. A range of portable
battery-operated health physics
instruments, and a scanning
multichannel analyser capable of
acquiring 16 x 256 channel spectra
have been developed;

Radiation Protection

An effective countrywide radiation
safety programme by (1) measuring
and recording the radiation doses to
radiation workers, (2) planning and
surveying of radiation installations,
(3) advising and training users of
radiation on all aspects of radiation
protection, (4) designing, fabricating
and calibrating special radiation
monitoring instruments, and (5) by
maintaining a network of sampling
stations all over the country to deter-
mine concentrations of radioactive
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fallout from nuclear weapons is
being followed.

About 27,000 radiation workers from
2338 institutions were monitored.
Advice on the planning of radiation
installations authorisations for the
procurement of radioisotopes and
radiation equipment was given. Radio-
logical protection surveys were con-
ducted in a number of institutions
to evaluate radiation hazards. The
20th one-year Postgraduate Diploma
Course with 14 students in 'Hospital
Physics and Radiological Physics'
was completed and the 21st Course
with 16 trainees was commenced.
A number of short-term courses on
radiation and safety were conducted.
The environmental hazard of benzo
(a) pyrene in terms of equivalent
radiation dose has been quantified.
The use of a dosimeter has been
introduced for the calibration of
radiotherapy machines. This tech-
nique enables more efficient detec-
tion of scattered radiation as com-
pared to ionization chambers.

Kinetics of gases due to absorption
of infrared radiation in closed cells
has been studied. The expression
derived for the magnitude of pressure
pulse in the cell explains satis-
factorily the observed characteristics
of the pneumatic detectors designed
in the laboratory earlier. Levels of
natural radionuclides present in the
spring water and external gamma
radiation doses around a number
of hot springs were measured. A
microprocessor-controlled dose scan-
ning system for radiation field analy-
sis of high energy X-ray and electron
beams from accelerators was develop-
ed and fabricated. A microprocessor-
based system for large scale process-
ing of personnel monitoring badges
was developed. The doses are com-
puted and printed in 'ready-for-
despatch'formr.t.

To meet the increasing demand for
routine and emergency monitoring
compact monitors such as radiation
monitor with alarm, monitor with
telescopic extension rod for remote
monitoring, wide range logarithmic
surveymeter, pocket radiation monitor
with LCD display, contamination
monitor, secondary standard dosi-
meter and ion chamber survey meter,
were developed and fabricated. Com-
pact portable kits were assembled
incorporating these instruments.

Safety Evaluation

Over 1800 samples were evaluated
for irradiation in reactors. Proposals
for the irradiation of silicon crystals
and fibre glass assemblies in AP-
SARA and diesel oil samples in
CIRUS were evaluated. The physics
of installing two more new control
blades in reload-2 control elements
in APSARA reactor core with a
central water hole to serve as a high
flux irradiation position was examined.

A computer code 'CSRESP' was
developed to facilitate transfer func-
tion analyses of CIRUS and APSARA
control systems. To study the re-
quirement of an ultimate heat sink
for R-5 emergency cooling, a com-
puter code was developed. The
feasibility of increasing the thermal
neutron flux in R-5 by using zircaloy
clad natural uranium oxide fuel was
investigated. Neutronic part of a
kinetics computer code 'CORDYN'
with actual thermal feedback effects
was commissioned.

Monazite Survey Project

Chromosome aberration analysis of
human populations residing in nor-
mal and high background radiation
areas of Kerala coast was continued
and data obtained is in agreement
with our earlier conclusions that
there is only a marginal increase in

chromosome aberration frequency in
human populations exposed to high
background radiations.

In continuation of the work on oc-
cupationally exposed individuals in
different DAE units, over 150 samples
have been chromosomally analysed
from Rajasthan Atomic Power Station.

Energy Research

Studies are being carried out on
thermal desalination, reverse osmosis,
production of elemental phosphorus
by electrothermal process and hy-
drogen production by advanced
electrolysers. Procurement and
fabrication of equipment for the 250
m3 per day Multistage Flash Plant
are in an advanced stage.

A number of manually operated
mini-reverse osmosis desalting
units were assembled for demonstra-
tion. One such unit was sent to an
academic institution for coupling to
a windmill. The reverse osmosis
test unit was assembled for the
treatment of low-level radioactive
effluents. The data developed from
this Unit will be utilised for design
of plants for radioactive effluent
treatment.

Trial runs on the pilot plant for
phosphorus production are expected
to start shortly, after carrying out
the modifications.

Three single cell advanced electroly-
sers have been fabricated for hy-
drogen isotope enrichment studies.
Preliminary design work for a 20 m3

per hour hydrogen plant has been
taken up.

Civil Engineering

The Civil Engineering Division, 6ARC,
handles all aspects of civil works
including architectural and structural
designing and construction of all
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plants, laboratories, reactors and hous-
ing for BARC. The Architectural
Section also renders architectural de-
sign services to all other units of
DAE. The construction activities of
CED-BARC extend over Bombay,
Vashi-New Bombay, Tarapur, Sri-
nagar, Gulmarg and Gauribidanur.

Trombay: The construction of all
structures and services for the R-5
Project and internal painting of some
buildings, using specialised paints
for meeting specific functional re-
quirements, were completed. Opera-
tion Testing Facility building under
Plutonium Plant Expansion Pro-
gramme has been completed.

Expansion of five existing facilities
viz. (i) Library building, (ii) Atomic
Fuels Division building, (iii) Facilities
for Chemical Works on Plutonium
Fuels in Radiological Labs., (iv)
Uranium Metal Plant and (v) HIRUP
building for Nuclear Hydrology
Laboratory has been completed. The
expansion to Central Workshops
Phase-Ill is in progress. Construct-
ion of New Laboratory Building for
Chemical Engg. Division has com-
menced.

New Bombay: Radio-Pharmaceutical
Laboratory and Beryllium Machining
Facility were completed.

Tarapur: The main activity started
this year at Tarapur is the construction
of Solid Storage Surveillance Facility
consisting of high integrity nuclear
structures requiring rigid quality cont-
rol and high degree of workmanship.
Construction part of the physical
protection measures comprising part
rubble masonary boundary wall and
security building has been complete J .
Work on the remaining part was
started.

A number of new buildings including
new services buildings and a com-
mon office building for Technical
Services Administration and Accounts
are under construction. The existing

BARC Housing Colony is being
extended. Construction of 226 quart-
ers. Transit Type Bachelor accom-
modation for 72 persons and ex-
tension to school building is in
progress. A centralised Fire Station,
an Auditorium and an Office Com-
plex are being planned.

Architectural Services : Architectural
services in designing buidings for
all the units of DAE including the
works involved in the International
Trade Fair held at Delhi were render-
ed. Consultancy services were pro-
vided for Mehta Institute of Mathe-
matics, Allahabad, and International
Institute for Population Studies,
Bombay, and Electronic Regional
Testing Laboratory at Bombay for
the Department of Electronics.

Technical Services

Engineering design, preparation of
detailed specifications and drawings,
estimation, erection and commission-
ing of different types of equipment
for electrical, air-conditioning, venti-
lation, compressed air, service water,
vacuum system and other mechanical
services for different projects of
BARC were carried out. Operation
and maintenance of equipment, in-
cluding 100 kV Receiving Station,
22 kV Main Substation, large number
of distribution substations and no-
break power systems and air-condi-
tioning plants were carried out.

Some of the important projects that
were completed are 33 kV Sub-
station, Assembly Building, Work-
shop, Filter House, Stores etc. of
PREFRE Expansion Phase-I at Tara-
pur, Extension to Atomic Fuels Divi-
sion, Repeater Station at BARC
for Maharashtra Police Department
and Beryllium Machining Facility at
Vashi for the Department of Space.
Some of the major projects under
execution are Uranium Metal Plant
Expansion, Central Workshops Phase
III, Extension to Radiochemistry La-
boratory, Intensive Care Unit at BARC

Hospital, Project R-5 Replacement
of sub-station equipment and cable
at IRE sub-station, CIRUS and Plu-
tonium Plant, Radio-Pharmaceutical
Laboratory at Vashi, PREFRE Ex-
pansion Phase-I I, Solid Storage Sur-
veillance Facility and Housing at
Tarapur with a total sanctioned cost
of about Rs. 22 crores.

Engineering design and estimates
for new Projects such as Somoton
CT Scanner, BARC Hospital, Central-
ised Process Instrumentation Labora-
tory at Trombay, Labelled Compound
Facility and General Services Facility
at Vashi, Colony Expo nsion at Tarapur
and Nuclear Resee/ch Laboratory
Phase II at Srinagar were made.
Most of the work for R-5 project
has been completed and the re-
maining part is nearing completion.

The electrical and mechanical services
for the Radio-pharmaceutical La-
boratory at Vashi have been com-
pleted.

The procurement action for the major
pieces of equipment for PREFRE
Expansion Phase II and for the Solid
Storage Surveillance Facility at Tara-
pur was initiated.

Central Workshops

The major assignments completed
during the year are periscopes for
Waste Immobilization Project and
Fast Breeder Test Reactor, creep
capsules for metallurgical studies in
R-5, seal and shield plugs for R-5
magnet assemblies for Magneto-
Hydrodynamic Power Generation, one
fuelling machine and lower thimble
for Narora Atomic Power Project,
triple axis spectrometer for export
to Korea, Raman Spectrometer and
scanning electron microscope for
BARC and 200 nickel lifting heads
for FBTR. Specialised electroplating
work on 700 sets of sealing jaws for
fuel handling system, partly for
MAPP-II and partly for NAPP was
completed. Class I radiographic quality
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The Triple Axis Neutron Spectrometer for
the Korea Advanced Energy Research
Institute. This was designed and manu-
factured by the Central Workshops of the
Bhabha Atomic Research Centre.

castings were made for use in nu-
clear power programmes.

The first batch of eight articulated
manipulators, designed and developed
in the Central Workshops, were made
available to users. An improved ver-
sion with some added features is
under fabrication. A rugged duty
Master Slave Manipulator and a
power manipulator were developed.

The project of modernising the work-
shops to meet the current demands
cf the nuclear field at a sanctioned
cost of Rs. 8.3 crores has been
undertaken.

Computer Services

The availability of BESM-6 System
has been more than 95%. With the
installation of two PRIME P-450
computer systems equipped with time
sharing facilites, the load on BESM-6
has decreased considerably. The
BESM-6 computer system has now
been linked to the PRIME computer
so that an input job can be submitted
directly from a PRIME terminal.

Training

During this year, the BARC Training
School at Trombay completed 25
years. Twenty-sixth Course of Train-
ing with 98 regular and 38 in-plant
trainees commenced from 6.9.1982.
An audio-visual laboratory and a

micro-processor laboratory were set
up during the year. Three medical
graduates were trained for Diploma
in Radiation Medicine and five science
graduates were trained for Diploma
in Medical Radioisotope Techniques.

Library & information Services

The Library holdings now stand at
nearly 6,64,000, including 69,500
books, 56,900 bound volumes of
periodicals, 17,600 patents and stand-
ards, and over 5,20,000 technical
reports. The Library receives 1630
periodicals, of which 1331 are sub-
scribed to, the rest being received
gratis or on exchange basis. Besides,
there are several thousand reprints
of scientific papers. The report collect-
tion is one of the largest in the world
in the nuclear field. There are about
8,300 active users of the Library.

During the year, 100 technical reports
embodying the results of research
and development work done in the
Centre and proceedings of symposia,
conferences, seminars, etc. organised
by the DAE and BARC, were brought
out and widely disseminated.

Translations were done from French,
German, Italian, Japanese and Russian
languages at the request of scientists
and engineers of the Centre and other
units of the DAE. A copy of every
translation done was deposited in the
National Science Library, INSDOC,
New Delhi, for the National Data
Bank of Translations. Courses were
conducted in French, German and
Russian for the benefit of BARC
scientists and engineers. Interpreta-
tion services in these languages were
also provided on several occasions.

Activities were continued with India's
participation in the computer-based
International Nuclear Information
System (INIS) established by the
IAEA, at Vienna in 1970. During the
calendar year 1982, about 500 items
published in India and falling within
the subject-scope of INIS were con-

tributed to the System. India has
so far contributed about 12,000
items to the System, amounting to
about 1.6% of the items in the INIS
Data Bank. The SDI service based
on INIS output tapes using IRIS-80
Computer at VEC, Calcutta, was
continued covering 450 individual
scientists and scientific groups of the
Centre, and other units of the DAE.

Personnel

The total strength of BARC, including
VEC Project as on 1.1.1983 was
13,682, comprising 3,597 scientific,
5,883 technical, 1,254 administrative
and 2,948 general maintenance and
auxiliary staff.

During the period from April 1982
to March 1983, 113 scientists were
deputed abroad for participation in
international conferences, symposia,
meetings, etc. and for specific Govern-
ment work.

During the period, 26 scientists were
deputed abroad for scientific visit/
training/study tour under the aided
schemes, and 20 scientists were
deputed under bilateral agreements.

The services of 5 scientists were
placed at the disposal of IAEA on
foreign service as the Agency's ex-
perts, etc. 21 scientists were granted
extra-ordinary leave for post-doctoral
work abroad.

The scheme of training BARC scient-
ists and engineers in IITs/IISc, Banga-
lore, under th? collaboration agree-
ment was continued. So far 34
scientists/engineers have completed
their training, and 6 are undergoing
training at present.

So far 30 Indian universities have
recognised BARC as a centre for
post-graduate studies in various dis-
ciplines. 111 scientists of the Centre
have so far been accorded the status
of university teachers by various
universities.
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Under the collaboration scheme bet-
ween BARC and the University of
Bombay, 6 students of the Bombay
University are presently doing re-
search work leading to M. Sc./Ph.D.
degrees. So far 23 students have
qualified for the award of Ph.D./
M.Sc. degrees under this scheme.

Under the Faculty Improvement Pro-
gramme of the University Grants
Commission, 4 lecturers completed
research and one lecturer is doing
research leading to Ph.D. in the Centre.

The Centre continued to provide
training facilities to foreign nationals
under the IAEA Technical Assistance
Programme and various collaboration
agreements.

Reactor Research Centre,
Kalpakkam

Fast Breeder Test Reactor (FBTR)

All the major equipment (including
the Reactor Vessel) and components
for FBTR have been received and
their installation at site has pro-
gressed satisfactorily. The piping
works have progressed to the extent
of 75%. The instrumentation and
control systems have been received
to the extent of 95% and installation
and testing of the sub-systems is in
progress. The electrical and ventila-
tion systems have almost been com-
pleted and commissioned. Due to
the delays in tfee delivery of the reactor
vessel and some of the components
of the primary system, there have
been consequential! delays in com-
pleting the primary piping works.
During this year, some design im-
provements have been incorporated
in the primary system piping based on
the experience in a similar reactor in
France viz. 'Rapsodie' which would
reduce the piping stresses and en-
hance the life of the system. The
overall physical progress of the pro-
ject is 95% and the current expected,
completion date is middle of 1984.

Reactor Engineering

Preliminary design work on the Proto-
type Fast Breeder Reactor (PFBR),
which will be the next step towards
development of breeder reactor tech-
nology, has made good progress
and the feasibility report is expected
to be ready by the end of March
1983. During the year, progress
has been achieved in the application
of noise analysis techniques for
measurement of flaws in large dia-

meter pipes and the application of
ultrasonics for scanning under sodium.

Basic data is being compiled for the
development of sodium boiling de-
tector based on detection of associ-
ated acoustic emission. A large
capacity permanent magnet flow-
meter has been designed, built, tested
and delivered to FBTR. Basic design
of the steam generator and sodium
pumps required for PFBR has been
completed and steps have been

The reactor vessel for the Fast Breeder Test Reactor (FBTR) at the Reactor Research
Centre, Kalpakkam.
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initiated to have these units built
indigenously.

Metallurgy Laboratory

In the continuing metallurgy pro-
gramme of RRC, base line data
on the mechanical and corrosion
properties and on the microstructural
characteristics of the materials used
in FBTR has been collected. Con-
siderable data have been obtained
during the year on the tensile and
creep properties of 316 stainless
steel cladding tubes in solution an-
nealed and cold worked conditions
at test temperatures upto 750°C.

Radiochemistry Laboratory

The Radiochemistry Laboratory
has been cleared for radioactive work
after safety evaluation. Active work
is expected to commence by mid-
December. The hot cells, which are
ready for operation in air environ-
ment, are being provided with inert gas
environment. Sixty tons of commercial
sodium procured for use in FBTR have
been accepted after quality control
analysis. Meanwhile, analytical tech-
niques are being improved to cater to
reactor grade sodium. The analytical
sodium chemistry loop has been com-
missioned. A new type of electro-
chemical carbon meter for use in
liquid sodium has been developed
and is undergoing trials in static
sodium. A high purity inert atmo-
sphere glove box, a compact arc
melting unit and a molybdenum
furnace have been fabricated and set
up for preparing fuel materials. A
laser flash apparatus for measuring
the thermal conductivity of fuel
materials has been set up. A high
temperature microcalorimeter has
been calibrated and heat capacity
measurements carried out on
alkaline earth uranates. The laboratory
continued to provide analytical serv-
ices to various facilities at Kalpak-
kam.

Reprocessing & Material Science
Laboratories

The Reprocessing Development
Laboratory is engaged in development
work on equipment, process and
instrumentation. The chemical la-
boratory is being commissioned for
carrying out process development
work with active material.

In the Materials Science Laboratory,
experimental and theoretical research
on defects and radiation damage
in materials and electronic, mechani-
cal, optical and cryogenic properties
of materials are under investigation.

Safety Research

In extension of the earlier studies on
fuel-coolant interactions, experiments
were carried out with molten uran-
ium oxide and liquid sodium. A
technique based on ultrasonic princi-
ples for detection and location of gas
bubbles in water is being tested for
on-line application to failed fuel
detection and location in fast reactors.
Design of a test rig for study of
sodium-water reactions has been
completed. Release characteristics
of fission product cesium and
iodine in fires involving primary sod-
ium have been studied using sodium
spiked with the above elements. A
microcomputer-based simulator is be-
ing developed for training the person-
nel and testing the procedures in the
handling of a postulated emergency
involving radioactivity release to the
environment trom nuclear installations.

Instrumentation

The instruments completed during
the year include a Mössbauer spectro-
meter. Ultrasonic velocity and at-
tenuation measurement and auto-
mation equipment for the X-ray
diffractometer for the Materials Sci-
ence Laboratory. The instruments
developed for the Materials Develop-
ment Lab. include a data logger for
the creep laboratory and automation

equipment for the hot torsion testing
machine. A high voltage pulser for
welding equipment in MAPP was
developed. Development of an ultra-
sonic foetus monitor has been taken
up for the DAE hospital in Kalpakkam.
A programme filter and a dual mode
amplifier has been developed for the
sodium noise studies in the Reactor
Engineering Laboratory. As regards
large scale instrumentation, work has
been taken up for instrumentation
for the Neutron Source Reactor
facility and data acquisition and
display system for the Heavy Water
Project (Kota). Work on a colour
graphic display system for MAPP
has also been taken up.

Computer Centre

The installation and commissioning
of the computer system (Honeywell-
Bull DPS 8/40) of the latest fourth
generation technology, was com-
pleted in the first quarter of the year.
One shift operation in the batch
processing mode was started in
March 1982. The time sharing system
was made operational in June 1982
after training about 120 scientists
and engineers on the use of the time
sharing terminals. The operation was
extended to 12 hours per day from
September 1982.

Civil Engineering & Central
Workshop

During the year, in RRC, a separate
Civil Engineering Group was formed
consisting of architecture, structural,
estimate 8- contracts and construction
sections so as to have one composite
group to continue the existing civil
engineering activities and at the same
tisne to take up the construction of the
proposed Fuel Reprocessing Plant
at Kalpakkam which is of considerable
magnitude. Construction work has
begun for the Water and Steam
Chemistry Laboratory and Physical
Protection for FBTR. Preliminary de-
sign for the proposed Fuel Re-
processing Plant has begun.
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Fabrication and machining of different
components for FBTR and other
laboratories were continued in the
Central Workshop. The items include
sodium sampling device, transfer block
examination canal, argon vapour trap,
fittings and mountings for cables,
nitrogen cooling pipes for plugs,
Neutron and Delayed Neutron de-
tector plugs, sodium pump filter,
drilling and tapping of holes ingrid
plate and diffuser assembly, 4 nos
of argon storage tanks, etc., all for
FBTR.

Tata Institute of Funda-
mental Research

The scientific activities of the In-
stitute are organised under three
scientific sections viz., the mathe-
matics faculty, physics faculty and
the committee for projects and applied
research.

Mathematics

The research work of high quality
continued to be carried on in the
School of Mathematics, in the various
disciplines such as Algebra, Algebraic
Geometry and Lie Groups. Interesting
results were obtained on Projective
Modules and Quadratic Modules. In
Algebraic Geometry, the School has
strong expertise especially in the area
of Moduli Problems on Vector Bund-
les. Important contributions have been
made in this area especially on
Vector Bundles on higher dimensional
varieties. Work on Central Extensions
of Algebraic Groups was continued
during the current year. In Number
Theory too interesting results have
been obtained. Some work has also
been done in the area of Infinite
Dimensional Algebras of the Kac
Moody type.

In Bangalore, the TIFR Centre is
carrying on interesting work in ap-
plications of Mathematics, especially
with regards to Differential Equations
for the symmetric Eigenvalue pro-
blem, Dirichlet problem for Mar-

guerre Equation in non-linear Shell
Theory, Stochastic Control and
Boundary Element methods for the
Heat Equations.

Physics

The activities of the school of physics
can be broadly categorised under
physics — theoretical and experi-
mental — molecular biology, astro-
nomy, computer science and applied
research.

Theoretical Groups

Research activities in the area of
theoretical physics carried out in the
Institute cover a wide spectrum of
topics in high energy physics, con-
densed matter and statistical physics
and nuclear physics.

In the area of astrophysics, activities
spread over a number of areas
such as cosmology, physics of con-
densed objects, stellar evolution, solar
and cometary physics. In recent
years it has been discovered that
some distant quasars are lensed by

the gravitational fields of intervening
galaxies and clusters. Gravitational
lens models accounting for the im-
ages in detail have been proposed.
Many intriguing features of quasars
can be explained if they emit their
radiation in the direction opposite
to their motion. Astrophysical scenar-
ios for such background emission
have been proposed. An outstanding
problem of modern cosmology is the
appearance of a singularity in the big
bang models of the universe based on
classical gravitation theory. It has
been shown that the singularities
and other defects could be avoided
by using quantum considerations.
The effect of rotation on the evolution
of stars is being studied. Progress has
been made in understanding come-
tary spectra. Hydrodynamic calcula-
tions for the energy release in the
bounce sh jck in supernova have been
carried out.

Experimental Groups

Two of the experiments currently
pursued by TIFR scientists are a
part of the tremendous world wide

Charga Nön-Conurving (CNC) dacay of nautron. The axparimant has yialdad a lowar
limit of 7.S x 10" yaara for tha lifatima for a nautron inslda a nuclaus.
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effort to verify the occassional break-
down of some of the conversation
laws. One is an experiment carried

. out by the Nuclear Reactions Group
at Bombay in which a search is
made for the Charge Non-Conserving
(CNC) decay of the neutron through
a study of the decay of 87Rb into
87m Sr and neutrals. This experiment
has already yielded a lower limit of
7.5 x lO1^ years for the lifetime
for a neutron inside a nucleus. This
limit is a factor of 40 improvement
over previously measured limits. The
other is the nucleon decay experi-
ment in operation in the Kolar Gold
Fields at a depth of 8000 ft below
ground.

The experiment reported earlier has
led to the recording of more
candidate events, six in all so far,
out of which three are classified as
fully confined events and constitute
very strong candidates for decay
suggesting a life time of 7.5 x 1030

years for the nucleon. Work on a
larger scale experiment in the same
mine has started. Considerable theore-
tical research iri these very areas,
in particular on the branching modes
of proton decay, super symmetric
guage theories, nucleon-antinucleon
oscillations etc. is also in progress
at the Institute.

The bubble chamber group which
specializes in high energy physics,
is involved in two major experiments
in collaboration with the Universities
at Chandigarh, Delhi and Jammu.
The group has entered into a colla-
boration on two new. experiments
using the European Hybrid Spectro-
meter at CERN to study differential
production of strange particles and
life times of very short lived charm
particles.

Space Astronomy

In the area of space astronomy,
using the Guest Observer programme
on the Einstein Observatory, the
X-ray astronomers of TIFR in colla-

boration with US and Australian
astronomers have discovered a new
binary soft X-ray source character-
ised by pronounced intensity varia-
tions in short time intervals and have
identified the source with the dwarf
binary H0139 — 68 and have thus
added a second member to the special
class of X-ray sources of the Am-
Hercules type in which X-rays are
considered to be produced by accre-
tion from a red dwarf companion
on to the poles of a magnetic white
dwarf. An X-ray telescope consisting
of a large area xenon proportional
counter for hard X-ray observations
has been fabricated and will be flown
on balloons to an altitude of 38 km
in early 1983. Under the Indo-Soviet
gamma ray astronomy programme,
telescopes consisting of spark coun-
ters were flown to balloon altitudes
from Hyderabad.

Solar physics and cosmic rays group
is planning a cosmic ray experiment
in Space Shuttle Space Lab-3,
to study the charged states of a low
energy cosmic ray nucleon. Various
tests on the preflight model are being
conducted in collaboration with ISRO.
An interesting experiment for the
detection of antimatter in the Uni-
verse is being carried out.

For observing star forming regions
infrared astronomy group has fabri-
cated a 100 cm aperture telescope
which will be one of the biggest
balloon-borne telescopes of its kind
in the world and the first of its kind
from India.

The search for ultra high energy
gamma rays frum pulsars being
carried out at Udagamandalam using
the night air Cerenkov technique has
shown sporadic emission of bursts
of pulsed gamma rays oh occasions
from both Crab Pulsar and Vela
Pulsars. Five new pulsars have been
discovered with Ooty Radio Tele-
scope. A series of observations of
strong extraga lactic and galactic radio
sources are being made using the

Ooty Synthesis Radio Telescope.
Based on their experience in the
design and contraction of the cylin-
drical radio telescope, the radio
astronomy group has successfully
developed a stretched steel tape
fixed mirror solar concentrator. Cost
estimates are very promising.

Nuclear Spectroscopy

In the area of nuclear spectroscopy,
a number of new systems exhibiting
many novel condensed matter pheno-
mena as reflected in the hyperfine
interactions of nuclear states have
been investigated over a wide range
of temperature and pressures using
nuclear techniques. Experiments in-
volving application of ion implanta-
tion to solid state electronics are
carried out. The X-ray studies follow-
ing heavy ion-atom collisions in
solids are being pursued to investigate
the effect of symmetric and asym-
metric collisions.

In the area of solid state physics,
the phenomena of valence fluctua-
tions in rare earth alloys is being
investigated using a variety of tech-
niques. Other currently interesting
topics like itinerant magnetism and
amorphous magnetism are also being
studied. In chemical physics research
programmes two photon absorption
spectroscopy and photo-induced
information of transient species have
been studied utilizing the nano-
second Nd-YAG/dye iaser combi-
nation. Activities in Biochemical fuel
cells as a DST project has started.
Using laser interferometry for
following the concentration profile
changes near the electrode surfaces,
the effect of magnetic field on the
electrochemical reduction of metal
ions has been investigated.

Molecular Biology

In the molecular biology group clon-
ing and structural analysis of plant
genes is being carried out, in order
to understand the genetic basis of
differentiation and development of
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higher plants. One of the highlights
is the discovery that the yeast has
a paniculate phosphofructokinase in
addition to the well-known soluble
one. An interesting finding based on
genetic studies is that the regulatory
subunit of the soluble enzyme is
also one of the subunits of the
paniculate enzyme.

Speech & Digital Systems

In the area of speech and digital
systems, a speaker dependent,
isolated word recognition system for
Hindi digits has been designed and
tried out with high digit recognition
accuracy. A network of three switch-
ing systems has been developed and
satisfactorily tested with different
routing strategies. A microprocessor
based Devnagari terminal and a
graphic terminal has been developed.
Software systems including a 3D
Graphic Package, a Logic Synthe-
sizer and a Relational DBMS have
been designed and implemented.

Electronics

In the applied areas of sophisticated
electronics, the solid state electronics
group has been working towards
the design of LSI/VLSI chips and
has experimented with laser annealing
of polysilicon, oriented growth of
silicon on insulating substrates.
Fundamental studies in chlorine
implantation of silicon dioxide show
a new Cl—O—Si bonding. The
special Microwave Products Unit of
the Department of Electronics which
took shape from the Microwave
Engineering Group of the Institute,
has recently developed and commis-
sioned a 4 MeV high energy X-ray
machine based on linear accelerator
principle for use by the Indian Space
Research Organisation. The machine
delivers a dose of 400 rad per minute
at one metre distance from the target
on the beam axis. Such machines
are used for non-destructive testing
of rocket motors, thick fabricated
section in engineering industry and
medical therapy. It has potential for

use in food preservation by irradiation
techniques. A field usable micro-
wave doppler radar system has been
developed. It is engineered around
a microprocessor system and is used
for evaluation of shells of different
types leading to considerable
economic advantages. Also, there
have been intensive R & D efforts

in the field of coherent radar trans-
mitter, anthenna measurement tech-
niques, evaluation of high power
solid state components, and radio-
metric systems for remote sensing.
Many components required for satel-
lite communication technology have
been developed and used in operating
systems.

The 6.1 m antanna. fabricatad at tha TIFR Cantral Workshops, for packat broadcast
communication axparimant using tha Appla Satailita.

41



The 6.1 meter microwave antenna
for the above experiment was fabri-
cated at TIFR workshop. The work-
shop undertook another challenging
job of machining the master die for
copying 4 ft diameter plastic Fresnal
Lense as part of one of the solar
energy projects of the Tata Energy
Research Institute.

Balloon Facility

The programme of improving the
technical capabilities of the Balloon
Facility at Hyderabad has progressed
satisfactorily and the Facility, besides
conducting balloon flights, for infra-
red. X-ray and gamma ray astronomy
experiments for the Institute, is now
all set to take on a major responsi-
bility in connection with the mid-
atmospheric programme that has been
planned jointly by the Indian Space
Research Organisation, the University
Grants Commission and the Indian
Meteorological Department.

Computer Centre

Computer Centre is one of the ma\or
facilities in the Institute. There has
been considerably enhanced usage
both by experimental and theoretical
groups of the new and versatile
computer system CDC CYBER—730
at TIFR, and the satellite computer
PRIME-450 installed at TIFR Centre,
Bangalore, both being acquired under
plan outlay.

Science Education

Many scientists at TIFR have been
concerned with the problems of
improving science education in the
country for many years. They have
been participating on a voluntary
basis in several activities such as
school science exhibition, lecture-
demonstrations, curriculum develop-
ment and teacher training pro-
grammes, etc. Homi Bhabha Centre
for Science Education (HBCSE)
is an institutionalized effort in this
direction. Talent search and nurture

among the under-privileged, non-
formal science-based education for
the school drop-outs, study of lingui-
stic barrier and curriculum develop-
ment for standards VIII, IX & X,
are some of its very successful
programmes in recent years.

Saha Institute of Nuclear
Physics
Theoretical investigations on various
topics have been undertaken at this
Institute. The equations for the adia-
batic time-dependent valley path
derived earlier have been brought to
computationally convenient forms by
converting them to single-particle
equations. The effects of meson-
exchange and resonances have been
included in computing the magnetic
moments of specific odd-mass nuclei.
Investigations on the continuum con-
tribution of deutrons were continued
for stripping reactions. Further work
on the uniqueness problem of scatter-
ing has been done.

Studies of double-stripping reactions
with odd-mass targets are in progress
using the Inter-acting Boson Model
including the Boson-Fermion inter-
action. Intermediate-energy physics
using pions on nuclei is being con-
tinued. Studies on a two-component
model for proton-proton and
proton-antiproton collisions have
been continued and various features
of particle production up to the
collider energy have been found
compatible with experimental data.
Work on the Block-Nordsick mech-
anism in perturbative QCD have
been completed and certain aspects
of lattice guage theories and strong
coupling expansion are being investi-
gated. Studies on non-linear wave
propagation have been continued
both analytically and numerically.

A numerical simulation on the tearing
mode instability was made. Studies
on the formation of ordered structures
and symmetry-breaking in irreversible

systems have been carried out in the
context of an archetypal situation
represented by the reaction-diffusion
equation. The origin of chirality in
macromolecules has been appro-
ached. Studies on excitable biolo-
gical membranes are being pursued.

A comton suppressed gamma ray
detector has been installed and its
performance has been studied. The
experimental set up for in-beam
gamma ray spectroscopy at VEC
has been installed and preliminary
runs with 30 MeV alpha particles
have been made. A target changing
device has been included in this set-
up. Theoretical studies on charge
and mass distribution of closed shell
nuclei were completed. A beam
bunch selector for selecting short
beam burst has been installed in the
external beam of the cyclotron.
Arrangement to make PIXE studies
are in progress.

A full fledged positron research
laboratory to investigate the annealing
behaviour of the radiation induced
defects in application of important
materials, using both the life-time
and Doppler broadening methods, has
been set-up. Using this system
isochronal annealing of alpha
irradiated samples of nickel and
gallium arsenide has been studied.

The secondary ion mass spectro-
meter was successfully operated with
the ultra high vacuum system.
Multiple small angle scattering in
the presence of magnetic focussing
was studied with the inhomogeneous
mass-spectrometer showing invari-
ence of the scattering parameter.
Symmetric charge exchange cross
sections in negative ions are cal-
culated with a two state theory with
a close agreement with the experi-
mental results. Operational characte-
ristics of singly and multiply charged
ions of a Bernas type source were
studied with the electromagnetic
isotope separator.
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In radiochemistry, simple separation
chemical methods have been devised
by taking recourse to ion exchange
and solvent extraction techniques.
In radion and photochemistry, effect
of Cu (II) complex of NTA in the
radiosensitization of uracil was
investigated. When the absorbed
dose is appreciably large, evidence
of copper-carbon bond formation
was observed. Besides this, kinetics
of radiation induced graft copoly-
merisation from a binary monomer
mixture of styrene and acrylamide on
cellulose acetate were ascertained
from bromine labelling experiments.
Attempts are also being made to
study the effects of polymers and
colloids on suitable photo-induced
electron transfer processes.

One of the major activity of the
Institute is the designing and fabri-
cation of the apparatus for measure-
ment of atomic and molecular level
life-time. The electron gun, the
focussing lenses, the bending magnet,
the deflection and the reaction cham-
bers and the associated electronics
including those for fast coincidence
work are the major constituents of
this apparatus. A new all solid state
frequency standard of improved
design having modular construction
and using specially designed tunable
coaxial resonators upto 500 MHz
driving more than 500 m. watts
across a 50 Ohm termination at
its output has been completed. Based
on a theoretical analysis done '• in
the sampled data system of repre-
sentation of phase-locked VCO, a
unique digital phase detector circuit
has been designed and fabricated.
Very low resolution, single-loop
operation to permit a very low fre-
quency step of VCO and computer
compatibility are among its special
features.

X-ray crystadographic methods have
been successfully used to solve the
molecular and crystal structure of
several biologically important compo-

unds, e.g., sympathemimetic amines,
sulfonamides, metal complexes and
derivatives of nucleic acid, antitumar,
antibacterial compounds, derivatives
of hydroxy q\iinoline, etc. Some studies
on drug-ami no acid complexes have
also been undertaken. Work has been
continued to grow salt free crystals
of the protein Abrin for X-ray
diffraction studies. Homogenity of
the purified a-Amylase isolated from
goat pancreas has been established
by acrylamide gel electrophoretic
studies.

Projects on the physico-chemical and
aggregational studies on important
structural proteins, i.e. crystalline
from eye lens and collagen belonging
to different types, are well underway.
A method of staining, hitherto un-
known, has been developed in the
laboratory, that allowed the detec-
tion of electrophoretically migrated
amino acids in the poly acrylamide
gel. Study on the effects of pollution
and density of population on the
adaptability of paramacium has been
continued.

Non-linear interaction of longitudinal
and transverse waves in a non-
magnetised plasma has been investi-
gated. Results showed exchanges of
energy from one mode to the other,
which depend critically on the phase
velocity. In connection with investi-
gations on ion beam-plasma inter-
action, the plasma source has been
made operational, and the diagnosis
of the plasma generated in the drift
chamber is in progress.

A new method of exciting ionization
waves in the uniform positive column
of a glow discharge by electron
emission in Faraday dark space has
been developed. The design of a
double plasma device has been
completed, and its construction is
in progress. Negative hydrogen ions
have been produced by employing
a duoplasmatron ion source and
using the positive ion surface inter-

action method. The study of plasma
heating by a Lorentz-accelerator is
being continued.

Tata Memorial Centre

During the year the Tata Memorial
Centre (Tata Memorial Hospital &
Cancer Research Institute) continued
its activities in the diagnosis, treat-
ment and research in cancer,
embarked upon newer methods of
treatment, intensified training and
educational activities, established a
rural basé and augmented basic
research activities.

Tata Memorial Hospital

As against the 9,000 new patients
in 1981, the hospital registered about
10,000 new cancer patients during
1982; 13,762 surgical, 25,000 patho-
logy and 64,000 radiology procedures
were carried out during the year.
Additional sophisticated equipments
such as 6 MeV Linear Accelerator,
TP-11 Treatment Planning Computer
and Therasim Simulator have been
commissioned for a more precise
radiation therapy; Brachytherapy
(interstitial radiation treatment) has
been used increasingly in selected
cancers of the uterus, breast and oral
cavity.

Cancer Treatment

New methodology in cancer treatment
is being tried in various types of
cancer, particularly of the breast.
Breast preservation in cancer in
selected patients by sophisticated
surgical and radiation techniques has
been successfully tried. It now
appears that in selected group of
young patients with breast cancer
the organ could be preserved without
jeopardising long-term cures. Com-
bined surgical and chemotherapy
treatments have remarkably improved
the outlook in patients with testicular
cancer, bone cancers and advanced
breast cancers.
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Clinical Research

Controlled clinical trials in acute
lymphoblastic leukemia, acute my-
eloid leukemia, chronic myeloid
leukemia, etc. are in progress. Several
clinical research projects are under-
way and some of the new projects
started are (1) Role of nutrition in
cancer and treatment responses, (2)
Concurrent use of metabolities and
anti-metabolities in cancer therapy
and (3) High dose chemotherapy
with autologous marrow rescue.

A Tumour Marker Laboratory was
established in 1982 for the measure-
ment of bio-chemical markers for
the detection and the assessment of
response of tumours to treatment.
The Tumour Marker Laboratory is
also actively involved in clinical
research and in due course will
produce monoclonal antibodies
specific for different cancers.

Community Rural Cancer
Diagnostic Scheme

Despite technologic sophistication in
cancer treatment, the outlook for a
patient with advanced cancer is
generally poor. At the Tata Memorial
Hospital, 55% of the patients come
in stages III & IV when it is too late.
It was, therefore, felt necessary to
take the problem of early diagnosis
to the door-step of the rural areas.
Keeping this object in view, a
community rural cancer diagnostic
scheme has been established in
Barsi, Solapur District of Maha-
rashtra, where adequate facilities have
been provided by the Tata Memorial
Centre. A van fully fitted with all
diagnostic equipments costing about
Rs. 8.00 lakhs has been purchased
and it is at present in operation in
rural areas of Solapur District. 7,000
people have been checked in rural
areas and 31 cancers detected in
early stages.

Career in Oncology

In order to encourage young post-
graduates in medicine and surgery
to opt and pursue a career in On-
cology (speciality in cancer), the
Tata Memorial Hospital has started
a continual training programme in
various disciplines in Oncology
extending for a period of six months.
This is in addition to 87 students
who are registered with the Bomay
University through the Tata Memorial
Hospital for various post-graduate
courses. The Centre is now an
advanced Post-Graduate Teaching
Complex. As part of the Training
programme the Tata Memorial Centre
conducted various workshops/con-
ferences also in 1982.

Cancer Research Institute

Years of research on Epidemiology
of cancer have revealed that more
than 80% of the human cancers are
caused by environmental factors.
Habits and usages of a population
influences greatly the tumour incid-
ence. A higher incidence of cancers
of oropherynx found in India has
been related to tobacco chewing and
smoking habits. Prospective study on
smoking in leiation to health has
shown increased risk of early morta-
lity, cardiovascular diseases and can-
cers of upper alimentary and res-
piratory tracts in Bidi smokers. We
had reported earlier that smoke from
Bidi is more hazardous to health
than that from cigarettes. It has been
found that the Bidi smoke condensate
and the burnt tobacco contain poly-
cyclic hydrocarbons such as benzo-
pyrene and benzanthracene.

Cancers of the esophagus is the
most common in upper alimentary
tract cancers. Preliminary analysis on
1130 cases indicates alcohol intake
to be a risk factor.

Studies in Environmental
Pollution

Another aspect of environmental car-
cinogenesis being studied at the
Institute is the studies on environ-
mental pollution. Areas are divided
according to the major contributory
factors for pollution, viz. presence of
textile mills, high population density,
petrochemical industries, vehicular
traffic and air currents. High environ-
mental pollution was found in areas
with high pollution density where
textile mills and petrochemical indust-
ries are situated. The Institute is
currently engaged in collecting the
data on cancer mortality to study
the relative frequency of bronchoge-
nic cancer in areas of varying pollu-
tion levels.

Studies on Leukemias and
Lymphomas

Another thrust area of research
conducted at the Institute is studies
on basic and applied aspects of
human leukemias and lymphomas.
Great strides have been made in
our understanding of differentiation
of heamatopoietic system and arrest
of cells at different stages during
malignant transformation because of
identification of cell specific and
maturation specific surface makers.
The Institute continues the studies
on surface markers of lymphomas and
leukemias which are of diagnostic
aid.

Human Breast Cancer

During the last few years exhaustive
attempts are being made to demon-
strate presence of virus-like particles
or virus associated proteins in human
breast cancer.

One of the limitations of cancer
chemotherapy is that the cancer
cells eventually develop resistance
to the drugs. Efforts are being made
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to modulate tumour cell membrances
with agents 'like Tweem-80 in order
to alter the resistance of sarcoma
180 cells to a drug Bouvardin.

Vaccine for Leprosy

Several years ago the Institute had
cultivated a mycobacterium from
human leprosy patients. The orga-
nism was named ICRC. Three years
ago, an anti-leprosy vaccine was

developed from ICRC killed by gamma
irradiation. The vaccine has been
given to a number of patients of
fepromatous leprosy (highly infec-
tious variety) and susceptible
subjects. The results indicate that
the vaccine can be used (a) as
immunotherapy as an adjunct to
chemotherapy in patients and (b)
for immunoprophylaxis in suscep-
tible subjects. Multicentric field trails
would be initiated very soon.

Cancer in Domestic Animals

The Institute has also undertaken
newer projects on cancer in domestic
animals with special reference to
cancers in farm animals of economic
importance. Epidemiological survey
of cattle cancer has shown that per
year 6-7 lakhs bullocks are lost
due to horn cancer, which effects
the economy of the nation to a
considerable extent.
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PUBLIC SECTOR
UNDERTAKINGS Creditable export performance by IRE; Dividend of Rs. 15.37 lakhs paid

by IRE; work on the Orissa Sands Ccmplex progresses; UCIL records pre-tax
profit of Rs. 97.07 lakhs; ECIL nets a profit of Rs. 162 lakhs; 350 computers
sold by ECIL

Indian Rare Earths Ltd.

Record Sales Turnover and
Profit

During the financial year ended 31 st
March, 1982 Indian Rare Earths
made a net profit after taxes (PAT)
of Rs 157.3 lakhs representing an
increase of 85% over the previous
year's attainment of Rs. 85.2 lakhs.
Similarly, the profit before tax (PBT)
had grown to Rs. 417.4 lakhs
during the year from Rs. 249.8
lakhs during the previous year, repre-
senting an increase of over 67%.
The sales turnover of the Company
during the year was Rs. 1354.6
lakhs which was the highest ever
attained so far by the Company.
This represented a 24% increase over
the previous year's turnover of
Rs. 1093.1 lakhs.

During the period 1 -4-82 to 31 -12-82,
the Company has already achieved
a sales turnover of Rs. 1041.4
lakhs and expects to attain by
31-3-83, a total sales turnover of
Rs. 1790.9 lakhs. However, the pro-
fitability of the Company, during the
current year, has been under severe
constraints because of acute power
cuts in Tamil Nadu and Kerala,
as well as inadequate availability
of raw sand at the Chavara Plant.

Outstanding Export Performance
and Awards

The Company has contributed to
the national exchequer foreign ex-
change earnings of Rs. 625.6 lakhs
during the year ended 31 -3-82 which

was again the highest ever attained
by the Company. This represented
about 50% of the total sales turnover.
The Company has maintained a
consistent record of excellence in
export performance, as the following
table will reveal:

Rs.
Lakhs EXPORT PERFORMANCE

1972 73 74 75 76 77 78 79 80 81 82
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The Company, once again, during
the year, won the First Award insti-
tuted by CHEMEXIL (Basic Chemi-
cals, Pharmaceuticals and Cosmetics
Export Promotion Council) in recog-
nition o» its export performance.
This was 6th occasion when the
Company has won the Award from
CHEMEXIL

Dividend

The Company has consistently been
paying dividend to the shareholders
for the last 2 decades now. The
dividend paid during the year
amounted to Rs. 15.37 lakhs.

Production Scenario

On the production front, the per-
formance of Rare Earths Division
has been steadily improving due to
better availability of monazite and

chemicals. JThe table below gives
a picture of the production per-
formance during the year 1981-82.

Major Projects

The work on Orissa Sands Complex
(OSCOM) is under progress at Chat-
rapar, Orissa and according to the
present indication, the project is
expected to be commissioned by
early 1984. The Company has com-
mitted so far an expenditure of
Rs. 75.44 crores on this project.
On commissioning, OSCOM will
produce annually about 1,00,000
tonnes of sythetic rutile from ilmenite,
intended for export, apart from large
quantities of associated minerals such
as sillimanite (30,000 tons), rutile
(10,000 tons), monazite (4,000 tons)
and Zircon (2000) tons. The foreign
exchange earnings per year is ex-

Production Performance of IRE

(a) Basic raw material processed:

(i) Minerals Division (Raw Sand)

(ii) Rare Earths Division (Monazite)

(b) Main products produced:

(i) Minerals Division:

Ilmenite
Rutile
Zircon

(ii) Rare Earths Division:

Rare Earths Chloride
Trisodium Phosphate

(c) Value of production (for all products)

(i) Rare Earths Division

(ii) Minerals Division

1981-82 1980-81
Qty (MT) Qty (MT)

4,29,500 4,83,050

3,704 3,395

1,62,514
6,710
9,463

3,861
4,784

Rs.

645.5

808.9

1,454,4

1,67,972
5,359

10,844

3,509
4,331

in lakhs

532.1

616.2

1,148.3

pected to be of the order of Rs. 25/-
crores.

During the VI Plan period the Com-
pany proposes to set up a new
Uranium Recovery Plant and a Helium
Recovery Plant and also plans to
renovate the existing Rare Earths
Plant at Alwaye (Kerala).

Research and Development
Activities

The present Research & Development
activities of the Company are centred
on diversification plan in the Rare
Earths Division. Efforts are also being
made in the Minerals Division, with
a view to developing zirconium
derivatives. Most of the Research
and Development activities are car-
ried out in collaboration with BARC.
R & D programme includes diversi-
fication of the product range, on a
small scale, by producing compounds
of individual rare earths, zirconium
chemicals and zircon-based products.
The Company has also proposals to
go in for large scale diversification in
the field of separation of high value
individual rare earth elements from
mixed rare earths, which is an area
of great significance to the company.
In addition, the Company also pro-
poses to set up a Helium Recovery
Plant from monazite based on the
successful pilot plant trials con-
ducted at the Rare Earths Division,
in collaboration with BARC. Another
area of interest would be employ-
ment of R & D to achieve cost
reduction measures, such as use of
caustic soda lye in place of caustic
soda flakes and saving in fuel cost
by using low sulphur heavy stock
oil (LSHS) instead of furnace oil.

Personnel & Welfare

Long-term settlements, lasting a
period of four years from 1st July
1981 and covering the service con-
ditions of all workmen were signed
during the year with the various
unions functioning at the different
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Divisions. The industrial relations
were generally peaceful.

Future Plans and Outlook

The profitability of the Company
has improved over the years, despite
the trend of increase in the costs
of inputs. As a result of the inces-
sant efforts made by the Company,
it has been possible to find export
markets for 'MK' grade ilmenite,
which, in turn, has enabled the Com-
pany to liquidate, to a great extent,
the increasing inventory level. How-
ever, the over supply of rare earths
in the world markets has posed a
grave threat to the marketability
of rare earths chloride a product
which is the mainstay of Company's
Rere Earths operations. The Com-
pany is alive to this situation and is
adopting its marketing strategy to
meet the fierce competition in the
export markets. There is good and
continuing demand for other key
products viz. rutile, zircon and tri-
sodium phosphate. (To improve
recoveries of valuable minerals such
as rutile and zircon, the Company
has commissioned a facility using
wet separation techniques.) The out-
look for the year, thus, continues to
be encouraging.

Uranium Corporation of
India Limited

Financial Performance

The performance of the Company
during the year 1981-82 showed
significant improvement and the Cor-

poration earned a profit before tax
(PBT) of Rs. 97.07 lakhs as against
Rs. 63.02 lakhs in 1980-81. The
income of the Company rose from
Rs. 797.06 lakhs in 1980-81 to
Rs. 963.43 lakhs in 1981-82. During
the year the Company achieved
higher pnduction of uranium con-
centrate and the by-products as
well as better realisations for all
the products except for molybdenum
concentrate. Efforts are being made
to improve the marketability of molyb-
denum concentrate by converting it
into Ferro moly alloy. The contri-
bution of the Company to the
exchequer during the year, on
account of income tax, sales tax,
excise and customs duties, royalty/
cess on ore, etc. came to Rs. 95.42
lakhs.

Production Performance

Mine: Production of ore was 3 .1%
higher than that of the previous year.
The grade of ore mined also improved.

Mill: The mill worked at 85.7% of
its capacity as against 82.3% during
the previous year. Production of ura-
nium concentrate achieved in March,
1982 was a record, the highest
ever achieved during a month, since
the commencement of milling opera-
tions.

The Company's exercise in diversi-
fication mainly through R & D
efforts, has started paying dividends.
Production of by-products, namely
copper concentrate, magnetite and
molybdenum continued to help the

Comparative Capital Structure of UCIL

Authorised, issued & subscribed capital

Paid-up capital

Reserves & Surpluses

Loans from Government of India

As on
31-3-1982 31-3-1981

(Rs. in lakhs)

1,500.00 1,500.00

996.75 922.75

175.83 130.42

62.83 86.86

Company in improving its profitabi-
lity. The production of uranium con-
centrate from the copper tailings at
a Surda Plant was 48.7% higher than
that of the previous year. The pro-
duction at the Pilot Plants at Rakha
and Mosaboni was also higher by
22.5% as compared to previous year.

Capital Structure

Comparative position of the capital
structure of the Company during
the two previous years was as shown
in the table below.

Research & Development
Efforts

Research and Development measures
continued during the year on recovery
of nickel from nickel-copper con-
centrates. In pursuance, facilities on
Pilot Plant scale are bing augmented.
Future plans for studies on these lines
are being formulated in close collabo-
ration with BARC.

Investigations were continued on
direct leaching of copper tailings to
ascertain the feasibility of improving
the rate of recovery of uranium,
which is 40% with the present
method of using wet concentrating
tables. Efforts were also continued
to cover maximum feasible quantity
of uranium by "in-situ" leaching of
the fine ore left in the worked-out
stopes in the mine.

Studies were continued for improving
the production of finer magnetite
with higher magnetic content as
there is increasing demand for this
product. Trial production has been
arranged.

New Projects

During 1982-83, the Company will
be completing work on the Rakha
Plant for recovery of uranium from
copper tailings. While work on the
Bhatin mines is in progress, pre-
liminary work on the new mines and
mills planned at Narwapahar and
Turamdih has been taken up.
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Ratio of Cost of Sales to Sales of ECIL

Sales

Cost of Sales

Percentage of cost-of-sales to sales

Net Profit/Loss (—)

(Rupees in lakhs)
1979-80 1980-81

3,974 3,538

3,962 3,896

99.7 110.1

11.51 (—)357.97

1981-82

5,905

5,742

97.30

162.21

Consultants have been appointed
for preparation of Detailed Project
Report (DPR) for construction of
new mines and mills at Narwapahar
and Turamdih in the Singhbum
Thrust Belt of Bihar. The Detailed
Project Report is expected to be
available by middle of 1983.

In the case of Bhatin Mines Project,
construction of residential quarters
for the project staff is in an advanced
stage, and the development of infra-
structure facilities is being taken up.
Procurement action for equipment and
machinery is also under way. Ore
from the Bhatin mine will be pro-
cessed in the existing mill at Jadu-
guda by suitably expanding the same.

A project report for establishing a
uranium recovery plant, adjacent to
to the copper concentrator of Hind-
ustan Copper Limited, at Mosaboni,
has been prepared and the erection
work of the plant is expected to
commence in 1982-83.

Electronics Corporation of
India Limited

During the year, the Company was
able to sustain the tempo of growth.
The Company achieved a record
sales turnover of Rs. 59 crores with
a net profit of Rs. 162 lakhs.

The performance of the Company
during 1981-82 indicates increases
in turnover accompanied by an
increase in profitability. The ratio
of cost-of-sales to sales during
1981-82 is lower as compared to

1980-81 and 1979-80, as will be
seen from the table aboire.

The various measures initiated by
the Company for improved perfor-
mance have started yielding results.
The Company's decision to con-
centrate in the thrust areas of Control
Instrumentation, Computers and
Communications has also been fruit-
ful, considering the rapid growth in
these three segments. While the
Company has already identified
Controls, Computers and Communi-
cations as the major thrust areas
for growth, it is expected to have
tremendous potential for growth in
respect of products where all the
three systems merge.

During the year 1981-82, ECIL has
executed several projects and intro-
duced new products. In the control
instrumentation field, the Company
introduced Programmable Logic Con-
trollers in a large way. Considerable
progress has also been made in the
production and supply of Data
Acquisition Systems.

ECIL has achieved record perfor-
mance in the computer field for
1981 -82, with a total of 65 systems
supplied during the year, bringing the
population of ECIL computer systems
installed to nearly 350. In particular,
break-throughs have bean achieved
in the banking and insurance sectors.
ECIL has designed, developed and
manufactured for the first time in
India System 332, which is the
culmination of a national endeavour
to achieve self-sufficiency and indi-

genous capability to produce com-
puter systems of this class. System
332 is being used at Sriharikota for
Space applications.

In the communication field, ECIL has
participated in the prestigious INSAT
Project by supplying and installing
the Antennae for the ground segment.
As many as 26 Earth Station Antennae
had been supplied and completed
satisfactorily. ECIL supplied approxi-
mately 3000 trans-receivers to
various agencies, foremost among
which was the Tamil Nadu Police,
and also brought out for the first
time 4 channel UHF transreceivers,
capable of carrying 4 conversations
simultaneously. A system for
Message Switching Applications for
the Indian Air Force at Mount Abu
was commissioned and another
system was supplied to the Army
Headquarters.

The Company has taken steps to
concentrate on larger systems and
fabrication of viably large runs of
few instruments, stricter financial dis-
cipline, belter working capital man-
agement etc., and these have started
yielding results. Re-organisation of
the Groups of the Company on
functional basis for better utilisation
of available resources and the added
value per rupee of the salary as
yardstick for sanctioning additional
staff are expected to result in better
productivity in the coming years.

Salient among the existing and new
projects under extension are instru-
mentation system for the Fast
Breeder Test Reactor at Kalpakkam,
Data Acquisition System for Thermal
Power Stations, Thyristor Controls
for electric locomotives and con-
tinuous automatic train protection
system for Calcutta Metro Railways.

For the year 1982-83, the Company
has targetted for a production and
sales of Rs. 65.67 crores and Rs.
66.71 crores respectively, with an
estimated profit margin of about
Rs. 2 crores.
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OTHER
ACTIVITIES DPS purchase procedure being streamlined; Construction & Services Group

completes 276 flats at Trombay; Financial assistance to 68 new and 122
on-going projects; Participation in the Festival of India and Indian Trade
Fair in U.K.; India designated to IAEA Board of Governors.

Directorate of Purchase and
Stores

The Directorate of Purchase and
Stores had to shoulder increased
work-load and responsibilities in the
year 1982-83 in all spheres of its
activities with the flow of indents
in respect of the Kakrapar Atomic
Power Project and the two new
Heavy Water Plants at Thal-Vaishet
and Manuguru. A procedure for Two-
Part Tendering System in respect of
major purchases for all the projects/
units of OAE is being finalized and
is expected to be introduced shortly.

Total value of purchases during the
year is likely to be about Rs. 150.00
crores. Soms of the important con-
tracts concluded by D.P.S. during
the year 1982 are End Shield Assem-
blies for KAPP and valued at
Rs.850 lakhs, Calandria for KAPP-I
and II valued at Rs. 323 lakhs,
Medium Energy Heavy Ion Acce-
lerator for BARC valued at Rs. 385
lakhs. Dual Computer System for
BARC valued at Rs. 254 lakhs,
Stainless Steel Tubes for MAPP/
KAPP valued at Rs. 141 lakhs.
Carbon Steel and Clad Plates for
HWP (Talcher) valued at Rs. 115
lakhs, Cupro Nickel Tubes for KAPP
valued at Rs. 90 lakhs.

During 1982, about 7025 consign-
ments received by sea, air, parcel
post, rail and road were cleared.

In addition, 96 transportation con-
tracts were concluded comprising
both piece-meal and annual con-
tracts.

Transport and Clearance Wing had
to handle transportation of some
critical items of large value in addi-
tion to a few important items of
export, etc.

The total number of items of stores
handled by all the DPS Stores Units
during the year is nearly 4.78
lakhs. The number of transactions
by way of receipts/issues amounted
to approximately 7.81 lakhs. About
1.06 lakh tons of materials were
handled.

Some of the special consignments/
over dimensional consignments
handled by the Stores Units at
Trombay are Fuelling Machine Head
which was packed departmentally
and sent to MAPP by rail, 13
Heavy Water Upgrading Columns
packed at a comparatively low cost
and despatched to Kota and several
other items, handling of which was
beset with numerous problems. The
total sale proceeds during the year
from sale of scrap/unserviceable
equipments amount to Rs. 75
lakhs.

A few buildings for the office accom-
modation and storage facilities at
Trombay are nearing completion. The

electrification of a major yard at
Trombay has been completed. In
anticipation of receipt of materials
valued at over Rs. 150 crores for
the new projects, additional storage
facilities are being planned at
Trombay.

Technical Liaison Mission

The Technical Liaison Mission at
Paris continued to function with
two engineers. Around 2250 com-
munications were received from
Headquarters, various units of DAE
and outside agencies and nearly
1400 communications were issued
in the form of technical notes on
products, new products data, pur-
chase clarifications, inspection
reports, expenditing reports on orders
in Europe and USA, etc. On behalf
of various units of DAE, eight facto-
ries of suppliers were inspected and
evaluation reports sent to units con-
cerned. Inspections were carried out
in respect of orders placed in Europe
and also a close watch was main-
tained on the activities of inspection
agencies retained by the Department
for quality surveillance services, their
work verified, invoices scrutinised
and payments authorised.

Construction and Services Group

Construction and Services Group was
constituted in the Department in
April 1982, by merging the Civil
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Engineering Division, DAE and the
electrical and water supply services
section of the Directorate of Estate
Management. The Group is entrusted
with the work relating to civil,
electrical and mechanical works for
various projects of the Units and the
aided institutions of the Department.

The Group completed construction
of 276 flats at Trombay Township
and handed them over to Directorate
of Estate Management. Construction
of 736 flats of various categories is
in hand. In addition, 70 flats for
TIFR at Colaba, Bombay, and 57
flats for AMD at Shillong are under
construction. Radiological blocks for
the Tata Memorial Centre have been
completed and handed over to the
Centre. Laboratory buildings, hostel
and 16 flats for TIFR at Kolar Gold
Fields have been completed. Work
on laboratory block and sub-structure
for the Medium Energy Heavy Ion
Accelerator Project and for ERTL
Laboratory for the Department of
Electronics is in progress.

Engineering design works for DAE
office complex at Anushaktinagar
and Annexe to TMC has been com-
pleted. Work on design of the Labo-
ratory building for AMD at Bangalore
is in progress.

Directorate of Estate
Management

The Directorate of Estate Manage-
ment looks after the maintenance and
management of the lands and build-
ings owned, leased or hired by the
Department in Bombay. During this
year 276 new flats built by the Con-
struction 8- Services Group of the
Department have been taken over
for allotment to employees drawing
basic pay less than Rs. 500. About
300 new flats are expected to be
ready for allotment by middle of
next financial year for allotment to
employees drawing basic pay above
Rs. 500.

The primary schools buildings at
Bombay have been expanded to
facilitate induction of 24 extra
classes.

Financial Assistance

The Department supports the research
activities of the universities and other
research institutions in the country
in the field of Atomic Energy and
other related areas. This is provided
in the form of research grants to the
Universities and Institutions for
various projects. The Department has
constituted an Advisory Body, viz.
the Board of Research in Nuclear
Sciences, comprising of eminent
scientists and senior officers of the
Department, which oversees all such
activities. It is assisted by 8 advisory
Committees in various fields for pro-
cessing applications for grant-in-aid
for undertaking research projects.
During the year 1982-83, 68 new
projects and 122 on-going projects
were supported and a total grant of
Rs. 1 .25 crores was sanctioned.

During the current financial year,
15 departmental symposia with a
total budget provision of Rs. 6.00
lakhs were organised. Financial
assistance to the tune of Rs. 3.50
lakhswasgiven to the outside organi-
sations for organising symposia, con-
ferences, etc.

A sum of Rs. 20.00 lakhs has been
provided by the Department for award
of a hundred fellowships through
open competition to talented students
for carrying out research in different
disciplines in various institutions in
the country.

The Department receives from time to
time proposals from universities and
research organisations seeking fin-
ancial support by way of recurring
and non-recurring grant for certain
specific projects. Depending upon
the relevant of these projects and
programme to the activities of the
Department, during the current fin-

ancial year, the Department has sanc-
tioned a sum of Rs. 23.27 lakhs
for this purpose. The institutions in-
clude. Institute of Physics, Bhubane-
swar, Andhra University, Waltair, and
Hyderabad Science Society.

Department is also providing a sub-
stantial amount of grant for the
development of mathematics in the
country. This year grants were given
to the extent of Rs. 8.11 lakhs
to Math-Science, Madras, Mehta
Research Institute, Allahabad, Cal-
cutta and Jadhavpur Mathematical
Associations.

Contributory Health Services
Scheme

The Contributory Health Services
Scheme of the Department covers
the employees of the Department
and their families. The number of
beneficiaries under this Scheme is
about 55,000 in Bombay. The BARC
Hospital at Trombay and dispensaries
in different parts of the City provide
comprehensive medical facilities to
the beneficiaries under this Scheme.
The CHS Scheme also provides
family welfare services and includes
social services section. An Intensive
Care Unit has recently been sanc-
tioned for the BARC Hospital. Under
the Scheme, occupational health acti-
vities and accident prevention pro-
gramme have also been undertaken
in collaboration with the Industrial
Hygiene Section of the Health
Physics Division of BARC.

Management Services Group

The Management Services Group is
an inhouse multidisciplinary group
providing staff support for analysis
and dissemination of management
information to the senior officials
at the Secretariat. This group: (a)
conducts perspective planning exer-
cises on nulcear power, (b) carries
out financial analysis, feasibility
studies and manpower planning, (c)
develops computer software and
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(d) provides planning and manage-
ment consulatncy services to the
Department and its units.

The group also operates a com-
prehensive reporting system: (a) to
monitor continuously the physical
and financial progress of major pro-
jects under construction as also the
performance of operating units, (b)
to prepare background papers for
review meetings on departmental
units and (c) to generate exception
reports on projects and operating
units, all of which enable the Depart-
ment to foresee major problems and
co-ordinate measures in solving the
same.

Some of the specific tasks taken up
by this group during the year were:
(a) drawing up of a draft perspec-
tive plan for nuclear power, (b)
development work on computer soft-
ware for monitoring power stations'
performance, heavy water inventory
and procurement systems, (c) a
study of the cost of transportation in
various units, (d) preparing the
ground work for establishing a com-
puter centre at the Secretariat, (e)
a study of the Department's long
term manpower requirement, (f) study
of NFC's internal information report-
ing system, (g) review of the opera-
tions at NFC's tubes plant, (h)
recruitment of marketing personnel
for the Isotope Group, BARC and
(i) preparation of the Site Selection
Committe's report for a new research
centre.

Joint Consultative Machinery &
Compulsory Arbitration Scheme

As in the previous year, bipartite
machinery in one form or the other,
for discussion of the employees'
grievances with a view to their
settlement, continued to function in
14 units under the Department.

Except for four Units, Unions/
Associations of the employees have
been formed, which were duly re-

cognised in the remaining Units
under the Department, including the
Secretariat. As at the end of the year,
20 Unions and Associations had been
recognised and 24 representatives of
these bodies were nominated on the
Departmental Council who parti-
cipated in its deliberations.

During the year, two representatives
of the recognised Unions were
deputed for undergoing training in
Effective Leadership Development
Programme at the National Labour
Institute, New Delhi.

Reservation in Services

In accordance with the general policy
of the Government reservation in
services is made in favour of
scheduled castes, scheduled tribes,
physically handicapped persons and
ex-service men. The Department
accords high priority to the imple-
mentation aspects of the orders on
reservations in favour of the above
categories of persons. Liaison Officers
have been appointed to ensure that
the orders on reservation are enforced
in letter and spirit. Details of the
progress made in reservation in
services in the Department during
1981 -82 are given below.

Reservation in Services for SC/ST
Candidates

While reservation in services for
the Administrative, Accounts and
Auxiliary staff was in force» for a
long time, the orders regarding reser-
vation were made applicable to the
scientific and technical personnel
with effect from 1975. It has been
the endeavour of the Department to
encourage employment of SC and
ST candidates to the maximum extent
possible in all categories of posts
where reservation is applicable and
in pursuance, the Department con-
tinues to monitor and enforce strict
implementation of the orders of
reservation in services for SC/ST
by all the constituent units of the

Department, including Public Sector
Undertakings and Grants-in-aid
Institutions. The Liaison Officers
appointed in each unit is responsible
to oversee the implementation of the
orders by maintaining the rosters for
recruitment, confirmation and pro-
motion. Many Liaison Officers and
the staff were trained during the
year by exposure to short term
refresher courses conducted by the
Institute for Secretariat Training and
Management, Delhi. As the reserva-
tion orders were made applicable to
the Scientific & Technical Cadre from
1975 only, there is backlog in reserva-
tion in the units of the Department,
which is being cleared progressively.
Units are experiencing shortage of
qualified and stuitable candidates for
recruitment against certain posts
requiring higher qualifications and
experience. Best efforts are being
made to attract suitable candidates by
exclusive advetisements etc. Instruc-
tions have also been issued to enable
the units to recruit SC/ST candidates
by extending concessions of relaxa-
tion in experience, wherever feasible.
Units have been instructed to make
all possible efforts to recruit and train
maximum possible number of SC
and ST candidates against reserved
posts, so that the back-log could be
cleared early.

As on 31-12-1982, the Department
had in its employment, 4882 SC
employees and 1539 ST employees
working in the various units including
the Public Sector Undertakings under
its administrative control.

Reservation in Services for the
Physically Handicapped

During the year, intensive efforts
were made to recruit more physically
handicapped persons in service so as
to increase their representation in the
Department, against reserved posts.
A Joint Secretary in the Department
acts as the Liaison officer to ensure
the orders on reservation for the
physically handicapped persons are
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implemented properly. Job identi-
fication for appointment of the physi-
cally handicapped persons has been
completed by all units by drafting
the assistance of voluntary agencies
such as Vocational Rehabilitation
Centre, National Association for the
Blind, Fellowship of the Physically
Handicapped, and National Society
for Equal Opportunity for the
Handicapped. The progress in recruit-
ment of the physically handicapped
persons by the various units of the
Department is being monitored and
periodical reports are received in the
Department. During the calendar year
1982, 27 more physically handi-
capped persons were employed in
the Department. The total number of
physically handicapped persons work-
ing in the Department has gone upto
297 at the end of March 1982.
The category-wise breakup is given
below:

Blind 43
Deaf & Dumb 53
Orthopaedically handicapped 201

Total 297

Reservation in favour of Ex-service
Men

Under the extant orders reservation
in services is provided in favour of
Ex-servicemen also, but this is con-
fined to Group 'C' & 'D' categories.
The progress of implementation of
the reservation orders in this regard
is being monitored regularly and
reported to the Liaison Officer (Direc-
torate General of Employment and
Training) in the Ministry of Labour.
During 1982, Department provided
employment to 40 freshly recruited
Ex-servicemen, as part of the efforts
contributing to the task of rehabili-
tating the Ex-servicemen.

Publicity

The publicity and public relations
activities of the Department are
carried out through the Publicity

Division of the Department of Atomic
Energy. During the year the Depart-
ment participated and organised
many exhibitions both in India and
abroad to publicise the activities of
the Department. The Department took
part in exhibitions organised in
London in connection with "Festival
of India" and also subsequently
in the Indian Trade Fair organised in
U.K. The Department also partici-
pated in exhibitions in Ghent
(Belgium) and in Bangkok as part
of Indian Trade Fairs.

The Department participated in the
India International Trade Fair in New
Delhi as part of 'Energy' pavilion,
set up since 1981 at the Pragati
Maidan in New Delhi and which
continues to be open to the public.
!n addition, a portion of the 'Science
and Technology' pavilion has also
been organised by the Department
to publicise the activities of the
Department other than in the energy
sector. The Department also parti-
cipated in an exhibition on Energy
organised by the Jawaharlal Nehru
Memorial Fund at the Teenmurti
House to mark the birth anniversary
of India's first Prime Minister.

In addition, the Department parti-
cipated in many smaller exhibitions,
organised visits of mobile units to
mofussil locations in various states,
lent exhibits and publicity material
to Universities and other institutions.

The Department publishes two
periodicals, Nuclear India—semi-
technical bulletin in English, and
Parmaanu in Hindi. Besides these
periodicals, the Department also pro-
duces sales and popular level litera-
tures for distribution in exhibitions,
trade fairs etc., and to meet special
requests.

Atomic Energy Schools

The Atomic Energy Education Society
runs schools at Bombay, Tarapur,
Hyderabad, Narora and Jaduguda.
Trie Society is providing schooling

facilities to the various units of the
Department at different locations.
The total student strength óf the
schools run by AEES exceeds 12,000.
A Junior College was also started
in Bombay in 1978-79. Schools run
by the Society have shown good
results. Both in the All India Senior
School Examination and the Higher
Secondary Examination of Pune
Board, their results were more than
90% during the year.

General Services Organisations

The Department has formed a General
Services Organization at Kalpakkam
to provide common services to all the
DAE Units there. It looks after (1)
Estate Management, (2) Transport
8- auto-shop, (3) Hospital, (4) Guest
House, (5) Maintenance of roads
and trees, (6) Water Supply and
Sewage, (7) Fire Station, etc.

Similar organisations have been creat-
ed for the Bhabha Atomic Research
Centre Projects at Tarapur and Vashi,
New Bombay.

Deputations Abroad

During the calendar year 1982, 219
officers of the Department were sent
on deputations/delegations abroad
in connection with meetings, con-
ferences, training programmes, speci-
fic assignments and other official
work. The total expenditure on the
above amounted to Rs. 18.08 lakhs
which included a foreign exchange
component of Rs. 4.20 lakhs. In
12 cases, the expenditure on de-
putations/delegations was wholly or
party borne by foreign Governments,
international organisations and other
agencies.

International Relations

India was designated as member on
the Board of Governors of the Inter-
national Atomic Energy Agency
(IAEA). This is the 26th year in
succession since the inception of
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IAEA that India is on the Board of
Governors as one of the nine "most
advanced in the technology of atomic
energy including the production of
source materials" underscoring her
leading status in this frontier tech-
nology.

India continues to offer training
facilities, fellowships, scientific visits,
etc., to members of the IAEA under
its technical assistance programme.
Services of its scientists for expert
assignments in various countries under
this programme were continued to be
made available.

A training course on 'Micro proces-
sors as applied in nuclear instruments'
was hosted under the aegis of the
IAEA Regional Co-operation Agree-
ment (RCA) for countries in Asia
and Pacific, for six weeks in January-
February 1983. A technical Review
Committee meeting of the IAEA on
the on-going nuclear safety studies
of the Agency was held in January
1983. In addition, India continued to
host many research co-ordination
programmes and connected meetings
in India.

A nine member delegation led by
Dr. H. N. Sethna, Principal Secretary
and Chairman, Atomic Energy Com-
mission, participated in the IAEA
Nuclear Power Experience Confer-
ence held in Vienna between Septem-
ber 13-17, 1982. The delegation also
participated in the 26th Regular
Session of the General Conference
of the IAEA held thereafter.

India continued to be represented
at various symposia, workshops, inter-
national conferences, etc., on subjects
of relevance held under the auspices
of IAEA, various UN organs and other
multilateral organisations.

Use of Hindi

The Hindi Section of this Department
functions under a Senior Hindi Officer
at the Branch Secretariat, New Delhi.

It has been decided to set up a
Hindi Cell at the DAE Secretariat,
Bombay, also and a post of Senior
Hindi Translator has been created for
this purpose. Appointment of a Hindi
Officer for the Cell is also under
consideration. In addition, one Hindi
Officer, 3 Senior Hindi Translators
and 20 Hindi Translators/Hindi Assi-
stants are working in various Units/
Undertakings of the Department. Five
posts of Hindi Officers have been
created for BARC, AMD, DPS, RAPS
and ECIL and action is being taken
to fill these posts. One additional
post of Hindi Translator in ECIL and
two additional posts of Hindi Trans-
lators in DPS have been created.

The Official Language Implementation
Committees continued to function
in the Department and its 13 Units,
and all the three Public Sector Under-
takings under its control. These Com-
mittees held their periodical meetings
to review the position regarding use
of Hindi and to consider measures
to be taken to implement the Official
Language Policy of the Government.

During the year, 173 employees
of the Constituent Units of the De-
partment were given in-service train-
ing in Hindi and 23 employees were
trained in Hindi typewriting. Out
of the employees who got training
in Hindi this year, 100 were from the
Madras Atomic Power Project. HWP,
Kota, purchased 2 Devanagri type-
writers. One Devanagri typewriter was
purchased by HWP, Baroda.

The Bhabha Atomic Research Centre
organised four Hindi Workshops to
train its Hindi knowing employees in
writing notes and drafts in Hindi. 70
employees were trained in these
workshops. A one-week training
course was also organised in BARC
for training watchmen through Hindi
medium.

Action was taken to implement vari-
ous provisions of the Official Langu-
ages Act. All Gazette Notifications,

notes and summaries submitted to the
Cabinet, reports and other documents
presented to various committees of
the Parliament, etc. were prepared
both in Hindi and English. Almost
all the forms in use in various Units
of the Department have been trans-
lated in Hindi and most of them have
been got printed in bilingual form.
All the letterheads are in bilingual
form. Most of the rubber stamps
are also in bilingual form and action
is being taken by the Units to get
the remaining rubber stamps also
prepared in bilingual form. The De-
partment and its Units located in
Region 'A' (Hindi speaking states and
the Union territory of Delhi) issue all
the general orders in bilingual form.
The other Units have also been asked
to set up check-points to ensure
that general orders are issued both in
English and Hindi. All the letters re-
ceived in Hindi in the Department and
its Units are replied in Hindi. The use
of Hindi in correspondence is also
increasing gradually, particularly in
the Units located in Region 'A'.

Quarterly Progress Reports on use
of Hindi were received on regular
basis from all the Sections and Units
of this Department, and the Public
Sector Undertakings under its control.
All the reports were scrutinised and
suggestions to remove discrepancies
if any, in use of Hindi were given
to concerned Units, etc.

Hindi books worth Rs. 3,600.00
were purchased by various Units
of the Department for their libraries.
NFC and HWPs, Bombay, organised
Essay Competitions and Declamation
Contests to popularise Hindi among
their employees.

The Department brings out a quarter-
ly bulletin 'Parmaanu', which is the
only bulletin in our country on
nuclear sciences. The Indian Rare
Earths Limited incorporate a section
in Hindi in their House Journal.
TAPS brings out a "Wall Magazine"
in Hindi.
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Glossary

ACTIVATION: The process of making a
material radioactive by bombardment with
neutrons, protons or other nuclear particles.

ATOM : A particle of matter indivisible by
chemical means. It is the fundamental building
block of .he chemical elements. The elements
such as iron, sulphur, uranium etc. differ from
each other because they contain different kinds
of atoms.

ATOMIC ENERGY : NUCLEAR ENERGY :
The energy liberated by a nuclear reaction
(fission or fusion) or by radioactive decay.

BODY BURDEN : Radioactive material may
be absorbed by the body and retained. The
total amount present at any time is said to be
the body burden.

BOILING WATER REACTOR (BWR) :
A reactor in which water is used as coolant
and moderator and allowed to boil in the
core. Steam is produced directly in the reactor
vessel under pressure, and in this state can
be supplied to a turbine, but will be slightly
radioactive.

BREEDER REACTOR : Popularly a nuclear
reactor which produces more fissile atoms
than it burns. Strictly the term should be
confined to a nuclear reactor which produces
the same kind of fissile material as it burns,
without specifying whether or not there is
a net gain of fissile material. The new fission-
able material is created by capture in fertile
materials of neutrons from fission. The process
by which this occurs is known as breeding.

BURN-UP : The fraction or percentage of
atoms in a reactor fuel which has under-
gone fission. Also the total amount of heat
released per unit mass of fuel; usually ex-
pressed in megawatt days per tonne (MWD).

CERAMIC FUEL ELEMENTS : Usually refers
to reactor fuel elements fabricated of uranium
dioxide or uranium carbide. They are more
resistant to radiation damage and can be
used at higher temperatures.

CLADDING : This term refers to a thin
layer, usually of metal, which covers a solid
fuel element in a reactor to prevent corro-
sion in the presence of the coolant, and to
prevent escape of fission products. Alumi-
nium or its alloys, stainless steel and zirco-
nium alloys are common cladding materials.

CLOUD CHAMBER : A device in which
the tracks of charged atomic particles such
as cosmic rays, alpha particles etc. are dis-
played.

CONTROL RODS: Rods, plates or tubes
of steel or aluminium containing boron,
cadmium, hafnium or some other strong
absorber of neutrons. They are used to hold
a reactor at a given power level, or to vary
the rate of reaction. By absorbing neutrons,
a control rod prevents the neutrons from
causing further fission.

COOLANT: A liquid or gas which is circulated
through or about the core of a reactor to
maintain a low temperature and prevent the
fuel from overheating. If the coolant is very
hot, it can be used to give power. Common
coolants are water, carbon dioxide, liquid
sodium and sodium potassium alloy.

CORE : The central portion of a reactor
containing the fuel elements and usually the
moderator.

CRITICAL: Critical is the term used to
describe the condition in which a chain re-
action is being maintained at a constant rate
i.e. it is just self-sustaining.

DECONTAMINATION : Removal of radio-
active contaminants from surfaces or equipment.

DESALINATION : A process to get water
suitable for drinking and/or agricultural use
by removal of salts from sea water or other
saline waters.

DIFFUSION PLANT: Plant tor making ura-
nium rich in the 235 isotope. The process
is based on the fact that gas atoms or mole-
cules with different masses will diffuse through
a porous barrier or membrane at different rates.
A large gaseous diffusion plant requires an
enormous amount of electric power.

FALL O U T : Radioactive dust and other
matter falling back to the earth's surface from
the atmosphere after a nuclear explosion.

FAST BREEDER REACTOR : A reactor that
operates with fast neutrons and produces more
fissionable material than it consumes.

FAST NEUTRON : Neutron resulting from
fission that has lost relatively little of its energy
by colSision, etc.; it has energy exceeding
approximately 0.1 MeV i.e. 100,000 electron
volts and therefore travels at high speeds.

FAST REACTOR : A nuclear reactor in which
most of the fission is caused by neutrons
moving with the high speeds they possess
at the time of their birth in fission. Such
reactors contain little or no moderator to slow
down the neutrons from the speeds at which
they are ejected from fissioning nuclei.

FERTILE MATERIAL: Isotopes capable of
being readily transformed into fissionable
material by the absorption of neutrons, parti-
cularly uranium-238 and thorium-232; (some-

times called source material). When these
fertile materials capture neutrons, they are
partially converted into fissionable plutonium-
239 and uranium-233 respectively.

FILM BADGE: A piece of masked photo-
graphic film worn like a badge by nuclear
workers. It is darkened by nuclear radia-
tions, and thus the radiation exposure of the
wearer can be checked by inspecting the
film and comparing the darkening or den-
sity, after photographic development, with
known standards.

FISSILE: Capable of undergoing fission;
sometimes used to mean capable of fission-
ing when hit by a slow neutron, e.g. the
isotopes W2-, U«5, Pu239, and Pu2" are
fissile. Sometimes used as a synonym for
fissionable.

FISSION : The splitting of a heavy nucleus
into two (or very rarely, more) approxima-
tely equal fragments—the fission products.
Fission is accompanied by the emission of
neutrons and the release of energy. It can
be spontaneous, or it can be caused by the
impact of a neutron, a fast charged particle
or a photon.

FLUX (NEUTRON) : In nucleonics, the pro-
duct of the number of particles per unit volume
and their mean velocity, i.e. it is the number
of neutron passing through one square centi-
meter of a given target in one second.

FUEL ELEMENT: A unit of nuclear fuel
for use in a reactor—generally uranium—as
metal or oxide, enclosed in a can which may
have an extended surface area, e.g. fins, to
assist heat transfer, for producing energy. It
may be rod, tube, plate or of any other mech-
anical shape.

GENETIC EFFECT OF RADIATION :
Changes in the reproductive cells in living
matter produced by absorption of ionizing
radiation; effects that can be transferred from
parent to offspring.

GAMMA RAYS (SYMBOL : y) : High energy
short-wave length electromagnetic radiation.
Gamma rays are essentially similar to X-rays,
but usually are more energetic and are nuclear
in origin.

HEALTH PHYSICS : The science concerned
with recognition, evaluation and control of
health hazards from ionizing radiation.

HEAVY WATER (SYMBOL : D,O) : Water
consisting of molecules in which the hydrogen
is replaced by deuterium, or heavy hydrogen.
It is present in water as about 1 part in 6,500.
It is used as a moderator in reactors because il
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slows down neutrons effectively and also has
a (ow cross section for absorption of neutrons.

HOT LABORATORY : A laboratory de-
signed for the safe handling of radiotUive
materials.

ION : An atom or molecule that has lost
or gained one or more electrons. .

IRRADIATION : The exposure of materials
to radiation. In nuclear research, and in the
production of isotopes, materials are often
exposed to neutrons in reactors. Intense
irradiation can alter the physical properties of
solids—in some cases weakening them (e.g.
fuel elements and graphite), but in others
hardening them (e.g. some types of plastics
and rubbers). Large doses can be used indus-
trially for sterilization.

ISOTOPE : RADIOISOTOPE : Two atoms
are said to be isotopes if they are of the same
chemical element but have different masses.
The chemical properties of an atom depend
almost entirely on the structure of the system
of orbital electrons moving about the nucleus
of the atom. The number of orbital electrons
is equal to the nuclear charge, the value of
which is called the atomic number of the
atom (and is always an integer). Isotopes are
atoms whose nuclei have the same atomic
number but different masses; this means that
isotopic nuclei contain the same number of
protons but different numbers of neutrons.

LABELLED COMPOUND : A compound
in which one of the atoms is a different isotope,
usually radioactive, from that found normally.
The path taken by such a compound, which
is said to be labelled at the point where the
unusual isotope is attached, can be readily
traced. A labelled compound is also called a
tracer or tag.

LOAD FACTOR (AVAILABILITY) : The
percentage of the maximum possible yearly
usage of an electricity generating plant. An
80% load factor represents full generation for
292 days of the 365. It can also be defined
as the ratio of the average load carried by
an electric power plant or system during a
specific period to its peak Soad during that
period.

LOOP : A circuit, part of which may run
inside a reactor, into which materials and
engineering components can be put, and then
subjected to radiation under variable condi-
tions, e.g. of temperature exposure to coolant,
strain, etc. If part of the loop and contents
are placed in a reactor, it is called an in-pile
loop.

M A X I M U M PERMISSIBLE DOSE (MPD) :
The recommended upper limit for the dose
which may be received during a specified period
by a person exposed to ionizing radiation over
an indefinite period. So far as is known, a
normal person so exposed will suffer no harm-

ful effect.

MEGAWATT ( M W ) : A million watts—or
a thousand kilowatts, a watt being the unit
of power. In MW(e) or MW(Th), the V
signifies 'electrical' and the T h ' means 'thermal
power' or heat output. MeV : One million
(or 10s) electron volts.

MODERATOR : The material in a reactor
used to reduce the energy, and hence speed
of fast neutrons, as far as possible without
capturing them. Slow neutrons are much
more likely to cause fission in a U**5 nucleus
than to be captured in a U238 nucleus. So,
by using a moderator a reactor ^an be made
to work with fuel containing only a small
proportion of U235 e.g. ordinary water, heavy
water, graphite.

MUTATION : A permanent transmissible
change in characteristics of an offspring from
those of its parents.

NEUTRON : A nuclear particle having no
electric charge and the approximate mass of
a hydrogen nucleus. It is found in the nuclei
of atoms. Outside a nucleus, a neutron is
radioactive, decaying with a half-life of about
13 minutes to give a proton, an electron
and neutrino. Neutrons sustain the fission
chain reaction in a nuclear reactor.

NUCLEUS : The core of an atom which
may be said to comprise protons and neu-
trons. It is very small and about 10—"cm in
diameter (a millionth of millionth of e cm).
The detailed structure of nuclei is not fully
known. The nucleus contains most of the
atom's mass.

PLUTONIUM (SYMBOL : Pu) : The ele-
ment No. 94, produced by neutron irradia-
tion of U238. Its most important isotope is
fissionable plutonium-239, produced by neu-
tron irradiation of uranium-238.

POWER REACTOR : A reactor designed to
produce nuclear power.

PRESSURIZED WATER REACTOR
( P W R ) : A power reactor in which the water
coolant and moderator is kept at a high pressure
to prevent it from readily boiling and hence
to keep it liq uid. This type req uires enriched fuel.

The water is taken out to a heat exchanger to
generate steam which can run through a tur-
bo-alternator to produce electricity. Many power
reactors in the world are of this type.

PULSED REACTOR : A type of research
reactor with which repeated short, intense
surges of power and radiation can be produced.

RADIATION : A term which embraces
electromagnetic waves, in particular X-rays
and y-rays (gamma) as well as streams of
fast moving charged particles (electrons,
protons, mesons, etc.) and neutrons of all
velocities, i.e. all the ways in which energy is
given off by an atom.

RADIATION HAZARD : The danger or
hazard to living things resulting from the
presence cf radiation; usually this refers to
the danger to health from exposure to radiation.

RADIOACTIVITY : RADIOACTIVE DE-
CAY : The property possessed by some atoms
of disintegrating spontaneously with the emis-
sion of a charged particle and/or gamma radia-
tion. The rate of radioactive decay is not
affected by any normal change of temperature,
electric or magnetic fields, or chemistry.

RADIOGRAPHY : A method of examining
solid objects by passing X- or gamma radia-
tion through them by photographing (or
examining on a fluorescent screen) the shadows
cast. Thus, defects such as cracks, inclusion
of sand, gas bubbles or lack of homogeneity
in metals can be found.

RADIOISOTOPE : An isotope which is
radioactive, i.e. decays or disintegrates spon-
taneously, emitting radiation. More than 1300
natural and artificial radioisotopes have been
identified.

REACTOR; NUCLEAR REACTOR: ATO-
MIC REACTOR : A device in which a fis-
sion chain reaction can be initiated, maintained
and controlled. Its essential component is a
core with fissionable fuel. It usually has a
moderator, a reflector, shielding and coolant
and control mechanisms.

REPROCESSING: Th» procedure of remov-
ing fission products from fuel before re-using
it. One main aim is to remove poisons which
would absorb and waste neutrons; another is
to remove mechanical stresses due to irradia-
tion, especially in the case of metallic fuels.
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SOMATIC EFFECTS OF RADIATIONS :
Effects of radiation limited to exposed in-
dividuals as distinguished from genetic effects
which also affects subsequent unexposed
generations.

SWIMMING POOL REACTOR/POOL
REACTOR : A reactor using water as coolant,
reflector and moderator, usually 3 or more
metres deep so that the water is also a shield
for the core which comprises sets of plates
suspended deep into the pool, from above the
water level. Often used for study of shielding
problems, e.g. for marine reactors. It is usually
used for research and training.

THORIUM (SYMBOL : Tb) : Element No.
90 and atomic weight 232; a naturally radio-
active metal, the mineral sources of which
are widely spread over the earth's surface,
particularly in monazite beach sands. It can

be converted to uranium-233, an excellent
nuclear fuel, by neutron irradiation.

TRANSURANIC ELEMENTS : The arti-
ficial elements No. 93 and higher which have
heavier and more complex nuclei than ura-
nium. They can be made by neutron bom-
bardment of uranium and are radioactive,
e.g. plutonium.

TRITIUM : The radioactive isotope of hydro-
gen of mass 3. It is very rare and can be made
by neutron absorption in lithium.

URANIUM (SYMBOL : U) : Radioactive ele-
ment with the atomic number 92. Natural
uranium contains both the heavier uranium
isotope U-'M, which is not a readily fissile
material, and is the parent material from which
plutonium is created, and the lighter isotope of

uranium, U n i , which is the fission material or
fuel of most reactors. In 140 parts of natural
uranium, 139 parts are of U"8 and one part
only is Uus. Uranium is the basic raw material
for nuclear energy.

VAN DE GRAAFF GENERATOR (AC-
CELERATOR) : An electrostatic generator in
which a high potential is produced by the
accumulation of electric charge conveyed to an
insulated conductor by a continuously moving
belt. The potential generated is used for
accelerating charged particles. Named after
R.S. Van de Graaff who invented the device in
1931.

ZERO-POWER REACTOR : An experi-
mental reactor operated at such low power
levels that a coolant is not needed and little
radioactivity is produced.

1
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Abbreviations

AMD — Atomic Minerals Division

BALCO — Bharat Aluminium Company

BARC — Bhabha Atomic Research Centre

BHEL — Bharat Heavy Electricals Limited

DAE — Department of Atomic Energy

OPS — Directorate of Purchase 8- Stores

ECIL — Electronics Corporation of India Limited

FBTR — Fast Breeder Test Reactor

HWP — Heavy Water Project

IAEA — International Atomic Energy Agency

;RE — Indian Rare Earths Limited

KAPP — Kakrapar Atomic Power Project

MAPP — Madras Atomic Power Project

MHD — Magneto Hydro-Dynamics

NFC — Nuclear Fuel Complex

NAPP — Narora Atomic Power Project

ONGC — Oil & Natural Gas Commission

PPED — Power Projects Engineering Division

PREFRE — Power Reactor Fuel Reprocessing Plant

RAPS — Rajasthan Atomic Power Station

RRC — Reactor Research Centre

SINP — Saha Institute of Nuclear Physics

TAPS — Tarapur Atomic Power Station

TIFR — Tata Institute of Fundamental Research

TMC — Tata Memorial Centre

UCIL — Uranium Corporation of India Ltd.

UNDP/SF — United Nations Development Programme/Special Fund

VEC — Variable Energy Cyclotron

WHO — World Health Organisation

ZOP — Zirconium Oxide Plant

ZSP — Zirconium Sponge Plant
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R-5 reactor block under construction at the Bhabha Atomic Research Centre. Trombay. This is a 100 MW research
reactor for the development of power reactor technology and for production of isotopes for special applications.


